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Abstract 

 

The very many optimization techniques like GA, PSO and ABC aid in crystallizing 

and addressing the static shortest path in the realm of wireless network routing. The motion 

of MANET is dynamic and hence the shortest path routing problem in MANET manifests 

into a dynamic optimization problem. The nodes are instilled with an awareness of the 

environmental conditions by making them operational through intelligence routing 

becomes a key concern as it has a significant impact towards network performance. The 

paper attempts to exploit and utilize Artificial Bee Colony to solve MANET because 

shortest Path problem turns out to be a dynamic optimization problem in MANETs. 

MANETs are kept and considered target systems because they do represent the next 

generation wireless network. The results of experiment explicate that Artificial Bee Colony 

is steadfast to adapt to the gradations in the environment. 

 

 

Keywords: Artificial Bee Colony (ABC), Mobile Ad-hoc Network 

(MANET),DSPR,GA,PSO 

 

1.  Introduction 
Mobile ad-hoc is self –encompassing wireless network which includes collective mobile hosts moving 

on packets on each other‘s behalf. MANET supports exclusive and efficient operation by putting to use 

routing operation to mobile hosts. Uncast routing helps establish the multi-hop forwarding for two 

nodes beyond wireless communication. The connectivity is unbroken by routing protocols as the links 

are vulnerable to breakage due to node movement, battery drainage, radio propagation, or interference. 

Geographical and topological routing from the crush of routing in MANETs. 

In Topological routing the information is used by mobile nodes to construct routing tables or 

search routes and on the contrary geographic routing is unique for the node knows its position and 

makes routing decisions on destination and local neighbor‘s position. 

Proactive and reactive are the major divisions in routing scheme in MANET. The formal 

maintains the route between nodes at all times. It closes use periodic broadcast advertisement abreast to 

keep the routing table. The approach has shortcomings like increased overhead, reduced scalability and 

lack of flexibility to respond to dynamic changes and hence, exchange of event information is possible 

only on demand. DSDV is an example of flat proactive routing protocol while the latter DSR and 
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AODV remain example of demand protocols. Therefore proactive protocols are seen as an option to 

these applications because the increased latency claims unsuitable for time critical traffic. 

The paper explores shortest path routing problem on the dimension of topological routing. The 

shortest path routing probability endeavors to find shortest path in a specific source pertaining to a 

certain destination thereby minimizing the lost associated with the path. The determinants of search 

Dijkstra‘s algorithm, the breadth-first search algorithm, the Bellman–Ford algorithm and prove 

effective only in fixed infrastructure wired or wireless network and do showcase high computational 

complexities in real time communications in even changing network topologies. 

In DSPR in MANETs is a contemporary dynamic optimization problem and has hence attracted 

evolutionary algorithms to study due to the fast interest in EA‘s real-world applications. The first best 

way to address dynamic optimization problems is to restart evolutionary algorithms whenever or 

wherever an environmental change arises restart schemes are reliable only in some cases while in 

others DOPs is efficient from knowledge collected other environments. 

The paper emphasizes the implementation and application of ABC for the resolution of 

dynamic shortest path problem. To begin with, an algorithm is designed specifically for dynamic 

shortest path problem. To maintain diversity a certain amount of population is generated with the 

gradation in topology, the novel design can help guides the search of solutions in the new ambiance. 

The routing path is mandatory to satisfy delay constrain so quality-of-service (QoS) metric is needed as 

a guarantee to real-data delivery. Moving further in second section the related work is highlighted. 

MANET network model and DSPRP model are discussed in the next section. The following 

section throws light on design of ABC for static shortest path. Section five portages the extensive 

experimental study, followed by experimental results and analysis finally leading to the last section 

conclusion. 

 

 

2.  Related Works 
Many search algorithms were formulated for solving shortest path routing problem but Artificial Bee is 

extensively presented for solving the shortest path routing problem studies on simulation reflect that an 

algorithm is imperative in respect of optimality and convergence and the quality of solution has been 

found to be feasible than other deterministic algorithms. 

It is proposed to employ a modified HNN for study. Information is used bit by bit at peripheral 

neurons coupled with highly correlated information at local neurons thereby helping it attain faster 

convergence and better rout optimality than HNN based algorithms. When a genetic algorithm 

approach was presented to shortest path routing problem, computer simulations inferred that ABC 

based algorithms did exhibit a higher rate of convergence than other algorithms. A population sizing 

equation to facilitate the solution with desired quality was developed and a PSO based algorithm was 

proposed too. 

 

 

3.  Models for Dynamic Shortest Path Routing 
In this section a network model is presented and the formulation of the shortest path model takes into 

place. MANET operation is considered into a fixed geographical region. It is modeled on undirected 

and connected topology graph where G0(V0, E0), where V0 represents the set of wireless nodes (i.e., 

routers) and E0 represents the set of communication links connecting two neighboring routers falling 

into the radio transmission range. A communication link (i, j) cannot be used for packet transmission 

until both node i and node j have a radio interface each with a common channel. The communication 

link cannot be used for the purpose of packet transmission unit node and interface in a common 

channel. The channel assignment does not fall under the scope of the paper and the transmission of 

message on wireless communication link would lead to remarkable delay and cost. 
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Here, we review some notations that we use throughout this paper. 

 G0(V0, E0), the initial MANET topology graph. 

 Gi(Vi, Ei), the MANET topology graph after the ith change. 

 s, the source node. 

 r, the destination node. 

 Pi(s, r), a path from s to r on the graph Gi. 

 dl, the communication link (l)transmission delay. 

 cl, the communication link (l) Cost. 

 Δ(Pi), the total transmission delay on the path Pi. 

 C(Pi), the total cost of the path Pi. 

The shortest path routing problem is summarized as in a network of wireless routers delay 

upper node, source node it is endeavored to find delay bound least path on the graph of topology. Some 

nodes are either hibernated or activated depending on the conservation of energy. This results in the 

change of network topology gradation. The objective is to find optimal delay constrain past topological 

changes. 

 

 

4.  ABC Algorithm for SP Routing Problem 
The ABC algorithm proposed by Karaboga is progressed through inspection of the behaviors of real 

bees in finding food sources called nectar. The sharing of food sources don to bees on nest. The 

resultant bees are categorized as viz-a-viz Employed Bees, Onlooker Bees and Scout Bees. The bees 

exploiting food source and transfer them to the onlooker bees that wait at the hive for the information 

to be shared by employed bees on the food discovery. Scout bees seek for new food sources the hive. 

Employed bees share information on food sources by the way of their designated dance inside the hive 

which is proportional to nectar content of food source exploited by dancing bees. Onlooker bees do 

watch the dance and select a food on the probability proportional to the quality of source. This results 

in good food sources attracting more onlooker bees than bad on exploiting the food source complexity. 

The employed bees associated with it become scout by abandoning the food. 

 
Figure 1: Flow Diagram for Artifical Bee Colony 
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Scout bees perform the job of exploration and the onlooker bees perform the task of 

exploitation. In ABC algorithm the food source becomes a solution of problem under consideration and 

nectar represents the quality of solution through fitness value and there is an employed bee for the food 

source each. 

Pseudo code for ABC algorithm 

1. Initialize 

2. REPEAT. 

3. Shift the employed bees onto their food source and evaluate the fitness 

4. Shift the onlookers onto the food source and evaluate their fitness 

5. Shift the scouts for searching new food source 

6. Store the best food source found so far 

7. UNTIL (execution criteria fulfilled) 

The algorithm operates with associating all employed bees with generating food resources. 

Every employed bee represents a food source adjacent to the current food source and the nectar amount 

is computed. The i
th

 food designates the nectar food source at Xij on watching the dance movements of 

employed bees the onlooker bees get to region of source represented as 






i

i s

k 1

F (X )
P  

F (Xk)
 

Where S is total number of food sources. The onlooker finds a neighborhood food source in the 

vicinity of Xi by using 

Xi(t+1) = Xi (t)+ δij * u 

Where is the neighborhood patch size for j th dimension of ith food source defined as 

δij = Xij – Xkj  (1) 

The bees moves to the new food source thereby deserting the old one if the new fitness value is 

better than the best fitness salve else it stays in its own food source. The fitness information is shared 

on the employed bees going through with fitness information with the onlooker given in eq (1). There 

by making good food sources getting more on lookers than bad ones. Each bee seeks a better food 

source annexed to the patch for a limited number of cycles and when the fitness value shows 

improvement it becomes a scout bee. 

 

 

5.  Experimental Results and Analysis 
In this first scenario, mobile ad hoc network consisting of 100 nodes placed randomly using uniform 

distribution in an area of 1000 X 1000 m
2
 is considered for simulation study. The nodes in the network 

have the transmission range of 60 to 70 m and a channel capacity of minimum 750Kbps to maximum 

2Mbps. The mobility model Random Way Point (RWP) in this each node is randomly placed in the 

simulated area and remains stationary for a specified pause time. It then randomly chooses a 

destination and moves there at velocity chosen uniformly between a minimum velocity and maximum 

velocity. Each node independently repeats this movement pattern through the simulation. The 

experimental setup defined from 0 to 50 Sec and varies the pause time as the independent variable. The 

nectar generation rate at each node was set to 48Kbps. NS2 simulator is considered to implement the 

proposed routing protocol. 

The performance of the proposed ABC algorithm is gauged in terms of packet delivery ratio, 

throughput, routing overhead, memory usage and end-to-end delay. The results presented here are the 

average of obtained for the same simulation configuration of 100 active sources. The results obtained 

after simulation are compared with the well-known algorithm GA and other. 
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Figure 1: Comparison of Packet Delivery Ratio 

 

 
 

The figure 1 shows the packet delivery ratio compared with GA. The packet delivery ratio is 

higher for bacteria foraging algorithm as compared with GA and others. At high mobility, the GA and 

other algorithm has to reinitiate the route discovery process again. This leads to lower packet delivery 

ratio. The proposed bacteria foraging algorithm proactively maintains the path to the destination, which 

leads to better performance. At lower mobility, the performance is comparable as expected. 

 
Figure 2: Comparison of Routing Overhead 

 

 
 

The routing overhead is shown in Figure 2 gives the number of control packets per data packet 

to perform routing. The routing overhead is more for the proposed algorithm. The performance of ABC 

is relatively stable at lower mobility leading to a decrease in routing overhead. 

The following Figure 3 shows the throughput performance of ABC with GA and other with 

respect to transmission time. It is depicted in the figure that the throughput increases as the data 
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transmission time increases for all routing protocols. It is evident that the throughput of ABC increased 

with data transmission and highest throughput occurred at 2.6 sec. 

 
Figure 3: Comparison of Throughput 

 

 
 

Figure 4 shows the memory usage of ABC with GA and other. We investigate the memory size 

that ensures a specified quality of solution for the memory-related schemes. Since there are 20 different 

topologies in this cyclic series, we set the minimum memory size to 40. Then we increase it to 30 and 

50, respectively. We repeat 20 different topologies five times, and the memories schemes will show 

more power when the same environments are visited more times we sample the data from the latter part 

of the evolutionary process in ABC. Fig. 5 shows the results. it can be seen that 40 is good enough in 

both Basic and ABC. The increase of the memory size wastes more resources instead of benefiting the 

quality of solutions. 

 
Figure 4: Comparison of Memory Usage 
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Finally we investigate the impact of the change interval on the algorithm performance for end-

to-end delay. Figure 5 shows that the comparison packet end-to-end delays of ABC with GA and other. 

From the below figure, it can be seen that the end-to-end delay becomes better when the change in GA 

becomes larger. Therefore, in a relatively slowly changing environment, the studied ABC can achieve a 

good performance. 

 
Figure 5: Comparison of Average End-to-End Delay 

 

 
 

 

6.  Conclusion 
MANET is a self-organizing and self-configuring multihop wireless network, which has a wide usage 

nowadays. The SP routing problem aims to establish a multihop forwarding path from a source node to 

a destination node and is one important issue that significantly affects the performance of MANETs. 

So far, most SP routing algorithms in the literature consider only the fixed network topology. It is 

much more challenging to deal with the SP routing problem in a continuously changing network like 

MANETs than to solve the static one in a fixed infrastructure 

This paper investigates the application of ABCs for solving the DSPRP in MANETs. A DSPRP 

model is built up in this paper. A specialized ABC is designed for the SP problem in MANETs. Several 

parameters that have been developed and compared for ABCs for general DOPs are adapted and 

integrated into the ABC to solve the DSPRP in MANETs. Then, extensive simulation experiments are 

conducted based on a large-scale MANET constructed in this paper to evaluate various aspects of ABC 

variants for the DSPRP. 
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Abstract 

 
The objective of the paper is to propose a dependability prediction model for a fault 

tolerant automotive embedded system with enhanced fault detection and recovery 

capability for future controlled behavior. The fault or error detection latency is to be 

minimal and then only any recovery action can be triggered at the earliest time to minimize 

the system failure. The synthesis of such a programmable system using fault tolerant dual 

controller area network (FT-CAN) is considered to predict the probable time of failure. The 

most probable input values that cause the failed state variable in a dependable system are 

identified in distributed embedded components. The focus is not only to identify the faulty 

states and safe transitions but also identify and predict the best recoverable states and 

minimize the recovery time. A working model with CAN and a micro controller is 

designed for the reliability prediction when the system satisfies the safety and stability 

criteria. 

 

 

Keywords: Dependability Prediction, Error detection, Fault tolerance, Controller Area 

Network, Recovery time, Safety and stability. 

 

1.  Introduction 
The dependability prediction of an embedded system encompasses the various types of faults occurred 

earlier in its functionalities and has to ensure that the faults will not occur in the future. This implies 

that the system will be under controlled behavior so as to avoid the faults during its future operation. 

The corrected faults might have created other behavioral hidden faults in different components since 

the system is a tightly coupled platform specific development. The dependability is centered about the 

reliable operation of the sub components with other quality parameters like safety and stability. The 

non deterministic behavior of the purposefully injected code or third party software may induce many 

faults in the system thereby reducing the dependability and reliability. The reliability analysis of a 

mixed hardware and software system cannot perform effectively by considering the hardware and 

software components in the system separately. A well understanding and representation of overall 

system functions and interfaces are required in order to carry out the dependability analysis in mixed 

systems. The reliability importance of a component is defined as the rate at which the system reliability 
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improves as the component reliability improves. If the hardware components needed for the system 

operations are defined in terms of software components with standard interconnections, then the 

dependability of the overall system can be enhanced. In the earlier genetic based models of fault 

tolerant system, it has been assumed that the hardware and software failures are independent and each 

component of the system will have different reliability. Even in case of correct responses from the 

components when tested individually, the improper interaction of hardware and the software will 

induce different types of faults in the system due to the non-standard interfaces. The safety and 

dependability of a mixed system, having limited dynamic features can be improved by selecting 

suitable design model and system environment, which uses an essential core component with a 

predefined architecture. 

The modeling approach is based on the transformation of the fault tolerant systems in stable 

reliability using suitable Marko chain, which enables the reliability growth to be considered. In case of 

such a system that needs to interact with the different types of input and output physical devices in hard 

time, the overall system dependability can be enhanced by using various forms of redundancy to fulfill 

the user functional requirements. At the same time, the system must be designed so as to detect the 

application and timing faults if occurred and to activate the appropriate standby redundant modules. 

The virtualization turns physical redundancy into logical redundancy to enhance the reliability of an 

embedded system in the case of virtual embedded application where the deployment and allocations of 

the demanded components must be taken into account to ensure assumed reliability and availability of 

the overall system. The formal methods such as model checking can be used to verify system behavior 

for its fault tolerant behavior. The number of prediction levels are based on the number of fail-

threshold and success threshold and with the help of a linear prediction algorithm can be used to 

determine the correctness of the predicted value [3]. In any predictable system the communication 

deadlines should be met for the most recent and correct values for prediction process [4]. The self-

healing mechanism for SOC using field programmable gate array (FPGA) technology that localizes 

and isolates the faulty area can also be used to enhance and predict the functionality through partial 

configuration of the programmable device. The fault modeling incorporates faults due to electrical 

noise from external sources, electromagnetic coupling (crosstalk) between the chips‘ interconnects and 

the decay of radioactive material that exists in small amounts in the semiconductor material [5]. The 

dynamic dependency between objects is entailed by sending synchronous messages and each 

synchronous message is triggered when the concurrent control flow path containing it is executed [6]. 

The predictable system must not only meet functional and performance requirements, they must 

include resilience and measured degradation in the event of failures, attacks, faulty assumptions and 

erroneous use [7]. 

The methodology with which a system whose behavior and correct functionality are to 

predicted must consider the heterogeneous execution and interaction mechanisms for system 

components, the various abstractions that isolate the design sub problems, the compositional and 

correct-by-construction techniques and the robustness of the resulting systems. The earlier model, 

PROMPT (Predictability of Multi-Processor Timing) architecture design principles aim at embedded 

hard real-time systems in the automotive and the aeronautics industry requiring efficiently predictable 

good worst-case performance and to make the improve the derivation of reliable and precise timing 

guarantees efficiently feasible [12]. Automobile manufacturers use many online-testing techniques as 

well as a large variety of software checks with two copies of the host microcontroller operate in a 

master-slave configuration with comparison at various checkpoints to detect and handle faults and 

errors in such applications [15]. The main focus of the paper is to reduction technique for the fault 

prediction in an embedded system in terms of safety, trust and dependability detection capability for 

combined and mixed faults with diversified attributes and their values. The various faults are 

categorized according to the functionality, behavior and the target of the embedded system. The system 

faults and the hardware faults can be detected by the proposed techniques using FT-CAN different 

reduction techniques in the mechanism. 
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2.  Predictably Dependable Model 
The predictability of an embedded system can be viewed with three different levels of abstraction or 

views of computation. They are the predictable computability that is predicting the behavior and the 

predicting the stability of the system which is based on the three factors [1]. They are the various 

inputs to the system, unavoidable interactions between the components and the system hidden 

invariants. The deterministic or nondeterministic input, its types and values play an important role in 

predicting the computability that means the resultant computational output can be predicted. The inputs 

may be of different types with different values applied to the system in a deterministic or non-

deterministic manner. Even with the non-deterministic value of inputs, the system behavior can be 

predicted based on its interaction with the operational environment of the system. This means that the 

predictability is based on the interaction of invoked internal components or due to interference with 

outside components. This approach of determining the predictability is based on the stability factor of 

the system. The time-division multiple access(TDMA) communication protocols such as Flex Ray and 

TTP which have recently emerged as networking standards for embedded systems such as automobile 

controllers help to determine the predictability of failing components [16]. But the dependability any 

embedded system depends on the reliable service delivered by these components when working in a 

collaborative manner and how they are secured and safe without affecting the system functionality and 

performance. The divisibility of the system components, computability of these with the data received 

from other components in the run time and their stability in providing continuous service are inter-

related as shown in Fig 1.The three quality features are represented orthogonally to analyze the 

tolerance behavior of individual components. The predictable computing can be done when an input of 

type ‗t1‘ and value ‗v1‘ of a non-deterministic nature affect the system so as to exhibit a predictable 

change in its output with a different type ‗t2‘of data and its value ‗v2. The system can be associated 

with a computational coefficient KC based on the system input-output function and binding factor Vt of 

particular type of data with its value. Dependability is the property of the system that allows reliance to 

be justifiably placed on the service it delivers and the analysis concentrates on estimation and analysis 

of failures and their impact [11]. To analyze the predictability of an embedded system, the system has 

to be evaluated for three constituent entities like the set of system variables, a set of the possible 

interactions between them and the set of status variables affected by the inside or outside environment 

of the embedded automotive system. 

 
Figure 1: The Conceptual Model of Predictability 
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Table 1: Dependability Variables and Reaction 

 
Environment Actions Mode Reaction Nature 

E1 input sequence deterministic output Discrete 

E2 Interaction pulsating Nondeterministic output Impulse 

E3 interference stochastic Nondeterministic Input Continuous 

 

 

3.  Computational Model of Predictable Dependability 
The predictability of an embedded computing system may be written in terms of its outputs through 

correct expected behavior in the form of a set of probabilistic expressions. A Predictable Output will be 

based on the past and current input values assuming a binding factor Vt between the type of input 

variables and their values. 

The predictability at the time t, can be written as, 

Ppredict (t) = P (V, I, S) 

where the P indicates the probability, 

V represents the set of expected values of all the system variables,I represent the set of possible 

interaction between system components and S represents the set of stability variables that may be 

affected by the interference due to the environment variables. For example, it is possible to predict the 

future value of the tire pressure if the distance travelled and the pressure value at the start of the 

journey. The feature set consists of possible set of actions and reactions in possible operation 

environments is shown in Table 1. 

 
Figure 2: Uncertain Interaction, Interference onthe 

embedded system 
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Hence the predictability can be mathematically written as, 

N 

Predict (Vi+1)= KC *Vt*{ ∑ [P(vi) - P(vi-1)]} Δv/Δt (1) 

i=1 

Where (Vi) represents the probability of the current input value of type ‗i‘, a type coefficient Kc 

based on the system input-output function and Δv/Δt represents the change in value of the input type 

with respect to time. 

For the purpose of prediction, it is necessary to know the possible effect of interaction between 

the components and the out coming reaction of the system with lots of uncertainties as shown in Fig 2. 

The embedded system for automotive application can be designed with fault detection capabilities. The 

system can predict system invariants based on the interactions of the components with the environment 

resulting to a set of desired and unwanted reactions. Hence the predictability based on interactions can 

be written as, 
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M 

Predict (Ij+1) = Kb *It*{∑ [P(sj) - P(sj-1)]}Δs/Δt (2) 

j=1 

The stability coefficient Ks is based on the system input-output functions and stability factor St 

of particular type of data on its value. The predictability based on the stable output may be written in 

the form of a probabilistic expression as shown below: 

Predictability based on interferences can be given as, 

R 

Predict (Sk+1) = Ks *St*{∑ [P (nk) - P(nk-1)]}Δk/Δt (3) 

k=1 

Hence the embedded system predictability over a period of time can be estimated with the 

constituent predictability values. Total Predictability = (1) * (2) * (3) 

N 

Predict(t) = P ( V, I, S) = [ KC * Bt*{ ∑ [P(vi) - P(vi-1)] } * Δv/Δt ] 

i=1 

M 

* [Kb * It *{∑ [P (sj) - P(sj-1)] } * Δs/Δt ] 

j=1 

R 

* [Ks * St *{∑ [P (nk) - P(nk-1)] }* Δk/Δt ] (4) 

k=1 

The dependability of an embedded system is a quality fusion model that focuses either reliable 

operation of the system or the safe operation with maximum expected correctness. In the functional 

programming style, it may be considered as the passing safety parameters to be checked for their 

correctness and the results are passed into a reliability function to determine the probability of fault 

free operation over a specified period of time under the given computation environment. 

Dependability = Reliability (Correctness (Safety)). 

The reliability is not only based on the functional correctness of the distributed application but 

also the safeness of the same application. That is the application must give the correct output within the 

safe limits without giving any incorrect output as values due to any type of interferences or interactions 

from the environment. The dependability of a distributed embedded system can be thought of a 

multivariate probabilistic distribution involving reliability, safety and trust worthiness with and without 

fault tolerance features. A system encompasses the fault tolerance characteristics towards high 

reliability and thereby high availability of the system. Hence any automotive embedded system must 

be designed so as to tolerate three different categories of faults. All these faults are occurring in the 

commission phase of system or during the run time of the system. The omission faults or the design 

faults are not considered in the predictability model. In embedded systems, the system behavior 

encompasses not only functionality but also reaction and execution properties such as timing and 

resource consumption. One approach to the building of predictable systems is to build them entirely 

from deterministic parts. Since the distributed embedded system is to be highly predictable, the reach 

ability, safety and reliability are to be checked with the system or component invariants. The 

automotive system is working in a continuous mode with ever changing environment variables along 

with discrete actions thrown by events, its dynamics are varying linearly with uncertain bounded inputs 

[2]. The Δv/Δt represents the change in value of the input with respect to time that has to be 

transformed a linear equation as, 

Δv/Δt = Kv.v + u0 (5) 

Where Kv represents the variance in the distribution of the input and u0 indicates the input value at that 

instant of time. For example, the input value changes from the type of integer of value 26 to 42 within 2 

seconds, the future value can be predicted from its variance say 0.4 plus the initial value say, 6.0 as shown. 

42-26 / 2 ≈ 0.4 * 42 + 6.0 

8 ≈ 7.6 
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Similarly the variations in the adjacent interferences and outside interactions through respective 

calling functions can be equated to linear equations as shown below: 

Δs/Δt = Ks.s + s0 (6) 

Δk/Δt = Kk.k + k0 (7) 

The predictability of an embedded system in terms of a number of sets with the elements being 

the initial values of critical parameters and sets of much needed interactions from uncertain events and 

sets of adjacent possible interferences due to noisy components. 

The Equation 4, Ppredict (t) can be converted into a linear equation by substituting the three 

differential parts in equations 5, 6 and 7. Hence the Equation 8, 

N 

Ppredict(t) = [ KC * Bt * { ∑ [P(vi) - P(vi-1)] } * { Kv.v + u0 }] 

i=1 

M 

* [Kb * It *{ ∑ [P(sj) - P(sj-1)] } *{ Ks.s + s0}] 

j=1 

R 

* [Ks * St * { ∑ [P(nk) - (nk-1)] }* { Kk.k+ k0 }] (8) 

k=1 

The safety properties are becoming the foremost quality factor in the embedded software 

applications and that too in all predictable safety information or alert system. The safety features are 

affected mostly by the unsafe or not updated or unreliable third party plug-ins or add-on modules. The 

other factor affects the safety of an embedded system is due to the unsafe and not optimized application 

code that is embedded into the device. Various possible hazards have to be modeled in the analysis stage 

and get simulated with all parametric changes before burning the core device. Alternatively the algebraic 

system should have been formally specified and verified by automated theorem proving tools or model 

checkers. The third and last factor that affects the safety operation of the application is due to the 

unreliable or incompatible or insufficient hardware resources and their support as shown in the Fig 3. 

 

3.1. Software Safety 

The safety features of the embedded application can be viewed as the capability of the system to 

overcome the unsafe interrupts. For example, while the operating system interrupt tries to share data 

from the application software, if any potential interference takes place from outside makes the control 

flow jumps either to a reliability thread with control methods or to safe operation mode. 
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Based on the timing of the external events that are unpredictable, the application may be forced 

to enter into a task where hazard management has to carry out to recover from the disturbances as 

shown in Fig 4(a). Hence the probability of safety failures due to interaction between operating system 

components and application components can be determined as follows: 

P (Safety Failures) =P(system calls) * P (incorrect initiation of thread) + P(Hazard Process 

Failure) 

 

3.2. Third Party Safety 

The safety failures are also due to the mistrusted third party add-ons or plug-ins. The probability of 

trust related failures in composite applications in an embedded environment is due to miss-

configuration of trusted platform or kernel based triggers. The application statement may pass certain 

arguments into hardware through the real time operating system that may cause a trusted segment in 

the available hardware to misbehave or it may be passed into an untrusted component affecting the 

unreliable output from the system as shown in Fig 4(b). 

 

3.3. Non-Optimized Jump Code Segments 

The application code may receive input or output operands or operation codes from the respective 

input-output driver modules. Based on the values, the embedded system may enter into a state from 

where it has to jump into a location through a predefined jump instruction or into a location through a 

wild jump as shown in Fig. 4(c). The probability of trust failures, 

P(Trust) = P(wild jump instructions) + P( defined jump failure) + P(wild & defined jump) 

 
Figure 4(c): The control flow for non optimized code Figure 5: The control flow for reliable operation 
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The reliability failures in a real time embedded system are mainly due to timing faults arising 

out of hard time constraints. The functional characteristics of the system are to be scheduled by 

considering the underlying hardware resources like memory and processor clock speed. Some of the 

tasks may be declared as parallel tasks that are to be allocated while the core or electronic control units 

(ECU) are idle during that period otherwise the memory latency faults will arise. The two aspects can 

be dealt in depth while allocating the tasks to the resources; they are the timing sequence of the 

sequential tasks and the individual synchronization responsibility within any parallel computation. The 

predictability of the reliable operation in the system relies on the early allocation cum reservation of 

resources and the possible hazards as shown Fig.5. The probability of reliability failures or the 

reliability of the functional components is the probability of the scheduler failure and the resources 

failures along with timing management section of the real time operating system (RTOS) if used that 

monitoring the underlying hardware. Hence the reliability or functional correctness with respect to time 

can be determined as, 



Predictable Dependably Fault Tolerant Model for Automotive Embedded System 23 

P (Reliability Failures) = P(Scheduler failures) * P(incorrect reservation of Resource) * 

P(Timer Failure). 

The numbers of hardware and software components are h and s respectively. The software 

modules are to be monitored against the invalid jumps between instructions and driving unacceptable 

The numbers of hardware and software components are h and s respectively. The mutual trust is an 

acceptable level of uncertainty about the functionality and behavior of the components. Once the initial 

value will be fixed to each component, the trust value will increase or decrease based on the successful 

collaboration of the components ―m‖ with other components ―n‖ as per the session policy as shown in 

Equation (14) the results are shown in Fig 7 and Table 3. 

m n 

Trust (t) = Σ Σ [ ( 1- Pmisbehave ) * Psuccess ] (14) 

i j 

 
Table 2: Probability of Safety 

 
U.J F.T U.P Safety(t) 

0.01 0.02 0.03 0.9999 

0.12 0.16 0.21 0.9959 

0.29 0.17 0.34 0.9832 

0.31 0.19 0.46 0.9729 

0.48 0.26 0.5 0.9376 

0.55 0.34 0.62 0.884 

0.65 0.38 0.67 0.8345 

0.75 0.46 74 0.7344 

0.8 0.59 0.81 0.6176 

0.92 0.73 0.92 0.3821 

 
Figure 6: Probability of Safety 

 

 
 

 
U.J: unacceptable Jump, F.T: forceful termination, U.P: unacceptable power 

 
Table 3: Probability of Trust 

 
P(W.J.I) P(D.J.F) P(W&D.J) P(TRUST) 

0.12 0.13 0.16 0.0024 

0.23 0.25 0.28 0.0161 

0.35 0.37 0.39 0.0505 

0.42 0.46 0.47 0.0908 

0.54 0.56 0.59 0.1784 

0.6 0.63 0.65 0.2457 

0.71 0.7 0.74 0.3677 

0.82 0.85 0.83 0.5785 

0.9 0.92 0.93 0.77 

0.98 0.94 0.92 0.8475 
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Figure 7: Probability of Trust 

 

 
W.J.I: wild jump instructions, D.J.F: defined jump failure, W&D.J: wild & defined jump 

 

With increasing number of complex electronic equipments in automotive applications, more 

hazards due to random hardware and software faults are unavoidable. It is necessary to analyze the 

safety and reliability aspects during the design and development of automotive software system. The 

safety and reliability of the system in run time environment of automotive system of probability of 

safety shown in Table 2 and Fig.6. The data flow graph for dependable automotive system with the 

expected quality attributes consists of an interface policy, interface safety and reliability 

representations of the respective assessment modules. The safety tree consists of various hazards such 

as software hazards, hardware hazards and environment hazards represented as nodes. Similarly the 

reliability tree has various nodes like software faults, hardware faults and environment faults. The 

proposed design will reduce the risk of occurrence of disastrous events since the interfaces are fail-safe 

and intelligent in their deployment. The distributed embedded system which has to accept a set of 

results suggest that, presenting fixed assets revaluation and foreign currency adjustments for state 

companies, as "other comprehensive income items", have information content. The result of estimating 

events through their interfaces responds to them and moves to any one of the output states. By 

following the dynamic rules through the ordered interfaces, the hardware and software components can 

enhance the trustworthiness and minimize the risk of entering into unsafe and non recoverable states 

thus enhancing the predictable dependability as shown Table 4 and Fig 8. To facilitate the trust and 

secured response, the interfaces are employed and the automaton rules are applied sequentially but the 

decision will be taken at comparatively high speed not to degrade the performance. Now it can be very 

well assumed that the value V can be mapped to reliability values, the interactions I can be mapped to 

correctness of the component when interacted with other components and finally the interferences S 

from the environment can be mapped to safety features. The predictable dependability of a distributed 

embedded system can be written as, 

Predict (Dependability)[T]=Predict{P(Reliability)* P(Correctness)* P(Safety)} 

 
Table 4: Predictable Dependability 

 
P(R) P(C) P(S) P(D) 

0.000651 0.0024 0.9999 0.00000156 

0.00756 0.0161 0.9959 0.000121 

0.01886 0.0505 0.9832 0.000936 

0.0459 0.0908 0.9729 0.04 

0.085224 0.1784 0.9376 0.014 

0.018346 0.2457 0.884 0.00398 

0.23068 0.3677 0.8345 0.0707 

0.420552 0.5785 0.7344 0.178 

0.632632 0.77 0.6176 0.3008 

0.75888 0.8475 0.3821 0.2457 
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Figure 8: Predictable Dependability 

 

 
  

 

Some action lead to system states that may be both reliable and safe whereas other set of 

operations may lead to states which are reliable but not safe. All these operations are to be carried out 

only after they exchange trust between each other. The dependability of the embedded system is 

realized only if the permitted operations are carried out between trusted members and starting and 

ending with safe and reliable states. For a bottom-up automaton, a ground term t which is a tree is 

accepted if there exists a reduction that starts from t and ends with q(t), where q is a final state. For a 

top-down automaton, a ground term t is accepted if there exists a reduction that starts from q(t) and 

ends with t, where q(t) is an initial state. Once the trust has been established, the nodes can execute the 

actions as per the policy to enhance the dependability of the system. 

 

 

4.  Experimental Model of Distributed Automotives System with Hardware and 

Software Components 
The automotive embedded system must be designed so as to tolerate three different categories of faults. 

All these faults are occurring in the commission phase of system or during the automotive embedded 

system must be designed so as to tolerate three different categories of faults. All these faults are 

occurring in the commission phase of system. The automotive embedded system faces various faults 

due to uncertain events in the environments, neraby functional interfereing components and unexpected 

behaviour of the communication modules as shown in Fig 9. These faults due to the context of 

operation or the environment are considered in the proposed predictable distributed system as 

unexpected temperature changes due to environment or due to the continuously working associated 

mechanical components. The faults due to intereference by the functional components may be from the 

position sensor values from the manually operated accelerator and brake pedals in the cockpit. The 

communication faults are due to the bit flops across wired channel from the sensor devices to the 

actuators at the wheel side through controller area network interfaces. To model and design a 

predictable system, the reactive or proactive response for these faults are considered. Fault tolerance 

techniques are used in the design of automotive software to help in improving the overall reliability 

and dependability of the system. The dual redundancy,communications and algorithms are the basic 

design techniques that are used in the design of fail-safe sensors and actuators is presented. 
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Figure 9: Predictable Model of Distributed Automotive Embedded System 

 

 
 

The fault coverage includes three important categories: A Byzantine fault is a fault whose effect 

is an arbitary one and viewed by the users with different perspectives.This type of fault occurs in the 

process level of the automotive system through the components to disprove their loyalty. This is of the 

transient fault type whose duration is such that the system reaches a safer state during its commission 

where a permanent fault is stable one. There are two main responsive from the system based on the 

external environment to initiate communications in automotive systems. They are time triggered and 

event triggered. This is well suited for the periodic transmission of messages as required in distributed 

control loops. The scheme is based on error countors that are increased and decreased according to 

particular events. The main drawback is that a node has to diagnose itself, which can lead to the non 

detection of some critical errors. Without additional fault-tolerance facilities, CAN is not suited for 

safety-critical applications.A key challenge in the area of automotive software will be handling not 

only the unexpected data but also a huge amount of data that is to be processed and yet provide fault 

tolerance without causing any hindrance to user experience. 

The previous work was on kernel based dependability study that is to investigate the effect of 

transient faults occurring in the CPU during execution of basic kernel functions and the task 

synchronization based on error detection [9]. The dependability of a distributed automotive embedded 

system is analyzed by developing a prototype model of an automotive system. The core of the model is 

two redundant Controller Area Network modules to monitor and synchronize the signal exchanged 

between peripherals and processing units. Due to the stringent nature of CAN, predictability, fault-

tolerance, QoS and reduced resource footprint are some of the requirements to be satisfied by any 

proposed solution [12]. The CAN message Signal consists of a sequence of binary bits representing the 

voltage levels, which when present indicates the value‘1‘; none present indicates ‗0‘. This is made up 

of a start bit, name, control bits, the data itself, the cyclic redundancy check (CRC) for error detection, 

a confirmation signal and finally a number of stop bits. The two wires operate in differential mode, in 

other words they carry inverted voltages (to reduce interference). The levels depend on which standard 

is being used. The voltages on the two wires are represented as CAN-High and CAN-Low. 
 

Figure 10: Fault Tolerant CAN Interface Module Figure 11: Automotive Assembly with FT-CAN 
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The CANH or CANL driver can be disabled in case a failure is detected on the CAN bus (ex: 

CANH driver is disabled in case CANH is shorted to VDD). The disabling of one of the drivers is 

controlled by the CAN logic and the communication continues via the other drivers. When the failure 

is removed the logic detects a failure recovery and automatically re-enables the associated driver. The 

device incorporates single ended comparators connected to CANH and CANL in order to monitor the 

bus state as well as detect bus failures. Failures are reported via the SPI. In normal operation when no 

failure is present, the differential comparator is active. Under a fault condition, one of the two CANH 

or CANL pins can be become non-operational. Fault Tolerant CAN Interface Module shown in Fig.10 

and Automotive Assembly with FT-CAN shown in Fig 11. The single ended comparator of either 

CANH or CANL is activated and continues to report a bus state to Rx pin. The device permanently 

monitors the bus failure and recovery, and as soon as fault disappears, it automatically switches back to 

differential operation. In the DESTECS methodology approach, continuous-time and discrete-event 

modeling via co-simulation with explicit modeling of faults and fault-tolerance mechanisms allow 

designers to model faulty components and explore: how individual faults affect the system; and how 

faults propagate through the system [10]. The device permanently monitors the bus lines and detects 

faults in normal and receives only modes. When a fault is detected, the device automatically takes 

appropriate actions to minimize the system current consumption and to allow communication on the 

network. Depending on the type of fault, the mode of operation, and the fault detected, the device 

automatically switches off one or more of the following functions: CANL or CANH line driver, RTL 

or RTH termination resistors, or internal switches. These actions are detailed in the following table. 

The device permanently monitors the faults and in case of fault recovery, it automatically switches 

back to normal operation and reconnects the open functions. Fault detection and recovery circuitry 

have internal filters and delays timing, detailed in the AC characteristics parameters. The CAN High 

and CAN Low pins are the interfaces to the CAN bus lines. They are controlled by TXD input level, 

and the state of CANH and CANL is reported through RXD output. The HS pin is the internal high-

side driver output. It is internally protected against over current and over temperature. 

 

4.1. Failure Detection and Recovery 

The device will detect a difference in toggling counts between the differential receiver and one of the 

single ended receivers. Every time a difference in count is detected a counter is incremented. When the 

counter reaches 4, the device detects and reports an open wire condition. The open wire detection is 

performed only when the device receives a message and not when it send message. When the open 

wire failure has recovered, the difference in count is reduced and the device detects the open wire 

recovery. When detection is complete, the counter is no longer incremented. It can only be 

decremented by sampling of the dominant level on the S-H (S-L) (recovery pulse). When it reaches 

zero, the failure has recovered. In application, with CAN communication, a recovery condition is 

detected after 4 acknowledge bits are sent by the MC33889B.Alternatively when detection is complete, 

the counter is decremented by sampling the dominant pulse (recovery pulse) on S-H (S-L) and 

incremented (up to 4) by sampling the recessive pulse (detection pulses) on S-H (S-L). It is necessary 

to get 4 consecutive dominant samples (recovery pulse) to get to zero and when reaching zero, the 

failure is recovered. 

 

4.2. Limitations in Recovery 

CAN having five Limitations: a) Lack of support for time – triggered communications. b) Incomplete 

support for reliable group communications. c) Lack of support for redundant bus arrangements. d) 

Lack of mechanisms to handle ―babbling idiot‖ errors; and e) Limited bandwidth. Distributed 

Embedded Automotive Fault Tolerant Control voltage = 10V, Temperature = 30 C Accelerator = 0, 

Break Position = 0, the model is experimentally verified as shown in fig. 10 and the results are 

tabulated below in the Table 5. The corresponding reading being shown graphically Fig.12 shown 

below. The technique that had been tailored for solving the allocation/assignment problem the 
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assignment of tasks and edges to different PEs and CRs need to be optimized in order to meet the real 

time deadlines and minimize the system cost and energy consumption[13].The signals are equal and 

opposite and they are of the same amplitude (voltage). The edges are clean and coincident with each 

other. This shows that the vehicle data bus (CAN bus) is enabling communication between the nodes 

and the CAN controller unit. This test effectively verifies the integrity of the bus at this point in the 

network. The second way of checking the CAN signals is to use a suitable reader or scanner. Fault 

tolerance can be applied to several layers of software, as at the operating system level, function/method 

level, object level or process level. The proposed Fault Tolerant techniques are targeting only 

application threads, as operating system threads are supposed to be more robust [14]. 

 
Table 5: Break Angle, Accelerator Position and Speed Reading 

 
S. No. Position of Accelerator Speed (rpm) 

1 0 0 

2 1 200 

3 2 240 

4 3 260 

5 4 300 

6 5 340 

7 6 360 

8 7 380 

9 8 400 

10 9 440 

11 10 460 

12 11 480 

13 12 500 

14 13 520 

15 14 550 

16 15 580 

17 16 610 

18 17 640 

19 18 660 

20 19 700 

 
Figure 12: Speed VS Position of Accelerator 

 

 
 

 

5.  Summary and Concluding Remarks 
This work does focus on the design and development of the message scheduler on the CAN controller 

or any another co-processors. The message scheduler is responsible for transmitting and receiving 

messages in their respective slots. The limitation is that the work addresses the fault-tolerant allocation 

of tasks to CAN controllers. System needs fault-tolerant communication between its components. This 
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is especially important for automotive domain, as it consists of FT-CAN Automotive System that is 

based on the results of the communication. According to this Fault-tolerant communication is 

introduced. In this paper we present the formal specifications of their properties in a precise some 

future functions, such as brake and accelerator, are likely to require active redundancy in order to 

comply with the acceptable risk levels and the design guidelines that could be issued by certification 

organisms. For critical functions that are distributed and replicated throughout the FT-CAN. 
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Abstract 

 
In this paper we investigate the joint power and bandwidth allocation in a random 

access wireless orthogonal frequency division multiple access (OFDMA) communication 

system with multiple source and multiple destination nodes based on time variant and 

invariant channel knowledge. The multiple sources in the system each transmits 

information to multiple destinations at a fixed signal to noise ratio (SNR) target and 

cooperates via an orthogonal amplify and forward protocol and orthogonal regenerative 

decode and forwarding protocol with different frequency slots. We develop a framework 

for bandwidth and power allocation in this scenario around the concept of OFDMA and 

derive the expressions for the transmit power and bandwidth allocated to each source to 

achieve their SNR targets as a function of the cooperation ratio between sources. As the 

cooperation ratio increases between transmit-receive node the channel gain and feedback 

increases and more information is exchanged between TR nodes. We also observe that 

increase in cooperation ratio matches the power and bandwidth allocation for time variant 

and time invariant channel state information. For the cooperation ratio greater than the 

required minima the channel gain and feedback is sufficient T-R nodes employ orthogonal 

regenerative decode and forwarding (ORDF) and for the cooperation ratio less than the 

required minima the channel gain and feedback is not sufficient T-R nodes employ 

orthogonal amplify and forwarding (OAF) strategy. The cooperation ratio solves the 

problem of optimally allocating the total power and Bandwidth of each T-R nodes between 

the transmissions it is assisting based on time variant and time invariant channel 

knowledge. We investigate the effect of noise when all sources transmit with equal 

frequency allocation and the impact of orthogonal frequency division among the sources. 

 

 

Keywords: OFDMA, ORDF, OAF, SNR 

 

1.  Introduction 
Random access wireless relaying networks allow relay nodes to participate in the transmission of 

information when they are neither the initial source nor the final destination. Orthogonal amplify and 

forwarding for multi-hop communications has been the focus of much of recent research [1-3]. 
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Consider the case of orthogonal relay transmission. While orthogonal relay schemes are attractive for 

wide band communications, it has been shown that for amplify and forward relays, shared bandwidth 

transmissions schemes can provide higher capacity [4]. OFDMA is becoming the chosen modulation 

technique for wireless communication. OFDMA can provide large data rates with sufficient robustness 

to radio channel impairments [5]. In an OFDM scheme a large number of orthogonal, overlapping 

narrow band sub-carriers are transmitted in parallel. The carrier divides the available transmission 

bandwidth. The attraction of OFDM is mainly because of its way of handling the multipath 

interference at the receiving node. The frequency selective fading and inters-symbol interference which 

are generated due to multipath phenomenon is compensated using OFDM principle. Recently, relay 

assisted multi-hop communications has become a prominent candidate to combat the impairments of 

the wireless channel by exploiting spatial diversity without needing to deploy physical antenna arrays. 

[6-8]. Relay assistance also mitigates the effects of path loss and provides the source nodes with 

extended battery life. [9-11]. Results on the capacity of the full duplex relay channel go back to (12). 

Relay transmission schemes are derived in [13] using half duplex transmission. Recently reference [14] 

showed that the uplink capacity of two user system can be increased by using cooperation, where each 

user also acts as a relay for the other. Recently researchers have recognized that spatial diversity can be 

achieved in multiuser communication systems even if the nodes in the system each have only one 

antenna. The concept of user cooperation diversity where nearby users in a cellular system form 

cooperative ―partnerships‖ by sharing their antennae to achieve increased rate or decreased outage 

probability in the uplink. Relay assisted transmission is expected to improve the performance of multi 

user system as well [15] [16]; such networks henceforth referred to as multiuser relay networks are one 

where each relay node would serve multiple users, and the total transmission power budget for each 

relay node will be limited. Cooperative transmission is unique however, in that it requires autonomous 

nodes to allocate transmit power between non-cooperative and cooperative transmission [17]. 

Inefficient allocation of transmit power could lead to worse power efficiency than no cooperation. 

Individual user‘s transmission should be relayed with a fraction of the power from its corresponding 

relay node. In such a case the total relay power should be allocated between the transmissions of 

information from the sources that relay over this node in order to obtain the best performance. The 

critical power for asymptotic connectivity in wireless networks, the stochastic analysis, control 

optimization and applications can be applied to cellular, WLAN, ad-hoc and hybrid networks in order 

to increase coverage, throughput and capacity [18]. The dynamic resource allocation for random access 

OFDMA relay networks is studied up to date in [1]-[5] for several relay transmission schemes with a 

single source-destination pair. In contrast, in this paper we will consider power and bandwidth 

allocation for a random access OFDMA network with multiple T-R nodes pairs based on time variant 

and invariant channel knowledge. The primary focus of this paper is on the problem of how to allocate 

power and bandwidth between multiple random source-destination pairs, in order to maximize power 

and bandwidth efficiency in a wireless communication system with different cooperating nodes having 

different cooperation ratios communicating independent information over orthogonal frequency sub 

channel to multiple random destinations. 

 

 

2.  System Model and Orthogonal Transmission at the T-R Nodes 
The multiple source cooperative transmission relay assisted OFDMA ad hoc networks with TRN 

transmitting and receiving nodes, for N=1 to 5 and Cij is the scalar channel gain orthogonal between T-

R nodes where i,j= 1 to 5 as shown in fig(1). 

 

 

 



32 Sunil Jacob and R. Dhanasekaran 

Figure 1: System model. Each T-R nodes source wishes to communicate with its destination TR nodes with 

cooperative transmission system where Cij is the (scalar) channel gain in orthogonal channel i 

between source i and source j. 
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The channels are assumed to be partially known to all T-R nodes. In this section, we consider 

an orthogonal transmission between T-R nodes from using frequency division. When T-R nodes 

transmit or receive in orthogonal frequency slot instead of simultaneous fashion the destinations will 

not receive any direct interference from the sources. Each T-R nodes only wishes to communicate with 

its dedicated destination such that the intermediate T-R nodes help the T-R node or the T-R node 

transmits directly without help of the intermediate T-R nodes depending on whichever is more power 

and Bandwidth efficient. We consider the signal exchanged between T-R nodes depending on OAF 

and ORDF scheme. The additive white Gaussian noise (AWGN) between the T-R nodes is 

independent with variance N0. Channels have independent Rayleigh fading, that is the channel gains 

are exponential with means respectively where the means include the distances and shadowing effect. 

The transmission power of T-R nodes and total network power are denoted by Pij and Ptotal respectively. 

The total achievable end to end transmitting rate R
Tu

 = Rit+Ŕjt
 
where Rit and Ŕjt denotes the 

transmission rate between the different TR nodes. We first consider the minimum total power Ptotalmin 

needed to guarantee total transmission rate R
Tu

 for each channel states. We then set the threshold 

power depending on the cooperation ratio and minimum power. If the transmit power is less than the 

threshold power the cooperation ratio is greater than the required minima and channel gain is high, for 

this condition we uses ORDF scheme. If the transmit power is greater than the threshold power the 

cooperation ratio is smaller than the required minima, and channel gain is low for this condition we 

uses OAF scheme Consider the cases: 

 

Case 1 Direct Node to Node Transfer 

In this case TR nodes are exchanging information directly without any intermediate TR nodes 

 
Figure 2: 

 

 
 

In Fig (2) TR1 transmits and receives from TR2 for 0≤f≤f1, TR1 transmits and receives from 

TR3 for f1<f≤f2 and TR1 transmits and receives from TR4 for f2<f≤1 using ORDF or OAF. When the 

transmission between TR nodes are received reliably the TR node decode the signal and re-encode the 

signal with the same codebook used in the original TR node‘s transmission and transmit the signal in 

the second channel of the TR nodes. If perfect decidability at the TR nodes is not required, the TR 
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nodes simply forward the signal in the second channel of the TR nodes by amplifying the received 

signal at the TR nodes. This strategy can be applied between the TR node when it is in the transmitting 

or receiving mode. Using the strategy of TR node, the transmission rates can be written as 
1 2(TR TR )

12 1 12 12 0R f log(1 C P / N )    

1 3(TR  to TR )

13 2 1 13 13 0R (f f )log(1 C P / N )    

1 4(TR TR )

14 2 14 14 0R (1 f )log(1 C P / N )     

2 1(TR TR )

21 1 21 21 0R f log(1 C P / N )    

3 1(TR  to TR )

31 2 1 31 31 0R (f f )log(1 C P / N )    

4 1(TR TR )

41 2 41 41 0R (1 f )log(1 C P / N )     (1) 

Where f1 is the frequency allocated for the transmission of TR1→TR2, (f2-f1) is the frequency 

allocated for the transmission of TR1→TR3 and 2 (1 f ) is the frequency allocated for the transmission 

of TR1 to TSR4. Minimum total power satisfying total end to end rate R
Tu

 requires optimizing f1, f2, 

P12, P13, P14, P21, P31, P41 and can be written as 

 
1 2 12 13 14 21 31 41

(C1)

total f ,f , P , P , P P , P , P   1 12 2 1 13P  min (f P f f P     

     2 14 1 21 2 1 31  2 411 f P f P f f P 1 f P       (2) 

Such that R1t+Ŕ1t
 
≥ R

Tu
 

(R1t, Ŕ1t) satisfy eq (1) with 
   1 31 2 1 4

TR TRTR TR (TR TR )

1t 12 13 14R min(R ,  R ,R ) 
  and 

   3 12 1 4 1
TR TRTR TR (TR TR )

1t 21 31 41Ŕ min(R ,R ,R
   

 

Case 2 Transmitting using One Intermediate Node 

In this case only one intermediate node is used between the source TR node and the destination TR 

node. The frequency allocation of this scheme can be seen in fig (3) 

 
Figure 3: 

  

  TR1↔TR2↔TR5     TR1↔TR3↔TR5   TR1↔TR4↔TR5 

 

0                     f1                     f2                   1  
 

Due to orthogonal transmission TR nodes does not cause mutual interference between them 

during transmitting frequency slot. The end to end transmission rates can be written as follows: 
1 2 5(TR TR TR )

125 1 12 12 0 1 25 25 0R f log(1 C P / N ) f log(1 C P / N
 

    ) 

1 3 5(TR TR TR )

135 2 1 13 13 0 2 1 35 35 0R (f f )log(1 C P / N )   (f f )log(1 C P / N )
 

       

1 4 5(TR TR TR )

145 2 14 14 0 2 45 45 0R  (1 f )log(1 C P / N ) (1 f )log(1 C P / N )
 

       

5 2 1(TR TR TR )

521 1 52 52 0 1 21 21 0R f log(1 C P / N ) f log(1 C P / N
 

    ) 

5 3 1(TR TR TR )

531 2 1 53 53 0 2 1 31 31 0R (f f )log(1 C P / N )   (f f )log(1 C P / N )
 

       

5 4 1(TR TR TR )

541 2 54 54 0 2 41 41 0R  (1 f )log(1 C P / N ) (1 f )log(1 C P / N )
 

       (3) 

Minimum total power in this case will be 
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1, 2, 12, 13,  14, 25, 35 45 52 53 54 31 41 21

(C2)

total f f P P P P P P P P P P P P 1 12 1 25 1 52 1 21  2 1 35

2 1 13 2 1 53 2 1 31 2 14 2 45 2 54 2 41

P  min (f P f P   f P   f P f f P

f f P f f P f f P 1 f P 1 f P 1 f P 1 f P

     

             
 (4) 

Such that R2t+Ŕ2t ≥ R
Tu

 where 
     1 2 5 1 3 5 1 4 5TR TR TR TR TR TR TR TR TR

2t 125 135 145R min(R ,  R ,R ) 
     

  

Ŕ2t 
     5 2 1 5 3 1 5 4 1TR TR TR TR TR TR TR TR TR

521 531 541min(R ,  R ,R )
     

 

 

Case 3 Transmitting using Two Intermediate Node 

In this case TR source node uses two intermediate node to reach TR destination nodes and transmit in 

optimized orthogonal frequency slot in Fig(4). 

 
Figure 4: 

  

  𝑇𝑅1 ↔ 𝑇𝑅2 ↔ 𝑇𝑅3 ↔ 𝑇𝑅5   𝑇𝑅1 ↔ 𝑇𝑅4 ↔ 𝑇𝑅3 ↔ 𝑇𝑅5                        

 

0                                 f1                                1   
 

Then 
1 2 3 5TR TR TR TR

1235 1 12 12 0 1 23 23 0 1 35 35 0R  f log(1 C P / N ) f log(1 C P / N ) f log(1 C P / N )
  

       

5 3 2 1TR TR TR TR

5321 1 53 53 0 1 32 32 0 1 21 21 0R  f log(1 C P / N ) f log(1 C P / N ) f log(1 C P / N )
  

       (5) 

1 4 3 5TR TR TR TR

1435 1 14 14 0 1 43 43 0 1 35 35 0R  (1 f )log(1 C P / N ) (1 f )log(1 C P / N ) (1 f )log(1 C P / N )
  

        

5 3 4 1TR TR TR TR

5341 1 53 53 0 1 34 34 0 1 41 41 0R (1 f )log(1 C P / N ) (1 f )log(1 C P / N ) (1 f )log(1 C P / N )
  

          

Minimum total power will satisfy the following such that 

 

         

1,  12 23 35 53 32 21 14 43 35 53 34 41

(C3)

total f P P P P P P P P P P P P 1 12 1 23 1 35 1 32 1 21 1 53 1 14

1 43 1 35 1 53 1 34 1 41

P  min (f P f P f P f P f P   f P 1 f P

1 f P 1 f P 1 f P 1 f P 1 f P )

       

         
 (6) 

Such that Rtwo node    two nodeŔ +≥R
Tu 

Where 

Rtwo node in 1235 1435( , )R R  

Rtwo node =in 5321 5341( , )R R  

Where (R1, R2) satisfy equation (5). 

For the orthogonal transmission from TR source node to TR destination the minimum total 

power satisfying end to end total rate R
Tu 

will be the minimum of the total powers given in Case1-

Case3, such that total orthogonal power 
orth (C1) (C2) (C3)

total total total totalP min(P ,  P ,  P ) . 

Then Pth and the corresponding outage probability can be computed using orth

totalP nd the total 

power constraint. in order to understand the performance gain obtained by opportunistic transmission. 

The sources and relay transmit in non-overlapping and equal length frequency slot. 

 
Figure 5: 
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In Fig (5) each TR source is allowed to transmit directly to its TR destination if the channel 

gain is better than the channel gain of the remaining path. We also allow the nodes to dynamically 

allocate their transmission powers depending on the channel condition for a given total network power 

constraint. 

1 2(TR TR )

12 12 12 0

1
R log(1 C P / N )

4


   

1 3(TR  to TR )

13 13 13 0

1
R log(1 C P / N )

4
   

1 4(TR TR )

14 14 14 0

1
R log(1 C P / N )

4


   

2,3,4 5(TR TR )

2,3,4 21,31,41 21 0

1
R (1 C P / N )

4


   

Where the frequency allocated for the transmission of information between different path are 

constant and equal. Minimum total power satisfying total end to end rate R
Tu

 requires optimizing P12, 

P13, P14, P25, P35, P45 and can be written as 

12 13 14 25 35 45

(C1)

total  P , P , P P , P , P 12 13

1 1
P  min ( P P

4 4
   14 25 35 45

1 1 1 1
P P P P

4 4 4 4
    (7) 

Such that R1t+Ŕ1t
 
≥ R

Tu
 

(R1t, Ŕ1t) satisfy eq (1) with 
    2,3,4 51 31 2 1 4

(TR TR )TR TRTR TR (TR TR )

1t 12 13 14 2,3,4R min(R ,  R ,R ,R ) 
   

The TR node transmits directly for constant frequency allocation strategy and derives dynamic 

power allocations. 

 

 

3.  Cooperative Protocol 
The information transmission of each TR nodes occurs in two pre-assigned channels that are having 

different frequencies. The TR source nodes transmit its signal in the first channel and the TR node 

retransmits this signal in the second channel. We denote the i
th

 source‘s zero-mean unit-variance 

information symbol as si, the i
th

 source‘s amplitude in the f
th 

frequency slot as vi[f]≥0 and the i
th

 

source‘s transmission in the f
th

 frequency slot as tri[f]. The jth source in the system receives the signal 

sent by the i
th

 source in frequency slot f using ORDF as 

rcij[f]=Cijtri[f]+nij[f] 

Where Cij is the (scalar) channel gain in orthogonal channel i between source i and source j and 

nij[k] is the zero mean noise in this channel with variance σn
2
>0. 

The TR source orthogonal amplifies and forward cooperative transmission protocol is given by 

Eq (7) and Eq (8). 

TR source orthogonal Amplify and forward cooperative protocol 

Frequency slot ( f1 ) Frequency slot 2 1(f f )  

Source i tri[f1]=vi[f1]si tri[ 2 1f f ]=ai[ 2 1f f ]rcij[ 2 1f f ] (7) 

Source j trj[f1]=vj[f1]sj trj[ 2 1f f ]=aj[ 2 1f f ]rcji[ 2 1f f ] (8) 

Frequency slot 2(1 f )  

Source i tri[ 2(1 f ) ]=ai[ 2(1 f ) ] rcij[ 2(1 f ) ] and 

Source j trj[ 2(1 f ) ]=aj[ 2(1 f ) ]rcji[ 2(1 f ) ] 

Frequency slot 1(1 f )  

Source i tri[ 1(1 f ) ]=ai[ 1(1 f ) ] rcij[ 1(1 f ) ] and 
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Source j trj[ 1(1 f ) ]=aj[ 1(1 f ) ]rcji[ 1(1 f ) ] 

The signal received by the destination TR nodes using OAF in the Cij orthogonal channel in 

frequency slot f is given as 

řcij[f]=Cijtri[f]+wij[f] 

Where Cij is the scalar channel gain between the i
th

 user and the destination and wij[f] is the 

zero-mean noise in this channel with variance σw
2
>0.The effect of nij[f] and wij[f] are different for the 

frequency slot f as they are calculated using ORDF and OAF scheme. The destination TR nodes form 

the decision statistic for the i
th

 user‘s information symbol as a linear combination of the two relevant 

observations. 

ie rcij = Гi [f1] rcij [f1]+ Гj [ 2 1f f ] řcij [ 2 1f f ] 

řcij = Гj [f1] řcij [f1]+ Гi [ 2 1f f ] rcij [ 2 1f f ] 

rcij = Гi [ 11 f ] rcij [ 11 f ]+ Гj [ 21 f ] řcij [ 21 f ] 

řcij = Гj [ 11 f ] řcij [ 11 f ]+ Гi [ 21 f ] rcij [ 21 f ] 

where Гi[f] and Гj[f] are the linear combination parameters selected by the destination to maximize the 

SNR of the decision statistics. Note that there is no multi-access interference (ie frequency selective 

fading and ISI) due to the orthogonality of all transmissions in this transmission. 

 

 

4.  Transmit Power and Snr Analysis 
Given the system model and cooperative transmit protocol described in section II we consider the 

problem of efficiently allocating transmit power in order to achieve a pair of fixed SNR targets, 

denoted as SNRi and SNRj at the source and the destination. In the absence of cooperation, the 

orthogonality of the sources makes the solution to this problem straightforward. 

The SNR target will be satisfied if 

 2 2 2

i i w ij iP v f (σ / C )SNR   

 2 2 2

j j n ij jP v f (σ / C )SNR   

Where Pi and Pj denotes the transmit power of the i
th

 and j
th

 source. 

 

4.1. Transmit/Receive power and Cooperation Ratios 

Denoting the transmit power source i in frequency slot f as Pi[f], the transmit power in each frequency 

slot are taken from section I 

Source i → 

Frequency slot ( f1 ) → 

  2

i 1 i 1P f  v [f ]  

Frequency slot 2 1f f → 

     2 2 2 2

i 2 1 j 2 1 ij j 2 1 nP f f  v f f (C v f f σ      (9) 

Source j → 

Frequency slot 2(1 f )  → 

  2

j 2 j 2 P (1 f )     a [(1 f )   ]    

Frequency slot 1(1 f )  → 

     2 2 2 2

j 1 j 1 ji j 1 w P (1 f )  v (1 f ) (C v (1 f ) σ )      (10) 

The total transmit power for source i is given as 

Pi=Pi[ 1f ]+Pi[ 2 1f f ] and the total transmit power for source j is given as 

Pj=Pj[ 1 2f f ]+Pj[ 11 f ], the total transmit power over all sources is given as Ptotal=Pi+Pj 
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From the power expressions of eq (9) and eq (10), we can define a ―cooperation ratio‖ 

parameter for each source in the system. The i
th

 source‘s cooperation ratio is defined as the ratio of the 

power of the i
th

 source‘s cooperative retransmission to the power of the original transmission of source 

j (i≠j). Using the results from eq (9) and eq (10) we can write the cooperation ratios for the i
th

 source as 

Җi= 
 
 

i 2 1

j 2

P f f

P 1 f  




 =

   
 

2 2 2 2

i 2 1 ij j 2 n

2

j 2

a f f (C v 1 f   σ )

v 1 f  

  


 (11) 

For 0≤Җi <∞ and j≠i. 

Җj= 
 
 

j 1

i 1

P 1 f

P f  


 =

   
 

2 2 2 2

i 1 ij i 1 w

2

j 1

a 1 f (C v f   σ )

v f  

 
 

i,j Є {1,2,3,4,5} 

For 0≤Җj <∞ and j≠i. 

We note that the non cooperative case corresponds to Җi = Җj =0 

 

4.2. Destination Processing and SNR 

The next step in our analysis is to derive expressions for the SNR of TR nodes at the destination under 

the assumption that the destination optimally combines the observations { rcij, řcij } to maximize SNR. 

Assuming that all of the noise terms in the observations are mutually independent as well as 

independent of the data, it can be shown that maximal ratio combining at the destination maximizes the 

SNR of rcij and řcij. The maximal ratio combining coefficients can be written as 

i 2 1

i 1

Г [f f ]

Г [f ]


 = 

 

2

ij j 2 1 w

2 2 2 2

w ij j 2 1 n

C v [f f ]σ

(σ C v f f σ )



 
 

i 2

i 1

Г [1 f ]

Г [1 f ]




 = 

2

ij i 2 w

2 2 2 2

w ij i 2 n

C v [1 f ]σ

(σ C v [1 f ]σ



 
 

And the resulting SNRs with maximal ratio combining at the destination can be expressed as 

SNRi= 

2 2

ij i 2 1

2

w

C v [f f ]

σ


 + 

4 2 2

ij j 1 i 2 1

2 2 2 2

w ij 2 1 n

C v [f ]v [[f f ]]

σ C v [f ]σ




 (12) 

SNRj = 

2 2

ij j 1

2

w

C v [1 f ]

σ


 + 

2 2 2 2

ij i 1 ij j 1

2 2 2 2

w ij i 2 n

C v [1 f ]C v [1 f ]

σ C v [1 f ]σ

 

 
 (13) 

Substituting the cooperation ratios and the transmit powers from eqs (9) and (10) into the above 

eqs (12) and (13) we can rewrite the SNR of each source as 

SNRi = 

2

ij i 1

2

w

C P[f ]

σ
 + 

2 4

i j i 2 1 ij

2 2 2 2 2

w ij i 1 n j i 1 ij n

P [f f ]C

σ (C P[f ] σ )   P[f ]C σ



 
 

SNRj = 

2

ij j 1

2

w

C P [1 f ]

σ


 + 

2 4

i j 2 ij

2 2 2 2 2

w ij j 1 n i j 1 ij n

P [1 f ]C

σ (C P [1 f ] σ )   P [1 f ]C σ



   
- - 

We note that specification of the SNR targets {SNRi,SNRj} as well as the cooperation ratios { 

Җi, Җj } fully determine the minimum transmit powers and bandwidth for all TR nodes and maximum 

cooperation between them. 

 

4.3. Canonical Examples 

This section presents the circular network with cooperative protocols that motivate our algorithms and 

demonstrate the potential of cooperative network coding. In this case we consider a wireless network 

with n nodes. We assume that every node is a source that wants to broadcast information to all other 

nodes. Also, each node broadcasts at a fixed range and therefore, each transmission consumes the same 
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amount of energy. Let Tnc denote the total number of transmission required to broadcast one 

information unit to all nodes when we use network coding. Similarly, let Tw denote the required 

number of transmissions when we do not use network coding. We are interested in calculating   nc

w

T

T
. 

 
Figure 6: A circular configuration 

 

 
 

Consider n nodes placed at equal distances around a circle as depicted as circular network in 

Fig.6. Assume that each node can successfully broadcast information to its two neighbours. For 

example, node b1 can broadcast to nodes a1 and a2. 

Lemma 1: For the circular network it holds that 

1. Without network coding Tw   n   2 

2. With network coding Tnc
1

2

n 
 . 

Proof: Since a node can successfuly broadcast to its two nearest neighbours, each broadcast 

transmission can transfer at most one unit of information to two recivers. We have n 1  receivers to 

cover and thus the best energy efficiency we may hope for is 
1

2

n 
 per information unit. When 

forwardng information bit we may consider a single source broadcasting to n 1 receivers. The first 

transmission reaches two receivers. Each additional transmission can contribute one unit of 

information to one receiver.For the case of forwarding, it is easy to see that a simple flooding 

algorithm achieves the bound in Lemma 1. For network coding consider the following scheme. 

Assume that n is an even number. Partition the n nodes in two sets A ={ a1,...... 
2

na  } and B ={ b1,...... 

2

nb  } of size 
2

n
 each, such that every node in A has as nearest neighbors two nodes in B. For example, 

Fig. 1 depicts a circular configuration with n=8 nodes. It is sufficient to show that we can broadcast 

one information unit from each node in set A to all nodes in sets A and B using Tnc  
2

n
  transmissions. 

We can then repeat this procedure symetrically to broadcast the information from the nodes in B. Let { 

x1,...... 
2

nx  } denote the information units associated with the nodes in A. Consider the following 
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transmission scheme that operates in 
4

n
 steps. Each step has two phases, where first nodes in A 

transmit and nodes in B receive and then nodes in B transmit and nodes in A receive. 

 

Algorithm Network Coding cooperative protocols (NC) 

Step 1: 

Phase 1: The nodes in set A transmit their information to their nearest neighbors such that each 

node bi receives xi and xi+1 as shown in Fig.1. 

Phase 2: The nodes in set B simply add the information symbols they receive and broadcast it. 

For example, node ai receives xi+1+xi from node bi and xi-1+xi from node bt-1. Thus node 

ai has the information units from sources ai-1 and ai+1. 

Step k neighbouring node, k neighbouring node1: 

Phase 1: Each node in A transmits the sum of the two information units it received in phase 2, 

step k 1 . 

Phase 2: Each node in B transmits the sum of the two Information units it received in phase 1, 

step k. 

Lemma 2: There exist schemes that achieve the lower bounds in lemma 1. Thus 

lim nc

n
w

T

T
 =

1
 
2

. 

Proof: Given the previous discussion it is sufficient to show that Alg. NC will conclude in 

almost 
4

n
 steps. Each step involves n transmissions and each transmission bring one new information 

unit to two receivers. Note that in the last step, second phase, fewer transmissions are required, but this 

will not affect the order of the result. This scheme transmits 
2

n
 information units in n 

4

n
 transmissions. 

And thus Tnc = 
2

n
. Assume now that each node can transmit at a constant radius of k neighbors,i.e each 

transmission reaches atmost 2k nodes. Consider set A to consist of 
2

n

k
 sources that are 2k nodes apart, 

and set B to consist of 
2

n

k
 relays. Each node in B is at distance k from its two closest neighbors in set 

A. We then effectively reduce our problem to the k=1 case and we get directly the following theorem. 

Theorem: In a circular network where each node can broadcast information at a constant radius 

of k neighbors 

1

2
1

1

nc

w

n
T k

nT

k








≈
1 
 
2

. (1) 

Note that adjusting the transmit power to reach further than the direct neighbors is not energy 

efficient. It allows to reduce the number of transmissions by a factor of k, but the received power decay 

proportional to k
l
 with a path loss exponent l≈ 2 ( depending on the environment). In total, such a 

scheme requires a factor of 1lk   more energy. 

 

 

5.  Simulation Results 
We are considering our analysis for time variant and time invariant channel. For time variant channel 

the scalar channel gains are not same i.e. Cij≠Cji and for time invariant channel the scalar channel gain 
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are same i.e. Cij≠Cji.Time variant cooperative and time variant non cooperative cases are consider. In 

time variant cooperative case the cooperation ratio Җ is maximum and for non cooperative cases the 

cooperation ratio Җ is zero. In Fig 7 the simulation result for transmit power allocation with respect to 

SNR in dB for ORDF scheme both for time variant cooperative and non cooperative channel is 

obtained. When the SNR is at 5dB the transmit power allocation for time variant non cooperative 

channel is 1mw and for time variant cooperative channel is 0.6mw. The transmit power allocation for 

time variant cooperative channel is less compared to time variant non cooperative channel for the same 

SNR value. As the SNR increases the transmit power allocation decreases. It indicates that when signal 

strength is more the transmit power allocation is less. For the range of SNR from 5dB to 7 dB the 

transmit power allocation for the time variant cooperative channel is less compared to time variant non 

cooperative channel 

From section I the orthogonal transmission has better outage performance than constant 

frequency allocation schemes and direct transmission without relay. The performance difference 

between them at the sources occurs due to the fact that in orthogonal transmission each source is 

constrained to transmit in non-overlapping frequency slots. The gains are present despite interference 

caused by simultaneous transmission. In the same section for orthogonal transmission at the source 

provides outage probability performance as 1 compared to constant frequency allocation scheme. 

 
Figure 7: Transmit power allocation with respect to SNR using NC 
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In Fig 8 the simulation result for transmit power allocation with respect to SNR in dB for OAF 

scheme both for time variant cooperative and non cooperative channel is obtained. When the SNR is at 

5dB the transmit power allocation for time variant non cooperative channel is 1mw and for time variant 

cooperative channel is 0.6mw. The transmit power allocation for time variant cooperative channel is 

less compared to time variant non cooperative channel for the same SNR value. As the SNR increases 

the transmit power allocation decreases. It indicates that when signal strength is more the transmit 

power allocation is less. For the range of SNR from 5dB to 7 dB the transmit power allocation for the 

time variant cooperative channel is less compared to time variant non cooperative channel 
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Figure 8: Transmit power allocation with respect to SNR using NC 
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In this case it can be seen that orthogonal transmissions still outperform constant time 

transmission significantly. Idealized direct transmission without relay performs even worse than 

symmetric network. 

 
Figure 9: Transmit power allocation with respect to cooperation ratio using NC 
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Figure (9) shows the transmit power allocation with respect to cooperative ratio of orthogonal 

time variant and non variant cases at the sources at each node for the asymmetric network. Considered 

in figure (9) corresponding to (0-20 dB) range of total cooperation ratios it can be seen that in order to 

obtain total transmission rate R
Tu

=1, most of the network power is allocated to sources which are 

having the best cooperation ratios. From figure 9 we can see that if the cooperation is minimum the 

transmit power allocation is maximum and as the cooperation increases the transmit power allocation 

decreases. The timevariant non cooperative channel consumes the maximum transmit power allocation 

and the time in variant cooperative consumes the minimum transmit power 

In this section, we examine the transmit power requirement for the case when all of the 

channels in figure 10 are modeled as time variant and invariant based on orthogonal amplify and 

forwarding. From figure 10 we can see that if the cooperation is minimum the transmit power 
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allocation is maximum and as the cooperation increases the transmit power allocation decreases. The 

timevariant non cooperative channel consumes the maximum transmit power allocation and the time in 

variant cooperative consumes the minimum transmit power 

 
Figure 10: Transmit power allocation with respect to cooperation ratio Using NC 
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Figure 11: Bandwidth allocation with respect to cooperation ratioUsing NC 
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From figure 11 we can see that if the cooperation is minimum the Bandwidth allocation is 

maximum and as the cooperation increases the bandwidth allocation decreases. The timevariant non 

cooperative channel consumes the maximum bandwidth and the time non variant cooperative 

consumes the minimum bandwidth. 

From figure 12 we can see that if the cooperation is minimum the Bandwidth allocation is 

maximum and as the cooperation increases the bandwidth allocation decreases. The time variant non 

cooperative channel consumes the maximum bandwidth and the time non variant cooperative 

consumes the minimum bandwidth. 
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Figure 12: Bandwidth allocation with respect to cooperation ratio using NC 

 

5 6 7 8 9 10 11 12 13
10

-6

10
-5

10
-4

10
-3

10
-2

10
-1

10
0

Cooperation Ratio (OAF)

B
a
n
d
w

id
th

 A
llo

c
a
ti
o
n
 (

O
A

F
)

Bandwidth Allocation w.r.t Cooperation Ratio

 

 

Time Variant Noncooperative

Time Variant cooperative

Time Nonvariant cooperative

 
 

The result for the case of ORDF and OAF matches for the bandwidth allocation 

 

 

6.  Conclusion 
In this paper, the outage performance of a network consisting of multiple sources, single relay and 

multiple destinations is analyzed considering a total average network power constraint. In section II we 

consider orthogonal frequency transmission, constant frequency transmission followed by a broadcast 

signal transmission. Both source and relay allocate transmit power, rate and channel access time 

dynamically. Moreover each source is allowed to transmit to its corresponding destination either 

directly or using the relay. OFDMA based scheme removes the interference among the source. 

Simulation shows that for symmetric network, i.e. when both sources have comparable overall average 

channel gain, OFDMA performs better that equal frequency allocation. However, when the network 

favors a specific source, ie when one source has a significantly better overall channel state with respect 

to the other, the OFDMA performs significantly better than constant frequency allocation scheme. 

Sections III and IV consider the problem of efficient power allocation in a wireless communication 

system by using time invariant channel with two cooperating sources communicating independent 

information over orthogonal sub channel to the destination. We designed a framework for power 

allocation in this scenario around the concept of cooperation ratio and derived expressions for the 

transmit power required by each source to achieve their SNR target as a function of these cooperation 

ratios. We showed that cooperation can reduce the total required transmit power and a simultaneous 

reduction of the required individual transmit powers P1 and P2 for any choice of cooperation ratio. This 

implies that only the source with the stronger channel should cooperate when the channels are time 

invariant. For a possible extension, the performance of the considered scheme can be analyzed for 

channels modeled as flat independent Rayleigh fading, as well as distributed resource allocations 

process. We also observe that increase in cooperation ratio matches the power and bandwidth 

allocation for time variant and time invariant channel state information. For the cooperation ratio 

greater than the required minima the channel gain and feedback is sufficient T-R nodes employ ORDF 

using NC and for the cooperation ratio less than the required minima the channel gain and feedback is 

not sufficient T-R nodes employ OAF using NC strategy. 
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Abstract 

 
Lung segmentation is regarded as foundation for Computer Aided Diagnosis (CAD) 

of lung diseases. Computed Tomography scan and CAD facilitate researchers to implement 

cutting-edge image processing techniques for identifying lung cancer and likelihood of 

other lung diseases including bronchitis, and emphysema. An automated lung segmentation 

scheme is proposed in this paper that segments lungs from other body organs contained in 

CT scan, with special emphasis on disjoint in lungs which have not been attempted before. 

The scheme uses Otsu algorithm and Connected Component Analysis algorithm for initial 

segmentation. To refine the initial results and avoid under-segmentation and over-

segmentation, morphological operations along with bitwise logical AND, OR operations 

are applied. One of the challenges for lung segmentation algorithms is the overlap of left 

and right lungs. The algorithm uses Otsu thresholding for segmenting conjoint of right and 

left lungs. Solution to this exceptional case is also proposed in which there is disjoint in a 

particular lung due to overlap of anatomical structures. To segment this type of lungs, the 

method computes centroid of objects. The proposed methodology is tested on the database 

of Cornell University, USA, which includes 15 test scans containing 2920 slices. The 

results indicate a successful segmentation of 2757 slices including left and right lung 

overlap case and the case in which lung is contained in parts. 

 

 

Keywords: Segmentation, Otsu thresholding, centroid, logical operator 
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1.  Introduction 
The increase in number of smokers in the 20th century leads for lung cancer being the number one 

killer among cancer related deaths worldwide with an over-all survival rate of only 15%. Lung cancer 

is ranked very high in the number of deaths related with cancer. In most cases Lung cancer does not 

show any symptoms in the initial stages. It is often suspected initially from chest x-ray or Computed 

Tomography (CT) scans done to evaluate a cough or chest pain. Several researchers have 

recommended Computer Aided Diagnosis (CAD) systems which facilitate early detection of lung 

cancer nodules at more curable stages. The First stage of those CAD systems requires the segmentation 

of the Lungs from the CT or x-ray Scan images. 

Since significant progress has been made in computing methodologies and imaging tools, 

doctors and surgeons can now provide timely diagnosis of diseases. CT scan and MRI are the two most 

frequently encountered imaging modalities to help with solving huge diagnostic problems. Computed 

Tomography (CT) scan is a noninvasive diagnostic examination that uses rotating x-ray beam to 

generate various views of a particular body area. Computer Aided Diagnosis (CAD) paves the way to 

automatically detect minor as well as fatal diseases. CAD results can be consequently used in 

Computer Aided Surgery (CAS) that is performed where human beings are least involved. CAD 

processes use medical images, employ image processing procedures and affiliated systems for 

categorizing human body malfunctions. 

Radiologists utilize computer-aided diagnostic techniques for the practical evaluation of the 

diseases pertaining to liver, lungs, kidneys, heart etc. Computed tomography scans of lungs are 

preferred over other imaging modes including radiographs and magnetic resonance imaging for 

analysis of lung diseases. In digital image processing, segmentation serves to divide an image into 

dissimilar regions that altogether constitute the entire image. It facilitates identification and analysis of 

objects in an image. The goal of image segmentation research is to increase the reliability, accuracy, 

precision and reduce the computational cost of algorithms. 

Segmentation-based research is employed in the area of medicine to extract and evaluate body 

organs fulfilling specific criteria, thereby offering assistance to medical practitioners. Segmentation of 

lungs is the foremost step in diagnostic of lung diseases like lung cancer, emphysema, bronchitis and 

asthma. The segmented lungs assist doctors in envisioning the tissues contained in lungs, identify the 

presence of lung nodules thus providing aid in reliable diagnosis and eventually better healthcare. 

Accurate lung segmentation is inevitable for the subsequent phase of detecting abnormalities and the 

extent of their progression. With the alarming number of existing CT scan datasets, manual 

segmentation does not seem to be a realistic approach. This has increased reliance on lung 

segmentation methods. 

In this research, we are going to propose a method to segment lungs from Computed 

Tomography (CT) scans. The method developed will be applied to a database from Cornell University, 

which includes 15 test scans containing 2920 slices. In addition to the segmentation of normal looking 

lungs CT scans, special consideration is given to the special case when there is a disjoint in lungs. The 

method used for segmentation is described in section 3. A step by step discussion of the procedure 

followed for segmentation is given in section 4. In section 4, results of each step are also explained 

with the help of actual examples and figures. In section 5, a short summary of results is given. 

Conclusions are given in section 6. 

 

 

2.  Previous Research 
Great deal of research was made in the past and is currently in progress on the topic of lung 

segmentation. According to literature, manual segmentation was initially done by radiologists that took 

huge time and effort. Semi-automatic techniques for lung segmentation were devised later on. The 

semi-automatic procedures, positively an improvement over sole manual techniques, need minimal 

human involvement at start or mid of the process. Therefore, it was essential to formulate the 

techniques that are able to automatically segment the lungs with accuracy keeping in view the 
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enormous amount of data in CT scans. Numerous automated lung segmentation techniques emerged in 

recent times that do not demand manual involvement at any point during segmentation. Robust 

methods are still needed that are capable of addressing the particular anatomical configuration of lungs 

manifested in CT scans. 

Active contour also called snakes [1], [2] and level set methods [3], came up initially for 

segmentation; the methods loosely alter contours instead of strictly. Snakes serve as active contour 

models and find prominent image curves and outlines. Snake is in fact a spline affected by outer 

constraint forces like lines and boundaries. The methods have two intrinsic limitations that make them 

unsuitable for some medical image segmentation tasks. One limitation is that prior information about 

shape that is being segmented is needed. Second, it is assumed that object boundaries match with edge 

of image. Boykov [4] devised a segmentation procedure where user spots few voxels as objects and 

few as seeds. Afterwards, graph cut scheme locates a favorable cut to eventually discriminate objects 

from background. 

Gleason et al. [5]presented a probabilistic-based flexible model which concurrently optimizes 

an objective function created by local shape model and grey-level model. The local shape model 

conserves the figure information about every marker dot. User intrusion is essential to the process. 

Active shape model is model-based approach that offers automatic methodology for segmentation of 

medical images. A modified ASM method [6] drastically enhances the previous scheme by using 

iterative gray-level model. A methodology using flexible registration was devised [7] in which a 

probable atlas is employed as an alternative to the single binary mask of the lung taken initially. Atlas 

is sort of reference map created by an expert from series of slices. 

In [8], authors used graph cut method on low layers of the image that grew through upper 

layers; manual involvement was essential in the process. Chen [9] applied graph cut method along with 

morphology procedures. The method was unsuccessful on axial CT slices, wherever lung was found in 

the centre of image slice. Faragetal [10] devised the method making use of Markov-Gibbs Random 

Field (MGRF); this introduces 3-D space knowledge and earlier information. This method is able to 

conserve superior details; however its enormous requirement of space and slow execution make it 

unsuitable. Seghers et al. [11] devised a basic model-based scheme that is qualified from instances as 

in ASM technique. 

Jie [12] used thresholding with watershed transform to segment objects in images. They 

focused on demarcating the overlapped left and right lungs. A completely automated algorithm for 

lung segmentation operating in three dimensions was presented [13] that use region growing algorithm 

and wavefront simulation. The technique did not work well when lungs are not contained exactly in the 

middle of slice. The procedure used by authors in [14] outlined the interior boundary of objects with 

pixel sequences. Here, a step size for border area is defined. If step size is large the results are not 

precise, when it is small, computation time increases. 

The scheme presented in [15] originates a split curve for separating fused left and right lungs. 

This method failed on slices where trachea is attached to any of the lungs. Helen [18] proposed a two 

dimensional Otsu thresholding algorithm in combination with Particle Swarm Optimization (PSO) for 

achieving segmentation in medical images. Developers calculate optimal threshold to discriminate 

parenchyma. The outcome achieved is analogous with the results that Otsu algorithm produces and 

offers very small computation time. 

A segmentation scheme is developed recently where human being identifies and locates 

specific volume [17] and the gradient guides the growth of volume. Then, random spots on that slice 

are chosen. Pixels having tiny gradient magnitudes are combined together. The technique then 

incorporates adjacent pixels with respect to gradient density. Dawoud [19] proposed a method which 

utilized reference model of lung, then applied thresholding. This technique considers some lung 

properties like size and orientation. Dawoud used mahalanob distance to compare initial lung contour 

and threshold image; human intervention is essential in the method. 
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3.  Otsu Algorithm 
The proposed method of lung segmentation uses Otsu thresholding and other techniques of digital 

image processing. A brief overview of how Otsu algorithm works is explained below [16]: 

1) Calculate histogram and probability of each intensity level. 

2) Set up initial values (0)i and (0)i . 

3) Increment threshold values from t=1 to maximum intensity value and update the 

values i and i . Calculate  2

b t . 

4) Desired threshold value corresponds to the maximum  2

b t . 

5) You can compute two maxima (and two corresponding thresholds).  2

1b t Is the 

greater max and  2

2b t  is the greater or equal maximum. 

6) Desired threshold 1 2

2

threshold threshold
  

Otsu thresholding [16] is used to attain a threshold value that divides image into two categories 

of pixels, i.e. foreground and background. We increment threshold value step by step to reach a 

threshold value that gives maximum variance between pixels of the two classes. A value that yields 

optimum outcome is taken [16] the one that results in maximum variance between pixel values of the 

two classes.The splitting up of pixels into two separate classes C0 and C1 using threshold k generates 

two categories of pixels namely C0, specifying pixels having levels [1,…k], and C1 representing pixels 

having levels [k+1,…L]. The likelihood of class occurrences are given by probabilities: 
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The variances of class are represented by the following equations: 
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Otsu used three parameters i.e., within class variance, variance between classes and the total 

variance [16] given by eq. 7, 8 and 9 for the evaluation of integrity of the threshold: 
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The optimal threshold which maximize [16] the between-class variance and lessens the intra-

class variance is: 

   2 * 2

1 ( ) B k L Bk max k    (10) 

 

 

4.  Methodology 
The flowchart in figure 1 depicts our proposed automated lung segmentation scheme. The dataset used 

is taken from the Cornell University, USA‘s database. Fifteen (15) datasets are used, where every scan 

is composed of 200 to 230 slices. Every slice is an 512 512  image. To attain lung area the proposed 
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method uses Otsu thresholding and then noise reduction including the removal of trachea and bronchi. 

Both lungs are generally separated after the previous step. If lungs are not discriminated from other 

areas, we use Otsu thresholding again with extremely small increments in threshold value. We then use 

connected component labeling method. Otsu procedure keeps on executing till we get greater than two 

objects in the image. Our technique considers lung parts dispersed because of overlap of anatomical 

configuration. This is done by computing main image‘s centroid and centroid of retained regions. After 

this, we make comparison of their vertical and horizontal coordinates. For further processing while also 

avoiding under-segmentation and over-segmentation, morphology procedures are used alongwith 

bitwise logical operators. Each step involved in the proposed method is explained below. 

 
Figure 1: Flowchart of proposed scheme 

 

 Pre processing 

Thresholding 

Noise/ Trachea/ 

Airway Removal 

Obtaining Lung 

Area 

Right and 

Left Lungs 

separated? 

Separating Right 

and Left Lung using 

centroid 

Smooth Right and 

Left Lungs 

Adjust 

Thresho

ld value 

N

o 

Y 

 
 

4.1. Pre-Processing 

The first stage of this research work is the image pre-processing step. The main objective of the pre-

processing stage is to enhance the quality of the image and enhance the important image features and 

suppress the undesired ones. First preprocessing is applied to the original CT scan image. Both lungs 

and their nearby portions are areas of interest and pixel values external to this area being insignificant 

are removed. The resultant image appears as shown in figure 2a. 

 

4.2. Thresholding 

The next step is applying thresholding to the image to achieve two categories of pixels in the image or 

a binary image. After application of thresholding to image shown in figure 2a, we obtain the image 

shown in figure 2b. 

 

4.3. Noise, Airway/ Bronchi Removal 

During acquisition or digitization process of CT scan images a noise could be introduced that needs to 

be reduced. An appropriate filter need to be chosen which can enhance the image quality even for non-

uniform noise, like salt and pepper noise, and also preserve the important edges. Figure 2b indicates 
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the presence of noise and other components, i.e. airways and bronchi in the image. These components 

are to be eradicated. It is evident that two major objects in the thresholded image are both lungs. 

Connected component analysis is applied here. The connected component labeling algorithm assigns 

distinct labels to all the regions in the image so as to manipulate the regions fulfilling the specific 

criteria set for regions. Keeping this in view, we extract the two largest components. To obtain the two 

large components and simultaneously remove other components, size of minimum component is put 

equal to 1500 pixels. Objects containing pixels greater than 1500 are kept while other components are 

removed. After removal of the small components, there are two objects, i.e. the two lungs in the image. 

At this point, we might acquire only one object if lungs were partially fused. 

 
Figure 2: (a) CT scan image of thorax (b) After thresholding(c) Noise/ Trachea/ Airway Removal 

 

   

(a) (b) (c) 

 
Figure 3: (a) Left lung segmented and smoothed (b) Stuff inside left lung (c) Boundary of left lung (d) Right 

lung segmented and smoothed (e) Stuff inside right lung (f) Boundary of right lung 

 

   
(a) (b) (c) 

   
(d) (e) (f) 

 

4.4. Boundary Refinement & Internal Content Preservation 

These steps are essential to process the border of lungs and maintain their internal structure.The 

internal structure of lungs may be helpful under some circumstances, for example to visualize the 

blood vessels in lungs. The technique in this step also eradicates under segmentation and 

oversegmentation. This process has two parts: 

Edges of the lung obtained during previous step are uneven. For more refined results, the 

border of lungs has to be smoothed. For smoothing lungs, morphological close operation is applied to 

the image. This generates the lungs with smooth boundaries. The resultant images are shown in figures 

3a and 3d. 
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Logical operators can be used for removing particular regions. They are operated in bitwise 

mode. To conserve the implicit structure of lungs we use the logical operator AND on the images of 

left and right lungs, shown in figure 3a and 3d, with the image of figure 2b. The acquired images of left 

and right lungs are shown in figure 3b and 3e. 

 

4.5. Boundary Extraction 

We apply Sobel operator for extracting the boundary of the left and right lungs given in figures 3c and 

3f. At this point, there are two classes of images.There are images illustrating edges of the lungs and 

the imagesshowing implicit structure of both the lungs. Apply bitwise OR to the border image and 

internal area of lungs, i.e. take bitwise OR of figure 3b with 3c and that of figure 3e with 3f. This 

would give finally segmented left and right lungs shown in figures 4a and 4b. 

 
Figure 4: a) Complete left lung segmented  b) Complete right lung segmented 

 

  
(a) (b) 

 

4.6. Disjoint in Right Lung (A Special Case) 

In exceptional cases in CT slices, a lung is contained in more than one part as depicted in the figure 5a. 

This special case is dealt with by computing the centroid of objects or regions in the image. The whole 

process of segmenting this type of lung is explained below: 

Centroid can be called any entity‘s center from the viewpoint of geometry. Within triangle, 

centroid is the spot at which its medians meet. In polygon, it is vector with vertical and horizontal 

coordinates, represented by: 
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where A is the area of the polygon, given by: 
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The centroid of the complete image is calculated. We also calculate centroid of the objects. 

Comparison of the vertical coordinate of image and all regions is done. The regions where centroid‘s 

vertical coordinate has higher value than the vertical coordinate of image, we allocate it to right lung. 

In same way, region where centroid‘s vertical coordinate is less than that of main image we allocate it 

to the left lung. 
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Figure 5: a) CT scan image containing disjoint in right lung (b) After thresholding (c) Noise/ trachea/ airway 

removed (d) right lung segmented and smoothed (e) Boundary of right lung (f) Stuff inside right 

lung 

 

   
(a) (b) (c) 

   

   
(d) (e) (f) 

 
Figure 6: Complete Right lung segmented 

 

 
 

 

5.  Summary of Results 
An automated lung segmentation scheme is presented in this research paper. The technique is applied 

on 15 CT scans composed of 2920 slices. The method proposed was ableto successfully segment 2757 

out 2920 slices which means a success rate of 94.42%.As to the best of our knowledge, this is the first 

attempt to segment lungs with disjoint therefore in terms of accuracy no comparison can be provided. 

The lung segmentation results through our approach are evaluated against manual segmentation results 

of lungs done by radiologist. Figure 7 depicts the consequences of manual segmentation. The results 

indicate that our segmentation results and the one made by radiologist are similar. The scheme is 

unsuccessful in cases where trachea or airways are joined with either of the lungs. It is not possible to 

identify the trachea and bronchi which results in wrong segmentation of lungs. 

 
Figure 7: Manual segmentation results 
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6.  Conclusions 
In this paper we develop a totally automatic technique to segment lungs from Computed Tomography 

(CT) scan slices. For initial segmentation we used Otsu algorithm and Connected Component Analysis 

algorithm. To further improve the segmentation and avoid over and under-segmentation morphological 

operations along with bitwise logical AND, OR operations are applied, which gives good results. The 

use of Otsu thresholding also helped overcome the difficulty in segmenting the conjoint of right and 

left lungs. Most of the segmentation techniques available in literature use predetermined threshold 

value to guide the whole segmentation process which effects the overall efficiency therefore we use a 

technique which is adaptive. In rare cases, due to overlap of anatomical structures there can be a 

disjoint in lungs. Solution to this special case is presented. This is solved by calculating the centroid of 

regions in the image. Up till now, no lung segmentation scheme has addressed the matter of disjoint in 

lungs which is a rare occurrence but is important. Hence, our technique is the first in this regard. 

The proposed algorithm is applied to the database provided by Cornel University, USA which 

contains 15 CT scans with 2920 slices. We were able to successfully segment 2757 slices out 2920 

slices which means a success rate of 94.42%. This is a very good success rate as the technique is 

applied to a very large number of slices. 
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Abstract 
 

Researches show that using QCA technology for the implementation of logic 

circuits causes the data transfer rate increases up to 2 THz. In QCA technology, the circuits 

are designed in ultra-small feature size and power consumption. These factors are very 

important for implementation of cipher algorithms. Grain-80 is as one of the best stream 

ciphers in the final list of the eSTREAM project. In this paper, main blocks of Grain-80 

algorithm are simulated using Quantum Cellular Automata. Performance evaluations of 

these blocks using QCADesigner simulator are given and the main factors such as area, 

complexity and delay are estimated. Furthermore, the HDLQ tool is used to model the 

Grain-80 stream cipher algorithm and simulation results are based on ModelSim software. 

The results indicate that the main parameters of the proposed Grain-80, such as area and 

throughput, are improved in comparison to other researches. 

 

 

Keywords: Grain-80, Stream Cipher, Quantum-dot Cellular Automata (QCA), 

QCADesigner, HDLQ 
 

1.  Introduction 
In recent years the need of a high transmission rate and a low hardware volume caused the EU 

ECRYPT network to aim at designing the best stream cipher. Mickey-v2, Trivium, and Grain-80 were 

published as the best stream ciphers in the final list of stream ciphers [1-4]. The Grain-80 stream cipher 

seems to be the most interesting one because of its small size and simple hardware. 

Many researches are done for implementation of Grain-80. [5] describes the Grain algorithm 

and a security analysis based on known attacks. The cipher output is 1 bits/clock but in this work some 

additional hardware is used to increase the rate up to 16 bits/clock and the hardware implementation of 

the cipher has been considered on the ALTERA MAX II and ALTERA Cyclone. 

In [1], new hardware solutions of the Grain stream cipher have been introduced and throughput 

of the 80 and 128-bit key 1 bit/cycle architectures of Grain have been doubled. The LFSR and the 
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NLFSR of Grain-80 and Grain-128 with Galois configuration have been implemented. Also some new 

techniques for increasing efficiency are initiated that can be applied to any NLFSR-based stream 

cipher. The implementation of Grain-80 algorithm on the TSMC 90nm technology has been 

implemented. 

In [6] a method is proposed to improve the resistance of Grain-v1 against algebraic attack. This 

modification is done by changing the input variable of the output function in the design of Grain-v1. 

[7] demonstrates a high-speed and dynamic reconfigurable hardware architecture of Grain 

algorithm. The design of Grain has been accomplished using Altera's FPGA. Furthermore, the 

performance of the design has been evaluated using Synopsys' Design Complier. Synthesis, placement 

and routing of reconfigurable design have been performed on 0.18µm CMOS process. 

In recent decades the implementation of integrated circuits has been improved with CMOS 

technology. Reduction of transistor size has reduced power consumption and increased the speed of 

integrated circuits. However, because of the physical limitations of CMOS technology, new 

technologies have been introduced [8]. Among the emerging technologies, Quantum-dot Cellular 

Automata (QCA) technology has been considered over other technologies. The QCA technology was 

first introduced by Lent and colleagues [9]. QCA offers a new method for data transfer which increases 

frequency and decreases size and power consumption of devices [8]. 

MAQUINAS, QCADesigner are tools based on quantum equations and cellular interactions in 

QCA, which are used to analyze small circuits. These tools are not suitable when the new timing 

mechanism is needed or when the number of cells grows. Therefore a new design environment is 

needed. An aided design tool, based on HDL can be predominant in the existing restrictions for the 

evaluation of circuit-level designs [10]. In [11] a QCA shift register-based architecture modeling has 

used HDLQ tool to confirm design accuracy. 

An appropriate method to implement encryption algorithms is the usage of the QCA 

technology. Utilizing the QCA technology, the A5 / 1 [12] and the serpent stream cipher [8] have been 

implemented. In this paper, we present a novel implementation of Grain-80 using QCA. 

The rest of the paper is as follows: section 2 describes the Grain-80 encryption algorithm and 

section 3 introduces Quantum-dot Cellular Automata and gives a description for the HDLQ tool. In 

section 4, Grain-80 algorithm is implemented using QCA. Section 5 summarizes the simulation results 

of the Grain-80 algorithm, and finally section 6 concludes the paper. 

 

 

2.  Description of the Grain-80 Stream Cipher 
The Grain-80 steam cipher has two 80-bit shift registers, one with linear feedback (LFSR) and one 

with nonlinear feedback (NFSR) and two combining functions [1]. Fig.1 shows Grain-80 stream 

cipher. 

 
Figure 1: Grain-80 algorithm Stream Cipher 
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In each clock all of the bits except the 79
th

 bit, have the previous values and the value of the 

79
th

 bit of each shift register is based on a feedback function which is computed and the shift register 

output is the 0th bit. 

The linear feedback function is as follows: 

620 13 23 38 51
lfsr

f s s s s s s      (1) 

Where 
i

s is the ith bit of LFSR. 

The non-linear feedback function is obtained according to the following equation [1]: 
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Where 
i

b is the ith bit of NFSR. 

In the Grain-80 steam cipher algorithm, after removal of linear and nonlinear shift registers, 

data is filtered by the function H and masked by the shift register bits in order to produce key stream. 

64
th

 to 79
th

 bits are not used as input of the feedback function and the combining functions [1, 4]. The 

first and second combining functions are defined as follows: 

3
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At first, for generating the key stream, NFSR should be initialized with an 80-bit key value, the 

0
th

 to the 63
th

 bits of LFSR are initialized with the initial vector and 64
th

 to 79
th

 bits are filled with ones. 

The second combining function output system in 160 clocks will be XOR-ed with the feedback 

function output of each shift registers without producing any key stream. After the 160
th

 clock, the 

loops are opened and only the amounts of generated bits from the linear and nonlinear feedback shift 

registers are placed in the 79
th

 bit. The second combining function output, as the key stream, is valid 
[5]. 

 

 

3.  QCA and HDLQ 
In Quantum Cellular Automata technology, logic levels are based on electron position. Transmission 

information depends on the coulombic interaction that connects the state of one cell to the state of 

adjacent cells rather than a current switch. In QCA, a cell has four the quantum dots located at the 

corners of a square. The cell contains two free electrons that can move between dots, not adjacent cells. 

Because there is coulomb repulsion between electrons, they tend to be located in areas in which they 

have the greatest distance from themselves, therefore the lowest amount of energy exists between them 

[13]. In Fig. 2(a) two modes for binary 0 and 1 are shown. 

Basic Quantum Cellular Automata Circuits include the majority voter (Fig. 2(b)), inverter (Fig. 

2(c)), wire (Fig. 2(d)). The logical equation for the majority gate is: F (A, B, C) = AB+BC+AC. This 

gate is implemented by using five cells. When an input of the majority gate fixes with the value 0 or 1, 

then AND and OR gates will be obtained respectively. In QCA circuits a clock is used to synchronize 

and control the information flow and supply necessary power. QCA clock zones consist of four phases: 

switch, hold, release, and relax. In the switch phase, tunnel barriers are raised and cells attain a 

definitive polarization. During the hold phase the barrier‘s height is constant and the cells act as an 

input to neighboring cells. During the release phase, the barrier is reduced and in the relax phase the 

cells are without polarization (Fig. 3) [13-15]. 
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Figure 2: Basic QCA logic devices (a) Cell; (b) Majority voter (MV); (c) Inverter; (d) Binary wire [14]. 

 

 
 

Figure 3: (a) Four phases of the QCA clock (b) QCA clock zones [14]. 

 

 
 

HDLQ and QCADesigner are two well-known tools to verify a QCA circuit performance. The 

QCADesigner is used for the simulation of basic circuits with high accuracy and HDLQ is used for 

more complex circuits [11]. The simulation engine of the QCADesigner solves quantum equations for 

modeling cellular interactions, but HDLQ simulates circuits in the logic level. Usually, designing 

CMOS circuits are based on a top-down process. At first, a conceptual design is applied and then a 

behavioral model is defined for the logical function, and in the next step a transistor model design and 

layout are perfected. For each of these steps a useful tool is applied for simulation. Similarly, these 

steps exist in the design of the QCA circuits [10]. The behavioral and structural logic levels are 

supported by HDLQ tools and layout design by QCADesigner. 

VHDL and Verilog languages are based on HDL standards. In this work the VHDL model has 

been utilized to build a QCA device library and larger designs. Complex QCA circuits are described 

with HDL as a series of connected modules. In other words this process is possible with assembly of 

library blocks. Design steps are as Fig. 4. 
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Figure 4: Design steps in HDLQ 

 
 

VHDL and Verilog code for designed blocks and preparation of a library from the 

main and full application blocks 

 

The assembly of library blocks to construct bigger blocks 

 

Design clock zones waveforms for handling in the test-bench file 

Writing test code for testing the circuit function accuracy, checking the clocking 

mechanism and timing, evaluation associated characteristics 

 

Logical design of small blocks such as a wire, a majority gate, an inverter gate...  

 

 
 

 

4.  Implementation of the Grain-80 Stream Cipher Algorithm using QCA 
In this section, the main modules of the Grain-80 stream cipher algorithm will be evaluated. The 

QCADesigner2.0.3 [16-17] software is used for simulation. Table 1 presents the parameters used for 

simulating the QCA circuits. 

 
Table 1: Parameters value applied in QCADesigner 

 
Parameter Value Parameter Value 

Cell width 18 nm Clock low 3.8E-23 J 

Cell height 18 nm Radius of effect 65 nm 

Dot diameter 5 nm Clock amplitude factor 2 

Number of samples 5E+4 to 2E+6 Clock high 9.8E-22 J 

 

4.1. Multiplexer, Memory Cell, and XOR 

The proposed multiplexer in [18] has a latency of one clock period, a complexity of 48 cells and an 

area of about 0.08 (µm²). In Fig. 5 a QCA multiplexer is presented. The memory cell proposed in [12] 

has two inputs and one output. When Enable is high, output is unchanged and when the Enable is low, 

the output will display the input value after one clock delay. In Fig. 7 the QCA implementation of 

memory cell is shown. Each memory cell consists of 65 cells and an area of 0.1 (µm²) and one delayed 

clock. 

XOR which is suggested in [14] contains a latency of one clock period, a complexity of 57 cells 

and an area of about 0.1 (µm²). In Fig. 9, the QCA implementation of XOR is shown. 

The HDLQ tool evaluates the QCA circuits through a structural logic and timing simulation. 

MUX, XOR and memory cell are repeated modules in HDL model of Grain cipher. Each block is 

created based on library blocks. In this section, the block diagram of XOR, multiplexer and memory 

cells are shown in Fig. 6, Fig. 8, and Fig. 10. Furthermore, the all blocks of Grain cipher have been 

designed using method in [13] to prevent co-planar wire crossing. 
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Figure 5: MUX QCA 

implemenation [18] 

Figure 6: Multiplexer Block diagram 
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Figure 7: Memory cell QCA 

implementation [12] 

Figure 8: Memory cell Block diagram 
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Figure 9: XOR QCA 

implementation [14] 

 

Figure 10: XOR Block diagram 
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4.2. NFSR and LFSR 

As mentioned in the previous section the Grain-80 consists of an 80-bit linear shift register and an 80-

bit non-linear shift register. Memory cells are used to store information. Fig. 11 and Fig. 12 show 

design of a 10-bit shift register simulated and tested by the QCADesigner software. The number of 

memory cell is 881 and the area is 1.66 (µm²). When En input is active, the Enable input of each 10 

memory cells are activated after 3-clock delay. When En input is at low level, each cell transfers the 
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input value to output, which is the same as the previous cell output. When En input is at high level, the 

input value of each cell will be stored in the memory cell. 

The 80-bit shift register with a Quantum Cellular Automata is designed based on the 10-bit 

shift register. Fig. 13 depicts QCA design of an 80-bit shift register. The design has 7078 cells and the 

area is 13.65 (µm²). When the inputs En7, En6,…, En0 are activated, Enable input of each 80 memory 

cells are activated after the initial delay of 3-clock. 

 
Figure 11: 10-bit shift register QCA design 

 

 
 

Figure 12: The simulation results of 10-bit shift register 

 

 
 

In Grain-80 steam cipher, shift registers with default keys should be initialized before 

generating the key stream. Therefore, to design the shift register a multiplexer should be used. So, the 

use of multiplexer first initial value is selected as the input of the shift registers and then the feedback 

value is selected to log in to shift registers. 
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Figure 13: QCA design of an 80-bit shift register 

 

 
 

4.3. Feedback Function of the LFSR 

In this feedback function, six bits of LFSR (zeroth, thirteenth, twenty-third, thirty-eighth, fifty-first and 

sixty-second bits) are XOR-ed together. In Fig. 14 the QCA design of the LFSR Feedback function, the 

block diagram and the simulation results, the testing of design with the QCADesigner and the 

ModelSim, are indicated. 

 
Figure 14.1: The LFSR feedback function QCA 

design 

Figure 14.2: Simulation results 
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Figure 14.3: The LFSR feedback function Block 

Diagram 

Figure 14.4: ModelSim waveform from HDLQ 

model Figure 14.3: The LFSR feedback function Block Diagram   Figure 14.4: ModelSim waveform from HDLQ model               

 

 

 

 
                   

XO

R 

Wir

e 

XO

R 

XO

R 

XO

R 

XO

R 

       S0      S13            S23   S38             S51    S62 

Out  

 

 

4.4. Feedback Function of the NFSR 

As noted before, the feedback function is a set of AND, XOR gates. Input of function is the 0
th

 bit of 

the LFSR and the 0, 9, 14, 15, 21, 28, 33, 37, 45, 52, 60, 62 and 63
rd

 bits from the NFSR. Fig. 15 and 

Fig. 16 reveal QCA design and simulation results of the NFSR feedback function. 

 
Figure 15: The NFSR feedback function QCA design 
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Figure 16: The NFSR feedback function ModelSim waveform from HDLQ model 

 

 
 

4.5. Combining Functions 

The first combining function consists of the two-input AND and XOR gates. The second combining 

function is the combination of bits 1, 2, 4, 10, 31, 43, 56 of NFSR are XOR-ed with the first combining 

function output. In Fig. 17 the QCA design of combining functions is depicted. In Fig. 18 the 

Simulation results of the combining functions are shown. Only the forty-third bit of NFSR and forty-

sixth bit of LFSR are one and the other inputs are zero. After 8-clock delay, the function output is 

equal to one. 

 
Figure 17: Combining Functions QCA design 
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Figure 18: Combining Functions ModelSim waveform from HDLQ model 

 

 
 

4.6. HDL Model of the Grain-80 Stream Cipher Algorithm 

The HDL model of the Grain-80 stream cipher algorithm includes LFSR and NFSR modules (the HDL 

model of the linear and nonlinear shift register and two Mux21), FeedBack_ LFSR and FeedBack_ 

NFSR modules (the HDL model of the feedback functions), Hfunction (HDL model of combining 

functions), two-Mux21 modules (the HDL model of the multiplexer). As mentioned during the 160 

clocks, each shift register feedback function value is XOR-ed with the Hfunction module output. The 

only after 160 clocks feedback value are placed on 79
th

 bit of the shift registers, therefore two Mux21 

modules are used. 

This model has been tested with test vector in [19]. In Fig. 19 the simulation results based on 

ModelSim software are presented. 

key=0x2C48F7B3D591E6A2C480 

Input= 0xF7B3D591E6A2C480 

Keystream = 0x42b567ccc65317680225 

 
Figure 19: ModelSim waveform from HDLQ model of Grain-80 stream cipher algorithm 

 

 
 

 

5.  Results 
In Table 2, the QCA design results of Grain-80 cipher algorithm are presented in terms of delay, area 

and complexity. Correct performance of design is tested by ModelSim software, and the accuracy of 

the simulation results have been verified based on [19]. All the modules of QCA are implemented in 

only one layer, and the results are simulated using the QCA Designer software version 2.0.3. In the 

HDLQ method, the output value is valid after 244 clocks periods of latency. For initial loading of the 

shift registers, 84 clocks are needed. After 160 clocks the output is valid, therefore there is an initial 

delay of 244 clocks. Also, every 12 clocks, a bit of the Grain-80 cipher is generated. This delay is 

defined as: 

12 clocks = maxium delay (linear feedback function, non-linear feedback function, combining 

functions) + delay of Mux21 (for selecting the initial data or feedback data) + delay of Mux21 

(feedback loop). We estimated throughput and area of Grain-80 with QCA technology to be about 83-
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166 Gbit/Sec and 43.88 µm² respectively. Table 3 compares the frequency, area and throughput 

obtained by different designs in implementation of the Grain-80 stream cipher. 

Grain-80 algorithm has been implemented on the TSMC 90nm technology and on Xilinx 

Virtex-4 in [1] and [19] respectively. The fastest FPGAs from Xilinx family are constructed with 

CMOS 90nm technology [20]. The previous designs operate at frequencies around 1 GHz but in QCA 

circuits, clock rate in range of 1 - 2 THz is assumed [21]. 

 
Table 2: QCA implementation results 

 
Block Delay (×10⁻ ¹² s) Area (µm²) Complexity(#cells) 

Shift register(80-bit)+mux21 83+1 13.65 7078 

linear feedback function 3 0.9 340 

non-linear feedback function 10 9.94 4200 

combining functions 8 5.58 2423 

 
Table 3: Comparison of the Grain-80 implementation 

 
 Technology Frequency (GHz) Area (µm²) Throughput (Gbit/Sec) 

Previous design[7] TSMC 3 4139 3 

Previous design[17] CMOS 0.250187 - 0.250187 

QCA design QCA 1000-2000 43.88 83-166 

 

 

6.  Conclusions 
In this paper, we designed and analyzed the main blocks of the Grain-80 cipher algorithm using 

QCADesigner. We implemented the Grain-80 algorithm with the HDLQ tool. Simulation results were 

obtained using the ModelSim software. We showed that the main parameters of Grain-80 such as area 

and throughput were improved in comparison to other researches. 
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Abstract 

 

The word "name" and its derivatives are very useful in terms of science (including 

science and traditional wisdom). This article describes a method for collecting a library 

method with the content and manner of transportation documents in content analysis 

methods in the views and analysis of the data in that the exact meaning of the name of God 

as an external and objective in the application of Islamic Mysticism and Transcendent 

Wisdom has been mentioned - which are: 1) the name of God as an objective in itself, 

adjectives, and verbs would be divine, and 2) name as an objective the development of the 

Divine Names of all creatures, and especially the existence of special creation (as the 

perfect man's own Prophet (PBUH) and Imams as the name of Allah is much mentioned. 

And what the name literally means and its adaptation and use of these two terms? And they 

found that these two applications in addition to the Quran and Hadith literature compiled by 

the lexical analysis of keywords in the name of the word 'word'-called evidencing. Or it has 

a virtual application and the link between the virtual and the real meaning of love and the 

meaning of this application. Based on the meanings of words or the undead is justified and 

that the imposition of word forms Tabatabai has not mentioned, as the Jondy analysis 

regarding the second application is based on the analysis of so-called name and return it to 

the verbs and grammar of the word is unfounded. 

 

 

Keywords: Name of God, the Divine Names, words, developmental, physical, sayings 

 

Introduction 
Stating the Problem 

The word "name" and its derivatives are very useful words in the scriptures. Therefore, the authors 

considered various Islamic sciences and Arabic literature not included in the dictionary and Sciences, 

syntax and rhetoric and also interpretation, jurisprudence, Hadith and the rational sciences such as 

logic, theology, philosophy and mysticism, theory, proposed Islamic science and scientists have 

expressed their views about it. Selection of different meanings of the names of God in Islam are: 1) the 

names of the signs are in the word (Firouzabadi, BEA: C 4, p 344; Ibn order, 1405: vol 14, p 401; 

Zbydy, 1414: vol 10, p 183; Khoi, 1395: p 424), 2) the name of common sense, "the term evidence-
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called" is. Conjugation of the verb in a noun phrase and word, and the meaning of a word that implies 

semantic meaning on, but not as a verb when it is conjoined. (Astarabad, 1975: vol 1, p 2730), 4) the 

name of so called science of logic in terms of particle meaning of the word as a verb in grammar, and 

meaning of the connectives, and letters of the name, the name of the only and is analogous. (M, B to p 

63 64), 5), based on the so-called science of grammar in the title is the nickname of a word (in 

particular the so-called first name) as the education and specifically divine science is not the source of 

the water, and I'm not implying that praise and Zm. (Ibn Aqil, M. 1964: vol 1, p 119; Astarabad, 1975: 

vol 3, p 265), 6), 6). Nom on the basis of the other term in science spending and syntax vs. the essence 

and meaning of the name is deceiving; i.e., in cases of vertical bzatah on essence (essence noun) 

signifies. Like man, Zayd and ... In other cases implicated meaning vertical Bghyrh (the name means) 

implies such multiplication written and ... The adjective in front of these two, the inherent endowed 

with a special meaning and has been implicated as the shooter, writer and ... Always associated with a 

certain weight. Such as: name, subject, object nouns, adjectives Mshbhh, hyperbole and the name of 

the temporary detail. Adjective (Astarabad, 1975: Vol 2, pp. 144, 300, 394 and 646; Astarabad, 1395: 

vol 1, p 199, Vol 2, pp. 117 and 154, c 3, pp. 86, 136); 7) in theology, adjectives and verbs are used in 

so-called because the things that are attributed to God, or a verb, such as: mood or the character, such 

as life or the noun, verb or adjective form of descriptive made and refers to God as: creator and 

accessible. (IGN, 1417: vol 3, p 313; Jarjani, 1907: vol 8, p 210). In transcendental Philosophy and 

Mysticism in Islam, the name Allah is another story. Two of the name is used as the objective and 

external. The two applications are: 

1) Name of God as an objective in itself, adjectives, and verbs would be divine; 

2) Name as an objective the development of the Divine Names of all creatures, and 

especially the existence of specific development like the perfect man,'s own Prophet 

(PBUH) and Ahl al-Bayt (AS) as the name of Allah is mentioned much. 

This article will explain the exact meaning of the two terms ahead of the names of God in 

Islamic mysticism and transcendentalism and non-negative solutions between two terms using non-

verbal noun is a word. 

 

1. The Concept of God against the Nature, Characteristics and Action of God 

Pursuant to the terms of Islamic mysticism and transcendentalism in the name of God as an objective 

and external to the nature, character and the divine verb is used. Based on this definition, the name of 

God, as the essence of God's attributes and actions are an overseas fact, the name of God is an 

objective reality and formative. Thus, the exact place of the Divine Names in the dignity of his 

existence is to look beyond the rhetoric and the reality would be, but just think of the concept of mental 

focus and vision "regarding the nature of the trait adjective" objective Name objective is not only 

external reality that name. Explaining the difference in terms of the names and attributes of Allah in 

many cases the Transcendent Wisdom Books There are mystical. There are ample evidence to prove. 

Meanwhile, "Arabi" the Divine Names of relatives of a series of claims that additional knowledge of 

and additions to the essence of the Divine Names that come into existence: "Alasma‘ Alalhyh Trj 

between giving birth and also Vahdh "(Mhyy Din, BEA: vol 1, p 163). And this is incompatible with 

the existence of the Divine Names, "Abdul Qasany" clear the name of a valid attribute of the essence of 

the character counts: "... However, we attribute the name, Hu Z Alzat words, shit. "(Mhyy al, 1422: vol 

1, pp. 31 and 270 and 426, Vol 2, pp. 16, 371, and 416). Gheysari considers the essence as a specific 

adjective and a manifestation of divine manifestations as a noun and the noun Rahman is considered an 

expression of an essence that has beneficence and the noun "Ghahar" as the attribute which has 

domination. This Names are the noun of these names and the verbal names are regarded as the names 

of these names. He still other cases, the name of the essence with regard to the trait of inherent traits 

are enumerated. Sadr-al-motaahelin mentioned about this so-called mystics suggests that the so-called 

mystic meaning of names, words or otherwise unable Nsyt world, but also in terms of their names are 

names. Elsewhere he states that the name of the mystic manifestation of the divine essence of Credit or 
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a trait of character of literal expressions and names, names are names. And the other says that the 

essence of the name attribute of an attribute is valid, whether the whole or part (Mulla Sadra, 1981: vol 

7, p 313). Another time he said that mystics have asserted a valid attribute name is the essence of the 

characters (Mulla Sadra, not to: p 44). And "Hakim Sabzevar" It's the difference between nouns, 

adjectives, and states that the essence of a character is determined, however, and there is a name 

associated with that determination, and there regardless of a set, the-called is (Mulla Sadra, 1981: vol 

8, p 281). He Elsewhere, the name of the attribute differences among the mystics, the nature of these 

states that the validity of each of the characters in the mystic tradition's name is called, and the 

predicate rational soul( no inherent )in the mystics attribute called is (Sabzwari, BEA: c 1, pp. 19 and 

215). Explaining and defining God's name to "consider the nature of God qualities adjective" There are 

also plentiful in the works of Allama Tabatabai (Tabatabai, 1393: vol 1, p 17, vol 6, p 254, vol 13, p 

229; Tabatabai, 1986: pp. 22). Thus, God "essence", "attributes", "names" and "verbs": a) nature, 

which is to the right of his existence, the source of all perfections (including characters, names and 

verbs) is. B) characteristics, which are the perfection of Jesus right there that there are rays of light 

from the divine verb stems. Such as knowledge, power, life, and ... C) names, which include "the 

essence of perfection and attribute specific existence," and in fact, the image of his right to existence. 

But the difference is correlated with the fact that the characters, only the attributes and perfections of 

his right, but the names, attributes and perfections of his nature with regard to the right. For example, 

the name of science and the universe, and can attribute, because the world can the essence (the pronoun 

"hu") of the terms, but in knowledge and power, is no essence. D) actions, the words of the Prophet, 

there is an analytical mind, with the decline of the substance, names and characters stems and 

experienced an increasing trend, the characters, names and Divine returns. With this analysis, the exact 

place of mysticism and transcendentalism in the name of God is clear, but it is important to explain 

how it is possible for a word (noun) that the term is used merely as an external reality to be he called 

on God. Regardless of religious texts (Quran and Hadith) that they used the name as an objective fact, 

the root of the name of God, how can we analyze? Lexical analysis indicate that a word in the 

dictionary called the "Word of evidence-called" status and so-called noun phrase that refers to the 

literal, but mystical terms based on the name but the Divine Names as a Word word-called name that 

implies, suggest that the foreign natures. Our conclusion: namely, that divine qualities are inherent in 

suggesting names are called and the name thus be divided into two types: literal name and the name of 

the foreign object, but based on this analysis as a comparison between the objective and the expression 

of this names, you could say the objective noun directly, and without intermediary on essence implies; 

Unlike verbal noun that due to the nature of the name refers to the second meaning, and therefore, as 

was said, the objective meaning of the name, the name of God and the name of the literal meaning of 

the name would be called. The verbal analysis of though the fact is true, but never be imposed upon the 

word and said the word noun-based nouns, which implies no intermediary objective, based on the 

applicable natures. And it's also due to the facts indicate that nouns (noun lexical meaning), because 

the dictionary meaning of the word implies the meaning of the name is already mentioned (Tabatabai, 

1393: vol 1, p. 17). So the view Tabatabai (ra) that the word in the lexicon the term evidence-called 

name, and called on the name of the foreign Peers based on a true intellectual analysis, but never told 

the Lords name in foreign language and the truth will be known. But the view of Tabatabai (RA) is 

problematic in many different ways: 

Problem 1: Basically the literal word of the word noun-called evidence that has not been set, 

but it contains a literal and its circular thing squashing. Control over the asserted claims of the word in 

Arabic linguists. Including "Ragheb Esfahani" who knows what the name of everything that is known 

(Ragheb Esfahani, 1404: p 244) and "Firouzabadi" in "Alqamvs Almyht" "Ibn the" in "language Al 

Arab "and" Zbydy »in« Taj Alrvs "the name of the signs and symptoms are known. (Firouzabadi, 

BEA: C 4, p 344; Ibn order, 1405: vol 14, p 401; Zbydy, 1414: vol 10, p 183). And "Ibn manzour" 

quotes "Abvalbas" knows the name of a sign which shall be for all things to be known by (Ibn order, 

1405: vol 14, p 401; Zbydy, 1414: C 10, p 183). Of course, "Ibn manzour" quotes "Ibn Side" knows the 

name of a word or width shall be based on the substance to be separated from the jewels and the waiver 
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by. Except for the latter definition, the sum of these definitions are different in appearance, comes the 

"name", something that implies the meaning, so that the meaning of signs and symptoms mentioned 

when it comes to meaning, the mind he (Ibn order, 1405: vol 14, p 401; Zbydy, 1414: vol 10, p 183.). 

Problem 2: In the words of Tabatabai, only the actual words may indicate the of non-verbal 

name. And never considered the possibility that there is a name like signifiers similarity between 

verbal and non-verbal signs to a virtual non-verbal evidence to suggest, not rejecting. Accordingly, the 

name of the virtual name of the actual words is used. 

Problem 3: Based on a fundamental basis of science Words that Allama Tabatabai (ra) is also 

implicitly accepted it. "(Tabatabai, 1393: vol. 1, p 9), on the Spirit meaning of the words are. For 

example, the word light on anything that is obvious and clear other things, it is enacted. Thus it does 

not require the types of light sources never be told. The essential difference of this attitude with the 

reality and virtual theory is that according to this theory, since the words have a mean absolute and 

without condition. That is shared among all instances and creating new things out rather than waiting 

for the new term, not given new meaning to the old term meaning a kind of virtual reality and the 

relationship between previous and next means is permitted. The application and the use of alternative 

means first or second means, and means were separated first and second means literal meaning is 

quoted. Or the means used and the second number is very high, and the relationship between the means 

and the second is the relationship between previous and next. According to this theory, in the words, 

just the name meaning of the term "evidence-called term" evidence-called but any kind (whether literal 

or non-literal) will include the name of God and thus to be an external reality (see the essence of a 

character trait of God) and it will be justified in terms of vocabulary studies. 

Problem 4: The verses of the Qur'an and hadith so that the innocents (as) quoted the traditions 

that come in the name of God means an external reality is cited, and the surprisingly Tabatabai 

accepted meaning for the name of God in his works, the authenticity of the name refers to the name of 

God is wrong? 

 

2. The Concept is Named as an Objective the Development of the Divine Names 

According to so-called Islamic mysticism and transcendentalism, all creatures in the name of God have 

come to rely on the intellectual and traditional reasons to prove that the universe is full of the perfect 

man. Man (= the perfect man) as the name of the Great God is mentioned (Mulla Sadra, 2004: vol 4, p 

156 and 157; Damad, 1403: pp. 355, Faiz Kashani, 1406: vol 1, p 491; Afifi, 1991: p 85, 176, Bali, M., 

B. p. 131 and 161; Khomeini, 1996: pp. 163; Jundi, 2001: p 177). o justify the validity of this 

interpretation, compatible with a verbal noun and the meaning of words called lexical analysis of 

documentation provided or can be provided: 

Analysis 1: There hadiths as the names or the names of Hosni latent Mkhzvn has been 

introduced, it clearly implies that the meaning of the Hadith of Imam Sadeq (AS) in the following 

verse of the Holy (Vllh Alasma‘ al-Hasan) (Sura of the Heights: 7, verse 180) Allah came to us Imams 

- names Hosna our God. They are God's servants, but no action because we do not know is: (Klein, 

1407: vol 1, p 144) 2). Also in tha hadith Hadith of Ali (AS), it is mentioned that they are the hidden 

name and souls of God, and by our God whenever we call on God, the answer is:: «We stock name 

hidden, we are the most beautiful names if asked by God Almighty answered". (Majlesi, 1404: vol 27, 

p 38) and other conversations (Ri monthly, 1425: c 3, p 441). 

Analysis 2: Based on an analysis of this issue in terms of the noun to verb stems and speak; the 

division is as old as science in Arabic grammar, and syntax based on old and has been established. 

Because so many quotes of formalists, Imam Ali (AS) into three parts: words (nouns, verbs and 

characters) assigned to the command of the Prophet "Abvalasvd Duel" was established syntax (Zahabi, 

1413: C-4, p. 83; Zahabi, 1407: vol 5, p 279, A., BEA: vol 1, p 161, etc.). Based on this division, the 

term in the first division is divided into two parts. 1) the word itself implies makes sense, 2) a word that 

is not so. The second in terms of grammar, "saying" I called and sworn in the secondary division is 

divided into two parts because of time or cost effective or not. I swear by "verb" and the second kind 
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"name" is called (Astarabad, 1975: vol 1, pp. 27 30). Accordingly, some people claimed that as a 

singular noun is a word that does not cost time, a perfect man, even though the word is singular when 

there is absolutely no need for God's creation implies (Jundi, pp. 73-74). And while the use of foreign 

objects in the name of Islamic mysticism in turn is derived from religious texts. So, I never claimed to 

be a religious term in terms of a grammar, which is preceded by a legal term, is derived. 

Analysis 3: Some of the sources used in the name of all creatures and especially man (= the 

perfect man) is noted on the title basically means "maddel ala shaye" whether literal or otherwise. 

Therefore, it indicates that the existing public and Avsya. Developmental and prophets (AS) implies 

the existence of God Developmental and legislation have been called names. Helping the creatures to 

God for a sign of God (befall, 4 and 45; tribe, 20; Fslt, 53) are clear and guide legislation prophets and 

Avsya (AS) to the Lord of the commands of God to the people pass, developmental guidance and 

Avsya the prophets (AS) God also advise the public, may be the mediator between God and the people 

they are, or because they are so immersed in God, God save the names and attributes do not show. 

Analysis 4: There are various categories and types of organisms, all creatures except the 

independent existence of God are not independent, but not always rely on God. According to this view, 

which is called the creation of various entities, all human beings on the whole, because they imply that 

God is always God your needs and do not have the developmental significance, and although the 

Asmayy Unity, Divine Names in the world but it is not working, but the Divine Names will never work 

without a toy, but a toy to God through the work of the world will be supplied. Thus, each instance of 

one or more species of Divine Names will be named, and the only thing that applies to all of the Divine 

Names, the perfect man, and especially the Prophet (PBUH) and Imams (AS) will be. Thus defined, the 

name of the great majority of organisms or application name refers to the name of God's creatures that 

toys are the true names of God in the world, would be correct. 

Analysis 5: another attitude is based on the fact that all human beings are the manifestation of 

God's full names and especially Prophet (PBUH) and Ahl al-Bayt (AS), the epitome of all things 

holistic manifestation of the Divine Names and the most divine names are unique. It refers to the name 

or names of the great majority of the union's appearance (Names of God) and the manifestation (the 

creatures) will be. The basic difference of this attitude with the previous one is that this view is based 

on the unity of the personal and exclusive right to existence is based upon Prophet (Ibn Turk, 1981: p 

111) In contrast to the previous approach is based on the existence of multiple creations. 

 

 

Conclusion 
The use of the word "name" means the name of God in Islamic mysticism and transcendentalism as 

"consideration of the nature of God qualities adjective" that an objective and external to the nature, 

character and the divine verb, or it is based on the meanings of words or the undead is justified and that 

the imposition of word forms Tabatabai has not arrived. 
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Abstract 

 
Even though there exists many data mining in prediction of heart disease, there is 

weakness in availability of data for prediction of heart diseases on the Diabetes dataset. 

Prediction of risk using Data mining can be helpful to understand the possible risk involved 

in getting that diseases and it can help them to take necessary precaution medical advice 

based on that. With the advancement in tools like Rapid Miner that can be done with ease 

where in large dataset and large number of attributes. There hassle here has been how to 

determine the right Machine Learning technique which provides good accuracy. There have 

been various papers in at present various classification algorithms are available in the 

literature and in this research paper, the data mining classification techniques such as 

Decision Tree and Support vector machine are analysed on diabetes disease dataset. The 

objectives of this research were to test the ability of classification algorithms to predict the 

risk in diabetic patients for heart disease. This paper aims to use Data mining classification 

techniques to determine the most accurate technique between Decision Tree and Support 

Vector Machine. The performances are compared through different metrics such as 

Receiver Operating Characteristics (ROC), Lift and Area Under Curve (AUC). 

 

 

Keywords: Data mining classification, Diabetes, Heart Diseases, Decision tree, Support 

Vector Machine. 

 

1.  Introduction 
Data mining not only focuses on collecting and managing data, it also includes analysis and prediction. 

Although data mining is a new field of study of medical informatics, the application of analytical 

techniques to discover patterns has a rich history. [19] Data mining involves the use of sophisticated 

data analysis tools to discover previously unknown, valid patterns and relationships in large data set. 

[5] It consists of more than collection and managing data, it also includes analysis and prediction. [23] 

Healthcare industry today generates large amounts of complex data about patients, hospitals resources, 

disease diagnosis, electronic patient records, medical devices etc., The large amounts of data is a key 

aspect which has to be processed and analyzed for the knowledge extraction that can help in 

determining risk of patients for certain diseases, cost-savings and decision making. [20]Clinical 
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decisions are often made based on doctors‘ intuition and experience rather than on the knowledge rich 

data hidden in the database. This practice leads to unwanted biases, errors and excessive medical costs 

which affects the quality of service provided to patients. [1] 

Since artificial intelligence first achieved recognition as a discipline in the mid 1950's. One of 

the fundamental requirements for any intelligent behavior is learning. Most of the researchers today 

agree that there is no intelligence without learning. 

Diabetes is a group of diseases marked by high levels of blood glucose resulting from defects in 

insulin production, insulin action, or both. [15] Prediabetes is a condition in which blood glucose levels 

are higher than normal. [16] There‘s a big link between diabetes, heart disease, and stroke. In fact, two 

out of three people with diabetes die from heart disease or stroke, also called cardiovascular disease. 

[8] Diabetes affects heart disease risk in three major ways. First, diabetes alone is a very serious risk 

factor for heart disease, just like smoking, high blood pressure, and high blood cholesterol. In fact, 

people who have type 2 diabetes have the same risk of heart attack and dying from heart disease as 

people who already have had heart attacks. Second, when combined with other risk factors, diabetes 

further raises the risk of heart disease. Although research is ongoing, it's clear that diabetes and other 

conditions—such as overweight and obesity and metabolic syndrome—interact to cause harmful 

physical changes to the heart. Third, diabetes raises the risk of earlier and more severe heart problems. 

[9], [2] Comparing the performances of classifiers is a critical problem in machine learning. In the 

literature, to compare the generalization error of learning algorithms, statistical tests have been 

proposed. [6], [7] 

A number of factors have been shown that increases the risk of Heart disease such as family 

history, smoking, poor diet, High blood pressure, High blood cholesterol, Obesity and Hyper tension 

are used to analyze the heart disease. [25] The National Diabetes Education Program (NDEP) works in 

collaboration with many partner organizations to reduce illness and death from CVD in people with 

diabetes. [17] 

The aim of this paper is to provide a comparative analysis on the classifiers which can classify 

the risk of Diabetic patients getting heart disease from a machine learning perspective. Our paper is 

organized in to four sections, which discusses the methodology, literature survey on Support Vector 

Machine and Decision tree, research findings and result analysis respectively. 
 

 

2.  Methodology 
The methodology described in this paper is predicting the risk factors of diabetic patients getting 

various types of heart diseases. Under the data exploration mode, we explored almost all attribute 

selection modules applicable for the data to collect optimal subset of attributes. We have chosen Rapid 

Miner as the data mining tool due to its learning operators and operator framework, which allows 

forming nearly arbitrary processes. Apart from accuracy are trying to determine the ROC, AUC and 

Lift chart for measuring the performance. 

Though there is availability of Cleveland Clinic Foundation Heart Disease dataset, for the sake 

of determining the accuracy rate in Indian region we had collected 1000 records of diabetic patients to 

perform the experimentation from Dr.V.Shesiah Diabetic Research Institute. The characteristics of the 

Dataset and the attributes making up each record is shown in Table 1and Table 2. 

 
Table 1: Dataset Characteristics 

 
Characteristics Multivariate 

Number of Instances: 1000 

Attribute Characteristics: Integer, Polynomial, Numeric, Binomial 

Area: Life, Healthcare 

Number of Attributes: 15 

Associated Tasks: Classification 

Missing Values? Yes 

http://www.nhlbi.nih.gov/health/health-topics/topics/hbc/
http://www.nhlbi.nih.gov/health/health-topics/topics/obe/
http://www.nhlbi.nih.gov/health/health-topics/topics/ms/
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The below given table 2 outlines the various attributes being used in the dataset. 

 
Table 2: Dataset and its attributes 

 
Role Attribute Name Attribute Type 

label Risk Class binominal 

regular Sex binominal 

regular Age integer 

regular Family/Heredity polynominal 

regular Weight numeric 

regular BP polynominal 

regular Walking polynominal 

regular Fasting integer 

regular PP integer 

regular A1C numeric 

regular LP Tot integer 

regular LDL integer 

regular VLDL integer 

regular TGL integer 

regular CHL/HDL numeric 

 

 

3.  Literature Survey Using Different Data Mining Techniques 
The models are classification based on Decision tree induction and Support Vector Machine 

 
Figure 1: Overview of the Proposed System 

 

 
 

A classification model is a mapping of instances between certain classes or groups. It predicts 

categorical class labels. It classifies the data based on the training set and the values in classifying the 

attributes and uses it in classifying the new data. [18] The goal of classification is to accurately predict 

the target class for each case in the data. 

Typically, cross-validation is used to generate a set of training, validation folds, and we 

compare the expected error on the validation folds after training on the training folds. Cross validation 

http://en.wikipedia.org/wiki/Mapping_%28mathematics%29
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works by using part of the data to train the model, and the rest of the dataset to test the accuracy of the 

trained model. In this case, we will divide the dataset into 10 parts and train and test for each part. 

Let us consider a two-class prediction problem (binary classification), in which the outcomes 

are labelled either as positive (p) or negative (n). There are four possible outcomes from a binary 

classifier namely True Positive, False Positive, True Negative and False Negative. Let us define an 

experiment from P positive instances and N negative instances. The four outcomes can be formulated 

in a 2×2 contingency table or confusion matrix. 

 

3.1. Decision Tree 

A decision tree is a flow chart-like tree structure, where each internal node denotes a test on an 

attribute, each branch represents an outcome of the test, and each leaf node holds a class label. The 

topmost node in a tree is the root node .Internal nodes are denoted by rectangles, and leaf nodes are 

denoted by ovals. [10] 

By creating a decision tree, the data can be mined based on the past history to determine the 

likelihood the person may be having the risk of heart disease. Possible nodes would be determined 

based on the attributes such as age, vldl, cholesterol, etc.,.The attributes of this person can be used 

against the decision tree to determine the likelihood of the person x having the risk of heart disease. 

Decision tree is visually represented and it‘s easy to interpret and explain. They easily handle 

feature interactions and they‘re non-parametric, so you don‘t have to worry about outliers or whether 

the data is linearly separable (e.g., decision trees easily take care of cases where you have class A at the 

low end of some feature x, class B in the mid-range of feature x, and A again at the high end). 

 
Figure 2: Decision Tree Process Diagram 

 

 
 

As in Figure 2 we have identified it is simple and easy to visualize the process of classification 

where the predicates return discrete values and can be explained by a series of nested if-then-else 

statements. 

We have tried the decision tree using various split methods for the decision tree which gives 

different level of accuracy. 

Information Gain is computed as the information before the split minus information after the 

split. It works fine for most cases, unless you have a few variables which have a large number of 

values (or classes). Then these variables tend to end up as root nodes. This is not a problem, except in 

extreme cases. For example, each Patient ID is unique and thus the variable has too many classes (each 

ID is a class). A tree that is split along these lines has no predictive value. [11] 

Gain Ratio is usually a good option and it overcomes the problem with information gain by 

taking into account the number of branches that would result before making the split. 

http://en.wikipedia.org/wiki/Binary_classification
http://en.wikipedia.org/wiki/Contingency_table
http://en.wikipedia.org/wiki/Confusion_matrix
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The other important parameter is the "minimal gain" value. Theoretically this can take any 

range from 0 upwards. In practice, a minimal gain of 0.2-0.3 is considered usable. Default is 

0.1.Information gain ratio biases the decision tree against considering attributes with a large number of 

distinct values. We have chosen Information Gain as the split method for the evaluation and analysis. 

 
Table 3: Accuracy by Split methods 

 
Split Method Criteria Accuracy Classification Error 

Gain Ratio 88.99% 11.10% 

Information Gain 89.20% 10.80% 

 

For classification problems, it is natural to measure a classifier‘s performance in terms of the 

error rate. The classifier predicts the class of each instance: If it is correct, that is counted as a success; 

if not, it is an error. The error rate is just the proportion of errors made over a whole set of instances, 

and it measures the overall performance of the classifier. 

After the data set is loaded into the RapidMiner repository, the are two operations are necessary 

such as select attributes to select the necessary attributes for classification, and set role to identify the 

label variable. 

 
Table 4: Confusion matrix of Decision tree 

 
 True High True Low Class precision 

Pred. High 238 101 70.21% 

Pred. Low 7 654 98.94% 

Class recall 97.14% 86.62%  

 

A decision tree can be represented by each internal node is test, each branch corresponds to test 

results and each leaf node assigns a class. 

 
Figure 3: Decision tree diagram 
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In data mining and association rule learning, Lift is a measure of the performance of a targeting 

model at predicting or classifying cases as having an enhanced response measured against a random 

choice targeting model.. Lift is simply the ratio of target response divided by average response. [12] 

This operator creates a Lift chart based on a Pareto plot for the discredited confidence values for the 

given example set and model. 

 
Figure 4: Lift chart for Decision tree 

 

  
 

The Lift Chart of decision tree to predict the response for ―High‖ risk patients based on the 

given dataset. There were 218 patients who were turning ―High‖ with good confidence level of 1. 

 

3.2. Support Vector Machine 

Support Vector Machine (SVM) was first heard in 1992, introduced by Boser, Guyon, and Vapnik in 

COLT-92. These are a set of related supervised learning methods used for classification and regression. 

[24] They belong to a family of generalized linear classifiers. In another terms, Support Vector 

Machine (SVM) is a classification and regression prediction tool that uses machine learning theory to 

maximize predictive accuracy while automatically avoiding over-fit to the data. It can be defined as 

systems which use hypothesis space of a linear functions in a high dimensional feature space, trained 

with a learning algorithm from optimization theory that implements a learning bias derived from 

statistical learning theory. 

The major strengths of SVM are the training is relatively easy. No local optimal, unlike in 

neural networks. It scales relatively well to high dimensional data and the trade-off between classifier 

complexity and error can be controlled explicitly. The weakness includes the need for a good kernel 

function. [4], [21] 

Support vector machine was initially popular with the NIPS community and now is an active 

part of the machine learning research around the world. SVM becomes famous when, using pixel maps 

as input; it gives accuracy comparable to sophisticated neural networks with elaborated features in a 

handwriting recognition task. It is also being used for many applications, such as hand writing analysis, 

face analysis and so forth, especially for pattern classification and regression based applications. 

LIBSVM operator is a library for support vector machines (SVMs). LIBSVM has gained wide 

popularity in machine learning and many other areas. This is the operator used to setup the evaluation 

of the classification. Here training vectors are mapped into a higher dimensional space by the function. 

 

 

 
 

http://en.wikipedia.org/wiki/Data_mining
http://en.wikipedia.org/wiki/Association_rule_learning
http://en.wikipedia.org/wiki/Model_%28abstract%29
http://en.wikipedia.org/wiki/Model_%28abstract%29
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Figure 5: SVM process diagram 

 

 
 

We have set up the value of C as 5 and  as 1 for the SVM to operate in the RBF (Radial 

Basis Function) kernel type and use the type C-SVC which is standardized regular algorithm. 

 
Table 5: Confusion matrix of Support vector machine 

 
 true High true Low class precision 

pred. High 36 0 100.00% 

pred. Low 209 755 78.32% 

class recall 14.69% 100.00%  

 
Figure 6: Lift chart for Support vector machine 

 

 
 

The Lift Chart of SVM to predict the response for ―High‖ risk patients based on the given 

dataset. There were 35 patients who were turning ―High‖ with good confidence level of 0.74. 

 

 

4.  Research Findings 
Rapid Miner is the world-leading open-source system for knowledge discovery and data mining. It is 

easy to install and will run on just about any computer and provides specific data mining functions. 

[14] 

We can determine the ROC using the Compare ROC data visualization operator in Rapid 

Miner. A Receiver Operating Characteristics (ROC) graph is a technique for visualizing, organizing 

and selecting classifiers based on their performance. ROC analysis has been extended for use in 

visualizing and analyzing the behavior of diagnostic systems. [3] 
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We are trying to determine not only accuracy and we are also looking for the receiver operating 

characteristic (ROC), or simply ROC curve, is a graphical plot which illustrates the performance of a 

binary classifier system as its discrimination threshold is varied. It is created by plotting the fraction of 

true positives out of the positives True positive rate (TPR) vs. the fraction of false positives out of the 

negatives false positive rate (FPR), at various threshold settings. TPR is also known as sensitivity and 

FPR is one minus the specificity or true negative rate. [22] 

 
Table 6: Accuracy of various classification techniques 

 
Technique Accuracy 

SVM 79.80% 

Decision Tree 89.20% 

 

ROC graphs are two-dimensional graphs in which tp rate is plotted on the Y axis and fp rate is 

plotted on the X axis. An ROC graph depicts relative tradeoffs between benefits (true positives) and 

costs (false positives). 

The True positive rate also called Hit rate and Recall of a classifier is estimated as tp rate = 

Positives correctly classified / Total positives. 

The False positive rate also called False alarm rate of the classifier is fp rate = Negatives 

correctly classified / Total negatives 

ROC curves provide a good way to evaluate and visualize the classifier performance A 

common method is to calculate the area under the roc curve, abbreviated AUC (Area Under Curve). 

Since the AUC is a portion of the area of the unit square, its value will always be between 0 and 1.0. 

However, because random guessing produces the diagonal line between (0, 0) and (1, 1), which has an 

area of 0.5, no realistic classifier should have an AUC less than 0.5. The AUC of a classifier is 

equivalent to the probability that the classifier will rank a randomly chosen positive instance higher 

than a randomly chosen negative instance. [7] Area under the ROC curve (AUC) is also used for 

comparing classifiers. However, ROC and AUC use a single training and testing pair. 

The Area Under the Curve (AUC) that relates the hit rate to the false alarm rate has become a 

standard measure in tests of predictive modelling accuracy. The AUC is an estimate of the probability 

that a classifier will rank a randomly chosen positive instance higher than a randomly chosen negative 

instance. [13] 

The area under the ROC curve (AUC) measures the discriminating ability of a binary classification 

model. The larger the AUC, the higher the likelihood that an actual positive case will be assigned a higher 

probability of being positive than an actual negative case. The AUC measure is especially useful for data 

sets with unbalanced target distribution (one target class dominates the other). 

 
Figure 7: AUC of the Decision tree 
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Figure 8: AUC of the Support vector machine 

 

 
 

In the case of decision tree the AUC is O.907, where as the AUC of support vector machine is 

0.710 

 

 

5.  Result Analysis 
To distinguish between the actual class and the predicted class we use the labels High/Low for the 

class predictions produced by a model. Given a classifier and an instance, there are four possible 

outcomes. If the instance is positive and it is classified as positive, it is counted as a true positive; if it 

is classified as negative, it is counted as a false negative. If the instance is negative and it is classified 

as negative, it is counted as a true negative; if it is classified as positive, it is counted as a false positive. 

 
Figure 9: Comparison of ROC between two binomial classifiers 

 

  
 

In our paper, the decision tree classifier produces output either as Low or High which is very 

discrete in nature. Thus it produces single point in the ROC Space. It shows the tradeoffs between 

sensitivity and specificity (any increase in sensitivity will be accompanied by a decrease in specificity). 

The closer the curve follows the Y-Axis and then the top border of the ROC space, the more accurate 

the test. The closer the curve comes to the 45-degree diagonal of the ROC space, the less accurate the 

test. The area under the curve is a measure of text accuracy which falls on various category such as 

fail: 0.50-0.60; poor 0.60-0.70; fair: 0.70-0.80; good: 0.80-0.90; and excellent: 0.90-1.00. 

ROC analyses were used to determine the area under the curve (AUC), which is an indicator of 

the overall accuracy of the diagnostic value of the test. The optimal cut-off point for the best trade-off 
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is the value with the highest accuracy that maximises the sum of the sensitivity and specificity. 

Youden‘s index (YI) can be defined as J = sensitivity – (1-specificity) and ranges between 0 and 1. 

In our paper, the ROC doesn‘t seem to be good for both the methods as the classification is 

below par as per the diagnostic in the traditional academic point system and we have considered 

―High‖ risk as the factor to predict. When compared between Decision tree and SVM using the lift 

chart Decision tree seems to be good with higher level of confidence with more number of 

respondents. 

 

 

6.  Conclusions 
We have presented the performance evaluation two learning models namely Decision Tree and SVM 

on the Diabetic dataset using Rapid Miner. The use of Rapid Miner has simplified the efforts on k-fold 

validation, generation of AUC and ROC which has helped in proper evaluation of the performance of 

the learning models. We have helped to evaluate the best classifier so that it can be further refined for 

better prediction. Our conclusions will provide important guidelines in data mining applications on 

real-world datasets. 
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Abstract 
 

The biosorption of Cadmium (II) and nickel (II) ions from aqueous solution by 

Artocarpus artilis leaf was investigated in a batch adsorption system as a function of pH, 

adsorbent dosage and contact time at 30 ± 1
o
C. The maximum Cd and Ni ions adsorption 

were obtained at pH 3 and 4 respectively. The biosorbent was also characterized by Fourier 

transform infra red spectroscopy. The experimental data were analyzed with the pseudo-

first order, pseudo-second order and the intraparticle diffusion kinetic models. Results 

showed that pseudo-second order model provides the best correlation for the biosorption 

process. Biosorption equilibria for Cd and Ni were better described by the Langmuir and 

Freundlich models respectively. The monolayer biosoption capacities of Artocarpus artilis 

for Cd and Ni were 232.6 and 270.3 mg/g respectively. The present investigation showed 

that Artocarpus artilis leaf may be utilized as a new low cost and easily sourced biosorbent 

for Cd and Ni removal. 

 

 

Keywords: Cadmium (II), Nickel (II), Biosorption, Kinetics, Artocarpus artilis, 

Equilibrium 
 

1.  Introduction 
Heavy metal pollution of the environment has been a major source of concern in the last few decades. 

Industrial activities such as mining and metal processing can lead to heavy metal contamination in 

surface water, groundwater, or the sea, where they enter the food chain, causing toxic effects [1]. The 

majority of toxic metal pollutants are waste products of industrial and metallurgical processes such as 
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metal plating, electroplating, mining, ceramic, batteries, pigment manufacture and automobile [2]. 

These heavy metals are poisonous not only to human, but also to aquatic community [3, 4]. Their 

concentrations have to be reduced to meet ever increasing legislative standards. 

These heavy metals are not biodegradable and their presence in streams and lakes leads to 

bioaccumulation in living organisms [5]. Among different adsorption methods, coagulation followed 

by precipitation has been widely used, though during this process large volume of sludge is also 

produced [6]. Moreover, various methods, such as filtration, ultra filtration, microfiltration, and active 

carbon are developed for efficient adsorption process, which irrespective of their effectiveness are 

quite expensive [7, 8]. Biosorption can be described as the uptake of toxicants by dead/inactive 

biological materials or by materials derived from biological sources. Biosorption is due to a number of 

metabolism-independent processes that essentially take place in the cell wall, where the mechanisms 

responsible for the pollutant uptake will differ according to the biomass type [9]. 

The major advantages of biosorption over conventional treatment methods include low cost, 

high efficiency of metal removal from dilute solution, minimization of chemical and/or biological 

sludge, regeneration of biosorbent and the possibility of metal recovery [10]. Among heavy metals in 

wastewaters, cadmium and nickel are considered having a high priority due to their toxicity and high 

disposal rate [11]. The harmful effects of Cd to man include renal dysfunction, bone degeneration, lung 

insufficiency, liver damage and hypertension [12]. The exposure to nickel is known to cause asthma 

and is related to hard metal related respiratory diseases. Excess risk of lungs and nasal cancers are 

associated with sulphide and oxide forms of nickel. Due to this, World Health Organization [13] has 

prescribed standards for desirable nickel concentration in drinking water as 0.1 mg/L and industrial 

effluents as 3.0 mg/L. Therefore, it is necessary to bring the nickel concentration below the prescribed 

limits [14]. A large number of adsorbents have been identified which include Barley straw [15], Cassia 

siamea [16], Xylopia aethopica [17], orange peel [18], etc. 

Artocarpus artilis is a pan-tropical tree that is widely distributed. It grows to a height of 12-

15m. It yields 160–500 kg (350–1100 lb) fruit per tree per year in intensive cultivation. The size of the 

leaf is variable depending on the variety, ranging from 15–60 cm (6–24 in) long. To the best of our 

knowledge Artocarpus artilis leaf has not been used as an adsorbent for heavy metal removal. 

This study reports the use of Artocarpus artilis leaf as a new low cost biosorbent for the 

sequestration of Cd (II) and Ni (II) from aqueous solution in a batch system. This involved the 

determination of the effect of pH, biomass concentration and contact time. Pseudo- first order, pseudo-

second order and intraparticulate diffusion were used to describe the kinetics of the adsorption process. 

Moreover, the Langmuir and Freundlich models were used to describe the batch equilibrium process. 
 

 

2.  Methods 
2.1. Chemicals and Instruments 

All chemicals were analar grade and were not subjected to further treatment. Metal concentrations were 

measured with a Perkin-Elmer (Analyst 300) atomic absorption spectrophotometer. A TOAV pH meter 

(HM30P) was used to check the pH of the metal solutions. Other instruments used included shaker (PA 

250/25. H), Octagon siever (OCT-DIGITAL 4527-01), Shimadzu (AW220) analytical balance, Fourier 

transform infra red spectrometer (Perkin Elmer). 
 

2.2. Sample Preparation 

Breadfruit leaf (Artocarpus artilis) obtained from Bowen University, Nigeria was used as a biosorbent. 

Prior to the experiments, the Artocarpus artilis was cut into small length and pretreated using the 

following steps: (1) washing the Artocarpus artilis with distilled water, (2) drying the Artocarpus 

artilis at 80
o
C, (3) grinding the sample with an electrical blender (4) sieving the sample with a 1mm 

sieve. 
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2.3. Solution Preparation 

Solutions of cadmium and nickel ions were prepared by dissolving cadmium nitrate, Cd(NO3)2.6H2O 

and NiSO4·6H2O in double distilled water, DDW. Hydrochloric acid (0.1 M HCl) and sodium 

hydroxide (0.1M NaOH) were used for pH adjustment. The solutions of different concentrations were 

prepared by adequate dilutions of stock solution with DDW. 

 

2.4. Fourier Transform Infrared (FTIR) Spectroscopy Analysis 

FTIR spectrum of Artocarpus artilis for the adsorption of Cd and Ni was recorded with FTIR 

spectrometer. One milligrame of dry sample was mixed with 300mg of spectroscopic grade potassium 

bromide powder in a pestle and mortar. The powder was then compressed into a thin KBr translucent 

disk for measurement. 

 

2.5. Biosorption Experiments 

Batch biosorption experiments were conducted to determine the effect of pH, adsorbent dosage on 

cadmium and nickel removal capacity of the Artocarpus artilis. The pH experiment was carried out by 

agitating 100 mg of Artocarpus artilis with 100 mL of cadmium and nickel solutions of initial 

concentration 50 mg/L at different solution pH ranging from 2.0 to 8.0. The initial metal concentration 

(50-250 mg/L) and the biomass dose (100-500 mg) were carried out using a conical flask on an orbital 

shaker for 5h at 30 ± 1 
o
C. The concentrations of cadmium and nickel in the solutions before and after 

adsorption were determined using Perkin-Elmer atomic absorption spectrophotometer. 

 

2.6. Adsorption Kinetics and Equilibrium Studies 

Adsorption kinetic experiments were carried out at predetermined time intervals (1-6h) by agitating 

100 mL each of cadmium and nickel solutions of varying initial concentrations (50-250 mg/L) with 

100 mg of Artocarpus artilis at 30 ± 1
o
C at pH 3.0 and 4.0 respectively. Similarly, the equilibrium 

experiments were conducted by adding to the 100 mg of Artocarpus artilis 100 mL each of cadmium 

and nickel solutions (50-250 mg/L) at 30
o
C for 5h. The concentrations of the cadmium and nickel in 

the solutions before and after sorption were determined. 

The amount of cadmium and nickel adsorbed onto Artocarpus artilis at equilibrium was 

calculated from the mass balance of the equation as given below: 

o e
e

C C
q V

m


  (1) 

where qe (mg/g) was the adsorption capacity at equilibrium, Co and Ce are respectively initial and 

equilibrium concentrations (mg/L) of cadmium (II) and nickel (II), m is the mass of adsorbent in grams 

and V is the volume of the solution in liters. 

 

 

3.  Results and Discussions 
3.1. Fourier Transform Infrared Spectroscopy Study 

The existence of the functional groups on the biosorbent surface and their responsibility for Cd and Ni 

biosorption were supported by FTIR technique. The FTIR spectral analysis is vital in identifying the 

characteristic functional groups which are responsible for adsorption of metal ions. FTIR spectrum of 

Artocarpus artilis leaf reflects distinct peaks at 1636.1, 1437.9 and 1097.2 cm
-1

 (Fig. 1). The peaks at 

1636.1cm
-1

 is assigned to CO stretching of carboxyl or amide groups while the one at 1437.9 cm
-1

 is 

assigned to an N-H bending. The peak at 1097.2 cm
-1

 may be attributed to the intensity of –P=O 

stretching vibration group with the sorbate. Thus FTIR spectra reveal that functional groups like –C=O, 

-N-H and –P=O present on the Artocarpus artilis leaf surface are involved in both cadmium and nickel 

adsorption. 
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3.2. Effect of pH 

The pH of the aqueous solution is one of the vital determining factors in the biosorption of heavy 

metal. It affects the degree of dissociation of the functional group on the surface of the biosorbent, the 

speciation and the solubility of metal ions in aqueous solution [19]. This study shows that the optimum 

pH for the adsorption of Cd (II) onto Artocarpus artilis is 3 as shown in Fig.2. The decrease in the 

equilibrium pH indicates an exchange between Cd (II) and H
+
 ions for the surface site. This result is 

similar to that of Sargassum sp. [20]. Cd (II) adsorption by most adsorbents studied occurs at relatively 

higher pH, for instance, papaya wood adsorb at pH 5.0 [21] while copra meal adsorb at pH 6.0 [22]. Ni 

on the other hand, has its optimum pH at 4.0. 

 

3.3. Effect of Biomass Dose 

The dependence of biosorption of Cd (II) and Ni (II) on the amount of Artocarpus artilis was studied at 

30 ± 0.1
o
C and at pH 3.0 and 4.0 for Cd and Ni respectively by varying the adsorbent doses from 0.1 to 

0.5 g, while keeping the volume and concentration of the metal solution constant. The biomass dose 

was also studied with respect to different concentration ranging from 50 mg/L to 250 mg/L. The results 

are graphically shown in Figs. 3 and 4. It is apparent that the percent removal of Cd (II) and Ni (II) 

increased rapidly from 0 to about 0.13 g before the near saturation of the adsorption sites. Thus, 

increase in biomass dose does not significantly increase the adsorption of both Cd (II) and Ni (II) by 

Artocarpus artilis. As the concentration increases from 50 to 250 mg/L the effect of biomass dose also 

increases. At 50 mg/L the highest amount of Cd (II) and Ni (II) removed by the varying mass of 

adsorbent are 48.59 and 46.36 mg/g respectively, while at 250 mg/L, the highest amount removed were 

252.5 and 220.3 mg/g respectively. 

 

3.4. Effect of Contact Time 

The rate of biosorption is important for designing batch sorption system in an economical wastewater 

treatment. A series of contact time experiments for cadmium and nickel removal have been carried out 

at different initial concentrations (50-250 mg/L) and at constant temperature of 30 ±1°C. 

 
Figure 1: The FTIR spectrum of Artocarpus artilis 
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Figure 2: Effect of pH on the adsorption of Cd (II) and Ni (II) ions on Artocarpus artilis at 30 ± 1 
o
C. 
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As shown in Fig.5, at initial stage the sorption of cadmium was very rapid due to more number 

of active sites available on the surface of breadfruit (Artocapus artilis) leaf and slowed as there was 

decrease in availability of active sites. The optimum time for the adsorption of Ni (II) at different initial 

metal concentration was 1h 15 min (Fig. 6). The adsorption of Cd (II) increases gradually for 

concentrations of 50, 100 and 150 mgL
-1

 before equilibrium was reached. At 200 and 250 mg/L Cd (II) 

adsorption increased sharply such that an initial equilibrium was attained after 1h. Figs. 5 and 6 show 

that the higher the initial concentration the higher the amount of Cd (II) and Ni (II) adsorbed by 

Artocarpus artilis. 

 

3.5. Kinetic Modeling 

A series of kinetic models have been developed to explain the adsorption by the biomass and to 

examine the rate controlling mechanism of adsorption process. The Lagergren pseudo-first-order and 

the pseudo second order models were chosen to analyze the kinetic behavior of Artocarpus artilis. 

The pseudo-first order Langergren model is expressed as 

 1 e

dq
k q q

dt
   (2) 

Where qe (mg/g) and q are the biosorption capacities of the biosorbent at equilibrium and at any 

time t, respectively; k1 is the Langergren rate constant of the first order biosorption (h
-1

). The linearized 

form of this model is 

1log( ) log
2.303

e e

k
q q q t    (3) 

The plots of log(qe-q) versus t (h) for different concentrations of nickel and cadmium give 

straight lines. From the plot, k1 and qe are determined from the slope and intercept respectively as 

shown in Table 1. k1 is the rate constant for pseudo- first order biosorption (h
-1

). 
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Figure 3: Effect of biomass dose on the biosorption of Cd (II) on Artocarpus artilis leaf. Experimental 

conditions: pH 3, temperature, 30 ± 1
o
C. 
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Figure 4: Effect of biomass dose on the biosorption of Ni (II) on Artocarpus artilis leaf. Experimental 

conditions: pH 4, temperature, 30 ± 1
o
C 
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The pseudo-second order chemisorptions of metal ions in solution is expressed as: 

 
2

2 e

dq
k q q

dt
    (4) 

Integrated pseudo-second order rate law can be obtained from equation (4) for the boundary 

conditions t = o to t = t and qt = o to qt = qt gives 

2

2

1 1

t e t

t
t

q k q q
    (5) 

where k2 (g/mg h) is the rate constant of second-order adsorption. If second-order kinetics is applicable, 

the plot of t /qt versus t should show a linear relationship. The rate parameters presented in Table 1 

were obtained from the straight line plots of ln(qe −qt) versus t for the Lagergren pseudo-first-order 

model (figure not shown) and t/qt versus t for the pseudo-second- order model (Figs. 7 and 8). The 

pseudo first order for Cd (II) and Ni (II) ions were not suitable for describing the adsorption because 

the model gave very low qe(calc) compared to the qe (exp). According to the values of the correlation 
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factors, R
2
, in Table 1, the pseudo-second-order kinetic model showed satisfactory fits for Ni (II) than 

for Cd(II). The qe values estimated from the pseudo-second-order kinetic model were also in good 

agreement with the experimental values at all concentrations studied for Ni (II) but not in agreement 

for Cd (II). These findings indicated that the pseudo-second-order kinetic model is more suitable to 

describe the Ni (II) biosorption onto Artocarpus artilis. 

 

3.6. Intraparticle Diffusion 

Intraparticle diffusion model was also used to analyze the result in other to investigate whether the 

intraparticle diffusion is the rate determining step in adsorption of Cd (II) and Ni (II) on Artocarpus 

artilis. The model proposed by Morris and Weber can be written as 

qt = Kid t
0.5

 + I (6) 

where qt is the amount of metal ion adsorbed (mg/g) at time t (min) and Kid (mgg
-1

 min
-0. 5

) is the rate 

constant of intra-particle diffusion and I is the intercept which gives information about the thickness of 

the boundary layers i.e, boundary effect increases with increase in the intercept. If the intraparticle 

diffusion is the sole rate determining step, the plots of qt against t
0.5

 should be linear and pass through 

the origin [23]. The plots obtained (not shown) are multilinear with three distinct regions indicating 

three different kinetic mechanisms. The trend shows that there is an initial portion which is the fastest 

sorption since it is attributed to sorption of both Ni (II) and Cd (II) over the biomass surface. The 

second stage reflects the gradual diffusion of the metals into the biosorbent which indicates that the 

pore diffusion is not only the rate limiting step for the biosorption of Cd (II) and Ni (II) ions on 

Artocarpus artilis. The final stage is the distribution of solid-liquid phase at equilibrium due to the 

decrease in the available pores or increase in the electrostatic repulsion at the Artocarpus artilis. 

 
Table 1: Comparison of pseudo–first order, pseudo-second order and intra-particle diffusion (Weber-Morris) 

kinetic models for the sorption of cadmium (II) and nickel (II) ions on Artocarpus artilis 

 
First order kinetic model second order kinetic model Weber-Morris model 

Initial conc. 

(mg/l) 

qe (exp) 

(mg/g) 
k1(h) qe(calc) R

2
 k2 (mg/g) 

qe(calc) 

(g(mgh)
-1

) 
kid 

Cadmium 

50 38.5 0.32 1.40 0.920 0.26 19.6 0.66 

100 118.4 0.60 2.03 0.990 0.042 35.3 1.56 

150 199.8 0.85 1.82 0.970 0.007 74.1 3.87 

200 353.1 0.70 1.57 0.942 0.004 238.1 11.1 

250 366.0 0.91 2.16 0.976 0.009 102.0 5.97 

Nickel 

50 42.47 0.32 1.80 1.000 9.24 42.6 2.01 

100 72.68 0.21 2.38 0.998 0.38 72.5 3.44 

150 94.7 0.35 2.08 0.996 0.19 101.0 4.62 

200 118.7 0.20 1.35 0.998 0.14 116.3 5.48 

250 168.4 0.24 1.04 0.999 0.09 166.7 7.73 

 

artilis surface. Table 1 shows that Kid increases with increase in concentration for both Cd(II) and 

Ni(II). This reflects increase in the rate of diffusion of these metals into the pores of Artocarpus artilis. 

Similar results were reported by [24] and [23]. 

 

3.7. Sorption Isotherms 

Sorption isotherm provides a relationship between concentration of cadmium in solution and the 

amount of cadmium adsorbed on adsorbent when both the phases are at equilibrium [25]. The 

Langmuir model assumes that biosorption occurs at specific homogeneous sites within the biosorbent. 

The linearized form of the Langmuir isotherm equation is represented by the following: 
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1 1e
e

e o L o

C
C

q Q K Q
   (7) 

where qe is the monolayer biosorption capacity of the biosorbent (mg/g); and KL is the Langmuir 

constant (L/mol), and is related to the free energy of biosorption. A plot of Ce/qe versus 

Ce for the biosorption of Ni (II) and Cd (II) ions onto Artocarpus artilis (Fig. 9) shows a 

straight line of slope, 1/Qo, and intercept, 1/QoKL. The R
2
 and Qo values in Table 2 suggested that the 

Langmuir isotherm may be a suitable model and the maximum monolayer biosorption capacities were 

found to be 270.3 L mg
-1

 and 232.6 L mg
-1

 for Ni and Cd respectively. Thus, the amount of Ni 

removed by Artocarpus artilis was more than that of Cd. The Langmuir model fits better for Ni (R
2
 = 

0.97) than for Cd (R
2
=0.92). 

 
Figure 5: Time dependent study of the biosorption of cadmium (II) on Artocarpus artilis leaf at 30 ± 1

o
C 
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Figure 6: Time dependent study of the biosorption of nickel (II) on Artocarpus artilis leaf at 30 ± 1
o
C 
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Weber and Chakkravorti (1974) described a dimensionless equilibrium parameter (RL) which is 

an essential characteristics of the Langmuir isotherm eqn. 8. 
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  (8) 

 
Table 2: Langmuir and Freundlich isotherm for cadmium and nickel ions biosorption on Artocarpus artilis at 

30 ± 1
o
C 

 
Langmuir Freundlich 

 R
2
 Qo (mg/g) KL(L/mg) RL R

2
 KF (mg/g) 

1

n

 

Ni 0.97 270.3 0.155 0.04 0.94 1.36 0.85 

Cd 0.92 232.6 0.217 0.02 0.97 1.47 0.94 

 
Figure 7: Pseudo-second-order kinetics for the biosorption of Cd (II) ions by Artocarpus artilis bark at 30 ± 

1
o
C. 
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The value of RL lies between 0 to 1 for the favourable adsorption, while RL > 1 represents an 

unfavourable adsorption, and RL = 1 represents the linear adsorption, while the adsorption operation is 

irreversible if RL = 0. Value of RL was found to be 0.217 and 0.155 for Cd and Ni respectively. This 

confirmed that Artocarpus artilis is favourable for biosorption of Cd and Ni under conditions used in 

this study. 

The Freundlich isotherm equation is an empirical equation based on the biosorption onto 

heterogeneous surfaces and is given by the following equation: 

1
log log loge f eq K C

n
    (9) 

where qe is the equilibrium metal concentration on the biomass (mg/g); Ce is the equilibrium metal 

concentration in the solution (mg/L); Kf (L/g) and n (dimensionless) are Freundlich isotherm constants 

that indicate the extent of the biosorption, and the degree of nonlinearity between solution 

concentration and biosorption, respectively [26]. 
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Figure 8: Pseudo-second-order kinetics for the biosorption of Ni (II) ions by Artocarpus artilis bark at 30 ± 1

o
C 
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Figure 9: Langmuir adsorption isotherm of cadmium (II) and nickel (II) ions on Artocarpus artilis at 30 ± 1

o
C. 
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Figure 10: Freundlich adsorption isotherm of cadmium (II) and nickel (II) ions on Artocarpus artilis at 30 ± 1

o
C 
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The Freundlich model plots for the biosorption of Cd(II) and Ni (II) onto Artocarpus artilis 

biomass at 30
o
C were presented in Fig. 10. The numerical values of the Freundlich constant, n, for Cd 

and Ni are 1.18 and 1.06 respectively. Since the values of n are greater than unity, it indicate that both 

metals are favorably biosorbed by Artocarpus artilis at the experimental temperature. Freundlich 

model fitted well for Cd (R
2 

= 0.97) than for Ni (R
2 

= 0.94). 

 

3.8. Comparison of Adsorption Capacities of Artocarpus artilis with Other Adsorbents for Cd (II) 

and Ni (II) 

The comparison of Artocarpus artilis with various adsorbents in terms of adsorption capacities for Cd 

(II) and Ni (II) from aqueous solution is given in Table 3. It is clearly evident from this study that 

Artocarpus artilis is a better biosorbent for both Cd (II) and Ni (II) adsorption since its adsorption 

capacities for the two metals are higher than that of the other adsorbents. The only exception is that of 

A. leucocephalia which has a higher adsorption capacity for Ni (II) than that of Artocarpus artilis. 

 
Table 3: Biosorption results for Cd (II) and Ni (II) adsorption by various sorbents from the literature 

 
Sorbent adsorption Reference Sorbent adsorption Reference 

 capacity (mg/g)  capacity(mg/g) 

Cadmium   Nickel   

Suger beet pulp 46.1 Pehlivan et al. 2008 Bael tree bark 1.53 Kumar et al. 2009 

Pomelo peel 21.8 Saikaew et al. 2009 A. leucocephala 294.1 Subbaiah et al. 2009 

Cassia siamea 37.7 Ajaelu et al. 2011 flavobacterium 64.2 Wang et al. 2011 

G. decanicus (G1) 38.8 Ozdemir et al. 2009 G. decanicus (G1) 42.0 Ozdemir et al. 2009 

G. thermoleovo-rans 

(G2) 
29.2 Ozdemir et al. 2009 

G.thermoleov-rans 

(G2) 
21.0 Ozdemir et al. 2009 

Chitosan 81.3 Kamari et al. 2011 Barley straw 35.8 
Thevannan et al. 

2010 

M. pyrifera 0.87* Cazon et al. 2012 P. simplicissimum 77.5 Fan et al. 2008 

A. artilis 232.6 This study A. artilis 270.3 This study 

* unit in mmol/g 

 

 

4.  Conclusion 
This study shows that the maximum uptake of Cd (II) and Ni (II) ions on Artocarpus artilis occurred at 

pH 3 and 4 respectively. The result showed that the process was kinetically faster for Ni than for Cd. 

Pseudo–second order model best described the kinetics of the biosorption of both metals. Biosorption 

equilibrium was better described by the Langmuir model for Ni while Cd biosorption was better 

described by Freundlich model. Artocarpus artilis has proved from this study to be a low cost and 

easily sourced biosorbent for the removal of Cd and Ni ions from industrial wastewater. 
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Abstract 

 

Tele-working or rendering the job in distance is a new concept which is paid more 

attention in recent decade. So far few researches have been conducted on this issue 

therefore a wider range of research in this field seems to be necessary. In this study the 

relationship between Tele-working and customers satisfaction at the organization of Tehran 

water works and sewerage system was analyzed. Tele-working in this survey is considered 

as an independent variable while customer satisfaction is regarded as dependent variable. 

To pursue the study on customer satisfaction, speed, reliability and the quality of job 

rendered these criteria which are derived from European customer satisfaction index model 

"ECSI" and the experts view points were analyzed. In order to perform the research, 

necessary information is collected by distribution and gathering of questionnaires, and were 

analyzed by Spearman and Friedman statistical tests by the use of SPSS software. The 

findings of this research show that there is a significant relationship between the quality 

and the speed of job done. It shows a significant satisfaction of internal customers and an 

affecting factor of an organization. 

 

 

Keywords: Tele-working, customer satisfaction, quality, loyalty. 

 

Introduction 
At the present most organizational activities are done in a pre- arranged job sites. But Tele-working 

means moving the job toward the worker not the other way round [1]. Tele-working depends primarily 

on internet and IT. It may vary from an office building to another or from a residence of an employee 

to a head quarter or it may be from a moving location such as a car or a train. Tele-working is 

considered as the fastest method for a standard job, in comparison with the other methods such as 

performing the job to render flexible job [4]. This method of job rendering is not designated to do in a 

specific days of the week or in a certain period of time or in a certain location. The employee may 
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depends on the basis of task order, may spend the whole or part of it, away from the job location, or it 

may use a few days of the week on Tele-working. 

From the standpoint of transportation and traffic the physical attendance of the employees 

always is a burden to the government. It is a major concern for the employer providing the office, job 

location or paying the utility bill. On employer point of view transportation cost and time wasting is 

another problem to be tackled. These expenses may be aggravated especially if residence of employees 

and job locations are located far away from each other, the situation would get worse, for both the 

employee and employer in this stance and as a result more difficulties are created. 

The expansion and development of communication and technology, the possibility to access the 

computer and internet provides a platform for the Tele-working to be used in its best. For both the 

office works and personal use the information technology and communication may cause to reduce the 

heath disturbances by utilization of potential self-capability in enhancing the health and avoidance of 

sickness, and supporting the others [11]. 

Tele-working is an alternative which is used as an opportunity to develop the working 

condition, since the customers are considered to be an original elements of any business or service, 

efforts should be done to provide a condition to eliminate or radius dissatisfaction among customers, 

both for internal and external. 

To render Tele-working some parts of the jobs are transferred from headquarter to another 

place, so the customers of these services may expect to receive their services from a distance. So Tele-

working may have a serious effect on customer satisfaction. If these effects are regarded as a positive it 

may bring more satisfaction, and in reverse, if they are considered as a negative it may bring 

dissatisfaction. Tele-working may bring organizational isolation to Tele-workers. These problems 

could be reducing through transfer of frequent wave of information from organization to person 

involved [7]. So by analyzing and assessing strength and weakness, also by taking right and logical 

exercise, this method may enhance and improves its efficiency. By increasing the quality, reliability 

and speed of the job it may improve the satisfaction level of customers. 
 

 

Literature Review 
In 1960 jack Nils while working on rocket and satellite as a scientist in US air force had started to 

study on Tele-communication at South California University from this start, he is known as the father 

of Tele-working. In 1973 he directed the first telework demonstration project. The project (conducted 

with 30 employees in a private sector organization) was partially funded by the National Science 

Foundation. It was here that Nilles coined both the words ―telecommuting‖ and ―teleworking.‖ He went 

on to become one of the earliest implementers of telework programs, write several books on the subject, 

and provide telework consultation on a worldwide basis [6]. After him various anticipators in their vast 

historic viewpoint anticipated that the Tele-working would be the preferential sort of organizing the 

work in future. One of these people was Alvin Toffler who had introduced the electronic cottage, and 

in 1980 he had established one of the first Tele-centers in "Marne Laval" after him in 1982 in Sweden 

and the third was in 1985 in Switzerland, at present there are many centers all around the world. 

The International Association of Tele-working (ITAC) was established by "Patrish Mokhtarian‖ 

the planner of transportation society in south California. In 1985 in the beginning it was working as a 

subsidiary committee of Tele-working and communication of Los Angeles labor force, later in 1988 

changed to consulting association. In 1997 it was proclaimed that over 11 million people in USA 

practice Tele-working, in comparison with the year 1995 which was only 8 million, the reason behind 

its growth find out to be the acquaintance of people to the advantages of Tele-working, strong 

economy particularly increase in the use of computers. Madsen (2003) investigated the differences in 

work-family conflict between full-time worksite employees and full-time teleworking employees 

(individuals who worked from home at least two days per week). Two hundred and twenty-one usable 

surveys were returned from full-time teleworkers and nonteleworkers in seven corporate organizations. 
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The findings indicate that teleworkers had lower levels of various dimensions of work-family conflict. 

Relationships were also found between work-family conflict and gender, health, number of hours 

worked, and number of children [9]. Kathryn (2010) studied examines the extent to which telework 

affects job satisfaction through the experiences of work–life conflict, stress due to meetings and 

interruptions, perceived organizational politics, and information exchange. Results reveal that high-

intensity teleworkers (n=89) are more satisfied than office-based employees (n=103) and achieve 

significant benefits from their work arrangement, with work–life conflict most influential toward job 

satisfaction. The path model reveals more complex indirect paths linking telework and job satisfaction 

[3]. Morganson (2010) reviewed differences in work-life balance (WLB) support, job satisfaction, and 

inclusion as a function of work location. 

Design/methodology/approach – Web-based survey data were provided by 578 employees 

working at one of four locations (main office, client location, satellite office, and home). Multiple 

regression analyses were used to identify differences in WLB support, job satisfaction, and inclusion 

across employees working at the four locations. Findings – Results showed that main office and home-

based workers had similar high levels of WLB support and job satisfaction. Main office workers 

reported higher levels of WLB support than satellite and client-based workers. Additionally, main 

office workers reported the highest levels of workplace inclusion. Timothy [13] Golden (2012) study 

on non-teleworkers in offices where telework is present, to investigate if the prevalence of teleworkers 

in an office impacts the work outcomes of non-teleworkers. Using a sample of 240 professional 

employees, results suggest teleworker prevalence is negatively associated with co-worker satisfaction, 

and that this relationship is influenced by the amount of time co-workers telework, the extent of face-

to-face interactions, and job autonomy. Moreover, a non-teleworker's satisfaction with co-workers was 

also found to be negatively associated with turnover intentions. Together, results suggest the need to 

consider the full range of telework's impacts including the potential adverse consequences for non-

teleworkers [12]. 

 

 

Advantages of Tele-Working 
Tele-working as a combination of information technology and communication with human resource 

management is a new model for companies that make an efforts to practice in new economy, So far 

little empirical studies had been conducted on industrial and service oriented companies to show the 

advantages and disadvantages related to Tele-working [8], studies conducted shows the main 

advantages of Tele-working are reduction in rental expenses and utility bill such as water, gas, 

electricity etc. resilience in case of unexpected events and access to a vast source of labor force, part 

time employment for periodical work and increase in labor productivity are also among its advantages. 

The main benefits and social advantages for employee are flexibility injob performance while it 

may promote personal productivity, saving time and costs, providing a job opportunity for those who 

may want to stay at home ,particularly mothers who taking care of their little child and may want to 

stay with kids at home while being active in their career[2], some other advantages may be reduction in 

volume of road traffic and air pollution[10], saving of energy and utilization in capability of disabled 

and less active people, it is also providing a job opportunity for people who live in remote areas. 

 

 

Impediments to Participation 
The employment of Tele-working may have some barriers and difficulties, the prime barriers of a 

successful Tele-working and the most important points of challenging it are those which have been 

reported by the office of human resource management in USA. Shown in Figure 1, office coverage was 

reported as the largest barrier to telework (64%), followed by organizational culture (49%), and 

management resistance (47%). Note that the total in the figure exceeds 100% because agencies could 

select more than one barrier. 
 



A Study on Tele-Working in Administration, and an Investigation on its Effect to  

Customer Satisfaction in Tehran Waterworks and Sewerage Company 101 

 
Figure 1: The related to Tele-working 

 

 
Source: report by the human resource management office of USA to congress in 2011 [14] 

 

 

Customer Satisfaction Measurement 
Customer is known to be the greatest capital of any institution, the perceived satisfaction of employees 

is an indicator of their feeling toward the job, it is regarded as a general assessment toward the job in a 

company. The satisfaction of clients is a new criterion to be measured for an organizational 

performance and quality of service in an organization. Several conceptual assessing models have been 

introduced to assess customer satisfaction and quality management. Any of these models could be 

helpful in their related field. Some models such as non- confirmed customer expectation, Fornel model, 

American customer satisfaction index, European customer satisfaction index (ECSI), Sweden customer 

satisfaction and Kano are among those models, but the main emphasis upon customer satisfaction is 

resulting from purchase of goods and products. It is only the European customer satisfaction index that 

simultaneously considers the customer satisfaction for both purchasing of goods and receiving the 

services. Since the organization under investigation considers both kinds of quality meaning quality of 

hardware, which includes feature and specification of the product and quality of software which in 

return is an indicator of reactionary elements, both qualities are service oriented. The European 

customer service index is known as a suitable model for appraise the performance of internal customer 

satisfaction. 

Generally quality assessment of services is much more complex than quality assessment of 

goods. It is the total quality management that reduces the difference between quality model and 

performance of the system which seems to be difficult to employ by government services. 

 

 

The European Customer Satisfaction Index (ECSI) 
Among many prevalent methods available to study customer satisfaction, the European customer 

satisfaction is considered as an inspiring model [5]. This model is a structural model that embodies 

several hidden variables. And its framework is similar to American customer satisfaction index. In this 

structure customer satisfaction alongside with its main results, meaning customer loyalty is shown. The 

impetus of customer satisfaction in this model is the received image of an organization, customers 

expectation, quality of perceived valued. 
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Figure 2: European customer satisfaction model 
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Quality perceived is divided into two parts, quality perceived from hardware, which is itself a 

sort of quality related to specifications of product and quality perceived from software it is referred to a 

sort of quality which is an indicator of reactionary elements in offering the services, these qualities are 

personal behavior environment condition and the service rendered are among those qualities. 

In this model six factors such as product, price, channel of distribution, services, image of 

supplying organization and customer expectations are measured by indices such as quality of product, 

price level, terms of accessing time, accuracy and reliability of services, popularity of supplying 

organization and personal needs are among those indices. 

In this survey three factors such as quality, accuracy and speed of the work are measured. Some 

other factors such as price, image of supplying organization and customer expectations are omitted. 

 

 

Conceptual Frame Work of the Study 
According to hypothesis and literature main hypothesis, it is suggested that Tele-working directly 

enhances customer satisfaction, in this research Tele-working is regarded as an independent variable 

while customer satisfaction is considered as dependent variable. On the other hand Tele-working 

indirectly and through customer orientation that it may be a function of reliability could increase 

customer satisfaction. In this study customer orientation is regarded as an intrusive variable. 

 
Figure 3: European Customer Satisfaction 
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Hypothesis 
H1-Tele-working has a direct effect on customer satisfaction. 

H2-There is a significant relationship between Tele-working and the quality of work. 

H3There is a significant relationship between Tele-working and the speed of work 

H4- There is a significant relationship between Tele-working and the accuracy of work. 

 

 

Research Methodology 
The planned data were collected using quantitative methods based on questionnaires, the instrument 

used for data collection consist of data recording, interviews and questionnaire bases on 5 criteria 

Likert model. Also, to identify the general structure of the issue, information was gathered from 

various sources, at first the necessary data were collected through questionnaire and the interviews with 

experts then classified by descriptive statistics, to analyze the data, analytical statistics are used to 

analyze the data. On descriptive statistics, frequency, percentage, standard deviation and on analytical 

statistics correlation test for evaluation of hypotheses by the use of SPSS is done. 

 

 

Population and the Sample of the Study 
The population in this study consists of manager, deputies and the experts in Tehran water works and 

Sewerage Company. To determine the sample, Kocran formula was used, according to the formula the 

suitable sample for this population were 82People and the response rate was 99% and the survey 

reliability was 84%. Out of this number 44.4 percent were male and the rest were females. 23.17 

percent of the respondents were single and 75/6, were married.18.3 percent of the respondents were at 

the age range of 20 to 30 years old, and 64.44 percent were at the ages of 31 to 45 years .and the rest 

which were almost 15.85 percent were at the age 45 and above. Majority of the respondent were 

college graduate with47.57percent, 28.05 percent were master‘s degree and undergraduate with 14.63 

and 8.53 percent were high school graduate. 

With respect to experience, majority of them had an experience range of 10-20 years with 47.2 

percentages; these groups of respondents are most suitable for answering the question. 37.80 percent 

are among the chief of the group. 10.97 percent were assistant expert and the rests were among the 

heads of the office, managers, and deputies of the company. 

 
Table 2: The results obtained from Spearman correlation test 

 
Hypothesis Name of variables Degree of freedom Significance 

H1 Tele-working and quality of work 0.668 0.00 

H2 Tele-working and Work quickly 0.712 0.00 

H3 Tele-working and its accuracy 0.135 0.258 

H4 Tele-working and customer satisfaction 0.732 0.00 

 

The results of the above table show that there is a significant relationship between the variables 

investigated in the hypothesis number one, two and four. In other words with implementation of 

teleworking, quality, speed and customer satisfaction are increased.ata significance level of hypothesis 

number threeinthe0/258 said to be working closely with the implementation of teleworking is reduced 

 

 

The Results Obtained from Friedman Test 
With regard to this statistical test the mean difference of affecting factors on quality of the work were 

examined. 
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Table 3: Results from Friedman test 

 
No 82 

K2 144.076 

Degree of freedom 2 

Significance 0.076 

 

Results from this test showed that the priorities and importance of the hypothesis are not 

identical so with regard to these test, priorities of the hypotheses are as follows. 

 
Table 4: Hypotheses priorities 

 
Factor Mean average 

Speed of the work done 2.69 

Exactness 2.65 

Quality of work done 1.65 

 

By analyzing information gathered and the use of Friedman test it was shown that the speed of 

work done with mean average of 2.69, and reliability with mean average of 2.65 and the quality of 

work with average of 1.69 have the highest priorities for the employees. 

 

 

Conclusion 
The prime purpose of present study is to investigate the effect of Tele-working on internal customer 

satisfaction of the organization. To conduct the study three elements, such as quality, the speed and 

reliability of work which were among the affecting factors to customer satisfaction were tested. 

The findings of the study showed that Tele-working is an affecting and effective factor to 

speed. The quality of the work by internal customer of the organization or part of employees who are 

receivers of Tele-working services, also at 95% confidence level. 

It is shown that reliability does not have any effect on satisfaction of employees in Tehran 

water works and sewerage company, perhaps several various reasons could be behind that, it might be 

the existence of decentralization in places which isused as a workshop. So by providing a small space 

solely for the purpose of work shopin the residence of Tele-worker this problem could be solved. The 

other reason could be lack of time designation for job performance. It seems that there is such an 

impression on Tele-working that it can be done in any moment in 24 hours. But with respect to type, 

condition and specifications of any job, the time of practicing the job might be different. So, by 

allocating a suitable time for rendering any of these activities, the errors could be reduced and may 

further increase its reliability. 

The main hypothesis was accepted since satisfaction of employees helps to promote the 

organizational objective, it is suggested that to be considered as a strategic priority to the organization. 

And identifying a Tele-working group which is composed of different units in various jobs which is 

suitable for Tele-working to. To be created and its basic infrastructure to exercise Tele-working should 

be provided. 
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Abstract 

 

This study investigated the availability of resources for science teaching and 

learning in Buhera district secondary schools. The descriptive survey research design was 

utilized in this study to determine the availability, utilization and adequacy of resource 

materials in science teaching and learning in rural day secondary schools in Buhera district. 

Twenty (20) rural day secondary schools that were randomly selected using simple random 

sampling technique through balloting participated in the study. The sample size comprised 

of thirty six (36) teachers from the twenty selected secondary schools. A self designed 

structured questionnaire was used to collect information on the availability, utilization and 

adequacy of resources for teaching science from the science teachers. The data collected 

were analyzed using descriptive statistics. The findings of the study have revealed an 

inadequacy of resources and instructional materials for science teaching and learning in 

Buhera district secondary schools. The few available one‘s are inadequate and are 

underutilized for science instruction in these schools. The students in these schools are thus 

taught science theoretical lessons without experiments or practicals in the laboratory. 

Recommendations were also made on how to improve the situation. 

 

 

Keywords: Resource availability, science, resource utilization, secondary school, resource 

adequacy 

 

1.  Introduction 
Science is significantly crucial in the development and fulfillment of the technological needs of a 

nation (Obamanu and Akporehwe, 2011). An advanced technological global village we are living in 

requires a supply of well-qualified research scientists to generate the technological advances needed to 

maintain economic growth as well as deal with scientific problems affecting our daily lives (Sirhan, 

2007). Thus, the importance of science s as an engine for economic development of a nation cannot be 

over emphasized. Nations that have excelled and shown advancement and growth in science 

technology and engineering are termed developed nations (Arokoyu and Ugonwa, 2012). If Zimbabwe 

is to improve economic and technological competitiveness and be at par with the developed nations of 

the world there is the need to give secondary science teaching and learning greatest priority and ensure 

that it is taught effectively and make it more engaging to learners so as to motivate and inspire them to 

further their studies in science and science related fields. 

Oludipe and Lasis (2006) note that the effective teaching and learning of science requires the 

provision and utilization of resources. Afolabi, Adeyanju, Adedapo and Falade (2006) on the other 
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hand also note that teaching can only be effective when adequate and relevant instructional materials 

are used. Daluba (2012) has classified resources for science teaching into human resources (teachers 

and laboratory assistants), material resources (library, laboratory, teaching aids, classrooms), facilities 

(running water, constant electricity supply) and consumables (appropriate chemicals and reagents). 

Achimagu (2006) on the other hand classified resource materials into classroom/laboratories 

equipment/chemicals and textual/audio visual materials. Dan-Ologe and Shittu (2010) opines that 

effective science teaching requires well equipped laboratories as teaching science without adequate 

laboratory experience leads to a teacher-dominated classroom environment resulting in student 

passivity during lessons consequently making students vulnerable to rote learning thus hindering the 

development the art of scientific enquiry in students. 

The planning of effective laboratory instruction and utilization of resource materials requires the 

availability of qualified teachers to put them into use. Science teachers thus, play a pivotal role in the 

effective utilization of these resources for without the vital human resource the materials remain thus 

useless as there is no one to put the to use (Aggarwal, 2006). As noted by Buseri (2010), the presence of 

well trained, efficient, knowledgeable and skillful science teachers who are versatile in the discharge of 

their duties and responsibilities is essential if a nation is to keep pace with scientific progress in 

technology. Daluba (2012) on the other hand notes the dependence of effective science teaching on 

science teacher pedagogical content knowledge, availability of teaching aids, recommended textbooks 

and other supplementary reading materials, laboratory equipment, chemicals and reagents. 

The foregoing highlights the importance of resource materials in the effective delivery of 

quality science education to learners. In a world were scientific and technological advancement is so 

rapid coupled with a change to the global science curriculum due to knowledge explosion and 

technological developments, a demand for qualitative science teaching is imperative (Eule and Chukwu 

2000). Qualitative science teaching depends largely on adequate provision and proper utilization of 

instructional resources at the secondary school where the foundation of science learning is laid. The 

influence of resources on quality and effective science teaching cannot be overemphasized, therefore, 

greatest attention must be accorded to it, if Zimbabwe is to develop, nature and sustain scientists for 

the future and compete favorably with other advanced countries of the world. It is against this 

background that the researcher sought to investigate the state of availability of resources for science 

teaching and learning in Buhera district secondary schools. 

 

 

2.  Purpose of the Study 
The purpose of this study was to assess the state of resource availability for the teaching of science in 

Buhera district secondary schools in Zimbabwe. The study specifically sought to: 

(i) identify the availability of human and material resource for science teaching and learning. 

(ii) determine the adequacy of the resources in the schools 

(iii) Identify the availability and utilization of material resources for science teaching. 

 

 

3.  Research Questions 
The study was guided by the following research questions. 

(i) To what extent are material and human resources available in the schools for the teaching of 

science? 

(ii) How adequate are the material and human resources in the schools? 

(iii) How are these material and human resources being utilized? 
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4.  Methodology 
4.1. Research Design 

The study adopted the descriptive survey research design to determine the availability, utilization and 

adequacy of resource materials in science teaching and learning in rural day secondary schools in 

Buhera district. 

 

4.2. Population and Sample 

The population of the study consisted of all the science teachers in the 50 secondary schools in Buhera 

district. Twenty (20) schools comprising of two (2) mission and eighteen (18) day secondary schools 

were randomly selected using simple random sampling technique through balloting to participate in the 

study. The sample size comprised of thirty six (36) teachers from the twenty selected secondary 

schools. 

 

4.3. Research Instrument 

A self designed structured questionnaire made up of 18-items meant to give information on the 

availability, utilization and adequacy of resources for teaching science was designed for the science 

teachers by the researcher. The questionnaire items were face validated by four (4) experts in science 

education. A reliability index of 0.89 was obtained using cronbach alpha co-efficient. The items were 

rated as follows: highly available, moderately and not available (resource availability); adequate 

enough, not adequate enough and not adequate (resource adequacy); well utilized, underutilized and 

not utilized (resource utilization). 

 

4.4. Data Collection Procedure 

The questionnaire was pilot tested by administering it on few science teachers outside the study 

sample. This was done in order to eliminate ambiguities, poorly worded questions and unclear items. 

All unclear items were modified. The questionnaire was then administered to a group of 36 science 

teachers in Buhera district, after a brief explanation of the purpose of this study to the respondents in 

the sampled schools. 

 

4.5. Data Analysis 

The data collected were analyzed using descriptive statistics- simple percentages and numerical values. 

For data analysis purposes the scales highly available and moderately available were merged into 

available while the adequate enough and not adequate enough were merged into adequate. 

 

 

5.  Findings 
The findings of the study are presented in the following tables which provide answers to the research 

questions raised in this study. 

 

Research Question 1 

To what extent are human and material resources available for science instruction in Buhera district 

secondary schools? 

 
Table 1: Availability of resources for science instruction 

 
Item Highly Available % Moderately Available % Not Available % 

Qualified teachers 18 50 5 14 13 36 

Qualified laboratory assistants 2 6 0 0 34 94 
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Table 1: Availability of resources for science instruction - continued 

 
Laboratories (furnished) 24 67 6 16 6 17 

Laboratory Apparatus 4 11 6 17 26 72 

Teacher preparation rooms 29 81 4 11 3 8 

Classrooms (furnished) 7 20 26 72 3 8 

Libraries (equipped) 4 11 8 22 24 67 

Electricity Source 24 67 o o 12 33 

Running water supply 2 6 0 0 34 94 

Consumables 6 17 0 0 30 83 

Non consumables 2 6 6 16 28 78 

Teaching aids 2 6 18 50 16 44 

Appropriate text books 26 72 6 17 4 11 

Storage cabinets 4 11 0 0 32 89 

ICT (computers) 24 67 0 0 12 33 

 

Table 1 shows that qualified science teachers (64%), laboratories (83%), teacher preparation 

rooms (88%), classrooms (82%), electricity (67%), appropriate text books (89%) and computers (67%) 

are available in most schools in Buhera district. However some basic resource are not available in the 

required quantities as most respondents reported non availability of resources such as laboratory 

assistants (94%), laboratory apparatus (72%), libraries (67%), running water (94%), consumables 

(83%), non consumables (78%) and storage cabinets (89%). 

 

Research Question 2 

How adequate are the human and material resources in the schools? 

 
Table 2: Adequacy of human and material resources for science instruction 

 
Item Adequate enough % Not adequate enough % Not Adequate % 

Qualified teachers 15 42 8 22 13 36 

Qualified laboratory assistants 0 0 2 6 34 94 

Laboratories (furnished) 2 6 28 77 6 17 

Laboratory Apparatus 3 8 6 17 27 75 

Teacher preparation rooms 28 77 3 8 5 15 

Classrooms (furnished) 18 50 8 22 10 28 

Libraries (equipped) 12 100 0 0 0 0 

Electricity Source 0 0 19 80 5 20 

Running water supply 0 0 1 50 1 50 

Consumables 0 0 2 6 34 94 

Non consumables 0 0 6 16 30 84 

Teaching aids 2 6 15 42 19 52 

Appropriate text books 22 67 5 14 9 19 

Storage cabinets 1 3 3 8 32 89 

ICT (computers) 4 17 14 58 6 25 

 

Table 2 shows a high level of inadequacy of human and material resources such as laboratory 

assistants (94%), Laboratory apparatus (75%), consumables (94%), non consumables (84%), and 

storage cabinets (89%) as well as qualified teachers. 

 

Research Question 3 

How are these human and material resources being utilized? 
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Table 3: Utilization of human and material resources for science instruction 

 
Item Well utilized % Under utilized % Not utilized % 

Qualified teachers 28 78 8 22 0 0 

Qualified laboratory assistants 2 100 0 0 0 0 

Laboratories (furnished) 4 11 30 83 3 6 

Laboratory Apparatus 4 11 7 19 25 70 

Teacher preparation rooms 31 86 5 14 0 0 

Classrooms (furnished) 33 100 0 0 0 0 

Libraries (equipped) 2 6 6 16 28 78 

Electricity Source 3 13 0 0 33 87 

Running water supply 2 100 0 0 0 0 

Consumables 2 33 4 67 0 0 

Non consumables 4 50 3 38 1 12 

Teaching aids 15 75 3 15 2 10 

Appropriate text books 26 87 6 12 0 0 

Storage cabinets 3 75 1 25 0 0 

ICT (computers) 3 13 19 87 0 0 

 

Table three shows that available resources such as laboratories (83%), consumables (67%) and 

computers (87%) are underutilized while other available resource such as electricity (87%), libraries 

(78%) and laboratory apparatus (75%) are not being utilized at all. 

 

 

Discussion of Findings 
The results of the study indicate that most resources required for science instruction are not available. 

The findings of the study as shown in table 1 revealed that laboratory assistants, laboratory apparatus, 

libraries, running water, consumables, non consumables and storage cabinets are not available in most 

schools in Buhera district. The finding is in agreement with Danjuma (2006) who observed a poor 

supply of materials in chemistry laboratories in secondary schools. It is worth noting that good 

facilities and a highly technical support staff are key to the effective implementation of an engaging 

and inquiry-oriented science curriculum. The unavailability of such support staff (laboratory assistants) 

negatively impacts the teaching and learning of science as teachers have no one to help them in 

preparing equipment preparing, solutions and reagents for practical science lessons. The unavailability 

of consumables and laboratory apparatus means that practical lessons cannot be conducted. As attested 

by Pekene (2002), science teaching is more effective when laboratory materials are available and when 

they are well used. 

With regards to adequacy of the resources the findings of the study revealed a high level of 

inadequacy of human and material resources such as laboratory assistants, laboratory apparatus, 

consumables, non consumables and storage cabinets. Science education researchers have noted that 

laboratory practical experiments enhance and improve students‘ understanding of science. (Hofstein 

and Lunetta, 2004; Lunetta et al., 2007). Hodson (2001) argues that the development of expertise in 

scientific enquiry and problem solving requires that learners be exposed to laboratory practical work. 

Furthermore, laboratory work enhances students‘ understanding of scientific concepts, interest, 

motivation, practical skills and problem solving abilities. It is also said to help students develop 

understandings about science, about scientific work and how science connects to everyday life 

(Hodson 2001; Hofstein and Lunetta 2004; Lunetta et al. 2007; Millar 2004). The low number of 

qualified teachers also impacts negatively on student learning and achievement in science as science 

teaching and learning depends heavily on the quality of the teacher who can be able to organize 

meaningful science learning experiences for the learners (Obamanu and Akporehwe, 2011). 

The findings suggest that due to inadequacy of laboratory apparatus, consumables and non 

consumables, learners are not engaged in practical work; consequently they cannot develop a deeper 

understanding of the science and technology processes that can only be achieved through laboratory 

activities. The learners are thus deprived of opportunities to use scientific equipment to develop basic 
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manipulative skills and practice investigative or inquiry activities, and develop problem solving 

attitudes needed for future work in science. The findings are in agreement with Ajileye (2006) who 

noted that insufficient resources for the teaching and learning of science constitute a major cause of 

student underachievement. Usmani (2011) on the other hand believes that students with a lot of 

practical experience are much more likely to perform well than those with limited practical skills. 

The findings of the study also reveal the minimal available resources such as laboratories; 

apparatus and consumables are not being fully utilized or are not utilized at all in science instruction 

for the benefit of learners. While availability of resources matters, it is clear that utilization of the 

resources available is more important than the quantity of resources. The findings are consistent with 

those of Obioha (2006) and Ogunleye (2002) who reported an inadequacy of resources for teaching 

Science subjects in secondary schools in Nigeria. They further note that the available ones are not 

usually in good condition hence underutilized. 

 

 

Conclusion 
The results of the study have revealed that most resources required for science instruction are not 

available. There are no adequate resources and instructional materials for the teaching of science in 

Buhera district secondary schools. Most secondary schools in Buhera district as revealed by the study 

have no resources for the study of science. The few available one‘s are inadequate and are 

underutilized for science instruction in these schools. The students in these schools are thus taught 

science theoretical lessons of without experiments or practicals in the laboratory. 

 

 

Recommendations 
Based on the findings it is recommended that government in-services all science teachers to equip them 

with skills in improvisation, resourcefulness in utilization of available materials in science teaching. 

The government should also ensure that all schools are well resourced and equipped with standard 

science laboratories and other material resources. It is further recommended that teacher education 

training programs should incorporate course where students are taught construction and improvisation 

of science instructional materials. 
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Abstract 

 

Wireless Communication is boon to our generation. It depends on the factors like 

system capacity, data rate and coverage. To improve the wireless application significantly 

the enhancement in those factors are required. The project uses the Butler matrix beam 

forming network for Multi Beam Antenna for design. The structure is implemented using 

substrate integrated waveguide (SIW) technology. SIW is a transition between microstrip 

and dielectric-filled waveguide (DFW). Dielectric filled waveguide is converted to 

substrate integrated waveguide (SIW) by the help of side walls of the waveguide. SIW 

cruciform couplers are used as fundamental building blocks for their wide range of 

coupling factors. The Antenna is optimised for the ku-band at 12 to 14 GHZ,. The Antenna 

thus implemented is compact size and has low loss, lightweight, high density integration 

with other microwave and millimeter wave planner integrated circuits. HFSS software is 

used for simulation of Antenna radiation pattern. The ability to get a main beam from an 

Antenna array in to one of eight possible directions, the eight radiating elements Array 

Antenna enables us to study the impact of the beam pointing angles over wide band 

frequency. 
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Keywords: Beam forming network (BFN), Butler matrix, Couplers, Phase shifter, 

Substrate Integrated waveguide (SIW), Multiple beam forming network (M-

BFN) 

 

I.  Introduction 
A. Multibeam Antenna 

Recently, Multiband Antennas (MBA) [1] have a key element in Mobile Communication systems 

where increased channel capacity, improved transmission quality with minimum interference and 

multipath phenomena are strict design constraints. One way to implement a MBA is to use an Antenna 

collection fed by a multiple beam forming network (beam former) (M-BFN). Such Antennas are 

widely used in Wireless applications and Satellite Communication systems. 

A waveguide-based structure has been used for a narrow-band Butler matrix. Although a 

compact area layout was proposed, the use of classical waveguides gives rise to a bulky structure. 

Good performances have also been obtained using a multilayered design with suspended strip line 

technology. However, the circuit suffers from a linear phase variation with frequency besides its 

fabrication complexity. Butler matrix [2] is proposed in SIW technology offering wideband 

performances for both transmission magnitudes and phases with good isolation and input reflection 

characteristics. The use of SIW technology combines the advantages of classical rectangular 

waveguides while being compatible with standard low-cost printed circuit board technology. A 

Knowledge about Integrated waveguides, Couplers, Phase shifters and various design Parameters for 3-

db couplers, microstrip technology and simulation software like CST, ADS, HFSS is a basic 

requirement for working with SIW. 

 

B. Substrate Integrated Waveguide (SIW) 

In high frequency applications, microstrip devices are not efficient, and because wavelength at high 

frequencies are small, microstrip device manufacturing requires very tight tolerances. At high 

frequencies waveguide devices are preferred; however their manufacturing process is difficult. 

Therefore a new concept emerged: substrate integrated waveguide (SIW). SIW is a transition between 

microstrip and dielectric-filled waveguide (DFW). Dielectric filled waveguide is converted to substrate 

integrated waveguide (SIW) by the help of the side walls in the waveguide. The Butler matrix has 

received particular attention in literature as it is theoretically lossless and employs the minimum 

number of components. Another method for single-layer realizations is to employ extra 0 dB couplers 

by means of back-to-back pairs of 3 dB couplers to produce the crossover transfer function. This leads 

to increased number of components with increased losses especially for larger matrices. In a planar 

design with wideband performances is reported. However, the complete structure is rather adapted to 

microstrip technology as it requires wire bonding. 

The Antenna has active elements and each output of the butler matrix feed one element. 

Consequently, the butler matrix must comprise eight outputs. The butler matrix be made up of eight 

inputs, it is ideal to implement hybrid in the structure. The function of the butler matrix could have 

been achieved by 3-dB couplers and phase shifters. Hence, eight inputs give the ability to attain eight 

different beams pointing at eight directions. The Antenna is optimised for the ku-band [1] at 12 to 14 

GHZ, which belongs to the Wireless, Mobile Communication band. 

 

C. Directional Couplers 

Directional couplers are passive devices used in the field of radio & telecommunication. They couple a 

defined amount of the electromagnetic power in a transmission line to a port enabling the signal to be 

used in another circuit. An essential feature of directional coupler is that they only transfer power 

flowing in one direction. Power entering the output port is coupled to the isolated port but not to the 

forward port. 
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Directional couplers are most frequently constructed from two coupled transmission lines set 

close enough together such that energy passing through one is coupled to the other. However, lumped 

component devices are also possible at lower frequencies. Also at microwave frequencies, particularly 

the higher bands, waveguide designs can be used. Many of these waveguide couplers [4] correspond to 

one of the conducting transmission line designs, but there are also types that are unique to waveguide. 

 
Figure 1: Directional coupler 

 

 
 

 

II.  Design of Matrices 

In this design of matrices, the two sets of row and column structures of array matrices, are organized at 

intersect position or end node by a directional coupler. The Fig.1.shows the layout of a 4x4 matrix is 

using 3-dB coupler and 90
o
 phase shifter hybrid coupler. The SIW [2] directional coupler is design and 

utilized to single SIWs with a common conductor wall to coupling between single SIW which is 

working with H-plane modes. The SIW is made of substrate with a permittivity of r =2.33 and width 

0.5 mm (Rogers RT/Duroid 5870) is used. 

 

 

III.  Parameter Specfication for SIW Coupler 
The parameter such as Idis=16.366 mm, Hdis=15.604 mm, dy1=0.781 mm, dia=0.762 mm. where dy1 

is distance between the two integrated posts and dia is the diameter of the integrated posts. The 

specification of the SIW coupler dimensions are given in the table I. 

 
Table I: Parameters of SIW Couplers 

 
dx1 0.781 mm 

dy1 0.781 mm 

Dis 1.32 mm 

Dia 0.762 mm 

d1 0.8 mm 

d2 0.4 mm 

Idis 16.366 mm 

Hdis 15.604 mm 
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Figure 2: SIW 3-dB Coupler 

 

 
 

We studied the parameters and equivalent rectangular waveguide model design the coupler. As 

shown in Fig.2. Port 1 is the input port, port 2 is the coupling port, port 3 is the direct port, port 4 is the 

isolated port. Hdis is the corresponding rectangular waveguide model width, assigned over the desired 

frequency range. The posts are included in the crossing area to get desired coupling. The coupling 

variation is a function the diameter and the position along the axis of the SIW waveguide. 

The simulation results for SIW waveguide couplers are as below. Since the coupling range 

between S11 and S41 is important in -3dB couplers application, simulated results are shown in Fig3. 

The -3dB coupler has magnitude of S21 with a solution frequency at 13 GHZ.The S-parameter of 

S21and S31 value is -12.041dB and -14.498dB from 11.4 to 14 GHZ and isolation below -17dB over the 

same bandwidth. 

 
Figure 3: Simulation results for the -3dB coupler S21 and S31. 
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Figure 4: Simulation isolation for the -3dB coupler S21, S31, S41. 

 

 
 

 

IV.  Conclusion 

A Novel matrix based on SIW technology has been designed in our paper. The matrix is optimized 

using the HFSS software to operate from KU band frequency of 12 to 14 GHZ. The proposed SIW 

technology design has the advantage of minimum cost, high integration density and easy fabrication. 

The Experimental and simulation results have been measured. The proposed directionals are totally 

arranged by single substrate and hence achieving the compact size. It has immense potential for 

designing microwave and wave planar circuits. 
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Resume 

 
A partir de 300 g de chocolat noir commercial à 86% de cacao de la marque Côte 

d‘or, nous avons obtenu un concentré de polyphénols (Cp) de masse 1,37 g soit un 

rendement de 0,45 %. L‘analyse de Cp au moyen de CLHP (phase inverse) en mode 

analytique, suivi d‘une co-injection avec quelques références nous a permis d‘identifier des 

composés phénoliques naturels telles que la (-)-épicatéchine, la (+)-catéchine, les 

procyanidines B2 et B5. Un composé non natif à savoir la (-)-catéchine a été également 

identifié. 

 

 

Mots clés: Chocolat noir, côte d‘or; polyphénols; (-)-épicatéchine; (+)-catéchine; (-)-

catéchine; procyanidines B2 et B5 

 

1.  Introduction 
Les meilleures qualités gustatives du chocolat noir impose une torréfaction en outre, les conditions de 

température (à chaud) et de pH (très élevé) peuvent êtres responsables de formation de complexes 

racémiques favorisant ainsi l‘épimérisation des carbones C2 des différents flavanols. Par compte, 

certains polyphénols y résistent [1]. Il est connu que certains polyphénols tels que la (-)-épicatéchine, 

la (+)-catéchine et les procyanidines B2 et B5 ont des effets biologiques bien connus. En effet, ils sont 
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doués d‘activités antioxydante, baissent la pression artérielle sanguine et entraîne un effet anti-

agrégation des plaquettes[3, 4], entraînent des effet bénéfiques sur le système cardiovasculaire[5]. Tout 

ce potentiel biologique doit nous interpeller quant à la nécessité de situer les parts des polyphénols 

naturels ainsi que celle des non naturels issus de la fabrication du Chocolat noir. Le but de cette 

investigation est d‘acquérir une meilleure connaissance du contenu polyphénolique dû à d‘éventuelle 

modification dans le chocolat commercial suite aux différents procédés de l‘industrie du chocolat à 

savoir la fermentation, le séchage, la torréfaction et l‘alcalinisation. Pour atteindre cet objectif, nous 

avons extrait de façon spécifique les polyphénols et par la suite les avons identifiés au moyen de 

CLHP. 

 

 

2.  Materiel et Methodes 
2.2. Méthode D’extraction des Polyphénols Totaux 

Notre étude a été réalisée à partir de 300 g de chocolat noir à 86% de cacao (marque Côte d‘or) dissout 

dans 300 ml d‘eau portée à 90 °C. Après refroidissement la solution est délipidée par 3 lavages 

successifs à l‘hexane. L‘extrait hexanique est concentré à l‘aide d‘un évaporateur rotatif puis repris 

avec de l‘eau. La solution aqueuse délipidée est alors lavée par 10 litres d‘acétate d‘éthyle pour en 

extraire les polyphénols. Cette solution organique après évaporation est lyophilisée. Le lyophylisat est 

à nouveau mis en solution dans 100 ml d‘eau portée à 90°C pour en obtenir la dissolution. Après 

refroidissement, la solution aqueuse est lavée par 4 litres de chlorure de méthylène [6] pour en extraire 

la cafeïne et la théobromine. La solution aqueuse résiduelle est alors lyophilisée pour fournir un 

concentré de polyphénols (Cp). 

 

2.3. Méthode D’identification des Polyphénols 

Pour identifier les différents composés polyphénoliques présents dans Cp, nous avons utilisé deux 

supports différents en CLHP. Le premier utilise une colonne C18 en phase inverse et le second utilise 

une colonne chirale à base de β-cyclodextrine dans le but de déceler la présence d‘éventuels 

énantiomères 

 

2.2.1. La CLHP C18 

 
Tableau 1: Conditions de la CLHP phase inverse C18 appliquée à Cp. 

 
CLHP analytique C18: coinjection de la catéchine, l‘épicatéchine, les dimères B2 et B5 

Echantillon: Cp = 6 mg/mL filtré sur filtre 0,45 µm. 

 
Tableau 2: Conditions de gradient de la CLHP phase inverse C18 appliquée Cp 

 
Temps en minutes Solvant A: H2O % Solvant B: MeOH % 

0 85 15 

60 0 100 

 

2.2.2. La CLHP Chirale 

La colonne chirale est précédée d‘une précolonne C18, la pression de la colonne ne doit jamais 

dépasser 2500 psi et il faut: 

 rincer la colonne avec du H2O à 0,6 mL /min pendant 30 minutes; 

 rincer la colonne avec de EtOH à 0, 8 mL/min pendant 30 minutes; 

 équilibrer la colonne avec le solvant de départ pendant 25 minutes. 
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Tableau 3: Conditions de la CLHP phase chirale appliquée à Cp 

 
CLHP sur colonne chirale (β- cyclodextrine) puis par co-injection avec la (-)-épicatéchine, la (+)-épicatéchine, la (+)-

catéchine et la (-)-catéchine. 

Echantillon: Cp = 6 mg/mL filtré sur filtre 0,45µm, 5µL injecté 

Temps en minutes Solvant A: H2O % Solvant B: MeOH % 

0 85 15 

40 0 100 

Enantiomères identifiés: la (-)- épicatéchine, la (+)-catéchine et la (-)-catéchine 

 

 

2.  Resultats et Discussion 
2.2. Extraction Spécifique de Polyphénols 

L‘extraction spécifique au moyen de solvants de polarité différentes a fourni un concentré de 

polyphénols (Cp) 1, 37 g soit 0, 45 % de rendement. 

 

2.3. Analyse CLHP Phase Inverse C18 

Le Cp obtenu précédemment a été analysé en CLHP (Figure 1). La (-)-épicatéchine, la (+)-catéchine et 

les procyanidines B2 et B5 ont été identifiés dans ce diagramme par co-injection des produits de 

références. 

 
Figure 1: Chromatogramme CLHP de l‘extrait brut de chocolat enrichi en polyphénols. 

 

 
 

2.4. Analyse CLHP Sur Phase Chirale 

L‘analyse CLHP de Cp sur phase chirale (β-cyclodextrine) nous permet de confirmer la présence de la 

(-)-épicatéchine mais aussi celle de la (-)-catéchine, bien qu‘en plus faible quantité. L‘identification des 

produits a été obtenue par co-injection avec les quatre molécules de références que sont: la (-)-

épicatéchine, la (+)-épicatéchine, la (+)-catéchine et la (-)-catéchine (Figure 2). 

 

 

 

 

 
 



Extraction et Identification de Quelques Polyphénols du Chocolat Noir Commercial (Cote d‘or). 121 

Figure 2: Chromatogramme CLHP sur phase chirale de Cp 

 

 
 

Cette investigation nous a permis de mettre en évidence la présence dans le chocolat noir 

commercial (86 % de cacao) des composés phénoliques naturels suivants: la (-)-épicatéchine, la (+)-

catéchine et les procyanidines B2 et B5 tous ces composés ont été déjà isolés des fèves de cacao [7]. La 

présence de (-)-catéchine issue de l‘épimérisation de la (-)-épicatéchine naturelle lors des procédés de 

fabrication du chocolat (alcalinisation) est également observée. Il est à noter que pendant 

l‘alcalinisation, le pH très alcalin autour de 11 favorise l‘ouverture du cycle C en 2 puis une 

recyclisation qui peut avoir lieu soit sur la face re, soit sur la face si du même carbone C2 conduisant 

ainsi à la formation soit du produit natif de départ, soit de son épimère en C2 qui est ici (-)-catéchine. 

 

 

3.  Conclusion 
Dans l‘optique d‘acquérir une meilleure connaissance du contenu polyphénolique du chocolat noir dû à 

d‘éventuelle modification (différents procédés de l‘industrie) dans le chocolat commercial, nous avons 

extrait de façon spécifique les polyphénols et par la suite les avons identifiés au moyen de CLHP. 

Ainsi, à partir de 300 g de chocolat noir commercial à 86% de cacao de la marque Côte d‘or, nous 

avons obtenu un concentré de polyphénols (Cp) de masse 1,37 g soit un rendement de 0,45 %. 

L‘analyse de Cp au moyen de CLHP (phase inverse) en mode analytique, suivi d‘une co-injection avec 

quelques références nous a permis d‘identifier la présence des composés phénoliques naturels telles 

que la (-)-épicatéchine, la (+)-catéchine et les procyanidines B2 et B5.Outre ces composés naturels 

observés, un composé non natif à savoir la (-)-catéchine a été identifié. 
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Abstract 

 

Objective: The present study is aimed at determining the effect of supplementing 

the diet of post menopausal women with soy isoflavones on blood pressure, hormonal level 

and in providing relief from symptoms. 

Method: This research was conducted in Imam Khomeini Hospital, Ahvaz, Iran. In 

this double blind experimental-controlled study,61 postmenopausal women were randomly 

assigned either to experimental(soy isoflvone, n=30) or control(placebo, n=31)group. The 

experimental group subjects were given a supplementation of 33 grams of soy in the form 

of biscuits which contained approximately 54 mg isoflavones for a period of eight weeks. 

Results: Soy isoflavones supplementation made a significant difference in the 

severity and intensity of symptoms as determined by Kuppermann index. On 

supplementation with soy the intensity of symptoms among the subjects decreased 

significantly and the mean total score from 26.8 per cent at pre phase decreased to 9.38 per 

cent at post phase (<0.001). In the present study the level of FSH and LH of experimental 

group decreased after intervention with soy. This reduction in FSH and LH was highly 

significant as tested by Repeated Measure ANOVA Test (p<0.001). A trend of reduction 

though not significant, was recorded in systolic and diastolic blood pressure after 

intervention with soy in the experimental group, indicating the beneficial effect of soy 

isoflavones on regulating the blood pressure. 

Conclusion: This study suggests that soy supplementation could be recommended 

as an alternative therapy to Hormone Replacement Therapy (HRT) for control 

postmenopausal symptoms. 

 
 



Effect of Soy Isoflavones Supplementation on Blood Pressure, Hormones and  

Postmenopausal Symptoms 124 

 

Keywords: Soy isoflavones, supplementation, symptoms, menopausal women 

 

Introduction 
With improved healthcare and better life styles, people are living longer all around the world. In 2006 

life expectancy figures in Iran rose to 73 years among men and 74 years among women due to the 

improvement of the national health care organization [1, 2].Increased life expectancy would lead to a 

considerable number of menopausal women. Menopause is a natural process which relieves the burden 

of child bearing in older life, but in many women this transition is also accompanied by severe 

symptoms such as hot flashes, insomnia, mood changes, anxiety, depression, muscle and bone aches 

and vaginal atrophy [3-5]. Hence menopause related health problems and menopausal symptoms affect 

the quality of life of women [6, 7], therefore; training women to cope with problems associated with 

menopause would be beneficial. 

Hormone replacement therapy (HRT) is used to treat symptoms of menopause. It reduces or 

stops the short-term changes due to menopause such as hot flashes, disturbed sleep, and vaginal 

dryness. HRT may relieve some of these symptoms but it has side effects like fluid retention in the 

body, weight gain and increase the risk of chronic diseases like heart disease, stroke, cancer and gall 

bladder [8, 9]. 

Results from a number of clinical and cross-over trials have suggested that soy supplementation 

in different forms are beneficial for improving some menopausal symptoms but not others (10-18). A 

study by Albertazzi showed that soy protein was significantly superior to the other proteins and 

reduced the number of hot flashes [19].Several dietary interventional studies on women showed the 

effect of soy in controlling or reducing the postmenopausal symptoms [20]. Reduction in severity of 

hot flashes with consumption of isolated soy also was documented by Persky [21]. Therefore, the 

present study was conducted to determine the effect of soy isoflavones in providing relief from 

symptoms in postmenopausal women. The specific objectives of the study were to determine the effect 

of supplementing the diet of post-menopausal women with soy isoflavones on blood pressure and the 

hormonal levels such as estradiol, follicular stimulating hormone (FSH) and luteinizing hormone (LH). 

 

 

Material and Method 
This research was conducted in Imam Khomeini Hospital, Ahvaz, Iran. Target group for the study 

comprised of the postmenopausal women, at least one to three year after cessation of the menstrual 

cycle. After initial screening a total of 70 women were enrolled for the study. They were randomly 

assigned to either the control or the experimental group. The study was completed with 61 subjects, 30 

in experimental group and 31 in control group. The study was carried out in three phases. 

Phase I- Pre intervention: In this phase, a baseline survey was conducted. 

A pre-tested questionnaire cum interview schedule was used to collect baseline data on socio 

demographic profile, physical activity level, anthropometric profile, fertility status, nutritional profile, 

blood pressure, hormonal status and post-menopausal symptoms profile. 

The various tools and techniques used for gathering the necessary data and for conducting the 

intervention included: consent form, questionnaire cum interview schedule to collect data on general 

profile, physical activity pattern, and fertility status. Anthropometric measurements were made for 

height, weight, waist circumference and hip circumference. Nutritional profile was assessed by 24 hr 

dietary Recall, and Food frequency check list. Food intake of the subjects of both experimental and 

control group was recorded for one day. The amount of cooked food was converted to raw ingredients 

and mean daily intake of macro and micro nutrients were computed (Table 1). The intake of nutrients 

was compared with their RDA and in order to assess adequacy of the nutrient intake, Nutrient 

Adequacy Ratio (NAR) has been computed for each nutrient for each individual subjects.Clinical 

parameters assessed were blood pressure measurements, and postmenopausal symptoms. Biochemical 

assessment of hormones was done for FSH, LH and Estradiol. 
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Table 1: Primary Characteristics of Experimental and Control group subjects 

 

Variable 
Experimental group 

N=30 

Control group 

N=31 

Age/year (Mean±SD) 50.93±2.2 50.32±1.5 

(Range) (47-55) (48-54) 

Menopausal age/year 49.5±1.8 49.3±1.3 

(Mean±SD)   

(Range) (46-53) (47-51) 

Menarche Age/ year 12.9±1.0 12.48±0.92 

(Mean±SD) (11-16) (11-15) 

(Range)   

No. of Pregnancies 4.7±2.05 3.80±1.30 

(Mean±SD) 4.16±1.83 3.48±1.06 

No. of deliveries 4.03±1.65 3.48±1.09 

No. of children. (Mean±SD   

Educational level:   

Graduate 10.1 9.7 

High School 33.3 35.5 

Middle School 40.0 45.2 

Primary 10.0 6.5 

Illiterate 6.7 3.2 

Occupational Status:   

House wife 73.3 71.0 

Working before 20 22.5 

Working at present  6.7 6.4 

Activity Level:    

Very Light  3.3 - 

Light  70.0 80.6 

Moderate  26.7 16.1 

Heavy  - 3.2 

 

To make a proper and standardized recipe from soy, from various varieties of soy textured 

protein, randomly three brands were chosen, and brought to the research experimental laboratory of the 

Paramedical College of Ahvaz Jondi Shapour University of Medical Sciences. Analysis of soy textured 

protein was done by HPLC to assess the amount of isoflavone present in it. Reading was taken in 

duplicate and the mean calculated. After the analysis of soy protein and measuring of the amount of 

isoflavone in it like diadzein, glycetein and genistein. It was decided to choose Sobhan brand for 

supplementation, since the Sobhan brand had the highest level (165 mg/100g) of isoflavone. 

Approximately 33gram of textured soy protein would provide 53 to54 mg of isoflavenes. After 

selection of soy and evaluation of isoflavone, it was decided to make biscuits from powdered soy 

protein. A trial was performed and the biscuits of soy were prepared. Their taste was good and it was 

thought that this form would be better accepted. Each biscuit contained 16.5 gm soy and the 

isoflavones amount in each biscuit was approximately 27mg. Hence consumption of two biscuits per 

day would provide 54 mg of isoflavones. 14-15 soy biscuits were packed in paper carton for 

approximately one week consumption and given to the subjects in the experimental group. For control 

group same biscuits were prepared, without soy flour. 

The Kupperman Index is a numerical conversion index and covers 11 menopausal symptoms 

[22]. 

These symptoms included hot flashes, paresthesia, insomnia, depression, mood swing, vertigo, 

fatigue, arthralgia or myalgia, headache, palpitation and formication. Based on the pretesting, a minor 

modification was made in the list of symptoms evaluated. Night sweat was included as a symptom 

while formication was combined with paresthesia since most respondents perceived them as similar. 

The symptoms evaluated by the Kupperman Index were based on the reported prevalence by the 

subjects. 
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Each symptom on the Kuppermann Index was rated on a scale from 0 to 3 for no, slight, 

moderate or severe complaints. To calculate the kuppermann index, the symptoms were weighted as 

follows: Hot flashes (x4), paresthesia (×2), insomnia (×2) depression (×2), and all other symptoms 

(×1).The highest potential score is thus 51 and lowest is 0. The score of hot flashes was based on 

number of complaints per day- slight (more than 5), moderate (5- 10), and severe (more than 10) as 

defined by Kyung [23]. 

Phase II - Intervention: The experimental group subjects were given a supplementation of 33 

grams of soy in the form of biscuits which contained approximately 54 mg isoflavones for a period of 

eight weeks. The control group subjects were given similar amount of biscuits without soy. Subjects 

were told to consume 2 biscuits every day. Since the biscuits were enough for one week, the subjects 

were called weekly to the clinic to replenish the supply. During this weekly visit, a checklist included 

question regarding the presence of symptoms, adherence to dietary advice and consumption of biscuits 

etc. was filled. 

Total duration for the supplementation of soy isoflavones in the form of biscuits was 8 week. 

At the beginning of the study both the groups had 35 subjects each. During this phase 9 subjects 

dropped out from the intervention, 5 from experimental and 4 subject of control group. From the 5 of 

experimental group, three subjects left town, one had complaint of stomachache and one reported 

elevated blood pressure and 4 subject of control group never come back to the clinic. The study was 

continued with 61 subjects 

Phase III - Post Intervention: At the end of the 8 weeks of intervention, data were gathered on 

clinical profile, anthropometric measurements and hormone level by employing the same technique 

from both the experimental and control group. These data were collected to assess the efficacy of the 

soy isoflavone supplement in the form of biscuits on blood pressure, anthropometric measurements, 

post menopausal symptoms (climacteric kuppermann index) and hormonal level of the subjects. Pre 

and post intervention data were thereafter compared in both experimental and control group to find 

whether the supplementation with soy isoflavone had been effective on these parameters. 

The data thus obtained were analyzed quantitatively and qualitatively. After preliminary review 

of the response of various questions, code design was prepared and the responses related to each 

individual subject were transferred to the coding sheet for an easy analysis. After entering each of the 

individual codes were rechecked to ensure accurate entry of the data. The information regarding the 

food intake gathered by the 24 hour dietary recall and food frequency questionnaire was translated into 

the amount of raw ingredients using the data obtained from standardization of food preparations. Thus 

the food consumption data for individual subject were entered on a coding sheet, in terms of raw 

weight against the individual foodstuffs identified by the same code as given in food composition table 

for use in USA 2000 and these were then analyzed to assess the average intake of various nutrients via 

energy, protein, carbohydrate fat, fiber vitamins and minerals were computed by using the 

computerized nutrient intake evolution program. The data gathered on clinical parameters were also 

reviewed and analyzed statistically by using paired t- test for the values obtained in the pre and post 

intervention phase to find whether the change was significant or not. Other tests applied include co 

relation, co efficient, analysis of variance and other descriptive statistics. 

The present research was granted ethical clearance by the Vice Chancellor for Research Affairs 

of Jondishapour University of Medical Science. All subjects were briefed about the objective of the 

study and a written consent was obtained. They were free to withdraw from the study at any time 

during the study period. 

 

 

Results 
Data revealed that the mean age of the respondents was 50.93 ± 2.21years in the experimental and 

50.32 ± 1.53 years in the control group. Fifty per cent of the subjects in the experimental group and 

61.2 per cent subjects in the control group reported the onset of menopause at the age between 48-
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50years. Majority of the subjects in both experimental and control groups had three to five pregnancies 

and deliveries (Table1). No subject in the experimental or the control group was in the underweight 

category. In the experimental group, all the subjects were either overweight or in grade I & II of 

obesity at pre phase and majority of the subjects in the control group was in grade I of obesity. The 

mean BMI of the experimental group and the control group did not change after intervention. Forty per 

cent of the subjects in the experimental group and 25.8 per cent in control group had waist 

circumference more than 88cm at pre phase, indicating increased risk of degenerative diseases. 

Data regarding nutrient intake revealed that the mean daily energy intake of the experimental 

group was 2072±268 Kcal and the control group was 2045±130 Kcal. There was no significant 

difference in energy consumption of both groups and the energy and protein intake was adequate in 

both groups. The mean intake of fat and carbohydrate in both groups was found to be higher than 

dietary recommendation. The mean intake of thiamine, riboflavin, folic acid, vitamin C, calcium, zinc 

and fibre in both experimental and control group subjects was inadequate (Table 2). 

 
Table 2: Mean Nutrient Intake of the Subjects 

 

Nutrient RDA 
Experimental group (n=30) Control group (n = 31) 

Mean±SD Range Mean±SD Range 

Energy (Kcal)  1978 2072±268 1618-2848 2048±130 1773-2267 

Protein (g)  46 67.9±20.6 42-154 65.1±9.7 45-84 

Carbohydrates (g)   259±37 165-345 259±27 199-311 

Fat* (g)   84.8±25 7-147 82.8±12 58-118 

Calcium (mg)  1200 931±667 187-3770 841±285 204-1298 

Iron (mg)  8 13.4±5.7 8-35 11.25±2.51 6-16 

Thiamin (mg)  1.1 0.89±0.2 0.6-1.8 .85±0.1 0.6-1.0 

Riboflavin (mg)  1.1 0.87±0.7 .015-4.2 0.79±0.2 0.35-1.2 

Niacin (mg)  14 14±3 8-21 14±2 8-19 

Vitamin C (mg)  75 81±53 12-179 65±43 12-157 

Vitamin A (μg )  700 957±678 109-2496 791±381 211-1739 

Zinc. (mg)  8 3.0±1.8 0.39-10 2.8±1.1 0.2-5.6 

Folate (μg)  400 84±50 25-254 78±33 34-167 

Fiber (g)  21 4.9±1 2-9 4.7±1 2-8 

*Recommended fat intake is 20-25 per cent of total energy i.e. 44-55 g per day with a mean intake of 49.5g. 

 

Increased blood pressure, both the systolic and diastolic was recorded at pre intervention phase. 

The experimental group had a mean systolic blood pressure of 125.7 ± 10.36 mmHg at pre intervention 

phase, whereas mean systolic blood pressure at post intervention decreased to 122.6 ± 6.26 mmHg, 

thus indicating 2.99 percent reduction. As with the control group subjects, the mean systolic blood 

pressure at pre phase was 121.48±7.09 mmHg and 122.26 ± 6.68 mmHg at post phase, registering no 

change. Mean diastolic blood pressure of the experimental group, during pre-intervention phase was 

81.77 ± 5.41 mmHg and at post intervention mean diastolic blood pressure was reported to be 80.17 ± 

4.25 mmHg. In the control group, mean diastolic blood pressure was 79.00 ± 4.83mmHg at pre phase, 

which increased to 80.48 ± 4.53 mmHg at post phase. In the present study, a 1.95 percent decrease in 

diastolic blood pressure of experimental group was recorded after intervention with soy for 8 weeks, 

whereas 1.8 percent increase in diastolic blood pressure was observed in the control group (Table 3).In 

the present study, a trend of reduction, though not significant, was observed in the experimental group 

in systolic and diastolic blood pressure after intervention with soy, indicating the beneficial effect of 

soy isoflavones on regulating the blood pressure. 
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Table 3: Mean Systolic and Diastolic Blood Pressure of the subjects 

 

BP Period 

Experimental n = 30 Control n = 31 

Mean ± SD (Range) 
% 

change 

paired t 

test 
Mean ± SD (Range) 

% 

change 

Paired t 

test 

Systolic 

(mmHg) 

Pre 125.77±10.36 (110-160) 
-2.99 

0.158 

(NS) 

121.48±7.09 (110-140) 
+ 0.59 

0.660 

(NS) Post 122.60 – 6.26 (110-140) 122.26±6.68 (110-140) 

Diastolic 

(mmHg) 

Pre 81.77±5.41 (70-90) 
-1.95 

0.208 

(NS) 

79.00±4.83 (70-90) 
+1.8 

0.218 

(NS) Post 80.17 ± 4.25 (70-90) 80.48±4.53 (70-90) 

 

Soy isoflavones supplementation made a significant difference in the severity and intensity of 

symptoms as determined by Kuppermann index. Over 63 per cent of subjects in the experimental group 

were experiencing moderate to severe symptoms at pre phase. However, on supplementation with soy, 

the intensity of symptoms among the subjects decreased significantly, and 66 percent came in category 

of slight, 33 per cent in mild and none in moderate or severe groups. The difference between pre and 

post phase in control group was not found to be significant (Table 4). The mean score for hot flashes in 

experimental group at pre phase was 9.46±2.87 and after supplementation with soy for 8 weeks, there 

was a remarkable improvement and the mean score significantly decreased to 2.93±2.76 at post phase 

(P < 0.001). The mean score of the symptoms of insomnia in the experimental group at pre phase was 

3.86±1.27 and it significantly decreased to 1.33±1.21 at post phase as tested by paired T-test (P<.001). 

After consuming soy supplements, there was a significant reduction in the intensity of the symptom of 

depression in experimental group as tested by chi-square (P < 0.001). The mean score of the symptom 

of paresthesia in experimental group at pre phase was 0.93±.1.46 and it significantly decreased to 

0.33±.92 at post phase as tested by paired t test (P < 0.05). In experiment group, the mean score of the 

symptom of night sweating at pre phase was 2.16±.74 which decreased to 0 .70±.65 at post phase (P < 

0.001). In the experimental group, at pre phase the mean score of the symptom of arthralgia was 

1.43±.93 and it significantly decreased to 0.60±.67 at post phase (P< 0.001). In the experimental group, 

at pre phase the mean score of the symptom of headache was 1.00±.74 and it decreased to 0.20±.40 at 

post phase. This decrease was significant (P< 0.001). In the control group, the mean score of the 

symptom of headache significantly decreased from 1.19±.47 at pre phase to 0.70±.46 at post phase. No 

change was noticed in mood swing in both groups. The mean score for the symptom of palpitation in 

experimental group was 1.60±.67 at pre phase and it decreased to 0.20±.40 at post phase, which was 

highly significant (P<0.001).After supplementation with soy, there was a remarkable reduction in the 

intensity of the symptom of fatigue and this change for the better was significant as tested by chi-

square (P < 0.001). Also, after the 8 weeks of soy supplementation, there was a significant decline in 

the intensity of the symptom of vertigo as tested by chi square (p<0.002) (Table 5). 

 
Table 4: Distribution of Subjects according to Kuppermann index score 

 

Score/grade 

Experimental group n = 30 Control group n = 31 

Pre Post Pre Post     

n % n % n % n % 

Very mild <13  1 3.3 21 70 5 16.1 4 12.9 

Mild 13-25  13 43.3 9 30 19 61.3 22 71.0 

Moderate 26-38  14 46.7 - - 7 22.6 5 16.1 

Severe 39-51  2 6.7 - - - - - - 

*(P<0.001) **(NS) 

*Difference between pre and post phase in experimental group was significant as tested by χ
2
 (p < 0.001). 

**Difference between pre and post phase in control group was nonsignificant as tested by χ
2
 (NS). 
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Table 5: Mean Hormonal level of the subjects 

 

Hormone 
Interven

tion 

Experimental 

n = 30 

% 

Change 
t p* 

Control n = 

31 
% Change t p

* 

FSH mIU/ml 
pre 76.93±19.37 

-19.09 6.0.26 0.001 
78.99±23.42 

-12.6 5.173 0.001 
post 62.24±18.14 68.45±19.22 

LH mIU/ml 
pre 38.58±14.65 

-5.57 2.954 0.006 
45.70±16.48 

+2.21 -1.895 NS 
post 36.43±12.05 46.71±15.71 

Etradiol pg/ml 
pre 9.51±4.49 

+39.8 -18.76 0.001 
9.03±3.90 

+10.18 2.490 0.139 
post 14.3±5.86 9.95±3.71 

* P value is significant at 0.05 according to Repeated Measure ANOVA 

 

In the present study, the level of FSH and LH of experimental group decreased after 

intervention with soy. Mean FSH and LH level at pre intervention were76.93±19.37 mIU/ml and 

38.58±14.65 mIU/ml, respectively, which decreased to 62.24+18.14 mIU/ml and 36.43±12.05 mIU/ml 

at post intervention phase, indicating19.9 per cent and5.57 per cent reduction. This reduction in FSH 

and LH showed to be highly significant as tested by Repeated Measure ANOVA Test (p<0.001). 

Whereas the mean level of LH of control group subjects increased by 2.21 per cent after intervention, 

which is not desirable. In this study, the level of estradiol of experimental group increased after 

intervention with soy. Mean estradiol level was 9.1±4.49 pg./ml at pre-intervention phase and 

increased to14.3±18.14 pg./ml at post-intervention phase. Therefore, there is a 39.8 per cent increase in 

estradiol level, which is a significant increase as tested by Repeated Measure ANOVA Test (p<0.001) 

(Table 6). 

 

 

Discussion 
Data regarding nutrient intake revealed that the mean daily energy intake of the experimental group 

was 2072±268 Kcal and the control group was 2045±130 Kcal. There was no significant difference in 

energy consumption of both groups and the energy and protein intake was adequate in both groups. 

The mean intake of fat and carbohydrate in both groups was found to be higher than dietary 

recommendation. The mean intake of thiamine, riboflavin and folacin, vitamin C, calcium, zinc and 

fibre in both experimental and control group subjects was inadequate. High intake of fat and 

inadequate intake of fibre in women of the present study correspond with study conducted by Hoseini 

[24].The soy isoflavones supplementation did not have any effect on anthropometric profile of the 

subjects. Results of the present anthropometric profile study correspond with study conducted by Leila 

Azadbakht [25].The subjects both in experimental and control group were given dietary counseling, 

which was mainly directed towards motivating them to eat a well balanced healthy diet based on food 

groups. 

In the present study, a trend of reduction in systolic and diastolic blood pressure was seen in the 

experimental group, though not significant, indicating a beneficial effect of soy isoflavone on 

controlling blood pressure. The beneficial effect of soy on reduction of blood pressure has been 

demonstrated in various studies [26-28].Study conducted by Rivas showed the beneficial effect of soy 

milk on hypertension [29]. On the other hand a randomized controlled trial of the effects of soy protein 

containing isoflavones on vascular function in postmenopausal women conducted by Kreijkamp-

Kaspers and Ho SC investigated whether supplementation with soy protein, a rich source of estrogen-

like isoflavones, improves vascular function and serum lipid. The results of these trials do not support 

the hypothesis that soy protein containing isoflavones have beneficial effects on vascular function, 

serum lipid or blood pressure in older postmenopausal women [26, 30- 31]. 

Soy isoflavones supplementation made a significant difference in the severity and intensity of 

symptoms as determined by Kuppermann index. Almost all the symptoms in the experimental group 

showed reduction in severity and intensity. Findings of the present study correspond with study 

conducted by Kyung [23].The study was double-blind, randomized, placebo-controlled and 
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investigated the efficacy of soy isoflavones on climacteric symptoms in postmenopausal women. 

Results of that study showed that after 10 months, there was a significant reduction in frequency of hot 

flashes among isoflavones users when compared to those on placebo. Kupperman index mean values 

showed a significant reduction in both groups. Soy isoflavones was significantly superior to placebo, in 

reducing hot flash severity. Another study conducted in Spain by Palacido to determine women's 

perception of soy extracts containing a probiotic on climacteric-related symptoms [32]. After 6 months, 

the study showed soy extract improved climacteric symptoms and sexuality. Further, the effect of soy 

supplementation on each symptom of Kuppermann‘s index was assessed. Similar findings have been 

reported by Balk and Lethaby [33-34]. 

In the present study the level of FSH of experimental group decreased after intervention with 

soy. This reduction in FSH was highly significant as tested by Repeated Measure ANOVA Test 

(p<0.001). In control group subjects the mean FSH level at post intervention phase also indicate a 

reduction, although the reduction in control group was also significant as tested by Repeated Measure 

ANOVA Test where as the per cent change was much better in experimental group. Mean level of LH 

of experimental group subjects decreased after intervention with soy. This reduction in LH was highly 

significant as tested by Repeated Measure ANOVA Test (p<0.006).Where as the mean level of LH of 

control group subjects increased after intervention, which is not desirable. The level of estradiol of 

experimental group increased after intervention with soy. This increase in estradiol was highly 

significant as tested by Repeated Measure ANOVA Test (p<0.001). Although in the control group 

subjects an increase in estrdiol was reported but it was not significant as tested by Repeated Measure 

ANOVA Test. Finding of the present study correspond with study conducted by Cassidy, which 

reported a significant decrease in FSH [35], but Nettleton found that consumption of isoflavone-

containing soy protein do not significantly alter reproductive hormone concentrations [36]. 

 

 

Conclusion 
Hence, this study suggests that supplementation of 50 mg soy isoflavones, in the form of 30 to35 g of 

soy daily, for eight weeks has been an effective and acceptable alternative to hormone treatment for 

amelioration of postmenopausal symptoms. 

The study was carried out for a short period of 8 weeks, and trend of beneficial effect of soy 

supplementation on giving relief from post-menopausal symptoms was noticed. Also, there were trends 

seen in the reduction of systolic and diastolic blood pressure as well as improvement in the hormonal 

levels. Thus, if soy intakes continue, it is likely that the beneficial effects would be more pronounced. 
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Abstract 

 

Given the role of water in economic planning and development of countries and 

flood control and flowing water storage and its various usages through building dams, 

Dam-building has always been one of the basic and infrastructural measures of countries 

and is of great importance to achieve economic self-sufficiency. This had led to the 

development of various methods to save water and generate electricity power and the 

emergence of the science of dam and hydroelectric power plants engineering. Sangtudeh 2 

Dam and Hydroelectric Power Plant has been constructed 140 km far from Dushanbe, 

Tajikistan's capital, over the river of Vakhsh which is one of the largest rivers in this 

country. This dam is intended to save water and establish a balance between quality and 

quantity of water for electricity power generation and has other various applications. In 

proximity to population, industrial, and tourism centers, Sangtudeh 2 plays an important 

role in the economic life of the region. All environmental and economic effective factors 

were assessed in the present paper through the field visits to the project area. The impact of 

all sub-activities of Sangtudeh 2 on environmental variables, based on multiplying the 

impact range by the importance of impact, investigated using descriptive method and 

Wooten & Rau Matrix and important and effective factors were rated and described. It was 

predicted that the construction of this dam has a variety of environmental, economic, and 

social impacts on the region. Finally, simple and effective solutions for a correct 

environmental and economic management of the catchment of this dam and hydroelectric 

power plant were proposed. 

 

 

Keywords: Dam-building; Environmental effects; Environmental assessment; 

Characteristics of Sangtudeh 2; Ecosystem 

 

1.  Introduction 
Water is one of the important elements in the life of humans, animals and plants and rivers and natural 

surface streams are the main sources of water in nature. Due to the rapid population growth in the 

world and increasing need of people for this vital substance for agriculture, drinking, industry, and 

electricity generation and also drought and water shortage in many countries, water supply and storage 

is of great concern in most countries and thereby the construction of dams is considered an 

infrastructural plan to the countries. Hence, Tajikistan pays a great and special attention to dam-

building industry and water storage. Tajikistan is a country that nearly 93% of its area is mountainous 

and the volume its water resources is estimated about 60 billion cubic meters, accounting for the half of 

water resources in Central Asia. 
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The river of Vakhsh, with a length of 524 km, is one of the largest rivers of Tajikistan. 

Sangtudeh 2 Dam and Hydroelectric Power Plant have been constructed on this river which, in addition 

to generation of 220 megawatts of electricity, has various applications. This dam is of great importance 

to Tajikistan because of proximity to population, industrial, and tourism centers. 

Due to the pervasive consumption of electricity in various industrial, urban, and agricultural 

sectors of this country and lack of significant oil and gas reserves as the alternative and cheaper sources 

of energy, increasing the production of electricity as a clean and reliable source of energy through 

different strategies is one of the main goals of Tajikistan's government. 

The construction of dam causes various environmental impacts in the catchment of the dam and 

region. These impacts can be generally studied and introduced in categories of positive and negative 

impacts. The positive impacts of building a dam include flood control; generation of electricity as a 

clean and secure energy; water supply and storage for agriculture, industry, drinking, and various 

sports and recreational usages and creating beautiful landscapes; preventing drought and increasing the 

vegetation; and increasing the political and economic power. On the other hand, significant negative 

environmental impacts of dams include changes in the upstream to the reservoir of dam such as 

changes in river morphology and sides because of the increased volume of water and sedimentation 

and changes in water quality and biodiversity; changes in the lake of dam such as the rise in the level 

of groundwater, drainage and salinity of agricultural lands, loss of lands, meadows, hills, and valleys 

overlooking the river and also villages, populated areas, and historical regions as a result of going 

under water and becoming a lake and moving the people and residents; and changes in downstream 

such as changes in the rate of natural fluctuations in discharge, changes in the flow and quality of 

river's water in downstream, and changes in downstream ecosystems and biodiversity. 

Finally, these negative and positive impacts should be balanced with each other and assessed. 

This means that environmental and economic impacts must be evaluated along with other problems in 

the feasibility studies of projects. Nowadays, evaluation of environmental impacts and environmental 

assessment of projects is essential in optimizing the execution of large projects. In fact, environmental 

impacts have been as important as other issues in projects feasibility evaluation and are determinant 

factors for execution or not execution of projects. 

 

 

2.  Definitions of Environmental Impacts and Environmental Assessment 
Series of changes caused as a result of different activities in physical, biological, economic, social, and 

cultural environments are called as "Environmental impacts" and assessment of possible damages to 

the environment, identification of pressures on natural resources, lifestyle and culture of the people, 

and also prediction of techniques to reduce the impacts and proposing management strategies to control 

and monitor the environment is known as "Environmental assessment". 

 

 

3.  Environmental Impacts Assessment 
Environmental impacts assessment is the process of formal study and assessment in order to predict the 

impacts of activities and functions of a project on the environment, human health, and social welfare. 

In fact, it is the identification and assessment of the impacts of projects on physical, cultural, 

biological, economic, and social components of the environment. Environmental impacts assessment, 

as a planning tool, determines the positive and negative effects of a project on the environment. 

Environmental impact assessment, due to accelerating the planning, gives more protection to 

the resources and prevents the outbreak of irreversible effects on the environment and natural 

resources. The present study was conducted based on definitions and criteria of this kind of 

assessment. 
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4.  Environmental Impacts of Dams and their Assessment 
The effect of the environment on the dam's lake and the dam and the mutual effect of this structure and 

lake can be studied and assessed under the title of "Environmental Effects of Dams". These impacts 

appear as positive and negative (harmful) impacts. 

Assessment of environmental factors of dams needs instructions and a general guideline to 

scientifically discuss the environmental issues and their impacts without any pre-judgment. Various 

patterns such as the guideline of the International Committee on Large Dams (ICOLD), UNESCO 

guideline, the United Nations Environment Program, and the World Bank guideline can be used in this 

regard. Different stages of execution and operation must be reviewed and in environmental assessment 

of dams. In the execution phase, excavation, embankment, digging, deviating the discharge, collecting 

and transporting the scrap materials and other activities increase the amount of suspended and 

dissolved solids and other pollutants in the river water. 

In the operation phase, after the completion of construction, operation of dam impounding, and 

creation of the reservoir and the lake, the most important environmental issues include the management 

of reservoir and related issues, regional ecosystem, water release to achieve a balance between 

discharge and water quality, preservation of agricultural lands and the life of aquatic organisms in 

downstream, chemical contaminants and pollutants, and other related environmental impacts. 

In the present study, environmental assessment of Sangtudeh 2 Dam and Hydroelectric Power 

Plant was done considering above-mentioned items and points and based on mentioned patterns as 

follows: 

1. Prediction and assessment of the environmental impacts on physical and chemical 

resources. 

2. Prediction and assessment of the environmental impacts on biological and sanitary 

resources. 

3. Prediction and assessment of the environmental impacts on economic, social, and 

cultural resources. 

 

 

5.  General Information on the Project of Sangtudeh 2 Dam and Hydroelectric 

Power Plant 
5.1. Characteristics of the River over Which the Sangtudeh 2 Dam and Hydroelectric Power 

Plant has been Constructed 

The river of Vakhsh, with a catchment area of 32,150 square kilometers and a length of 524 km inside 

Tajikistan (the whole river has a length of 786 km which begins from Pamir Mountains in Kyrgyzstan 

7105 meters above sea level and continues to the point where it joins the river of Panj near the borders 

of Afghanistan inside Tajikistan, lies at 39˚16'04˝- 71˚22'30˝. 

It is one of the largest rivers of Tajikistan with an annual input of 20,500 million cubic meters 

and an annual average discharge of 631 cubic meters per second. Discharge of the river relies on the 

melting glaciers and snow in the upper elevations and the highest and the lowest discharge of this river 

is seen in July (1618 cubic meters per second) and in February (180 cubic meters per second), 

respectively. 

 
Table 1: Specifications and features of Vakhsh River 

 
Name Vakhsh 

Catchment area 32,150 square kilometers 

The average temperature 16.1°C 

The average annual rainfall 368.6 mm 

The average wind speed 1.6 meters per second 

The average annual discharge 631 cubic meters per second 

Minimum annual average discharge 435 cubic meters per second 
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Table 1: Specifications and features of Vakhsh River - continued 

 
Maximum annual average discharge 1062 cubic meters per second 

Flood peak with a 5-year return period 2695 cubic meters per second 

Flood peak with a 1000-year return period 4022 cubic meters per second 

Flood peak with a 10000-year return period 4500 cubic meters per second 

 

5.2. Location of Sangtudeh 2 Dam and Hydroelectric Power Plant Site 

Sangtudeh 2 Dam and Hydroelectric Power Plant is located in the southwest of Tajikistan in the county 

of "Dangarynsky" in the area of Khatlon and near a village named Gharghantapeh. The site of this dam 

is located 140 km far from southeast of Dushanbe, the capital of Tajikistan. 

In order to reach the site of this dam, you need to move from Dushanbe to Gharghantapeh, the 

center of Khatlon region, then to the east and pass a way 15 km to Sarband city, and finally pass 13 km 

on Sarband-Sangtudeh road. 

 
Figure 1: Geographical position of Sangtudeh 2 Dam 

 

 
 

Figure 2: Sangtudeh 2 Dam and lake 
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5.3. Technical Specifications of Sangtudeh 2 Dam 

Sangtudeh 2 Dam is a hydroelectric dam and the force of the water collected in the reservoir behind the 

dam is used to turn turbines and generate electricity power. This dam has other applications and has the 

following characteristics: 

 
Table 2: Technical specifications of dam's body and its reservoir 

 
Type of Dam Earth dam with central clay core 

Number of dam crest 511 meters above sea level 

Length of dam crest 385 meters 

Width of the dam crest 12 meters 

Dam height from river bed (Maximum height) 31.5 meters 

Total volume of reservoir 66.5 million cubic meters 

Useful volume of reservoir 53.3 million cubic meters 

Maximum water level in the floods 509.7 meters above sea level 

natural numbers of dam exploitation 508.5 meters above sea level 

Minimum field operation of the dam 507.9 meters above sea level 

Minimum TWL (water level in the downstream) 486.1 meters above sea level 

Annual average of evaporation from the lake 1457 mm 

 

 

6.  Environmental Assessment Method of Sangtudeh 2 Dam and Hydroelectric 

Power Plant 
Assessment in this study was done considering the conditions of region and the site of project and 

using the method of matrix. Given the priority of Matrix method which can assess the environmental 

consequences of a project at different time periods considering the type of activity, Wooten and Rau 

Matrix was used in the present study. In this method, the effect of each parameter is obtained from the 

multiplication of the number corresponding the impact range by the number corresponding the 

importance of impact and the sum of multiplications of numbers corresponding the importance of 

impact by the impact range in a three-part chart was the basis of analysis (Table3). 

All sub-activities of a project that have positive and negative impacts can be identified using 

this method and the final score of the environmental impacts of the project is showed after the 

calculation of the sum of the columns of the matrix. 

 
Table 3: Wooten and Rau three-part Matrix; the place to show the numbers corresponding impact amount, 

impact importance, and impact range 

 
Impact range: The number corresponding the impact range 

comes here with sign of - or + showing the degree, extent, 

or rate of changes and are evaluated more based on facts 

and existing conditions. 

Impact amount: 

Is equal to the score of impact range multiplied by the 

score of impact importance 

Due to the difference in range, impact range is defined 

separately in most cases: 

The overall score of the project is equal to the sum of 

positive and negative scores of the last row of table. 

Low= 1 medium= 2 high= 3 Impact amount: Impact range * Impact importance 

Impact importance: Assessment of impact importance 

depends on the appraiser's judgment and taste and impact 

range is scored for all effects commonly and as follows:  

Very low= 1 low= 2 important= 3 very important= 4 very 

very important= 5 
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7.  Assessment of Environmental Impacts of Sangtudeh 2 Dam and Hydroelectric 

Power Plant Project 

According to the criteria listed in section 4 of this paper and studies, surveys, field visits and interviews 

conducted in the project area and given the broadness of issues and factors in the region, only the 

important and influential environmental effects of Sangtudeh 2 Dam and Hydroelectric Power Plant 

were assessed. The results are shown in Table 4, Table 5, and Table 6 and the final score and result of 

environmental assessment of this project is presented in Table 7 

 

7.1. Assessment of Environmental Impacts of Sangtudeh 2 Dam on Physical and Chemical Resources 

 
Table 4: Important physical and chemical impacts in the project area 

 

(a) Electric power generation and flood control 
+3 

+15 
5 

(b) 
Water sources including quantity, balance, and regulation of the ground discharge regime in 

the project area 

+3 
+12 

4 

(c) 
Water sources including the quality of surface discharge in the upstream and downstream of 

the project area 

-2 
-8 

4 

(d) Soil erosion and subsidence 
-2 

-6 
3 

(e) Induced earthquakes and landslides 
-1 

-3 
3 

(f) Deposits, materials, and solid particles in water 
-2 

-8 
4 

(g) Groundwater level changes 
-2 

-6 
3 

(h) Construction of power transmission lines and water diversion channels 
-1 

-2 
2 

(i) Disposal of wastes, sewage, and construction debris 
-1 

-1 
1 

 Sum of the assessment scores -7 

 

(a)- Electric power generation and flood control: 
Dams are structures that are built for storing surface water and the water stored behind dams can 

provide various purposes such as flood control, electricity generation, drinking water, agriculture water, etc. 

Many dams are multi-purpose and are used simultaneously for different purposes. Sangtudeh 2 

Dam and Hydroelectric Power Plant is no exception and have many applications. One of the most 

important goals of this project is to generate electricity using the water stored behind the dam. Having 

two power plant units, Sangtudeh 2 is capable of producing 220 megawatts of electricity (110 MW in 

each unit). Due to the pervasive consumption of electricity in various industrial, urban, and agricultural 

sectors of Tajikistan, increasing the generation of electricity is one of goals of Tajikistan's government 

and the establishment of Sangtudeh 2 has played an important role in this regard. Hence, the impact of 

mentioned positive processes and their impact range were considered "high" with a score of +3 and 

their impact importance was considered "very important" with a score of 5. 

(b) And (c) - Water sources including quality, quantity, balance, regulation of the surface 

discharge regime in the project area: With the construction of a dam and the storage of surface water 

behind it, some changes will occur in the quality, quantity, and surface discharge regime in the region. 

Changes in water quality include sedimentation, thermal stratification in the lake, water turbidity, 

smelly lake water, and changes in water quality in the upstream and downstream of the dam. 

This part is considered among negative environmental process of dams and it is predicted that 

the resultant of impacts on surface water quality within Sangtudeh 2 project is negative and impact 

range of this process is now cautiously considered negative with a quality of medium and a score of -2 
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and impact importance is evaluated with a quality of very important and a score of 4. In terms of 

quantity and balance and surface discharge regime within the project, during the field visit, it was 

observed that the large and permanent river of Vakhsh, with an annual average bring of 20,500 million 

cubic meters and average annual discharge of 631 cubic meters per second, is flowing and considering 

the discharge of this river, the construction of Sangtudeh 2 will have no negative impact on quantity 

and surface discharge balance in downstream and other dams can be built in the downstream of this 

river. For example, Sarband, Perepadnaya, and Central dams were built in the downstream of Vakhsh 

River before the construction of Sangtudeh 2 for power generation and other uses. So, impact range in 

quantity and surface water balance within Sangtudeh 2 project is evaluated with a quality of high and a 

score of +3 impact importance is assessed with a quality of very important and a score of 4. 

(d)- Soil erosion and subsidence:Soil compaction and subsidence in many development 

projects is due to the operation of vehicle in the construction phase. The importance of compaction is 

due to the reduced water penetration to feed the plant roots and also enclosure of water in one place. 

Soil erosion increases during the various stages of excavation and due to the rummage of soil. 

In Sangtudeh 2, like other earth dams, excavation and digging stages have been done in the 

river and the surrounding area. The volume of excavation and embankment were equal to 1396016 and 

585,346 cubic meters, respectively. Considering the volume of soil operation in the project area, 

impact range of this process was evaluated negative with a quality of medium and a score of -2 and its 

impact importance was assessed important with a score of 3. 

(e) Induced earthquakes and landslides: Factors such as tank condition, the rise in water 

level, impoundment duration, geological characteristics and existence of fault or cracks, duration of 

maintaining the water in highest level, discharge of tank in one time, and earthquake risk in the region 

can cause the abnormal internal pressures in the land and the outbreak of induced earthquakes. Given 

the earthquake risk and existence of faults and cracks in the region and also the volume of collected 

water behind the dam which is equal to 66.5 million cubic meters, induced earthquake prediction in the 

project area is acceptable. On the other hand, due to the need to have a suitable height of water behind 

the dam to turn the turbines of plants and generate electricity power, tank volume should always have 

an acceptable utilization capacity and consequently, the water collected behind the dam will not be 

discharged once. 

So, sudden changes in water level of the lake of Sangtudeh 2 Dam is low and the effect of 

induced landslides and earthquakes would be less. Also, no induced earthquake has been reported in 

the project area. Hence, impact range of this factor was evaluated negative with a quality of low and a 

score of -1 and its impact importance was assessed important with a score of 3. 

(f)- Deposits, materials, and solid particles in water: Construction of a dam reduces the flow 

rate of a river when entering the dam's reservoir and due to the trapped surface flows behind the dam 

which contains suspended particles, solid materials, and sediments, according to Stokes law and with 

the deposition of particles, suspended and solid materials in the bed of the dam's lake, sedimentation 

process will occur. Sedimentation in reservoirs of dams is the most important factor threatening the 

large hydro projects and has many negative effects such as reduced the efficiency, water volume, and 

capacity of reservoir behind the dam; reduced amount of water needed for various purposes in the 

downstream of dam; loss of nutrients in downstream; pollution caused by deposition of organic and 

putrescible materials in reservoir; water turbidity; and consequently pollution and long-term changes in 

the ecosystem of region. Sangtudeh 2, with a maximum height of 31.5 meters, is one of the large dams 

according to the classification of International Committee on Dams (ICOD). 

As a result, more water can be collected behind this dam, but accumulation of solid and 

suspended materials in the Vakhsh River, especially in the time of snow and ice melt in mountains and 

higher concentration of sediments decrease the volume of water and reservoir capacity. 

This put the main purpose of the dam to generate electricity at risk in the long term which is a 

negative environmental impact to the dam. There are four other dams in the course of the great river of 

Vakhsh and in the upstream of Sangtudeh 2 Dam named Rogun, Nurek, Baipazi, and Sangtudeh 1 in 

order from upstream to downstream. Rogun Dam is being constructed and three other are operating. 
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Presence of these dams in upstream reduces the volume of solid materials and particles in the water of 

river resulting in a lower volume of sediments accumulated in the reservoir of Sangtudeh 2 Dam. So, 

the resultant impact of the deposition process in this dam predicted negative with caution. Impact range 

of this process was evaluated medium with a score of -2 and impact importance was assessed very 

important with a score of 4. 

(g)- Groundwater level changes: Reservoir and hydroelectric dams, due to having large 

volume of water behind the dam, have the greatest impact on groundwater levels. Construction of dams 

decreases the supply of underground water in downstream. 

However, dams can strengthen and increase the level of groundwater indirectly, through 

watershed measures, or directly in the region influenced by the dam's lake. When the level of 

groundwater is high and close to the ground, the salt of soil is taken to the ground by capillary process 

and making the farms salty. 

Even when the use of groundwater is properly controlled, low quality of groundwater may lead to 

secondary salinity. Land salinity causes low efficiency of salt-sensitive crop and non-productivity of 

lands. This process has both negative and positive effects. Given that Sangtudeh 2 is a hydroelectric dam 

with a maximum reservoir capacity of 66.5 million cubic meters, the resultant of this process was 

predicted negative with caution in this study. Impact range of this process was evaluated negative with a 

quality of medium and a score of -2 and its impact importance was assessed important with a score of 3. 

(h)- Construction of power transmission lines and water diversion channels: Since 

Sangtudeh 2 is a hydroelectric dam which generates electricity using the power of water collected 

behind the dam; it is needed to connect the generated electricity to the national power grid of 

Tajikistan. In Sangtudeh 2, this is done by construction of an electricity power transmission station 

next to the site of dam and in the downstream. 

Activities such as construction of power transmission lines and water diversion channels, either 

during the construction or during the operation of dam and powerhouse, usually cause negative impacts 

due to various physical and chemical contaminants entering the river. Hence, impact range of this 

process was predicted negative with a quality of low and a score of -1 and its impact importance was 

assessed low with a score of 2. 

(i)- Disposal of wastes, sewage, and construction debris: Construction debris, solid wastes, 

and wastes of facilities and planthouse in different executive phases entering the river and pollutants, 

sewage, and industrial, urban, and rural waste created during the operation phase are considered 

negative environmental impacts of dams. 

During the field visit of the project area in Sangtudeh 2 Dam, no significant negative impact 

caused by industrial, domestic, and agricultural waste on the quality of inlet and outlet water of the 

lake (downstream and upstream of the dam) were observed. So, this process can be predicted negative. 

Impact range of this process was evaluated negative with a quality of low and a score of -1 and its 

impact importance was assessed very low with a score of 1. 
 

7.2. Assessment of Important Environmental Impacts of Sangtudeh 2 Dam on Sanitary and 

Biological Resources 

 

Table 5: Biological and sanitary effects in the project area 
 

(j) Ecosystems and habitats 
+1 

+4 
4 

(k) Weather and climate changes 
-1 

4- 
4 

(l) Surface water, their uses, outbreak of diseases, and increased insects 
-1 

-3 
3 

 Sum of scores -3 
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(j)- Ecosystems and habitats: Construction of a dam in two phases of implementation and 

operation always has direct and indirect positive and negative impacts on ecosystem and natural 

habitats in the project area. 

Vakhsh River ecosystem also includes vegetation and the habitats of a variety of aquatic non-

aquatic organisms in the catchment of the project area that will face changes by the construction of this 

dam. In the implementation phase, due to changes in the course of river and operations such as 

excavation, embankment, digging, removal of material from the river bed, and so on, salts and solids 

are accumulated in upstream and downstream of the dam and this causes changes in water quality, 

discharge rate, regional ecosystem, and animal habitat in the catchment of the project area. 

In the operation phase, water storage behind the dam can create a variety of plant and animal 

habitats in upstream and downstream of the dam. It is predicted that the catchment of Sangtudeh 2 

Dam will have new animal and plant features and conditions. Given that the time of operation of 

Sangtudeh 2 Dam is about one year, the resultant of positive and negative impacts on ecosystem of the 

project area in two implementation and operation phases is predicted positive. Impact range of this 

process was evaluated positive with a quality of low and a score of +1 and its impact importance was 

assessed very important with a score of 4. 

(k)- Weather and climate changes: The impacts of dams on climate of the region are one of 

the most important issues. The lakes behind the reservoir dams cause changes in the micro climate of 

region around the lake, so that the mean annual temperature is increased and the area has a climate with 

more humidity. 

Additionally, the volume of water added to the atmosphere (evaporation) can affect the 

temporal-spatial distribution of precipitation and its amount if other required factors are present. These 

effects would be true to the area of Sangtudeh 2 Dam. Given the average annual evaporation from the 

dam's lake (which is equal to 1457 mm) is added to the atmosphere of the region, it is expected that the 

region will have a climate with higher humidity and this causes an increase in mean annual temperature 

and precipitation in the region. All these factors altogether tangibly change the climate conditions in 

the limited catchment of the dam. Given that the time of operation of Sangtudeh 2 Dam is about one 

year, the resultant of this process's effects is predicted negative. 

Impact range of these changes were cautiously evaluated negative with a quality of low and a 

score of -1 and their impact importance were assessed very important with a score of 4. 

(i)- Surface water, their uses, outbreak of diseases, and increased insects: Construction of a 

dam and storage of surface water behind the dam in an area called the dam's lake will definitely have 

effective impacts on surface water in upstream and downstream of the dam. Negative health effects 

resulting from the lake are part of these impacts that their impact range, durability, advance range, and 

effects on different water consumptions especially in downstream should be assessed. These negative 

aspects will have adverse impacts on health of humans, plants, animals, and natural environments and 

provide the condition for the spread of contaminations and proliferation of diseases vectors. 

Water retention behind the dam causes sedimentation, turbidity, and smelly water in the dam's 

reservoir and this leads to microbial contamination of reservoir water. Parallel to this, spawning and 

propagation of insects in the lack of dam and prevalence of pathogenic bacteria also increase the 

contamination. All these factors will have a significant impact on water consumptions in different 

sectors, especially in downstream of the dam. During a field visit to Sangtudeh 2 Dam, it was found 

that this dam is a flowing dam because the continuous rotation of turbines of power plant using the 

water collected in reservoirs is needed to generate electricity. 

So, water retention in the lake of this dam is not long and since the discharge of Vakhsh River 

is 631 cubic meters per second, there will be a acceptable balanced discharge in downstream in all 

seasons. It is expected that these will reduce and mitigate the negative health effects of previously 

mentioned factors in the area. Given that the time of operation of Sangtudeh 2 Dam is about one year, 

impact range of this process was cautiously devalued negative with a quality of low and a score of -1 

and its impact importance was assessed important with a score of 3. 
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7.3. Assessment of Environmental Impacts of Sangtudeh 2 Dam on Economic, Social, and 

Cultural Resources 

 
Table 6: Important economic, social, and cultural impacts in the project area 

 
(m) Culture of fish, aquatic organisms, and birds + 1 +4 

4  

(n) Tourism industry, employment and income, and economic prosperity +2 + 8 

4  

(o) Residents migration and displacement of people and degradation of lands, 

pastures, and vegetation 

+2 +8 

4 

 Sum of scores + 20 

 

(m)- Culture of fish, aquatic organisms, and birds: Constructed over Vakhsh Rive with a 

height of 31.5 meters from the river bed, Sangtudeh 2 has the capacity to store 66.5 million cubic 

meters behind its earth wall. The lake created behind this dam is located in a mountainous region with 

an average altitude of 1800 to 2000 meters above sea level and has created a valuable and suitable 

habitat in the region that, in addition to attracting waterfowls, can also be a good place for aquaculture. 

Generally, it is expected that the lake of Sangtudeh 2 Dam will be a new and suitable habitat for 

the culture of fish and waterfowls in the project area. Impact range of this process was evaluated 

positive with a quality of low and a score of +1 and its impact importance was assessed very important 

with a score of 4. 

(n)- Tourism industry, employment and income, and economic prosperity: Implementation 

and operation of a dam always make important effects and changes in urban and rural communities and 

also in social, economic, and cultural relations of the project area. In the implementation phase, some 

changes are made in the region with the arrival of non-native and native labor force with different 

social and cultural characteristics and purchase of the staff requirements, preparing and buying the 

equipment, facilities, and materials needed to build the dam, and other services and affairs related to 

the construction of dam can lead to economic prosperity in the region. 

Operation phase of dam will have long-term social, economic, and cultural effects. In fact, with 

beginning of impounding and storage of surface flows behind the dam structure, beautiful sceneries 

will be created that provide the condition for recreational and sports activities such as boating, fishing, 

swimming, and so on. Also, investment in recreation centers can cause the growth and development of 

tourism industry and thereby economic, social, and cultural development in the project area. During the 

field visit to Sangtudeh 2 project area. A variety of rural and urban population centers. 

Ghazangozar village near the dam site, Sarband city at a distance of 13 km from the dam site, 

and Gharghantapeh city (the center of Khalton) at a distance of 28 km from the dam (114 km from 

Dushanbe, the capital of Tajikistan) are of important cities and industrial, social, and cultural centers of 

Tajikistan. 

Located in the project area, these cities can play a significant role in economic, social, and 

cultural development and growth of region and the project area both in the implementation and 

operation phases of Sangtudeh 2. So, impact range of this process was evaluated positive with a quality 

of medium and a score of +2 and its impact importance was assessed very important with a score of 4. 

(o)- Residents migration and displacement of people and degradation of lands, pastures, 

and vegetation: Since the beginning of dam construction and water storage behind the dam, some 

problem such as destruction of farms, rural lands, and vegetation in the region and migration of 

residents to other regions and neighboring towns will emerge. 

Studies show that in the absence of proper planning for population displacement, 

unemployment and various abnormalities such as lower production, unwanted migration, and mental 

illnesses as a result of a sense of loss of cultural support will appear, so that population movement and 
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the employment of immigrants needs a systematic planning. Destruction of historical monuments in the 

impounded areas is another negative cultural effect of dam construction. During the field visits and 

interviews conducted in rural and urban population centers in the project area, dramatic changes and 

relocation resulting from construction and impounding of Sangtudeh 2 Dam were observed. 

In addition, due to the proximity of a large part of the dam lake with highlands and 

mountainous regions, Dam Lake has not degraded the flat lands. Given the important and positive 

effects of this process, impact range of this process was evaluated medium with a score of +2 and its 

impact importance was assessed very important with a score of 4. 

 

 

8.  The Final Result of Environmental Assessment of Sangtudeh 2 Dam and 

Hydroelectric Power Plant 
The final result of environmental assessment of Sangtudeh 2 Dam and Hydroelectric Power Plant is 

shown in Table 6. Considering the important positive and negative environmental impacts of this dam 

and based on existing studies, Sangtudeh 2 project has more positive impacts than negative ones in the 

region. However, it should be noted that different results may occur in different conditions which 

depends on existing conditions in the region and what might happen in the future. 

 
Table 7: The final result of environmental assessment of Sangtudeh 2 Dam and Hydroelectric Power Plant 

 
Table 5 Table 4 Table 3 Sum of the scores of effect of positive and negative environmental impacts based 

on the factors listed in Tables 3, 4, 5 20+ 3- 7- 

Summary of reviews and the final result of environmental assessment of Sangtudeh 2 Dam and Hydroelectric Power 

Plant 

+10 

 

Finally, given the environmental assessment of Sangtudeh 2 Dam and Hydroelectric Power 

Plant in this study, the most positive effects of this dam in the region and Tajikistan can be mentioned 

as follows: 

1. Electric power generation, flood control, discharge regulation, prevention of water waste, 

and balancing the surface streams in the region. 

2. Improvement of irrigation of farms and plants, development of related industries, and 

water supply for industries and drinking. 

3. Creating a suitable habitat for aquaculture, ecological diversity of animals, and attraction 

of waterfowls to the region. 

4. Creating beautiful landscapes, attracting tourists, and tourism development and also 

making economic, social, and cultural changes in the region. 

5. Enthusiasm and participation of local people in the implementation and operation of the 

project. 

 

 

9.  Suggestions and Strategies 
Given to the introduction of the most important environmental impacts of Sangtudeh 2 Dam and 

Hydroelectric Power Plant, it can be said that one of the most important duties of engineers and 

planners is to change factors affecting the system in way to optimally utilize water resources stored in 

the region, in addition to maintain the self-purification capacity of the environment. The following 

strategic and managerial recommendations can be proposed in this regard. 

1. Identification of critical environmental factors and variables of the dam lake and proposing 

managerial and strategic solution to control the problems of monitoring within the 

environmental assessment of Sangtudeh 2. 
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2. Organizing the communication networks near this dam and construction of paved roads for 

easy access to the dam in compliance with privacy power plant installations and also Vakhsh 

River and preventing them from being contaminated. Currently, there is an exclusive earth road 

from Sarband to Sangtudeh 2 along Vakhsh River with a length of 13 km. 

3. Establishment of a satellite communications system to transmit information from the dam site 

and powerhouse to important decision-making centers and coordination with local authorities in 

emergency situations. 

4. Determination of environmentally required drainage volume and providing appropriate models 

to reduce sedimentation in the reservoir of dam. 

5. Conservation of pastures and planning for optimal expansion of existing towns and villages 

around the dam, proper disposal of sewage in surrounding villages, and enacting effective laws 

and regulations to prevent construction of buildings and towns in upstream and downstream of 

Sangtudeh 2 Dam which may cause pollution in the reservoir and the river. 

6. Increase the knowledge of people about the negative and positive environmental impacts of 

national projects. 
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Abstract 

 

This paper presents an improved, efficient performance of Neuro Fuzzy (NF) based 

control for Wind Energy Conversion System (WECS).NF controller overcomes the 

performance of Fuzzy Logic Controller (FLC) which gives out less efficient result in case 

of three phase four wire non linear loads also with any other non linear load. Rotor position 

and speed of Doubly Fed Induction Generator(DFIG) are estimated by NF controller, 

which also act as a tuned estimator hence used for wide range of speed control by 

automatically tuning the parameter variations. Hence maximum power can be extracted 

during variable speed condition. The proposed system includes two back to back connected 

converters, generator side converter and grid side converter. The grid side converter acts as 

an Active Power Filter (APF) also reduce the harmonics and provides unbalanced load 

compensation, present at the point of common coupling by which the voltage and 

frequency is maintained constant by NF controller. The effectiveness of the proposed 

scheme is developed and simulated using MATLAB/ Sim Power System (SPS) software. 

 

 

Index Terms: Neuro Fuzzy Controller, Renewable resource, DFIG, Wind Turbine, Grid 

synchronization 

 

I.  Introduction 
Nonrenewable resource fuels are still the primary source of power generation all over the world due to 

its affordability and high energy content. Besides the environmental impact of burning fossil fuels and 
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the economic impact, nonrenewable resources lead to greenhouse effect, as the processing of fossil 

fuels emits harmful greenhouse gases into the air. The gases, primarily carbon dioxide, damage the 

ozone layer which protects us from the radiation of sun. The air pollution also negatively affects 

human respiratory health. As nonrenewable resources become scarcer, the cost to obtain them will 

continue to rise. Eventually, the price will hit a point where the end users cannot afford, forcing a move 

toward alternative energy sources like renewable energy resources, among which wind power 

generation is one of the low cost power generation techniques and environmental friendly, which uses 

wind energy for the production of electricity. WECS has focused on discontinuous and continuous 

supply of power. Discontinuous represents the autonomous WECS in which scarcity of power occur at 

the time of insufficient wind energy. The grid connected system provides continuous power by getting 

power from grid when the wind energy is not available. Wind turbine is designed to produce maximum 

power at wide spectrum of wind speed [5]. The Variable Speed Wind Turbine (VSWT) is more 

attractive when compared to Constant Speed Wind Turbine (CSWT). Since in VSWT mechanical 

stresses are reduced by absorbing power fluctuation it can also generate maximum power at variable 

wind speed condition.[1]-[4]. 

In industries the electrical loads are becoming nonlinear. This increases the problem of 

harmonic distortion. The sinusoidal voltage waveforms are distorted as these nonlinear loads absorb 

nonlinear currents. Unbalanced condition is mainly due to the inconstancy in voltage, frequency also 

due to parameter variation. Doubly fed induction generators are used in wind energy conversion 

systems [6] [7]. 

To maintain the voltage and frequency at nominal level value the rotor position and speed has 

to be estimated. For the estimation of rotor position and speed different algorithms are employed to 

extract maximum power, which involves several computational process and assumptions. Sensors 

which estimate the rotor position and speed are mounted, which leads to complexity of the system and 

increased cost. In certain cases by using Casual Ordering Graph (COG) controlling is done under the 

condition of voltage dip and not at variable conditions. PI controllers are also used to maintain the grid 

voltage, but the output of which is not efficient for non linear network systems. Even though the 

implementation of fuzzy logic gives an efficient output for nonlinear systems it leads to the drawback 

of non adequateness. 

This paper implements NeuroFuzzy based power converter control, which estimates the speed 

and rotor position over a wide range of speed. When compared to Fuzzy Logic Controller it gives 

efficient results as the architecture is suited for nonlinear systems as it combines the feature of Fuzzy 

Logic (FL) and Artificial Neural Network (ANN) which is an adaptive method. Thus under uncertain 

conditions an adaptive model is created for Doubly Fed Induction Generator (DFIG) to provide grid 

synchronization [8]. Back Propagation method is used for the tuning of NF controller, hence the 

parameter variations of DFIG is automatically tuned under variable speed DFIG operation. 

In proposed system IGBT is utilized as back to back converters. Normally to avoid harmonic 

propagation Active Power Filters (APF), static compensators (STATCOM) or VAR compensators are 

used. In proposed method the grid side converter is used for the prevention of harmonic distortion, 

hence it solves the problems of power quality by which unity power factor is maintained at grid under 

variable speed operating condition. 

 

 

II.  System Description 
WECS consists of wind turbine, generator (DFIG), interconnections and control system. The VSWT 

technology is one of the most emerging technologies as it produces 8% to 15% energy output when 

compared to CSWT. Slow rotation of the blades is converted into a quicker rotation by using gear box 

that is more suitable to drive DFIG. DFIG has the advantage of supplying power from both stator and 

rotor. The power control is achieved by back to back connected converters. The block diagram of 

WECS is shown in fig.1. 
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Figure 1: Block diagram of WECS 

 

 
 

A. System Modeling of wind Turbine 

The aerodynamic power of wind is converted into mechanical energy by wind turbine i.e. the blades 

obtain kinetic energy from the wind which is transformed to mechanical torque at the rotor shaft of the 

wind turbine. The wind power can be calculated by the following equation [7]. 

Pt= 1/2ρCpAV
3 

(1) 

Where 

Pt is the rotor mechanical power (W) 

V is the wind speed (m/s) 

Α=πR
2 

the rotor surface (m
2
) 

R is the rotor radius (m) 

ρ is the air density (kg/m
3
) 

Cp is the power coefficient. 

The rotor aerodynamic power coefficient, Cp, is the function of blade pitch angle (β) and tip 

speed ration (λ) 

λ =ωrR/V (2) 

Sub eqn (2) in (1) we get 

Pt = 1\2 Cp (λ)ρA(R/λ)
3
ω

3 
(3) 

The output torque of the wind turbine Ttis calculated by the following equation (4). 

Tt = 1/2 ρCpA(V/λ) (4) 

Variable speed turbines are made to capture the maximum energy from the wind by operating 

them at a blade speed that gives the optimum tip speed ratio. This may be done by changing the speed 

of the turbine in proportion to the change in wind speed. Fig. 2 show how variable speed operation will 

allow a wind turbine to capture more energy from the wind and fig. 3 shows the simulink model of the 

wind turbine. 

 
Figure 2: Power speed characteristics 
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Figure 3: Simulation model of wind turbine 

 

 
 

B. Modeling of DFIG 

Recently DFIG‘s play a significant role in converting wind energy into electricity [6][7]. DFIG is 

receiving more attention towards Wind Energy Conversion System (WECS) as it has the advantage of 

supplying power from both stator and rotor i.e., the stator is connected directly to the power grid and 

rotor is connected to the power converter which is connected to the grid. So it is more attractive of 

using Doubly Fed Induction Generator with vector control for variable speed wind turbine. Also the 

power can flow either from rotor to supply or from supply to rotor hence the variation in the speed can 

be controlled either by rotor side connected converter or by stator side connected converter. 

Let ω1 synchronous angular speed Rs, Rr stator and rotor resistance Ls, Lr total self-inductance 

of stator and rotor winding 

Ls=Lσs+Lm 

Lr=Lσr+Lm 

Where, 

Lσs stator leakage inductance 

Lσr rotor leakage inductance 

Lm mutual inductance respectively 

ω1 synchronous angular speed 

ωr rotor angular speed 

ωs slip angular speed. 

ωs = ω1 – ωr 

The stator and rotor fluxes Ψs and Ψr are given by 

Ψs =Ls Is +ImIr 

Ψr= Lm Is + IrIr 

The stator and rotor voltages Vs and Vr are given by 

Vs =Rs Is + dΨs/dt + jω1Ψs 

Vr=RrIr + dΨ r /dt + j (ω1-ωr)Ψr 

The real and reactive power is given by 

P = -3Re [VsIs]/2 

Q = -3Im [VsIs]/2 

The above mentioned real and reactive power has to be maintained for grid synchronization. 

 

C. System Control 

The demand for power increases rapidly. The more expectation vest on power generating station, 

which generate power according to the demand by maintaining constant voltage and frequency ie, the 

power which is being supplied to the AC mains should have unity power factor by controlling the real 
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and reactive power variations. The main part of WECS is the control system. The controller used here 

is Neuro Fuzzy (NF) based power converter control system. 

Neuro Fuzzy controller incorporates Fuzzy Logic Controller and Artificial Neural Network 

(ANN). FLC makes definite decision for ambiguous data whereas the process involved in ANN is 

human thinking process to solve problems. Hybrid system which includes FLC and ANN is termed as 

Neuro Fuzzy Controller (NFC). It is an adaptive method which forms adaptive neuron structures with 

respect to the changes caused due to variable speed, which provides proper control over the generating 

system. Back propagation method is used for the tuning of Neuro Fuzzy Controller. The schematic 

structure of Neural Network is given in fig.4. 

 
Figure 4: Structure of Neural Network 

 

 
 

The Neuro Fuzzy (NF) structure consists of five layers each layers perform different functions 

of Neuro Fuzzy Controller. 

Layer 1: First layer is called the Fuzzification layer. In which the real variable, which is the 

input to the control system is converted into fuzzy variables. Each fuzzy variable is represented by 

membership functions. Totally seven MF are represented which is shown in fig.5 

 
Figure 5: Membership functions 
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Layer 2: The incoming inputs to this layer are multiplied and forward to the next layer. Hence 

the output is the multiplication of incoming signals. It performs fuzzy AND operation. 

Layer 3: This layer is called normalization layer, which is used to find the firing strength of 

each rule. 

Layer 4: The parameters in this layer are called as consequent parameters as they are tuned as a 

function of input signal. 

Layer 5: This layer is called output layer in which summation of all rules takes place i.e. it 

computes the overall output as the summation of all incoming signals. 

By this performance of Neuro Fuzzy (NF) control system, constant voltage and frequency can 

be maintained further the Total Harmonic Distortion (THD) can be reduced when compared to Fuzzy 

Logic Controller. 

 

III.  Simulation Result 
Fig.6 shows the detailed block diagrams of simulation model. Initially the generator extracts reactive 

power from the grid to increase the speed of rotation at starting condition during which DFIG operates 

at motoring stage. When the sufficient speed is reached, the operation of motoring is stopped 

automatically continued by generating mode. The choke which is connected between the grid and the 

converter avoids circulation current. The Space Vector Pulse Width Modulation Technique (SVPWM) 

is used to generate the pulse for power converter. 

 
Figure 6: Simulation model for WECS 
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The following are the various characteristics which are obtained under variable speed 

conditions to prove that the voltage and frequencies, which are maintained in spite of large variations 

in wind energy, also to show that the performance of Neuro Fuzzy Controller gives efficient result for 

Total Harmonic Distortion than Fuzzy Logic Controller. The characteristic curves got by simulation 

result are as follows. 

 
Figure 7: Voltage characteristics of nonlinear load 

 

 
 

Figure 8: Current characteristics of nonlinear load 

 

 
 

Figure 9: Voltage characteristics of resistive load 
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Figure 10: Current characteristics of resistive load 

 

 
 

Figure 11: Real power curve 

 

 
 

Figure 12: Reactive power curve 

 

 
 

Figure 13: Constant speed curves 
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IV.  Discussion 
The above curves are obtained from variable speed and for different loads. Fig. 7 and fig.8 shows the 

voltage and current waveform of nonlinear load. Fig. 9 and fig: 10 are the voltage and current 

characteristics of constant resistive load due to which the power factor is not affected. Real and 

reactive power curves are shown in fig.11 and fig. 12. Parameter variation corresponds to the real and 

reactive power, which is automatically tuned by NF control system. Finally fig. 13 represents the 

constant speed maintained during variable speed condition. 

 

 

V.  Conclusion 
The work done in this Paper is analyzed and simulated. The objective of getting quality power from 

WECS is achieved by using NF controller. NF controller gives proper control signal, by which the 

SVPWM provides the respective gate pulse to the power converter; also it tunes the parameter 

variations using back propagation method. Hence the problems like power fluctuations, switching 

actions and parameter variations are controlled. Detailed comparison is made between FLC and NFC 

hence the percentage of Total Harmonic Distortion is reduced i.e., only 3% of THD is obtained. Hence 

unity power factor is maintained at grid. 
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