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Abstract 
 

Multigraph is a generalized concept of graph where multiple edges (or arcs/links) 

may exist between nodes. The existing classical algorithms to find the fuzzy shortest path 

in graphs is not applicable to multigraphs. There is no work reported in literature so far on 

finding a fuzzy shortest path in a directed multigraph. In this paper we develop a method 

and design algorithms to search for a fuzzy shortest path in a directed multigraph. We coin 

the concept of classical Dijkstra’s algorithm which is applicable to graphs with crisp 

weights, and then extend this concept to multigraphs where the weights of the arcs are 

fuzzy numbers (FNs). It is claimed that the method may play a major role in many 

application areas of computer science, communication network, transportation systems, etc. 

in particular in those networks which can not be modeled into graphs but into multigraphs. 

 

 

Keywords: Multiset, multigraph, FN, fuzzy-min-weight arc-set, fuzzy shortest path 

estimate, fuzzy relaxation. 

MSC Code (2000): 05C85 
 

1.  Introduction 
Graph theory [3,4,6,9] has been exercised in huge volume of applications in several branches of 

Engineering, in particular in Computer Science, Communication Engineering, Transportation 

Engineering, Space Engineering, Oceanography, and also in Mathematical Sciences, Social Science, 

Medical Science, Economics, Optimization, Management Sciences, Decision Sciences etc. to list a few 

only out of many. ‘Multigraph’ [3,11-13,15,21,25] is a generalized data structure of ‘graph’ where 

multiple edges (or arcs/links) may exist between a pair of nodes. For example, in a communication 

model in an Adhoc Network or MANET, the multipath or multiroute features are very common. Two 

neighboring routers in a network topology might share multiple direct connections between them 
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(instead of just one), so as to reduce the bandwidth as compared if a single connection is used. Many 

real life situations of communication network, transportation network, etc. cannot be modeled into 

graphs, but can be well modeled into multigraphs. In many of these directed multigraphs, the weights 

of the arcs are not always crisp but fuzzy numbers (FNs) [18]. Throughout in our work here, we have 

worked with multigraphs without loops. 

One of the first studies on fuzzy shortest path problem (FSPP) in graphs was done by Dubois 

and Prade [7] and then by Klein [14]. However, few more solutions to FSPP proposed in [16, 22-24] 

are also interesting. Though the work of Dubois and Prade [7] was a major break-through, but that 

paper lacked any practical interpretation as even if fuzzy shortest path is found, but still this may not 

actually be any of the path in the corresponding network for which it was found. But there is no work 

reported in the existing literature on finding a fuzzy shortest path in a multigraph. In this paper we 

solve the FSPP problem for a multigraph where the arc-weights are fuzzy numbers (FNs) [18]. We 

follow the concept of classical Dijkstra’s algorithm which is applicable to graphs with crisp weights, 

and then extend this concept to directed multigraphs where the weights of the arcs are fuzzy numbers 

(FNs) [18]. 

 

 

2.  Preliminaries 
For details of the classical notion of fuzzy set theory of Zadeh [26], one could see any good book on it. 

The concept of a fuzzy numbers (FNs) is of importance for quantifying an ill-known quantity. In our 

work here throughout, we use the basic operations like fuzzy addition ⊕, fuzzy subtraction Ө, and 

‘ranking’ of fuzzy numbers, etc. Trivially, any crisp real number can be viewed as a fuzzy number. 

There is no unique method for ranking n number of fuzzy numbers, because all the existing methods 

[1, 2, 5, 8, 17, 19, 20] are soft computing methods. Each method has got merits and demerits 

depending upon the properties of the application domains and the problem under consideration. 

However, if A1, A2, A3,…., An be n fuzzy numbers sorted in fuzzy ascending order by a pre-decided 

method i.e. A1 < A2 < A3 <…….< An, then A1 and An are called respectively the fuzzy-min and fuzzy-

max of these n fuzzy numbers. 

In this section we present basic preliminaries of the theory of multigraphs [3,11-13,15,21, 25]. 

A multigraph G is an ordered pair (V, E) which consists of two sets V and E, where V or V(G) is the 

set of vertices (or, nodes), and E or E(G) is the set of edges (or, arcs). Here, although multiple edges or 

arcs might exist between pair of vertices but we consider that no loop exists. Multigraphs may be of 

two types: undirected multigraphs and directed multigraphs. In an undirected multigraph the edge (i, j) 

and the edge (j, i), if exist, are obviously identical unlike in the case of directed multigraph. For a latest 

algebraic study on the theory of multigraphs, the work [21] and also [3, 11-13, 15, 25] may be seen. 

Figure 1 shows below a directed multigraph G = (V, E), where V = {A, B, C, D} and E = {AB1, AB2, 

BA, AD, AC, CB, BD, DB}. 

 
Figure 1: A directed multigraph G 
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A multigraph H = (W, F) is called a submultigraph of the multigraph G = (V, E) if 

W ⊆ V and F ⊆ E. The Figure 2 shows a submultigraph H of the multigraph G of Figure 1. 

 
Figure 2: A submultigraph H of the directed multigraph G 

 

 
 

In most of the real life problems of networks, be it in a communication model or transportation 

model, the weights of the arcs are not always crisp but fuzzy numbers [18]. For example, the Figure-3 

below shows a public road transportation model for a traveler where the cost parameter for traveling 

each arc have been available to him as a fuzzy number. 

 
Figure 3: A directed multigraph G with fuzzy weights of arcs. 

 

 
 

In this paper we consider such type of real situations in directed multigraphs of communication 

systems or transportation systems and develop a method to find a fuzzy shortest path from a source 

node to a destination node. 

 

 

3.  Fuzzy Shortest Path in a Directed Multigraph 
The FSPP has been solved by various authors for graphs, but for a directed multigraph there is no 

attempt made so far in the literature for searching a fuzzy shortest path. In our method here, we solve 

this FSPP for multigraphs where we also use the notion of Dijkstra’s Algorithm but with simple soft-

computations. For this, first of all we need to define the terms : Fuzzy-Min-Weight arc-set, Fuzzy 

shortest path estimate (d[v]) of a vertex, Fuzzy relaxation of an arc, etc. in the context of the 

multigraphs, and develop few subalgorithms. 
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3.1. Fuzzy-Min Weight Arc-set of a Directed Multigraph 

Consider a directed multigraph G where the arcs are of fuzzy weights. Suppose that there are n number 

of arcs from the vertex u to the vertex v in G, where n is a non-negative integer. Let Wuv be the set 

whose elements are the arcs between vertex u and vertex v, but keyed & sorted in non-descending 

order by the value of their respective fuzzy weights, using a suitable pre-decided ranking method of 

fuzzy numbers. 

⊆ Wuv = { (uv1 , w1uv), (uv2 , w2uv), (uv3 , w3uv), ….. , (uvn , wnuv) } 

where, uvi is the arc-i from vertex u to vertex v and wi is the fuzzy weight of it, for i = 1, 2, 3,..…., n. If 

two or more number of fuzzy weights are equal then they may appear at random at the corresponding 

place of non-descending array with no loss of generality in our discussion. 

If there is no confusion, let us denote the multiset { w1uv, w2uv, w3uv, ..….. ,wnuv } also by the 

same name Wuv. Let wuv be the fuzzy-min value of the multiset Wuv = { w1uv, w2uv, w3uv, ..….. ,wnuv }. 

Clearly, wuv = w1uv , as the multiset Wuv is already sorted. 

Then the set W = { < (u,v), wuv > : (u,v) ∈ E } is called the fuzzy-min-weight arc-set of the 

multigraph G. Suppose that the subalgorithm FMWA (G) returns the fuzzy-min-weight arc-set W. 

 

3.2. Fuzzy Shortest Path Estimate d[v] of a Vertex v in a Directed Multigraph 

Suppose that s is the source vertex and the currently traversed vertex is u. There is no single value of 

weight for arc between vertex u and a neighbor vertex v, rather there are multiple value of weights as 

there are multiple arcs between vertex u and vertex v. Using the value of wuv from the fuzzy-min 

weight multiset w of a directed multigraph, we can now find the fuzzy shortest path estimate i.e. d[v] 

of any vertex v, in a directed multigraph as below :- 

(fuzzy shortest path estimate of vertex v) = (fuzzy shortest path estimate of vertex u) ⊕ ( fuzzy-

min of all the fuzzy weights corresponding to the arcs from the vertex u to the vertex v). 

or, d[v] = d[u] ⊕ wuv . 

 

Figure 4: Fuzzy estimation procedure for d[v] 
 

 

 
 

3.3. Fuzzy Relaxation of an Arc 

We extend the classical notion of relaxation to the case of fuzzy weighted arcs. By fuzzy relaxation we 

shall mean here the relaxation process of an arc whose weight is a fuzzy number. For this, first of all 

we initialize the multigraph along with its starting vertex and fuzzy shortest path estimate for each 

vertices of the multigraph G. The following ‘FUZZY-INITIALIZATION-SINGLE-SOURCE’ 

algorithm will do : 

 

Fuzzy-Initialization-Single-Source (G, s) 

1. For each vertex v ∈ V[G] 

2. d[v] = ∞ 

3. v.π = NIL 

4. d[s] = 0 
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After the fuzzy initialization, the process of fuzzy relaxation of each arc begins. The sub-

algorithm FUZZY-RELAX, plays the vital role to update d[v] i.e. the fuzzy shortest distance value 

between the starting vertex s and the vertex v (which is neighbor of the current traversed vertex u) 

 

Fuzzy-Relax (U, V, W) 

1. IF d[v] > d[u] ⊕ wuv 

2. THEN d[v] ← d[u] ⊕ wuv 

3. v.π ← u 

where, wuv ∈ W is the fuzzy-min weight of the arcs from vertex u to vertex v, and v.π denotes the 

parent node of vertex v. 

 
Figure 5: Diagram showing how the FUZZY-RELAX algorithm works. 

 

 
 

3.4. Fuzzy Shortest Path Algorithm (FSPA) 

In this section we now present our main algorithm to find single source fuzzy shortest path in a 

directed multigraph. We name this Fuzzy Shortest Path Algorithm by the title FSPA. In this algorithm 

we use the above subalgorithms, and also the subalgorithm EXTRACT-FUZZY-MIN (Q) which 

extracts the node u with minimum key using fuzzy ranking method and updates Q. 

 

FSPA (G, s) 
1. FUZZY-INITIALIZATION-SINGLE-SOURCE (G, s) 

2. W ← FMWA (G) 

3. S ← ∈ 

4. Q ← V[G] 

5. WHILE Q ≠ ∈ 

6. DO u ← EXTRACT-FUZZY-MIN (Q) 

7. S ← S ∈ {u} 

8. FOR each vertex v ∈ Adj[u] 

9. DO FUZZY-RELAX (u, v, W) 

 

Example 3.1 
Consider the following directed Multigraph G with fuzzy weights of its arcs. We want to solve the 

single-source fuzzy shortest paths problem taking the vertex A as the source vertex and the vertex D as 

the destination vertex. 
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Figure 6: A directed multigraph G with fuzzy weighted arcs. 

 

 
 

Clearly the FSPA algorithm computes to yield the following result:  

1. wAB = 10ɶ , wAC = 3ɶ , wCB = 4ɶ , wCD = 6ɶ , and wBD = 2ɶ  ; and then 

2. S = {A, C, B, D}, i.e. the fuzzy shortest path from the source vertex A is : 

A →  C →  B →  D. 

3. d–values i.e. fuzzy shortest distance estimate-values of each vertex from the starting 

vertex A upto the destination vertex D is: 

d[A] = 0 , d[C] = FN 3
~

, d[B] = FN 7
~

, d[D] = FN 9
~

. 

 

 

4.  Conclusion 
‘Multigraph’ is an important generalization of the mathematical model ‘graph’. There are many real 

life problems of network, transportation, communication, circuit systems, etc. which cannot be 

modeled into graphs but into multigraphs only. In many of these directed multigraphs, the weights of 

the arcs are not always crisp but fuzzy. The FSPP has been solved for graph by several authors, but not 

for multigraphs. In this paper we consider the FSPP have developed a method to find fuzzy shortest 

path from a source vertex to a destination vertex of a directed multigraph. It is expected that our 

proposed method and the algorithms for FSPP on multigraphs can play a vital role in many application 

areas of computer science, communication network, transportation systems, etc. in particular in those 

networks which can not be modeled into graphs but into multigraphs. 
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Abstract 

 
The demand for natural gas in recent era has been dramatic. Indeed, natural gas is 

existed in deep underground reservoir under specific pressure and temperature. Therefore, 

it may content many of non-hydrocarbons components for instance, nitrogen, hydrogen 

sulfide and carbon dioxide. In fact, most of gas reservoirs around the world produce sour 

gas that content acid gases such as H2S & CO2. These gases may consider one of the most 

obvious problems that facing gas industry. Acid gases in the raw natural gas should be 

removed or reduced to less 4 ppm for H2S and 2% for CO2. Indeed, acid gases cause 

several technical problems for natural gas industry for example, equipment corrosion. 

There are several methods and processes to sweet the sour natural gas for example, 

chemical absorption, solid bed method and physical absorption. The selection criteria of the 

most appropriate process for the sour gas may depend on several factors for instance, 

technology available, process cost and acid gases amount in the sour gas stream. Therefore, 

this study aims to investigate using natural gas sweetening method by adsorption on 

Lennox gas field. It will design the sweetening process by adsorption method. According to 

raw natural gas stream compositions, the Lennox gas field is contained moderate amount of 

Hydrogen sulfide(H2S) gas about 400 ppm or (0.04)%. Moreover, this H2S amount may 

consider small and it could be treated by adopting iron sponge process. Thus, this study 

aims to design iron sponge process for Lennox gas field. Moreover, design calculations 

covered several process design points for example, bed diameter which it calculated (1.5 ft. 

ID) and bed life time (17 days). 

 

 

Keywords: Lennox gas field, Natural gas sweetening, process design, hydrogen sulphide. 

Some Nomenclature: RMM Relative Molecular Weight, CO2 Carbon dioxide, H2S 

Hydrogen sulfide SG specific gravity 
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Introduction 
In 2010 natural gas (NG) supplied 23.81% of the world’s energy demand and the volume of natural gas 

consumed increased by 7.4 over 2009 levels driven by economic recovery the USA and the continuing 

economic development of China, India and Russia (BP Statistical Review of World Energy, 2011). 

Indeed, natural gas is strongly contributed in recent world development and industry. Furthermore, 

Natural gas has various using for instance, household energy, industrial energy, electricity generation 

and used as main raw material for chemical and petrochemical industries. However, because natural 

gas is located in underground reservoirs so it usually contains some impurities for example, H2S and 

CO2. Indeed, the presence of these impurities could cause several problems for instance, corrosion and 

environment pollution. Hence, raw natural gas should be cleaned from acid gases. Moreover, gas 

sweetening is also achieved in order to meet gas pipelines specifications and gas sale contracts that it 

referred to 4ppm for H2S and 2% for CO2 in natural gas stream. In addition, there are several natural 

gas sweetening method and processes for example, solvent absorption, solid bed method and 

membrane technology. However, each of these method has unique advantages and disadvantages for 

specific gas conditions and process selection may be depended on several parameters for example, 

cost, gas stream compositions and technology available. In fact, natural gas sweetening by solid bed 

method may consider suitable for sour gas stream that continent moderate amount H2S and CO2 

(Stewart and Arnold, 2011). In fact, The Lennox oil and gas Field is located in Block 110/15 of the 

East Irish Sea, approximately 10 km west of Southport, Lancashire(Gluyas and Hichens, 2003). 

According to raw natural gas stream compositions, the Hamilton North gas field is contained small 

amount of Hydrogen sulphide (H2S) gas about (0.04)%.Moreover, this H2S amount may consider small 

and it could be treated by adopting iron sponge process. As Stewart and Arnold (2011) notes that “Iron 

sponge process economically applied to gas containing small amount of H2S”. However, this work is 

just an academic study to investigate and apply iron sponge gas sweetening process to treating this gas. 

 
Figure 1: East Irish see basin exploration & development activity map showing Lennox field location (Gluyas 

and Hichens, 2003). 
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Natural Gas Sweetening by Adsorption Method 
Sour natural gas sweetening by adsorption is considered the oldest method to treat the sour natural gas. 

Fixed bed of solid particles could be adopted to remove acid gases either through chemical reactions or 

through ionic bonding. Gas stream flows through a fixed bed of solid particles which removes the acid 

gases and holds them in the bed. When the bed is spent, the vessel must be removed from service and 

the bed regenerated or replaced. Since the bed must be removed from service to be regenerated, some 

spare capacity is normally provided. Furthermore, this method consists of several processes that it has 

the same concept for instance, iron sponge process and zinc oxide proses. Infect, it achieves by using 

solid sweetening agents. Furthermore, solid bed sweetening method bases on adsorption principles 

.Moreover; it is used fixed bed of solid particulars which it can remove the acid gases from the natural 

gas. As Stewart, M. and Arnold, K. (2011) notated that “Fixed bed of solid particles be used to remove 

acid gas either through chemical reactions or through ionic bonding”. Indeed, the modus operandi of 

this method is achieved by passing the sour gas through a fixed bed of solid particles that adsorbs the 

acid gases and removes it from the Natural gas. Therefore, the bed should be regenerated time to time 

to remove the impurities and make sure it at high purity to achieve maximum sweetening efficiency. In 

fact, the most common processes of this method could be showed in the following: 

• Iron sponge process 

• Molecular sive process 

• Sulfa-Treat process 

• Zinc oxide process 

Iron sponge process is a good example of solid bed method. Iron sponge process may consider 

the most common process in solid bed method. Furthermore, it considers the oldest process that used in 

Natural gas sweetening. However, it may have limited application in time being because it may 

consider suitable to remove small amount of Hydrogen sulfide and it needs handle care as well. 

 
Figure 2: Iron sponge unit (Steward & Arnold, 2011). 

 

 
 



Desulphurisation of Natural Gas by Using Adsorption Method: A Case Study of Lennox Gas Field 343 

 

Process Design Calculations 
 
Table 1: Lennox gas field composition (Gluyas and Hichens, 2003). 

 

Lennox gas field composition 

Component Mole% 

H2S 0.04 

CO2 0.1 

Field Lennox gas field composition N2 12.3 

Flow rate (Assumed) 100 Mscfd CH4 77 

Pressure 200 psig C2H6 5 

Elevation 1000 ft C3H8 2.5 

Gas SG (Air=1.0) 0.7 C4H10 1.4 

Temperature °C 80°F C5+ 1.66 

 

 

Water Content Calculations 
The raw natural gas which been given is analysis in dry based. Therefore, it’s important to calculate the 

water content in the gas. 

The Empirical method: Empircal method may consider the oldest and most pupular method 

which it gives fast result.Moreover, by using figure (3) and adopting given gas pressure and temprature 

water con tant could be estimated easily. Therfor, for given gas the water contant is about 

1850
s

kg
W

MMstdm
= . 

 
Figure 3: Water content in Natural gas (Campbell, 1982). 
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Thus, the new water contents value should be applied on N.G stream composition to calculate 

new N.G composition (Wet base): 

 
Table 2: Natural gas compositions and calculations. Done by using MS excel. 

 

 
 

 

Design calculation 
1. Calculate the Gas actual flow rate , Qa at T&P (Francis, S. , 1991) 

19.63(0.1)(80 460)

(200 14.7)
aQ

+
=

+
 

19.63( )( 460)

( 14.7)
a

Q T
Q

P

+
=

+
 Qa= 4.7 acfm 

2. Assume superficial velocity is 3 ft. /min (Francis, 1991) 

Bed cross section area = 0.4 Qa = 1.88 ft
2
 

Bed diameter = 1.5 ft. ID 

3. Daily Chemical requirement 

IS = (0.0133) (0.1) (399) ppm = 0.53 ft
3
/d 

4. Select the bed height 5 ft. D =1.5 ft. (Francis, 1991) 

5. Select a static bed height, L 

RV= 0.7854 (ID)
2
 (L) ft3 

= 0.7854 (1.5)
2
 (5) = 8.8 ft3 

6. Bed life = RV/IS 8.8/0.53= 17 days 

7. Check contact time 

Space velocity= acfh/RV = 4.7 x17/8.8 = 9 acfh/ft3 OK because less 180 

8. Check heat effect 

399 ppm =399/15.9 

= 25 gr H2S/100 SCF 

9. S deposition 

= (SCF/MIN) (grH2S/scf)/ bed area 

100000/24 x 60) (25/100) / 1.9 =9.2 Ok because less than 15 gr H2S/ min ft
2 

bed 

10. Calculate volume of iron sponge to purchase. 

Bu=0.0022d
2
H (Stewart & Arnold, 2011) 

Bu=0.0022x 45.7
2
 x4.Bu= 30 bushels 

The above result is Compatible with design standards (Stewart & Arnold, 2011) 
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Results and Discussion 
 
Table 3: Design calculation results 

 
Gas actual flow rate , Qa Bed diameter Bed life volume of iron sponge 

4.7 acfm 1.5 ft. ID 17 days Bu= 30 bushels 

 

It seems that from results above, the bed life time is 17 days at Lennox gas stream condition. 

Indeed, this time may consider short time for continuous gas well production. Therefore, it quite 

recommended that to use more than one column in case of adopting adsorption method for Lennox gas 

field. Furthermore, the bed of vessel need bushels which about 0.8 tonnes of iron sponge. Infect, this 

amount may consider a quite cheap for gas industry. As a result, it seems that the operation and capital 

cost for iron sponge is cheaper than other sweetening methods. However, it has several disadvantages 

for example; need long time, batch process, needs handle care to change the bed. 

 

 

Conclusion and Recommendation 
This study is attempted to investigate the solid bed method for Lennox gas field and it is achieved 

process design calculations for it such as bed diameter and the amount or iron sponge required. It 

seems that from above theoretical calculations, the using of solid bed method for Lennox gas field is 

possible and economical. However, solid bed method could not consider suitable to apply in practical 

work for several reasons for example, batch process, dealing with small quantity of natural gas, need a 

long time and handle care. Therefore, it quite recommended that to adopt amine gas sweetening 

process for Lennox gas field. 
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Abstract 
 

The influence of deficit irrigation, amino acids (AA) treatments and their 

combinations on growth, yield and volatile oil content of (Rosmarinus officinalis L.) plant 

was investigated. Three irrigation treatments were applied in this study. The first treatment 

was 100% of the field capacity (FC) as a control. The second and third treatments were 

received 80% and 60% of the FC, respectively as deficit irrigation treatments. AA was 

applied at 0, 1, 2 and 4 ml L
-1

. Deficit irrigation treatments significantly reduced the growth 

parameters, herb and oil yields, relative water content (RWC), chlorophyll and N, P and K 

percentages compared to the control. However, deficit irrigation increased the volatile oil 

percentage and total carbohydrates. Increasing AA level significantly increased all the 

previous parameters and the best results were obtained by applying the highest AA level (4 

ml L
-1

). The treatment of 100% FC combined with 4 ml L
-1

AA was the most effective 

treatment. The GC results of volatile oil showed that the main components were α-pinine, 

camphine, 1,8-cineol, verbinone and borneol and were affected by irrigation and AA 

treatments. Results indicated that there is a high potential for saving water by using amino 

acids with lower irrigation levels in rosemary production since AA partially alleviated the 

negative effects of deficit irrigation. 

 

 

Keywords: Amino acids, Deficit irrigation, Chlorophyll,Volatile oil, Carbohydrates. 
 

1.  Introduction 
Herbs play an important role in maintaining human health and volatile oils have been of great interest 

due to their antioxidant capacities. Volatile oils also have been the sources of natural products and used 

for many medical products. Rosemary, Rosmarinus officinalis L. (Lamiaceae), is an evergreen plant 

typical of the Mediterranean region. Rosemary has long been considered an important plant for its 

volatile oil used in perfumes and medicine (Dellacassa et al., 1999; Miguel et al., 2007). The plant was 
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reported to possess several medicinal properties such as carminative, stomachic, nervine, spasmodic, 

stimulant. The leaves were also reported to possess anti-oxidant properties and used for culinary 

purposes (Singh and Guleria, 2013). The volatile oil of rosemary reaches to 1.43 % (Yosr et al., 2013) 

with the main component of 1,8-cineole (35.8%) exhibit some medicinal purposes such as anti-

inflammatory, antiseptic, antispasmodic and anti-diabetic (Juhas et al., 2009; Abu-Al-Basal, 2010; 

Beninca et al., 2011). There is limited published research on rosemary growing criteria despite its 

popularity and its several uses. 

Improving plant production per unit of water is one of the main challenges facing the 

researchers especially in arid and semi-arid areas, which have limited water resources and in tropic and 

sub-tropics, characterized by hot dry weather. Deficit irrigation which means better reduce the amount 

of irrigation was proposed long time ago as a technique that irrigates the entire root zone with less 

evapotranspiration and leads to reduce the irrigation water use with maintaining net profits (Hoffman et 

al., 1990). Exposing rosemary plant to water stress led to a decrease in growth parameters at different 

cuts while the volatile oil percentage improved by water stress (Leithy et al., 2006). Water stress has a 

positive effect on essential oil composition of the plant (Moeini Alishah et al., 2006; Bettaieb et al., 

2009; Ekren et al., 2012). However, oil yield was decreased (Khalid, 2006; Bettaieb et al., 2009; Ekren 

et al., 2012). Under water stress, the essential oil percentage, the main constituents of the essential oil, 

proline and total carbohydrate content increased, however N, P, K, and protein contents decreased 

(Khalid, 2006). The chlorophyll content was decreased with decreasing the irrigation water and this 

decrease was correlated with relative water content in leaves (Munne-Bosch and Alegre, 2000). 

Although studies in relation to cultivation techniques in rosemary have been realized, the agronomic 

and physiological responses to irrigation are scarce (Nicola´s et al., 2008). 

Amino acids (AA) are among the nontraditional plant growth regulators PGRs involved in 

metabolic processes which regulate plant growth and development. Foliar application of glutamine 

amino acid significantly increased the vegetative growth, total soluble sugars, and total photosynthetic 

pigment content in leaves (Amin et al., 2011). The requirement of amino acids in essential quantities is 

well known as a means to increase yield and overall quality of crops. They are important in many 

biological molecules, such as forming parts of coenzymes, or as precursors for the biosynthesis of 

molecules which are precursors for nucleotides and polyamines (Alcázar et al., 2010). Foliar 

application of AA provides readymade building blocks for protein synthesis which are important for 

stimulation of cell growth and hence, plant growth and production were improved. Also, amino acids is 

a well known biostimulant which has positive effects on plant growth, yield and significantly mitigates 

the injuries caused by abiotic stresses (Tantawy et al., 2009). Spraying the plants with amino acids 

significantly increased plant height, fresh and dry weight of leaves, photosynthetic pigments, total 

sugar, N, P and K content of leaves and green yield compared to control (Abo Sedera et al., 2010; 

Shehata et al., 2011; Khan et al., 2012). Application of amino acids have been reported to modulate the 

growth, yield and biochemical quality of different plants (Abo Sedera et al., 2010; Shehata et al., 

2011). 

The main goal of researchers was and still how to save water and in the same time reduce the 

negative effects of this water shortage on the growth and yield of plants. A better understanding of the 

effects of irrigation levels can help to determine optimal irrigation scheduling. Consequently, there is a 

need to improve irrigation water management and introduce any cultural applications to obtain this 

goal. To our knowledge, there have been few studies performed on rosemary concerning water 

requirements. In addition, information concerning the effect of deficit irrigation on rosemary volatile 

oil composition has not been previously reported. Moreover, there were no scientific studies have been 

reported till now about the effects of combined treatment of irrigation and AA on the growth and 

volatile oil content of rosemary. Therefore, the aim of this study was to investigate the combined 

effects of amino acids application and different water regimes on the growth, nutrient and volatile oil 

of Rosmarinus officinalis L. plants. 
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2.  Materials and Methods 
2.1. Plant Materials 

This study was conducted at the greenhouse of Biology Dep., Faculty of Science, Taif University 

during 2011 and 2012 seasons. Rooted cuttings of rosemary (Rosmarinus officinalis, L.) were 

cultivated in plastic pots 30 cm filled with sandy soil. The physical properties of soil used were (sand, 

82.40%, silt 7.10% and clay 10.50%) and chemical properties were (pH, 8.37, EC, 2.33 dsm
-1

, OM, 

0.11%, Total Ca CO3, 0.98%, Total N, P, K were 0.17,0.036 and 0.043%, respectively). The 

recommended dose of NPK chemical fertilizers were applied for all pots in 6 equal doses. The first 

three doses were added during the growing period till the first cut and the other three ones were added 

during the growing period till the second cut. All other agriculture practices needed during rosemary 

growth were done when required. 
 

2.2. Irrigation and Amino Acids Treatments 

Three irrigation treatments were applied in this experiment. The first treatment was 100% of the field 

capacity as a control. The second and third treatments were received 80 and 60% of the field capacity, 

respectively as deficit irrigation treatments. The deficit irrigation treatments were applied after 3 weeks 

from cultivation in the pots and continued till the end of the experiment. During the experiment, all of the 

pots were weighed daily, and the amount of water lost was replaced to maintain the soil water content. 

The commercial product (Amino total
®

) was used in this experiment as a source of amino acids. 

In the amino total, 17 different amino acids are present viz., Threonine (3.05-3.56 %), Aspartic acids 

(3.2- 3.45%), Serine (3.76-4.49%), Glutammic acids (7.24-9.12%), Proline (2.23-3.5%), Glycine (1.87- 

2.45%), Alanine (2.16-2.20), Cystine (1.87-2.45%), Veline (2.8-3.1%), Methionine (0.23-0.3%), 

Isoleucine (1.26-1.7%), Leucine (1.98-2.8%) Tyrosine (0.48- 1.02%), Phenylalanine (1.03-1.78), 

Lysine (1.39-2.3%), Histidine (0.42-0.9%) and Arginine (5.2-6.2%). The AA levels used in this study 

were 0, 1, 2, 3 and 4 ml L
-1

. The AA treatments were applied as foliar application every two weeks. 

Control plants were sprayed with distilled water only. All possible interactions between irrigation and 

amino acids treatments were done. Treatments were arranged in complete randomized block design 

with 12 treatments. The layout was a (3x4) factorial arrangement with four replicates. 
 

2.3. Growth Characters 

The growth parameters studied in this experiment were plant height (cm), number of branches/plant, 

both fresh and dry weights and total herb yield/plant (g). 

Relative water content (RWC): Leaf RWC was determined and calculated from the following 

relationship: (Wfresh- Wdry) / (Wturgid- Wdry) x 100, where Wfresh is the sample fresh weight, Wturgid is the 

sample turgid weight after saturating with distilled water for 24 h at 4 °C, and Wdry is the oven-dry (70 

°C for 48 h) weight of the sample (Weatherley, 1950). 
 

2.4. Volatile Oil Content 

2.4.1. Volatile Oil Determination 
The volatile oil percentages in rosemary leaves obtained from each replicate of every treatment were 

determined by a water distillation method described in British Pharmacopea (1963), using the 

following equation: 

Volatile oil percentage = oil volume in the graduated tube / fresh weight of sample x 100. Then, 

the oil yield /plant was calculated. 
 

2.4.2. Volatile Oil Composition 
The obtained volatile oil was dehydrated over anhydrous sodium sulphate and stored in refrigerator 

until GC-MS analysis. Essential oil samples were performed using a Varian GC CP-3800 and MS 

Saturn 2200 equipped with a Factor Four capillary column (VF-5 ms 30 X 0.25 mm ID and film 
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thickness 0.25 µm). An electron ionization system with ionization energy of 70 eV was used for GC-

MS detection. The carrier gas was helium at a flow rate of 1 ml/minute. The MS transfer line 

temperatures of injector and detector were set at 140 and 300 
о
C, respectively. The initially column 

temperature was 50 
о
C at 2 

о
C/minute and increased to 260 

о
C

 
at 5 

о
C/ minute, finally it hold at 260 

о
C 

for six minutes. A sample of 1 µl (spilt ratio 1:40) from volatile oil was manually injected. The volatile 

oil components were identified by comparing their retention times and mass spectrum with those of 

standards, NIST library of the GC-MS system and literature data. 

 

2.5. Chemical Constituents 

2.5.1. Chlorophyll Determination 
Samples of fresh leaves were taken for chlorophyll determination. Extraction in acetone was repeated 

until all pigments were extracted. Chlorophyll content was determined in samples according to 

Sadasivam and Manickam (1992). The absorbance of extracts was determined by a spectrophotometer 

(type Pharmacia, LKB-Novaspec II). The chlorophyll content was calculated as mg g
–1

 fresh weight. 

 

2.5.2. Carbohydrates and Nutrient Percentages 
Leaf samples were air dried at 70 °C for 24 h, then ground to fine powder and was taken for 

determination of the following chemical analyses: 

• Total carbohydrate percentages were determined as described by Herbert et al. (1971). 

• Nitogen percentages were determined by micro-Kjeldahl method, phosphorus was 

spectrophotometrically determined and potassium was determined by flame photometer as 

described by A.O.A.C. (1995). 

 

2.6. Statistical Analysis of Results 

All obtained data as well as chemical analysis were measured at the fist cut (July 1
st
) and repeated 

again at the second one (October 15
th

). The obtained data were subjected to statistical analysis using 

MSTAT program, USA. Data was combined for two years (n=8). The analysis of variance (ANOVA) 

was performed to compare means. Means were separated using LSD test at a significance level of 0.05. 

 

 

3.  Results and Discussion 
3.1. Growth Parameters 

Data presented in Table (1) clearly show that the plant height and branch number of rosemary plants 

were significantly decreased by deficit irrigation treatments. The both characters were significantly 

decreased with decreasing irrigation levels in the first and second cut. The tallest plants with the 

highest branch number were obtained by applying 100 % FC while the treatment of 60% FC recorded 

the lowest values in this respect in both cuts. All AA levels significantly increased the plant height and 

branch number compared to control. Increasing AA levels gradually increased the plant height and 

branch number and the best results were obtained by applying the highest level of AA (4 ml L
-1

). The 

treatment of 100 % FC with 4 ml L
-1

 AA recorded the tallest plants with the highest number of 

branches in both cuts. These morphological changes in growth can be considered as a morphological 

adaptation of the plant to water and environmental stresses to reduce transpiration and to induce a 

lower consumption of water (Banon et al., 2003). One of the first signs of water shortage is the 

decrease in turgor which causes a decrease in both growth and cell development, especially in the stem 

and leaves. The growth of cells is the most important process that is affected by water stress and the 

decrease in the growth of cells leads to decrease the plant height. Otherwise, Deficit irrigation had 

altered the morphology of rosemary plants, reducing plant height and shoot growth (Nicola´s et al., 
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2008). Growth reduction as a result of water deficit has been widely reported (Leithy et al., 2006; 

Bettaieb et al., 2009; Ekren et al., 2012). 

 
Table1: Combined effects of different water regimes and amino acids application on the growth of rosemary 

plant. 

 
Treatments Plant height (cm) Branch number/plant Fresh weight (g) Dry weight (g) 

Irrigation (Field capacity FC) % 1st cut 2nd cut 1st cut 2nd cut 1st cut 2nd cut 1st cut 2nd cut 

Control 100 26.58 39.50 8.08 11.67 57.50 105.83 11.47 19.32 

80 23.17 35.92 7.67 9.92 52.67 92.17 11.32 18.63 

60 21.08 32.33 6.17 8.08 51.00 85.50 11.17 17.75 

LSD 5% 0.55 0.62 0.34 0.36 1.08 1.37 0.05 0.12 

Amino acids 

(AA) mlL
-1

 

Control 0 18.89 29.78 5.56 8.00 45.11 82.13 10.51 17.77 

1 20.67 34.00 6.89 9.33 50.23 90.22 10.88 18.36 

2 24.44 38.56 7.89 10.44 56.89 98.43 11.74 18.78 

4 30.46 41.33 8.89 11.78 62.67 107.21 12.14 19.37 

FC X A A 

LSD 5% 0.86 1.01 0.56 0.73 1.69 2.31 0.11 0.18 

100 X AA 0 20.67 32.33 6.33 9.67 48.00 87.31 10.70 17.22 

100 X AA 1 23.24 37.28 7.64 11.27 54.68 100.68 10.89 18.29 

100 X AA 2 28.34 42.67 8.59 12.33 60.65 112.31 11.92 18.65 

100 X AA 4 34.00 45.62 9.62 13.36 66.63 123.00 12.34 19.13 

80 X AA 0 18.67 29.55 5.67 8.00 44.78 80.67 10.58 17.83 

 

80 X AA 1 20.33 34.49 7.42 9.33 48.71 89.32 10.87 18.33 

80 X AA 2 23.55 38.67 8.33 10.29 54.64 96.00 11.71 18.90 

80 X AA 4 30.00 40.71 9.36 12.00 62.56 102.64 12.13 19.47 

60 X AA 0 17.29 27.33 4.63 6.34 42.65 78.32 10.25 18.25 

60 X AA 1 18.42 30.00 5.58 7.33 47.38 80.67 10.85 18.44 

60 X AA 2 21.37 34.33 6.61 8.67 55.32 87.00 11.60 18.78 

60 X AA 4 27.33 37.67 7.67 10.00 58.67 96.00 11.96 19.51 

LSD 5% 1.73 2.01 1.13 1.46 3.38 4.63 0.22 0.37 

 

Decreasing the dry weight under water deficit could be a result of a reduction in the chlorophyll 

content as our data indicated, and consequently, photosynthesis efficiency, as reported by Khalid 

(2006). Amino acids may play an important role in plant metabolism and protein assimilation which 

necessary for cell formation and consequently increase fresh and dry mater (Shehata et al., 2011). AAs 

are the building blocks of proteins and serve in a variety of important pathways. They are important in 

many biological molecules, such as forming parts of coenzymes, or as precursors for the biosynthesis 

of molecules which are precursors for nucleotides and polyamines. Moreover, AA provides readymade 

building blocks for protein synthesis which are important for stimulation of cell growth (Alcázar et al., 

2010). 

 

3.2. Herb Yield 

The deficit irrigation negatively affected the fresh and dry weights of herb and hence the total herb 

yields for both cuts. The fresh and dry weights of herb per plant significantly decreased with 

decreasing FC level and reached its minimum values by applying 60% FC treatment in both cuts 

(Table 2). The total herb yield followed the same trend of the fresh and dry weight. Considering the 

total herb yield obtained by the treatment of 100% FC level equal 100%, the reduction percentage in 

herb fresh yield was 11.32 and 16.43 % for the treatments of 80 and 60 % FC, respectively. 

Concerning the effect of AA treatment, the fresh and dry weights as well as total herb yield of 

rosemary plant were significantly increased with increasing the AA level compared to the untreated 

control (Table 2). The highest yield components were obtained by applying the highest AA level. 

When the obtained total herb yield of the control treatment equal 100% the increment percentages in 

this character were (10.38, 22.07 and 33.51 %) for the treatments of 1, 2 and 4 ml L
-1

 AA levels, 

respectively. When the interaction between irrigation and AA levels was occurred, the negative effect 
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of deficit irrigation on herb yield components was partially alleviated. Increasing AA level increased 

fresh and dry weights as well as total herb yield of rosemary under any irrigation level. The interaction 

treatment between the highest irrigation level (100% FC) and the highest AA level (4 ml L
-1

) resulted 

in the maximum values in this respect. These results are in accordance with the results of vegetative 

growth and supported the other results of Leithy et al. (2006) and Bernstein et al. (2009). AA is the 

building block of protein which the basic component of living cells and hence, the requirement of 

amino acids in essential quantities is well known as a means to increase yield and overall quality of 

crops (Alcázar et al., 2010). 
 

3.3. Relative Water Content (RWC %) 

Data presented in Table (2) clearly indicate that the RWC of rosemary leaves was gradually increased 

as the irrigation level or AA increased and this increment was significant among the treatments. The 

effect of combination between FC and AA was superior than applying each of them alone. The trend of 

RWC was in the same line of vegetative growth as well as herb yield as affected by different water 

regimes as AA treatments. Similar findings were reported by Munne-Bosch and Alegre (2000). 
 

3.4. Volatile Oil Content 

As shown in Table (2), deficit irrigation improved the volatile oil percentage since it was gradually 

increased by decreasing the irrigation level. In the second cut the volatile oil percentage was higher 

than in the first one. An opposite trend was observed for volatile oil yield per plant in both cuts and 

hence for total oil yield since they increased with increasing the irrigation level. Considering that 

obtaining oil yield by 100% FC treatment equal 100%, the reduction in total oil yield per plant was 

1.73 and 5.78% for the treatment of 80 and 60% FC, respectively. 
 

Table 2: Combined effects of different water regimes and amino acids application on herb yield, relative 

water content (RWC) and volatile oil content of rosemary plant. 

 

Treatments Total herb yield (g) RWC (%) Volatile oil (%) 
Volatile oil yield 

ml/plant 

Irrigation (Field capacity FC) % 1st cut 2nd cut 1st cut 2nd cut 1st cut 2nd cut 1st cut 2nd cut 

Control 100 163.33 30.79 88.17 91.25 1.05 1.07 0.60 1.13 

80 144.84 29.95 76.08 77.17 1.16 1.18 0.61 1.09 

60 136.50 28.92 68.00 69.25 1.18 1.20 0.60 1.03 

LSD 5% 1.95 0.17 0.44 0.47 0.01 0.03 0.01 0.02 

Amino acids 

(AA) mlL
-1

 

Control 0 127.24 28.28 73.78 75.44 1.09 1.10 0.49 0.90 

1 140.45 29.24 76.11 78.11 1.12 1.15 0.56 1.03 

2 155.32 30.52 78.89 80.89 1.14 1.16 0.65 1.13 

4 169.88 31.51 80.89 82.44 1.16 1.19 0.73 1.27 

LSD 5% 3.01 0.26 0.97 0.71 0.07 0.05 0.02 0.03 

FC X A A 

100 X AA 0 135.31 27.92 85.12 87.54 1.01 1.02 0.48 0.89 

100 X AA 1 155.36 29.18 87.00 90.30 1.04 1.06 0.57 1.06 

100 X AA 2 172.96 30.57 89.67 93.36 1.06 1.08 0.64 1.21 

100 X AA 4 189.63 32.74 91.01 94.00 1.08 1.11 0.72 1.37 

80 X AA 0 125.45 28.41 73.06 74.32 1.13 1.13 0.50 0.91 

80 X AA 1 138.03 29.20 74.22 76.43 1.16 1.18 0.56 1.05 

80 X AA 2 150.64 30.61 77.67 78.34 1.17 1.19 0.64 1.14 

80 X AA 4 165.20 31.60 79.79 79.81 1.19 1.22 0.75 1.26 

60 X AA 0 121.97 28.50 63.32 64.55 1.14 1.16 0.49 0.91 

60 X AA 1 128.05 29.29 67.46 67.67 1.17 1.20 0.55 0.97 
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Table 2: Combined effects of different water regimes and amino acids application on herb yield, relative 

water content (RWC) and volatile oil content of rosemary plant. - continued 

 

 

60 X AA 2 142.32 30.38 69.33 71.00 1.18 1.20 0.65 1.05 

60 X AA 4 154.67 31.47 72.00 73.67 1.21 1.23 0.71 1.18 

LSD 5% 6.03 0.52 1.95 1.42 0.16 0.05 0.04 0.06 

 

On the other hand, the volatile oil percentage was gradually increased with increasing the AA 

level and reached its maximum value by applying AA at 4 ml L
-1

 and this increment was significant 

compared to the control or the other AA levels. The total oil yield followed the same trend of its 

percentage and the highest oil yield was obtained by using AA at 4 ml L
-1 

treatment (Table 2). 

Compared to the untreated control, the increment in total oil yield was 14.38, 28.05 and 43.88% for the 

treatments of AA at 1, 2 and 4 ml L
-1

. The volatile oil percentage was significantly affected by the 

interaction between irrigation and AA levels. The highest percentages were obtained by the treatment 

of 60% FC and 4 ml L
-1

 in both cuts, respectively. However, the maximum oil yield was obtained by 

the treatment of 100% FC combined with 4 ml L
-1

 AA in both cuts. From the previous results it could 

be concluded that, deficit irrigation increased the volatile oil percentage of rosemary however oil yield 

was negatively affected. The increase in the essential oil ratio and the decrease in oil yield with the 

increase in water stress have also been documented (Khalid, 2006; Moeini Alishah et al., 2006). 

Antioxidant producer crops like rosemary may increase antioxidant phenolic compound production, 

and may lead to an economic advantage over regular water irrigation (Bernstein et al., 2009). In 

addition, plants use these antioxidants to protect themselves against drought damage (Munne-Bosch et 

al., 2001). It has been suggested that under stress a higher density of oil glands due to the reduction in 

leaf area results in an elevated amount of volatile oil accumulation (Simon et al., 1992). Increasing 

volatile oil ratio with water deficit may be also due to the increment in total carbohydrates as our data 

indicated since volatile oils are formed as secondary metabolites. 

 

3.5. Volatile Oil Composition 

The results of GC-MS analysis of rosemary volatile oil show that the main components of volatile oil 

were α-pinine, camphine, 1,8-cineol, verbinone and borneol (Table 3) and Figs. (1 and 2) and were 

affected by deficit irrigation. Decreasing the irrigation level enhanced the accumulation of α-pinine, 

verbinone and borneol components. However, 1,8-cineol and camphine were reduced by deficit 

irrigation. AA treatments also affected the volatile oil composition since the main components of α-

pinine, 1,8-cineol and borneol were increased with increasing AA levels. On the other hand, camphene 

and verbinone components were decreased by applying AA treatments. To the best of our knowledge 

this is the first study investigate the chemical composition of rosemary volatile oil as affected by deficit 

irrigation. Deficit irrigation not only affected volatile oil percentage but also affected its composition 

as presented in Table (3) and Figs. (1 and 2). These results support the others obtained by Khalid 

(2006) and Ekren et al., (2012) who revealed that the essential oil content and composition of basil 

were affected by different water treatments. 

 
Table 3: The main components of rosemary volatile oil as affected by water regimes and amino acids (AA) 

treatments. 

 
Main components of volatile oil (%) 

Treatments α-pinine Camphine 1, 8-cineol Verbinone Borneol 

Control 13.32 5.14 18.83 8.75 3.26 

FC 80 % 18.33 4.23 16.00 11.36 4.21 

FC 60 % 24.37 3.97 17.33 10.15 7.26 

AA 1 mlL
-1

 18.44 3.98 15.66 10.20 6.16 

AA 2 mlL
-1

 19.81 4.30 17.10 9.17 7.05 

AA 4 mlL
-1

 19.23 4.12 17.37 10.18 7.38 
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Figure 1: The main components of rosemary volatile oil as affected by deficit irrigation treatments. A, B and 

C are treatments of 100, 80 and 60 % FC, respectively. The components were 1: α-pinine, 2: 

camphine, 3: 1, 8-cineol, 4: verbinone and 5: borneol. 
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Figure 2: The main components of rosemary volatile oil as affected by amino acids treatments (AA). A, B and 

C are treatments of AA at 1, 2 and 4 mlL
-1

, respectively. The components were 1: α-pinine, 2: 

camphine, 3: 1, 8-cineol, 4: verbinone and 5: borneol. 
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Interestingly, our results show that the camphor component was not detected in the oil 

composition although different authors observed it (Singh and Guleria, 2013; Yosr et al., 2013). The 

volatile oil composition of rosemary may vary according to geographical and climatic regions because 

the oil contains mainly monoterpenes and sesquiterpenes which easily change by environmental 

conditions and geographic origin (Angioni et al., 2004). 
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In this experiment, AA treatment enhanced oil yield through the increment in both herb yield 

and oil percentage. It is very interesting here to indicate that the volatile oil composition was affected 

by AA treatment as well. This information has not been previously reported on rosemary volatile oil 

composition as affected by AA. Several authors reported that, AA application improved plant growth 

and production (Tantawy et al., 2009; Khan et al., 2012). Moreover, AA modulated the growth, yield 

and biochemical quality of different plants (Abo Sedera et al., 2010; Shehata et al., 2011). 

 

3.6. Chemical Analysis 

3.6.1. Total Chlorophyll Content 
Data presented in Table (4) clearly show that decreasing the irrigation level or AA significantly 

decreased the total chlorophyll content of rosemary leaves. The positive effect of higher levels of both 

irrigation and AA was clearly observed when the interaction between them was occurred. Applying the 

highest level of AA resulted in the highest chlorophyll content under any FC level especially under 

100% FC. 

 

3.6.2. Total Carbohydrate Percentage 
The total carbohydrate percentage was significantly increased by deficit irrigation and the highest 

percentage was recorded by lowest irrigation level however, higher irrigation level decreased the 

carbohydrate percentage in both cuts (Table 4). The increase of the AA levels, the increase of the total 

carbohydrate percentage was observed. The improvement occurred by the previous treatment was 

significant compared to the control or the other AA levels. Results concerning the interaction effect of 

irrigation and AA levels show that the treatment of 60 % FC combined with any AA level recorded 

higher percentage than 80 or 100% FC combined with the same AA level. 

 

3.6.3. N, P and K Percentages in Leaves 
Based on our experimental data, the percentage of N, P and K were decreased by decreasing the 

irrigation or AA levels in both cuts. The highest values in this respect were recorded by applying 100% 

FC or 4 ml L
-1

 AA treatments (Table 4). The effects of FC and AA treatments were clearly appeared 

when the combination between them was occurred. Applying the 4 ml L
-1

 AA treatment resulted in the 

maximum values in this respect under any irrigation level. The highest N, P and K percentages were 

obtained by applying the interaction treatment of 100% FC and 4 ml L
-1

 AA treatment in both cuts 

(Table 4). 

Chlorophyll loss is a negative consequence of deficit irrigation; however, it has been considered 

as an adaptive feature in plants grown under water deficit (Munne-Bosch and Alegre, 1999). In 

addition, the negative effect of deficit irrigation on the growth was reflected in decreasing the 

chlorophyll content of rosemary leaves. On the other hand, some authors found an opposite trend since 

chlorophyll increased by deficit irrigation. Khayatnezhad et al., (2011) and Alaei (2011) reported that 

drought stress condition increased the leaf chlorophyll content in wheat genotypes. This is because the 

exact effect of deficit irrigation may vary according to the intensity of the water stress imposed 

(Cameron et al., 1999). The carbohydrate percentage was positively correlated with deficit irrigation 

and this may be the reason of improving the volatile oil percentage of rosemary as our data showed. 

These results support the findings of Diaz-Lopez et al. (2012) on Jatropha curcas seedlings. 



356 F.A.S. Hassan, E.F. Ali and O.M. Al-Zahrany 

Table 4: Combined effects of different water regimes and amino acids application on chemical composition 

of rosemary herb. 

 

Treatments 
Carbohydrate 

(%) 

Total 

chlorophyll (mg 

g-1 FW) 

N % P % K % 

Irrigation (Field 

capacity FC) % 
1st cut 2nd cut 1st cut 2nd cut 1st cut 2nd cut 1st cut 2nd cut 1st cut 

2nd 

cut 

Control 100 13.79 15.53 1.38 1.40 2.45 2.47 0.31 0.33 2.30 2.37 

80 15.20 16.96 1.34 1.34 2.36 2.37 0.29 0.31 2.25 2.30 

60 16.18 18.21 1.06 1.07 2.18 2.20 0.24 0.25 2.23 2.27 

LSD 5% 0.17 0.16 0.01 0.02 0.01 0.02 0.01 0.01 0.01 0.01 

Amino 

acids 

(AA) 

mlL-1 

Control 0 14.03 15.43 1.17 1.19 2.13 2.15 0.24 0.26 2.20 2.24 

1 14.88 16.68 1.24 1.24 2.26 2.28 0.27 0.29 2.24 2.30 

2 15.41 17.34 1.29 1.30 2.44 2.44 0.29 0.31 2.28 2.33 

4 15.90 18.14 1.35 1.36 2.48 2.51 0.32 0.34 2.33 2.38 

LSD 5% 0.45 0.28 0.02 0.02 0.04 0.04 0.01 0.01 0.02 0.02 

FC X 

AA 

100 X AA 0 12.70 14.26 1.30 1.35 2.26 2.28 0.27 0.29 2.23 2.27 

100 X AA 1 13.44 15.14 1.36 1.38 2.37 2.39 0.28 0.31 2.26 2.35 

100 X AA 2 14.18 15.85 1.39 1.42 2.58 2.59 0.33 0.35 2.32 2.40 

100 X AA 4 14.82 16.85 1.46 1.47 2.59 2.61 0.35 0.37 2.40 2.44 

80 X AA 0 13.79 15.41 1.26 1.27 2.17 2.20 0.25 0.27 2.19 2.24 

80 X AA 1 15.18 16.93 1.32 1.32 2.35 2.36 0.28 0.31 2.23 2.29 

80 X AA 2 15.76 17.44 1.37 1.37 2.44 2.42 0.31 0.33 2.27 2.31 

80 X AA 4 16.07 18.05 1.41 1.42 2.49 2.51 0.33 0.35 2.30 2.37 

60 X AA 0 15.60 16.61 0.96 0.97 1.97 1.98 0.22 0.23 2.17 2.20 

60 X AA 1 16.02 17.98 1.02 1.03 2.07 2.08 0.24 0.24 2.23 2.26 

60 X AA 2 16.30 18.75 1.10 1.10 2.31 2.32 0.24 0.25 2.26 2.28 

60 X AA 4 16.82 19.51 1.18 1.19 2.37 2.42 0.27 0.29 2.28 2.33 

LSD 5% 0.90 0.56 0.04 0.05 0.09 0.09 0.02 0.03 0.04 0.04 

 

Carbohydrates as the main organic solutes involved in plant osmotic adjustment may leads to a 

decrease in leaf osmotic potential to maintain turgor and this is also an important adaptive mechanism 

in plants subjected to deficit irrigation (Hessine et al., 2012). Deficit irrigation had a negative effect on 

NPK of rosemary plant. As a result of vegetative growth reduction, the absorption of nutrient elements 

could be decreased (Pascale et al., 2001). These results support others concerning the growth reduction 

obtained in our study at deficit irrigation because that effect may be resulted from deficiency of 

nutrients, as our results shown, and that high irrigation level could compensate for nutrient deficiency 

(Silber et al., 2003). So, our results obtained here explain each other. 

Our data show the positive effect of AA on the chemical constituents of rosemary herb. Foliar 

application of AA increased the chlorophyll content, carbohydrate and NPK percentages in leaves. AA 

significantly increased the total soluble sugars and total photosynthetic pigment content in leaves 

(Amin et al., 2011). In the same direction, AA treatment increased photosynthetic pigments, total 

sugar, N, P and K content of leaves and green yield compared to control (Abo Sedera et al., 2010; 

Shehata et al., 2011; Khan et al., 2012). It is very important here to refer that AA gave an advantage to 

the plants under water deficit and decreased the negative effect of water stress. AA application could 

eliminate the deleterious effects of deficit irrigation as shown in our results concerning growth and 

yield of rosemary. These findings have been previously unreported. It appears that AA may be used to 

alleviate the negative effects of water stress in rosemary cultivation in the case of water shortage. In 

spite of these results, further research is required to investigate more sever deficit irrigation and its 

relation to antioxidant enzyme activity and to ascertain how it be regulated in different medicinal and 

aromatic plants. 

Finally, it could be concluded that deficit irrigation, as a possible technique for saving water, 

may improve water relations by reducing water consumption and can be used to control growth, 
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increase volatile oil ratio and save water in rosemary cultivation. In addition, foliar application of AA 

is very important to achieve the previous goals especially under deficit irrigation conditions. 
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Abstract 

 
Recent advances in Wireless Sensor Networks (WSNs) enabled to develop 

minimum energy consumption clustering algorithms. The WSNs can be used for various 

applications like battle field, disaster areas and military applications. One important issue in 

WSNs is the limited battery of sensor nodes. When sensor nodes are placed in a field, it is 

difficult to replace their batteries. To minimize the energy consumption of nodes, WSNs 

introduce various protocols and algorithms. Among the techniques, the genetic based 

energy efficient clustering algorithms are used to minimize the energy consumption of 

nodes and extend the network lifetime. Genetic algorithm (GA) is an adaptive method for 

search and optimize problems and the genetic process is based on biological organisms. 

Clustering is an effective way for reducing energy consumption of a sensor nodes as well 

as the cost of transmission. This review mainly focus on various clustering based energy 

efficient Genetic Algorithms applied in WSNs which provide better efficiency. 
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1.  Introduction 
Wireless Sensor Networks become more important for many applications [1]. A sensor network having 

large number of sensor nodes deployed very close to each other. In WSNs, sensor nodes have limited 

battery, when it is placed in the specific field. It is difficult to replace their batteries or to supply 

additional energy [2]. If a node consumes completely its energy, whole network gets disconnected. 

High population of nodes and minimum node energy consumption are managed by clustering 

mechanism. Data aggregation is used to eliminate data redundancy and minimize communication 

overload [3]. The position of the sensor nodes does not need to be pre- determined [4]. Routing 

algorithms having self-organizing capabilities and consist of different sensors namely seismic, low 

sampling rate magnetic, thermal, visual, infrared and acoustic sensors [5]. WSNs used in various 

applications like military applications, environment monitoring and detecting wild life in a dense forest 

area. Designing of sensor nodes having some constraints like the small size, low weight, energy 

consumption, multi functional, communicate with short distance and low price and minimum 

transmission cost [6]. To increase the life time of the network, load is distributed equally to all the 

nodes in the network otherwise the load distribution is monotonous [7]. The direct protocols take a 

major role in effective and longevity of a network. This type of protocols not only minimizes the 



A Review of Clustering Based Energy Efficient Genetic Algorithms for  

Wireless Sensor Networks 361 

 

energy consumption of nodes but also the load will be distributed among the network nodes 

monotonously [8]. Most known applications are target tracking, habit monitoring, surveillance and 

security [9]. Cluster based approach is useful for environment monitoring. WSN is the combination of 

wireless communication and environmental perception [10], [11]. It is a special form of wireless 

ADHOC network. This can construct the network without any infrastructure. Energy efficient routing 

algorithms are mainly divided in to the following categories [12], [13]. 1. Reducing of the 

communication energy consumption by adopting multi-hop transmission strategy. 2. Balancing the 

network load by adopting the cluster-based routing protocols and optimizing the location of cluster 

head. 3. Adopting the sleep and wake-up mechanism to avoid the unnecessary energy consumption. 

The energy of a node is very limited [14], the maximum lifetime of WSN plays an important role to 

design the routing protocols. The efficient routing protocol plays an important role for packet 

transmission, and also considers the Network balance [15], [16], [17]. 

 

 

2.  Genetic Algorithm 
In 1975, John Holland proposed a global optimization algorithm is known as Genetic Algorithm (GA). 

GA is an adaptive method used to solve, search and optimization problems [36], [37]. GA having basic 

principles like natural selection, survival of the fitness, natural populations evolved in many 

generations and also used to solve the real time computational problems. Population of individuals in 

GA represents a possible solution for problems. Each individual have fitness score for good solution. 

The high fit individuals are reproducing by cross breeding with other individuals in the population. The 

new individuals are known as off spring which will have the shared features taken from each parent. 

The members having least fitness are not selected for reproduction so they will die soon. So the new 

population of possible solutions is produced by selecting the best individuals from the current 

generations. This new generation has a higher proportion of the characteristics possessed by the good 

members of the previous generation. 

 

2.1. Genetic Algorithm Based Clustering Protocols 

Low Energy Adaptive Clustering Hierarchy (LEACH) algorithm for clustering protocol was proposed 

by Heinzelman et a. In LEACH the network area is divided in to several clusters and each cluster has a 

Cluster Head (CH) and cluster members transmit data to their own sink [2], [19]. Extension of LEACH 

is known as LEACH-C protocol[18]. Younis and Fahmy proposed a protocol namely HEED. This 

protocol selects cluster head through time iteration depends on metrics and multi-hop communication 

to reduce energy. Energy can be saved by minimizing the transmission cost. Transmission cost can be 

divided in to two parts. The cluster members that transmit data to their cluster head and cluster head 

transmit aggregate data to sink node. In TEEN [21] and APTEEN [20] protocols, the network area is 

divided in to several clusters and each of these clusters, one node will be introduced as a head of the 

cluster and the task of these cluster heads are together the data sends from the nodes of the cluster 

members, mixing the data and forward those data to the sink [22]. LEACH protocol is hierarchical and 

self-organizing cluster- based approach for monitoring applications based on Time Division Multiple 

Accesses (TDMA). New CHs are selected after specific time intervals. A node can be reselected only 

after all the remaining nodes have been elected. Lindsey et al proposed PEGASIS [23] is also an 

extension of LEACH. This routing protocol is having base station with short distance communication 

nodes from the geopolitical locations of nodes [35]. 

Bandyo, Panhyay and Coyce described a multilevel hierarchical clustering algorithm to 

minimize the energy consumption and obtain using stochastic geometry [9]. Liqing, Qingxin Zhu, 

Mingwen Wang proposed DEEC based on the ratio between residual energy of each node and the 

average energy of the network CH is selected [24]. Selection of CH in a network is done based on the 

initial and residual energy of the nodes. The nodes having high initial and residual energy become a 
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CH [22], [25]. The new protocol that improves set-up phase of LEACH protocol is called LEACH-C 

(LEACH-Centralized) [26]. Central control algorithm is used to form the clusters, may produce better 

cluster design by assigning the CH nodes throughout the network. Hussain and Matin introduced the 

Hierarchical Cluster based Routing (HCR) protocol [27], [30]. All the nodes are self-organized in to 

clusters and each cluster is managed by a set of associates called head-set and CH selected by Round 

Robin technique. 

 
Figure 1: Cluster arrangement for a Genetic Algorithm 

 

 
 

Hussain et al improved the HCR protocol by using a heuristic-based approach. It uses GA to 

determine the cluster, CH and CH members and the transmission schedule [28]. Maraiya et al, describe 

Energy Efficient Cluster Head Selection Scheme for Data Aggregation (ECHSSDA) protocol. It is 

having steady-state phase to improve the life time of the network [29]. Jin et al also used GA for 

energy optimization in WSN [31]. Formation of pre-defined independent clusters to reduce the total 

minimum communication distance. Ferentionos et al extended the attempts proposed by Jin et al by 

improving the GA fitness function [32]. The work done is based on the optimization properties of 

genetic algorithms. Cluster based routing protocol to minimize square sum of the distance between the 

node and the cluster head, or the centrality of the node can be recognized as an important factor to 

selecting cluster heads [33], [34]. 

 

 

3.  Clustering Based Energy Efficient Algorithms 
3.1. Multi-Objective Algorithm 

A Genetic Algorithm (GA) mainly focuses on the clustering technique which is used to reduce the 

energy consumption of sensor nodes and also reduces the transmission cost. A multi objective 

algorithm used to generate an optimal number of clusters with cluster heads. GA techniques are used 

for randomized search and optimization [38], [39], [40]. Basic operation of GA includes creating initial 

population, evaluating fitness, selection, crossover, mutation, updating optimal chromosome and 

checking termination condition in a network. Clustering mechanisms are very effective for managing 

such high population of nodes and that help to reduce the nodes energy consumption. This algorithm is 
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having two fitness functions: one is to evaluate to maximize the total node fitness for each node of 

sensor networks. Another one is to minimize the cost of transmission. For each sensor network, the 

algorithm can be implemented by the following procedure: Step 1. Node Selection and Chromosome 

Representation; for each individual sensor node represented by a 3-bit binary number is known as 

three- bit genes; which are used to define the features of the node, they are 000- node inactive (power 

off), 001- node (active) is selected as cluster head and 100- node (active) is selected as member. Step2. 

Initial Population; it means initial chromosome strings are seeded randomly with the help of random 

number generator. Step3. Node Distribution and Battery Status; Nodes are placed at random position in 

space. Each of the nodes considers a random coordinate that assigns a random battery capacity. Step4. 

Clustering approach; each sensor node recognized by representing bits. The energy level of each 

cluster needs to ignore the nodes having insufficient energy for transmitting data. The cluster members 

are represented by active or inactive sensors. Step5. Node selection is used to find the fitness of the 

network or the performance of the system. Fitness parameters are important in the network because it 

may affect the performance of the function. The fitness parameters are: Cluster Head Fitness (CHF), 

used to prevent the cluster over loading; Node Communication Fitness (NCF) that minimizes the 

energy consumption during the communication between nodes; Battery Status Fitness (BSF), battery 

status generated randomly for every sensor nodes. A sensor node communicates with other sensor node 

or cluster head for new battery status to evaluate. Every cluster depending upon the cluster head and 

cluster members and cost of transmission to the sink and the capacity of the battery is calculated. 

Step6. Total Node Fitness (TNF), is the final fitness that is calculated from each node assignment. 

Step7. Cost Network Function (CNF), the transmission cost is divided in to two parts: the cost to 

communicate between sensor nodes and cluster-heads and the cost to transmit from the cluster head to 

the sink. Step8. Selection; Routette-Wheel selection method is used to carry out the selection of 

individuals. The probability of being selected, increases the fitness value of the individual of each 

generation is not destroyed by the cross over and mutation operations during the evolution process. 

Elitism is included in the algorithm, is makes the current best individuals at each generation of the 

algorithm and survived to the next generation. Step9. Cross over; cross over is the major function to 

the performance of GA optimization. Multi cross over points choose to produce new generation from 

the selected parents and cross over is applied with some specific probabilities. Step10. Mutation; the 

mutation is an exploration process which randomly transforms genes to overcome the limitation of the 

crossover. The operation of the mutation enables the search for optimal chromosome by transforming a 

cluster- head to a cluster member and a cluster member to a cluster-head with a small probability. This 

is a multi-objective genetic algorithm to search energy-efficient clusters for sensor networks. The 

number of cluster-head and their positions are closely concerned with the total energy consumption. It 

is very important method to find out an energy-efficient GA based clustering algorithm. 

 

3.2. Evolutionary Computing Method 

Energy efficient GA approaches for clustering extends network lifetime with minimum connectivity. 

That can be achieved by reducing the number of cluster head at every round of transmission [41]. In 

this algorithm, GA is used to create energy efficient clusters for data transmission by having better 

utilization of energy. Evolutionary computing method used for cluster-head selection. Energy efficient 

clusters for a given number of transmissions are created by using GA in the BS. The node is 

represented as a bit of chromosomes. The best chromosomes are selected from the population to 

generate the next population. The suitable clusters for the network can be identified by the outcome of 

GA. BS broadcasts the packets to all the sensor nodes to receive and the clusters are created 

accordingly. Finding cluster heads are important for minimizing the transmission distance. Binary 

representation is used in each bit corresponding to one sensor node. The corresponding sensor is a 

cluster head then it can be representing by one and the remaining nodes in the cluster are regular nodes. 

The chromosomes from the current population crossover to form the new chromosomes are known as 
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selection process. The basic requirement to create a next selection is the combination of new 

chromosomes with existing population. Rouletee-Wheel selection, Rank selection, Steady state 

selection and Tournament selections are the various types of selections. Rouletee-Wheel selection is 

use to give better fitness values to the chromosomes. A chromosome with higher fitness is selected for 

making new offspring. One point crossover is used in this algorithm. If any regular node becomes a 

cluster-head all other regular nodes use to check whether they all are nearer to the new Cluster-Head. 

This new head get separated from the previous head then the cluster head becomes a regular node and 

all of its members must find new cluster-head. In the network, every node must be a cluster head or a 

member of a cluster head. The mutation operator is applied to each bit of an individual chromosome 

with a probability of mutation rate. Fitness parameters are calculated to minimize the transmission 

distance. The basic idea of this method is to rotate the cluster heads whenever it is required and another 

is the selection of cluster heads in the network in an effective way to enhance the network lifetime. 

 

3.3. Intelligent Hierarchical Clustering Technique 

Genetic algorithm is used to create energy efficient clusters for routing in WSN. Intelligent hierarchical 

clustering technique is used to give better energy efficient clusters to the network. In Hierarchical 

Cluster based Routing (HCR) protocol nodes are self-organized in to clusters and each cluster is 

managed by a set of associate is known as head-set. Each associate acts as a Cluster Head (CH) by 

using Round-Robin technique [28], [36]. Heuristics-based approach is used to identify the energy 

efficient clusters. The HCR protocol used to determine the number of clusters, the cluster heads, the 

cluster members and the transmission schedules by using GA. The HCR protocol used to create an 

energy efficient cluster for a given number of transmissions [27]. A radio model is used in this for a 

short range transmission with in clusters. The energy consumed by a transmission amplifier is 

proportional to the distance between nodes [43]. The GA is used to identify the Clustering Heads for 

the network. The base station broadcasts the complete network details to the sensor nodes. It includes 

the number of Cluster heads, the members associate with each cluster head and the number of 

transmissions for the configuration. All the sensor nodes transmitting the packets to the base station 

and the cluster configuration is done accordingly and completes the cluster formation phase. The nodes 

will transmit their packets to their Cluster Heads in the data transfer phase. Nodes are represented as 

bits of chromosomes. The Cluster Head and the other node in the clusters are represented as 1s and 0s 

respectively. Depending upon the node density and energy consumption fitness of the chromosomes 

are determined. Best chromosome is selected among several chromosomes in the population which is 

used to produce the next generation. A large number of random Cluster Heads are chosen for the initial 

population. The fitness of a chromosome used to minimize the energy consumption and to extend the 

network lifetime. Some of the fitness parameters are: 

Direct Distance (D): The sum of the distance from sensor nodes to the sink is known as direct 

distance. 

1
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dis is the distance from the node I to the sink node s. Distance should be minimized for a large network 

to minimize the wastage of energy of each nodes. 

Cluster Distance (C): The sum of the distance from the nodes to the cluster head and the 

distance from the cluster head to the sink is called cluster distance (C). K is the number of the nodes. 
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dih is the distance from node I to the cluster head dhs is the distance from the cluster head h to the sink 

nodes s. C should not be too large to minimize the energy consumption. 

Standard Deviation (SD): The variation in cluster distance is not necessary to be same. The 

variation in the cluster distance should be small. The cluster distance deviation SD, is 
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Along with that transfer energy, the energy consumed to transfer the aggregated packets from 

the cluster to the sink. The base station assigns the Number of Transmissions (T). Quality of the best 

chromosome is determined by the GA. The fitness is a function of all the above fitness parameters. The 

initial fitness parameters are assigned with arbitrary weights and the best fit chromosomes are 

evaluated. This intelligent energy- efficient hierarchical clustering protocol performs better than the 

traditional cluster based protocols. 

 

3.4. Genetic Algorithm Based Energy Efficient Clusters (GABEEC) 

Genetic algorithm based energy efficient clusters having two phases which are setup phase and steady 

state phase. Once the cluster formed they will not change throughout the network. In setup phase 

clusters are created and will not change for each round. Each round having static clusters with selected 

dynamically Cluster Heads (CHs). At the end of each round a member node associate becomes CH 

depending on the residual energy of the current CH and the average energy amount of the member 

nodes in the cluster [42]. In this algorithm the cluster formation is like LEACH algorithm. In setup 

phase pre-defined number of sensor nodes selected for cluster heads (CHs). The cluster heads indicate 

the number of clusters in the network. The Non-CH nodes are joining in to the clusters based on the 

distance between the CHS. In steady state phase all the nodes communicates with their CHs. The 

communication between the nodes and CHs are done by TDMA schedule. TDMA allows multiple 

accesses to share same radio channel and divides each channel in to time slots to enable data 

transmission. After receiving all the data from other nodes, CH has fused all the data packets in to one 

data packet and send it to the Base station (BS). When all CHS send their data to BS, a round will be 

completed. After end of each round the BS checks the energy of cluster heads and their member nodes. 

If the average energy of the CH is lesser, compared to the member nodes in the cluster, an associate 

CH is selected from the member within the cluster. The member node which has higher energy is 

selected as the new CH and the old CH automatically becomes a member node. The clusters that are 

created in the setup phase will not be changed throughout the network but the selection of new CH is 

based on the energy of the current CH and its member nodes. In each round the static clusters will 

dynamically change CHs. But the clusters are not recreated for each round. GA starts with a population 

and pre-defined number of chromosomes and randomly generated individuals. Each sensor node 

corresponds to a binary representation. The representations are called as chromosomes or genomes. 

CHs are represented as 1 and members are represented as 0. Each chromosome is evaluated by GA to 

calculate its fitness. Fitness of the chromosomes depends on three parameters: the round in which first 

node dies, the cluster distance after evaluating the fitness of each chromosomes in the population, best 

fit chromosomes are selected by using a specific selection method based upon their fitness values. 

Routette-Wheel selection is used for selecting the chromosomes from the population will create a new 

child chromosome by doing crossover and mutation. The new child will join to the existing population. 

Crossover is a genetic operation that generates two new child chromosomes from two parent 

chromosomes. The best way of doing crossover is choosing a random crossover point and makes two 

parent chromosomes exchanging information after that point. Crossover can be done after the selection 

process. The probability of the crossover will take place depending on the crossover rate. After 

crossover mutation takes place to prevent falling all solutions in population to a local optimum of 

solved problem. Mutation changes every bit of the new child chromosomes with a probability called 

mutation rate. This algorithm begins with randomly generated nodes in a network to be cluster-head. 
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GA used to find an applicable number of cluster-heads and their location to make the network energy 

efficient to expand the lifetime. This algorithm gives better efficiency compare to the LEACH. 

 

3.5. Re-Clustering Method 

In WSN the cluster-based routing algorithm is based on genetic approach, so that non-uniform 

distribution of nodes can cluster the network and selects the Cluster Head after setting the nodes. This 

algorithm is used to re-cluster or reselect the cluster heads quickly and when the location changes or 

failure of the Cluster Heads which is best for balancing the energy consumption and prolonging the 

lifetime of the network. Cluster analysis is one of the important data mining technologies. Data mining 

is the process to extract the information from the random data. Genetic Algorithm has the capability of 

self-adaptive and self-organization and the search method that is developed by referring the evolution 

and the biological natural selection. GA is widely used to resolve the complex optimization problem. 

The overall optimization solution can get from the potential solution by the operation of genetic 

mutation [38], [44], [45]. Improved scientific and rotational processing can be achieved by combining 

the cluster analysis and genetic algorithm. The Routing algorithm of balanced load can be achieved by 

cluster-based routing and the Cluster Heads in WSN. The node in non-uniform distribution, the initial 

clustering is done by the genetic clustering algorithm and the Cluster Heads need to be selected. 

Rotational mechanism is used to select the cluster head and the energy status of the nodes within the 

relevant clusters. K-mean clustering algorithm is the clustering method based on two dimensional data 

space. It is used for local optimization, error convergence, the spherical or ellipsoidal clustering results 

and it can be achieved when attending the larger distance. Population initialization must be done by the 

following operation. They are randomly selecting the initial cluster center, cluster division, solving the 

cluster center of the current division, calculating the fitness. Selection operation for the next generation 

is done by Routette-Wheel method according to the fitness of chromosome. Crossover is made with 

random for two individuals. The probability of mutation operation is determined based on the 

parameters and the location of mutation is generated. The highest fitness individual is selected as an 

optimal chromosome. The fitness of the individuals adopted to search the data. GA selects the fitness 

function based on the clustering in the procedure of data processing. To extend the lifetime of the 

network, it’s necessary to go for rotation processing on the Cluster heads. Two methods are adopted to 

implement the reselect Cluster Heads and the rotation processing. In Genetic clustering, after getting 

the cluster center, the node which has the shortest distance from the cluster center and having more 

energy can be selected as a Cluster Head and the nodes can be re-clustered. Another method is 

depending upon the energy reselect the CH, but the previous cluster structure may get damaged. It 

needs to re-cluster all the nodes. After that new cluster heads are assigned and the nodes can be re 

clustered depends upon the new cluster centers. The cluster based routing protocols based on genetic 

clustering algorithm of non uniform distributed nodes in the network can select the Cluster Heads after 

setting the nodes. When the location changes or failure of the Cluster head, the network need to be re 

clustering or re selecting the Cluster Heads, by using this algorithm practically significant in balancing 

the network energy and extending the network lifetime. 

 

3.6. Hybrid Optimization Technique 

In this Algorithm neuron is used to describe the nodes in the network and constructs neural model for 

network. This neural network model consists of three aspects: Network node neuron model, Network 

node control model and Network node connection model. It presents a weighted average of Cluster 

Head selection algorithm based on a GA which the design of the node weight directly related to the 

decision-making predictions. The Algorithm consists of two stages: single parent evolution and 

population evolution. In the single parent evolution the initial population is formed by using gene pool 

and it continued to the evolution process. The best solution will be generated and saved in the 

population. It makes the network to balance the energy consumption, the network cycle, ensure the 

communication quality and also provide some theoretical foundation for the neural networks 
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application. In the network, nodes are divided in to several clusters. Based on the energy multi-path 

routing model, the new algorithm which abandons the randomness in the generation of initial 

population and replace the gene fragments by gene pool. Each cluster consists of Cluster Head (CH) 

and several Member Node (MN) components. CH has the high-level virtual backbone responsible for 

data forwarding between clusters. The MN communicates with the CH node. A cyclical way to select 

Cluster Head nodes in the network nodes is used for balancing energy consumption. Cluster Head 

nodes die because of energy depletion, and to overcome the problem Cluster Head rotation mechanism 

is introduced. In this mechanism each node of each Cluster head rotates from time to time and the 

remaining energy of each node is as close as possible. Cluster Head mechanism is independent and 

complement for cluster Algorithm. Active and passive are the two common Cluster Head mechanism. 

The Cluster Head rotation is too frequent to cause a lot of additional overhead and network disruptions 

and if its frequency is too low it may cause some nodes to run out of energy permanently. In a network 

all the nodes are divided in to Cluster Head nodes and common nodes. Common node collects all the 

data and sends to the cluster head node and the Cluster Head nodes fuse all the data and send to sink. 

Some of the cluster Algorithms is LEACH, PEGAGIS, and HEED [46]. WSN neuron model is used to 

fuse the data for the sensor nodes to collect information for the weight values. All the information 

processing strategies used to reduce node energy consumption as far as possible because sensor node 

energy is very limited. Hop field neural network model is an artificial neural network model to 

optimize computing, pattern recognition, associative memory and image restoration. Artificial neural 

network adopts a parallel computing interconnected mechanism and also forms a simple circuit of 

artificial neural networks [47], [48]. Hop field energy function is reflected overall state of multi 

dimensional neural scalar function. The internal stored energy is gradually decreased with time 

increase in the system; movement process is considered mainly by the system balance and goes to 

stable state naturally so it can solve the stability problem. The energy of the system runs out or become 

miniature during the movement to equilibrium. Clustering decision done by the base station. The base 

station collects all the node details in the network about energy and data. The average weighted 

program in the neural network model having three layers they are the Input layer, the hidden layer and 

the Output layer. It has three main features they are anonymous response, iteration and controlled 

feedback, static group response. Anonymous response is member’s circuit, a consultation on the table 

from their response to be anonymous. Iteration feedback is the method of step by step approach which 

includes several iterations. Single iteration is called one round and each round collected through the 

process and back to the base members through feedback. After each round of consultations is required 

to collect the view of the members of the group were statistically treated and received. The final rounds 

of the views of members are combining in two groups of views. The natural model introduces the 

design and realization methods of the neuronal model and the neural network model. The algorithm 

balanced energy consumption and extends the network life cycle. 

 

3.7. LEACH-GA 

A genetic algorithm based adaptive clustering protocol to achieve good performance in terms of 

lifetime of network in WSN.GA based protocol on LEACH is called GA-LEACH which basically has 

two phases namely set-up and steady state phase for each round in the protocol with preparation phase. 

In preparation phase all nodes initially performs cluster head selection process and send all the packets 

with status of a cluster head (or) node identity and the position to the preparation phase is performed 

only on base station before the set-up phase of the first round. After receiving all the data from the 

nodes the base station start searching for the cluster heads through GA by minimizing the total energy 

consumption required for the competition of one round. In the setup phase, base station broadcasts 

packets to the all nodes in order to form clusters. The process of set-up phase and the steady state phase 

for all the rounds are same as LEACH. LEACH creates a setup phase for CH’s selection and a steady-

state phase for their slot scheduling and transmission. When a node is selected to be a CH, It broadcasts 
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an advertisement packet with the nodes ID and a header using a Carrier Sense Multiple Access 

(CSMA) and MAC protocol to ensure to avoid collision to the entire network. The size of the packet 

must be small so that it can be efficiently broadcasted to reach all of the nodes in the network. A non-

cluster node member decides to join with the cluster defined by the CH with received signal. Each non 

CH sends a join request along with ID to the closest CH using CSMA. After the setup phase the CH 

calculate the number of member nodes and IPS of the nodes in the cluster. 

 
Figure 2: Cluster Set-Up for LEACH-GA 

 

 
 

Based on the packets received within the cluster, the CH creates a TDMA schedule along with 

unique spreading code and transmits to the cluster node members at the beginning of steady-state phase 

[37]. All the nodes and CH transmitting their data packets only through the TDMA time slot and the 

code. TDMA having time slots built in and do not suffer from collisions and it’s naturally energy 

preserving protocol. When the data packets sent from the nodes are received by a CHs and the CHs 

aggregates and forwarding the data packets to the BS. This action is repeated in each round. A GA-

based adaptive clustering protocol is used to determine the optimal threshold probability for cluster 

formation in network. LEACH is used to specify the probability of threshold function and determine 

the CH in the network. LEACH-GA is performed by using LEACH in terms of network lifetime and 

provides optimal energy consumption. 

 

 

4.  Conclusion 
Major issue in WSNs is the limited battery of sensor nodes. To minimize the energy consumption of 

nodes WSNs introduce various algorithms. In this paper, various cluster based energy efficient 

techniques with genetic algorithm are discussed to focus on minimizing the energy consumption of 

nodes during transmission and have extended the network lifetime. Future work is to focus on better 

energy optimization with efficient clustering algorithms by using genetic algorithm. 
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Abstract 

 
This research paper gives new simple solutions/approaches that use Mobile Agents 

in Security of Wireless Sensor Networks. There are three identified attacks such as cloning 

attack, sinkhole attack and black hole attack for wireless sensor networks (WSNs). For 

each attack, a solution/approach is given and it illustrates principles corresponding to that 

classification. All three solutions run parallel to reduce the cost and energy for this multiple 

attack detection concept. Description of each solution is given from the viewpoint of the 

role which a Mobile Agent has in the Wireless Sensor Network. This mechanism does not 

require more energy .The results show the comparison made with the existing security 

solution without mobile agents with proposed security solution with the mobile agent. 

Comparison was also done between the proposed security systems with the security system 

handling single attack. And it proves that security solution using mobile agents have more 

efficiency than traditional approaches. 

 

 

Keywords: WSN, Mobile agent, Attack, Security, Node replication 

 

1.  Introduction 
Wireless sensor networks (WSNs) contain a multitude of devices that integrate sensors, processors, 

memories, and network interfaces. Since they are embedded, each device is typically small, run on 

batteries, and communicates over low-power links. WSNs are often ad hoc; once deployed, they are 

expected to autonomously form a network without infrastructure support. Depending on the 

application, the network may form routing trees for delivering data to base stations, or a multi hop 

mesh for delivering data amongst themselves. There are many applications for WSNs which include 
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Battle ground surveillance, Enemy movement (tanks, soldiers, etc.), Environmental monitoring, Forest 

fire monitoring, Elephant monitoring in villages, Tracking patients, doctors, drug administrators etc. 

reporting data to end users. As technology advances and hardware prices drop, WSNs will find even 

more opportunity to spread in areas where traditional networks are inadequate. 

Sensor networks closely interact with their physical environments and with people, posing new 

security problems. Security in wireless sensor network is different compared to security in LANS, 

WANS, Internet etc. This is due to Sensor Node is having Constraints on battery power, CPU and 

memory and WSN is Wireless, Ad hoc, Unattended. Hence it poses new security problems and 

research challenges 

Mobile agent based security application has already been proposed for WSN. A Mobile Agent, 

namely, is a type of software agent, with the feature of autonomy, social ability, learning, and most 

importantly, mobility. More specifically, a mobile agent is a process that can transport its state from 

one environment to another, with its data intact, and be capable of performing appropriately in the new 

environment. Mobile agents decide when and where to move. Movement is often evolved from remote 

procedure call methods. Mobile agents have raised considerable interest in the research community 

(Agent Tcl, Tacoma, and Mole, for example) and in industry (Aglets, Concordia, Jumping Beans, and 

the like). Mobile agents are not a new concept. It borrows from the Xerox Worm done 30 years ago, 

from OS process migration work done in the 1980s, from remote evaluations done more than 20 years 

ago at MIT, and so on.[13].Many advantages which mobile agents have over conventional agents are 

discussed in [17-19]. 

Mobile agents in this approach are developed using Aglets Software Development Kit v2 

(Open Source). Aglets are Java objects that can move from one host on the Internet to another. That is, 

an aglet that executes on one node can suddenly halt execution, dispatch to a remote host, and resume 

execution there. When the aglet moves, it brings along its program code as well as its state (data). A 

build-in security mechanism makes it safe to host non-trusted aglets. It supports the ideas of 

autonomous execution and dynamic routing on its itinerary. The Agent Transfer Protocol (ATP) is an 

application-level protocol for distributed agent-based information systems. ATP offers a simple and 

platform-independent protocol for transferring agents between networked nodes. 

Communicating single bit over the wireless sensor network at short ranges consumes more 

energy than processing that bit. Thus, minimizing the amount and range of communication is very 

important. Mobile agents were proved to greatly reduce the communication cost especially over low 

bandwidth links, by moving the processing function to the data rather than bringing the data to a 

central processor [14-16]. Mobile agent paradigm is proposed here for reducing the communication 

cost and making the entire detection process easier. 

 

 

2.  Related Work 
Few prior security proposals for cloning attack, sinkhole attack and black hole attack in wireless sensor 

network are discussed here. 

 

2.1. Survey on Cloning Attack Detection in WSN 

In the cloning attack or node replication attack [20], an attacker intentionally puts replicas of a 

compromised node in many places in the network to incur inconsistency. The node replication attack 

can enable attackers to subvert data aggregation, misbehavior detection, and voting protocols by 

injecting false data or suppressing legitimate data [20]. Conventional methods to detect a node 

replication attack usually include centralized computing based on node locations or the number of 

simultaneous connections, which is vulnerable to the single-point failure. Distributed detection of the 

node replication attack was proposed in [20], where each node is assumed to know its location, and it is 

required to send its location to a set of witness nodes. If a witness node finds a contradiction in the 

location claims of a suspected node identity, this suspected node identity must be replicated many 
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times. Asymmetric key technology is used here to guarantee the authenticity of location claims. A 

similar approach is discussed in [21]: each node has a private key corresponding to its location, and the 

location based key can be used to detect node replicas. RAWL and TRAWL is discussed in [2] 

presented a non-deterministic and fully distributed replica detection protocol. It greatly reduces the 

communication and memory overhead when compared to many previous protocols. Still it has a slight 

communication overhead because of more number of random walks to get an efficient result. Here we 

tried to develop the detection protocol which deals two more dangerous routing attacks namely, sink 

hole and black hole attacks along with this cloning attack detection procedure without increasing 

memory and communication cost. 

 

2.2. Comparison between Existing and Current Methods to Detect Sink Hole Attacks in WSN 

In a sinkhole attack, the goal of an adversary is to lure nearly all the traffic from a particular area 

through a compromised node, creating a metaphorical sinkhole with the adversary at the center. 

Because nodes on, or near, the path that packets follow have many opportunities to tamper with 

application data, sinkhole attacks can enable many other attacks (selective forwarding, for example). 

Sinkhole attacks typically work by making a compromised node look especially attractive to 

surrounding nodes with respect to the routing algorithm. For instance, an adversary could spoof or 

replay an advertisement for an extremely high quality route to a base station. One motivation for 

mounting a sinkhole attack is that it makes selective forwarding trivial. By ensuring that all traffic in 

the targeted area flows through a compromised node, an adversary can selectively suppress or modify 

packets originating from any node in the area. 

Two examples of sink hole attack are 

• Malicious node redirects with modified route sequence numbers. Here malicious node 

sends greater sequence number to misguide that it is a fresh route. 

• Malicious node redirects with modified hop count. Here malicious node sends lesser 

hop count value to tell that this is shortest path. In fact there is no such path exists. 

Network overload is very high in many existing methods to detect sink hole attacks in WSN. 

And many existing approaches to detect sink hole attacks uses encryption and authentication 

mechanisms, it has encryption, decryption and key overhead. The proposed approach uses mobile 

agent to defend against sink hole attack to avoid all the above discussed disadvantages. 

Packet leashes [22] are based on geographical and temporal packet leashes. The use of 

geographical leashes assumes knowledge of the node location. The use of temporal leashes requires all 

nodes to have tightly synchronized clocks and demands computational power, which according to the 

authors, is beyond the capability of sensors. SECTOR [23] is based on measurement of the time of 

flight of a message in a challenge–reply scheme. Such a scheme assumes that sensors are able to 

execute time measurements of nanosecond precision and, hence, this scheme requires very accurate 

clocks at each sensor. In addition, distance estimates based on the time of flight are sensitive to 

distance-enlargement errors. Sink hole attack detection [24] finds a list of suspected nodes, and then 

carries out a network flow graph identifying a sink attack by observing data missing from an attacked 

area. The method is based on a central processing unit, which is not convenient in a wireless sensor 

network. 

The proposed security model avoids sink hole attack by 99% along with the detection of 

cloning and black hole attacks. 

 

2.3. Survey on Black Hole Attack Detection in WSN 

Black hole attacks have been studied in the wired, agent based and mobile ad hoc networks. Most of 

the techniques proposed in non-WSNs do not apply to the black hole problem in WSNs, because of the 

high computation and storage requirements. A Black hole attack of WSN is an attack that is mounted 

by an external adversary on a subset of the sensor nodes in the network. The adversary captures these 

nodes and re-programs them so that they do not transmit any data packets, namely the packets they 



A Security Approach using Mobile Agents for Wireless Sensor Networks 375 

generate and the packets from other sensor nodes that they are supposed to forward. In this paper, we 

term these re-programmed nodes as black hole nodes and the region containing the black hole nodes as 

a black hole region is the entry point to a large span of insidious attacks. The techniques proposed in 

the literature for black hole attacks either use neighborhood interactions and message overhearing [4], 

[5] or secret sharing and path diversity [6], [7], [8]. Techniques based on neighborhood message 

interactions and overhearing work under the assumption that the sensor node in the neighborhood of a 

black hole node are not compromised and hence can monitor and report the black hole node. However, 

if several sensor nodes that are in close proximity are compromised and collude among themselves, 

then they can easily make neighborhood overhearing-based techniques ineffective. The path diversity 

and secret sharing based techniques, although better, are still not very effective. 

In a WSN, the requirement of successful packet delivery to the base station is more essential 

than the requirement of prevention of data capture by an adversary. With the use of efficient data 

encryption algorithms, such as AES [9], and data anonymity techniques [10], the information that an 

adversary can derive from captured packet(s) can be made inconsequential. Consequently, we 

concentrate on the objective of delivering the packet(s) to the base station in the presence of black hole 

nodes. Given that in a WSN a base station is a laptop class device, the idea of deploying multiple base 

stations is inexpensive. Use of multiple base stations have been proposed in the literature to handle the 

flow of large amounts of heterogeneous data from the network and several optimization techniques 

have been designed for query allocation and base station placement [11], [12]. Here the use of multiple 

base stations is proposed only when there is a probability for the presence of black hole nodes in a 

WSN. 

In [25], Karakehayov proposed a technique in which transmitting sensor node performs power 

control to transmit a packet to more than one sensor nodes in the direction of the base station. If a 

sensor node that is on the forwarding path does not forward a packet, then its next hop neighbor on the 

forwarding path will identify this event and report the sensor node as a black hole. This scheme is very 

expensive for a network with n black hole nodes, for each original message, O(n) extra messages are 

required, which is very expensive. 

Satyajayant Misra et al. Identified [3] couple of serious problems on existing schemes based on 

secret-sharing and (node disjoint) multi-path routing suffer from a couple of serious problems. [3] 

Listed out these problems: strategic position of the black holes is not considered; a black hole region 

close to the base station can capture all packets with high probability. Also all the routes directed 

towards a single base station may be prone to black hole attacks. Also [3] proposes the use of multiple 

base stations for improving data delivery in the presence of black hole attacks. Our solution, takes the 

best part of this and combines this with the detection schemes of cloning and sink hole attacks without 

increasing the communication and memory cost. Our solution also reduces the overhead of multiple 

base stations by the detection of abnormal behavior of certain nodes (using mobile agents) is followed 

upon which the data transmission to multiple base stations is triggered. 

 

 

3.  Proposed Approach 
This system is designed to make every node aware of location and identity of many nodes (Say n) so 

that each neighbor of node A verifies the signature and checks the plausibility of Location of A. When 

a node finds a collision (2 different location claims with the same ID), it broadcasts the two conflicting 

claims as evidence to revoke the replicas. And this system also makes every node aware of the entire 

network so that a valid node will not listen the cheating information from malicious or compromised 

node which leads to sink hole attack. The role of mobile agent in this part is to prepare and update the 

global information table at every sensor node. This system is also designed to defend against black 

hole attack using multiple base stations deployed in network by using mobile agents. Routing through 

multiple base station algorithms is activated only when there is a chance of black hole attack. The 

probability of the presence of black hole nodes is found by mobile agents. Data routing algorithm tells 

how a node uses the global network information to route data packets. 
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Thus the proposed security solution has three solutions. Security Solution -I: Cloning Attack 

detection is to detect clones and any malicious nodes. Security Solution -II: Sink hole Attack avoidance 

is to tell how a node uses the global network information to route data packets by avoiding sink hole 

attack. Security Solution - III: Black hole Attack avoidance is to find the probability of the presence of 

black hole nodes and to trigger the routing process through multiple base stations accordingly. Note 

that the above said three solutions run parallel all the time. The proposed system also has an Agent 

Routing Algorithm to route mobile agents which tells how does a mobile agent gives location and 

network information to nodes and visits every node.. The proposed security solution can also be 

applied to Mobile WSN. 

 

 

4.  Basic Definition 
Definition 1: DAB � Distance between two neighboring nodes (Say A & B). 

DAB = (R-d) / V; Where R � Transmission range; d � Distance between Node A and Node 

B; V � Average speed of the node. 

Definition 2: Counter of Agent 

It tells how many times the agent finds the particular Node as a one hop neighbor or as a child 

node to the previous Node. One mobile agent has agent ID, agent Program, agent briefcase (It contains 

some condition parameters such as DAB, Counter, Latest location Claim of node it visited.) 

Definition 3: Table Details in every Node 

The structure of every node j ie, sensor node information list is shown in the table 1. Counter of 

every node tells how many times this node has been visited by an agent (frequency of the visits by 

agents). 

 
Table 1: Information List of Sensor node j 

 
Node 1 2 . . . i . . . N counter History 

1         

2         

. . .         

j         

. . .         

N         

 

History information of recent 3 visits 

This cell has four information. (If it is a non-zero value) Among this, two are global 

information, and other two are local to that sensor node (here, node j): 

Global information: This information is filled for every cell x*y where x and y are any node 

from 1, 2… N. 

• Agent packet counter information tells how many times agent visited j after i . i.e., how 

many times agent found j as a one hop neighbor of i. (This is helpful for finding sink hole 

nodes.) 

• Location claim of node i. (Note: There will be no updating a value if this entry is same as 

the location claim of node i carried by mobile agent. Here more than one entry may be 

made only when mobile agent carries a different latest location claim for the same node i). 

(Here maximum three entries, i.e., latest three location claim for mobile nodes can be 

made.) 

Local information: This information is filled only for jth row (j is the current sensor node) and 

NN1, NN2, NN3….NNn columns where NN1 to NNn are one hop neighboring nodes of j. (Note: 
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neighboring nodes list may be changed since nodes are mobile. So one hop neighboring nodes list 

should be updated often. ) 

• Dji (Note: Dij should not be more than the transmission range .If Dji is more than the 

transmission range, there is a chance of a cloning attack). 

• The value fp (Frequency of packets), which tells the number of packets received so far 

(for the last time period t1) by sensor node j from sensor node i.(This is helpful for 

finding black hole nodes.) 

Definition 4: Key information of every node 

Every node A is given a private key, PRA and the public key, PUA during the deployment. More 

powerful key managing techniques can be adopted in future. An agent is capable of sharing its 

briefcase with other agents and nodes. The state variables may be updated if necessary when an agent 

leaves a node. 

 

 

5.  Agent Routing Algorithm 
The primary goal of agent is to deliver information of one node to others in the network. In order to 

achieve this goal with the least overload, we put forward a least visited neighbor first algorithm to 

control the navigation of mobile agent. An agent applies the algorithm to the information of node on 

which it currently resides, and decides its next destination. Each node has an information cache that 

agents can update with more recent values. Nodes access this shared cache whenever they require 

information about the network. 

When the agent reaches a node i from node k, agent program performs the following steps. 

Step1: Update the information table of node i with any newer information available in its own 

briefcase. As a whole of this step, when an agent reaches a node i from node k, the following 

information is to be updated in the current sensor node i, if it is not existing or old information. 

(i) Dik 

(ii) Agent packet counter information: It tells how many times agent finds this particular 

node i as a one hop neighbor to the previous node. Otherwise it means that how many 

times agent finds this particular node as a child node of the previous node. (To describe 

more of this: The counter of all nodes stored in the information cache of node i is 

compared with the corresponding counter carried in the briefcase of this agent. If the 

counter of some nodes, say j , in the host node’s information cache happens to be less 

than that in the agent’s briefcase, obviously, the agent is carrying more recent 

information about node j. In that case, the entire information about node j in the host 

node’s cache is overwritten by information in the agent’s briefcase.) 

(iii) Available location claims from agent’s brief case. 

Step2: Mobile agent checks the fp value (frequency of receiving packets for every neighboring 

nodes) in the sensor node list. If it finds '0' (No packet from node j to node i) for neighboring node j, it 

doubts node j is a black hole node. And it triggers routing process algorithm through multiple base 

stations for time t2. 

Step3: Agent gets the signed location claim= {Idi, Li, EP PRi {H(Idi || Li)} of node i. It is 

compared with the location claim of node i in the agent’s briefcase. If it is similar, there is no updation 

for that field in agent’s briefcase. Otherwise that field is updated with the latest location claim of node 

i. The entire step is done after checking the location plausibility of location Li. ie., Dik should not be 

more than the transmission range. Here k is any one hop neighbor of node i which was previously 

visited by an agent. 

Step 4: Determine which neighboring node has the least counter. It is the least visited neighbor. 

Step 5: If this neighbor of i hasn’t been visited in recent 3 times, the agent selects this neighbor 

as its next destination. History information about the last 3 visits can be found in the node’s 

information cache. In case node selected has been visited in the recent past, the agent selects the second 

least visited neighbor, and so on. 
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Step 6: After choosing the next destination, the agent updates its next destination’s ID with the 

chosen destination node ID, and changes the history variables in the host node’s information cache 

with the next destination node. 

 

 

6.  Security Solution- I: Cloning Attack Detection 
The important steps of Cloning attack detection here are 

• Every node A prepares a signed location claim. Preparation of location claim is explained 

in the equation 1. 

Signed location claim = IdA, LA, EP (PRA, {H(IdA || LA)} ) (Equation 1) 

Where EP - Encryption using public key cryptography 

PRA - Private Key of A 

LA - Location of node A 

• Mobile agent gets the signed location claim of node which is visited by it. The node’s 

information matrix can be acquired through mobile agent routing algorithm. 

• Each node A gets the information matrix (Table 1), verifies the signature and checks the 

plausibility of DAB (e.g. the distance between the neighbors cannot be bigger than the 

transmission range.) 

• Signature verification is explained in the equation 2. 

Signature verify = compare {H(IdA || LA)} and DP(PUA,EP (PRA,{H(IdA || LA)})) (Equation 2) 

Where DP - Decryption using public key cryptography 

PUA - Public key of A 

• Here, more than one entry for signed location claim may be made in a single cell of an 

information matrix of one node. It happens only when mobile agent carries a different 

latest location claim for the same node i. (Because nodes can also be mobile.) 

When a node finds a collision (2 different claims with the same ID), It broadcasts the two 

conflicting claims as evidence to revoke the replicas. Each node receiving the two claims 

independently verifies two signatures. If two signatures are valid, it terminates links with replicas. 

 

 

7.  Security Solution- II: Sink Hole Attack Avoidance 
This approach is used for routing the data by avoiding the sink hole attack. The node’s information 

matrix can be acquired through mobile agent routing algorithm. When the data packets wanted to be 

sent to node B, it can be transmitted by this method according to node A’s information matrix. 

Suppose node A is the source node, node B is the destination node. Communicating with node 

B, node A performs as follows: 

Step1: Examine TabValAB of A’s matrix. If TabValAB is not equal to 0 (has a non zero 

value), there is a connection between A and B. The data packets are sent to B directly. 

End routing. Otherwise, go to step2. 

Step2: check the column, B, in the cache of node B, and find out all the items which are not 

equal to zero in B, these items are the child nodes of node B; 

If TabValB != 0 for node1 to node n where n can be 1 to max number of nodes present in the 

network. So, node1 to node n are child nodes of B. 

If all the items in B are equal to zero, then, there is no valid route between node A and nod B, 

and the routing ends. 

Step3: Set the maximum number of hops to reach the destination as n. 

Step4: Initialize k =1. Where k = current number of hops. 

(After finding child nodes of node1 to node n, will be incremented by one. k can reach upto n.) 

This process continues till it reaches to A. 
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Here maximum repeated hop with less weight is selected every time. i.e., Maximum agent 

counter value with less TabValAB For every neighboring nodes A & B. It limits the chance of paths 

containing sink hole. 

Consider a very small network in figure 1. Links in this figure shows that the nodes are in the 

transmission range. The sample information matrix prepared by our proposed method for this network 

is shown in the table 2. To simplify the explanation here, only agent counter information is considered 

in this part. 

 
Figure 1: Sample Network 

 

 
 
Table 2: Sample Information Matrix 

 
TabVal A B C D E F 

A  0 *** 0 *** 0 

B 0  0 *** 0 *** 

C *** 0  *** *** 0 

D 0 *** ***  0 *** 

E *** 0 0 0  *** 

F 0 *** 0 *** ***  

 

In the table 2, *** has 3 information. (Non-zero value). The following is explained for **** by 

assuming X as row and Y as column. 

(i) DXY -Distance between X node & Y node =(R-d)/v 

(ii) Agent packet counter information tells how many times Agent visited X after I.e., how 

many times agent found Y as a one hop neighbor of X. 

(iii) fp – Number of packets received for the last time period time t1 by node X from node 

Y. 

(iv) Location claim of node Y. (Note: There will be no updation if this entry is same as the 

location claim of node i carried by mobile agent. Here more than one entry may be 

made only when mobile agent carries a different latest location claim for the same node 

Y). 

To send a packet from Node A to Node B, 

• TabValAB = 0 � No one hop route. 

• Check TabValB in the cache of B to get child nodes of B. TabValB != 0 for D & F. So, 

D & F are child nodes of B. 

• Set the maximum number of hops to reach the destination as n. 

• Initialize k =1. Where k = current number of hops. (After finding child nodes of D or/and 

F, k will be incremented by one. k can reach upto n.) This process continues till it 

reaches to A. 

• For n=3 

o B � D ; B � F 

o B � D � C 

B � D � F 
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B � F � D 

B � F � E 

o B � D � C � A (One Route) 

B � D � F � E 

B � F � D � C 

B � F � D � F 

B � F � E � A 

� (Another route) 

Maximum repeated hop with less weight is selected every time. i.e., Maximum agent counter 

value with less TAB For every neighboring nodes A & B. It limits the chance of paths containing sink 

hole. 

 

 

8.  Security Solution- III: Black Hole Attack Avoidance 
Neighboring nods list is maintained by each node as shown in table 1. Initially routing is done through 

nearest base station i.e., without using multiple base stations. Routing through multiple base station 

algorithms is activated only when there is a chance of black hole attack. This is needed to save the 

energy in WSN. 

To check the probability of the presence of black hole nodes, 

• Mobile agent visits every node according to agent routing algorithm which was 

explained in section V. 

• When mobile agent visits a node i, 

o it checks the frequency of receiving packets for every neighboring nodes in the list. 

o if it finds '0' (No packet from node j to node i) for neighboring node j, 

� It doubts node j is a black hole node. 

� It triggers routing process algorithm through multiple base stations (explained in 

section 9) for time period t2. 

� Within time t2, it confirms whether node j is a black hole node or not. 

� If node j is a black hole node, it revokes node j. 

� After time t2, it triggers routing process algorithm through nearest base 

station.(without using multiple base stations) 

• The primary goal of agent in this part is to detect the black hole nodes. This is done by 

giving information of one node to its neighboring nodes in the network. 

 

 

9.  Routing Using Multiple Base Stations 
In this section, we present the details of our technique which uses multiple Base Stations placed in the 

network to help mitigate the effect of black holes on data delivery in a WSN. Here, instead of only one 

BS at the top right corner of the network, four BSs are deployed at the four corners. This is one of the 

many possible ways of placing a set of BSs. 

To reduce the extra computation and message exchange overheads on the sensor nodes in the 

network, this method is activated only when there is a chance of black hole attack. This is found using 

black hole detection algorithm which is explained in section 8.. 

Assume that the packets from the sensor node u to the nearest base station are captured by the 

black hole region. However, since u can route to the other base stations, its packets can still reach the 

remaining three Base Stations. We use this concept to provide a robust solution, with very little extra 

computation and message exchange overheads on the SNs in the WSN. Our technique requires 

transmission of redundant copies of a packet from each SN, but we note that this is no different from 

transmitting several shares. In fact, we use much fewer redundant communications. The base concept 

of using multiple base stations is derived from [3]. 
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10.  Performance Analysis 
When a mobile agent is attempting to connect to a wireless sensor node which is in the sleep mode, the 

connection cannot be established. Here, the goal is to determine an optimal sleep cycle in one duty 

cycle. One duty cycle includes one sleep period of s and one active period of (T-s). The probability p 

that the wireless sensor node cannot be connected is 

p = s/T 

If we have congestion probability as p and (T-s) =2∆, we have 

T = (2∆) / (1-p) 

And 

s = (2p∆) / (1-p) 

Now, we need to compute the energy needed for a mobile agent traversing a set of nodes. Let 

Ps be the power consumed at sleep mode, and Pa be the active mode. Clearly, there are the following 

two cases in each duty cycle: 

1. A mobile agent at the sink node has attempted all n nodes one after another in one duty cycle T. 

In this case, all nodes have a regular duty cycle with one sleep mode and one active mode. The 

energy in the normal duty cycle Enormal is 

Enormal = n (sPs + (T-s)Pa) = 2n∆ (pPs + (1-p) Pa) /(1-p) 

2. A mobile agent at a wireless sensor node has attempted remaining servers in one duty cycle T. 

In this case, all wireless nodes except one node (the one with the mobile agent) have a regular 

duty. The node with the mobile agent has to be in the active mode during the whole duty cycle 

in order to avoid loss of the mobile agent. Hence, the energy in the special duty cycle Especial 

is 

Especial = (n-1) (sPs + (T-s)Pa) + TPa = 2(n-1)∆ (pPs + (1-p) Pa) /(1-p) + (2∆) Pa / (1-p) 

For a mobile agent to successfully obtain sensors’ information, we can have r1 normal duty 

cycles and r2 special duty cycles, and the total energy required is 

Etotal = (r1+1)Enormal + (r2-1)Especial. 

Here, we add one to r1 and minus one from r2 because, in the first special duty cycle, the first 

node accepts the mobile agent and is still operated in the regular duty cycle. 

 

 

11.  Simulation Results 
The proposed work was simulated using a open source simulator called JProwler. Prowler (ISIS 2006) 

is a probabilistic sensor simulator written in Matlab, and has a version build in java (JProwler). 

JProwler is built for MICA Mote hardware platform, which is running on Tiny OS. It also has a very 

efficient throughput, but it provides only one MAC protocol of TinyOS. Simulation parameter setting 

is given in table 3. 

 
Table 3: Simulation Parameter Setting 

 
Parameter Value 

Network scale 200m x 200m 

No.of sensor nodes 25~400 

Energy level 0~64 

Mobile Agent code size 500 bytes 

Bytes accumulated by the mobile agent at each sensor node 100 bytes 

Mobile agent execution time at each node 50 ms 

Mobile agent instantiation delay 10 ms 
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Table 4: Comparison of methods to detect cloning, sink hole and black hole attacks with / without mobile 

agents 

 
Sample Executions 1 2 3 

Simulation details:    

No. of nodes 100 200 300 

No. of cloned nodes 10 20 15 

No. of sink hole nodes 10 20 20 

No. of black hole nodes 10 20 25 

Cloning attack detection without using mobile agent [2]    

Cloned nodes found 4 8 6 

Cloned nodes missed 6 12 9 

Communication overhead 14000 30799 46200 

Memory overhead 14600 30800 46800 

Cloning attack detection by using mobile agent (only Security 

Solution - I of our proposed approach) 
   

Cloned nodes found 7 14 12 

Cloned nodes missed 3 6 3 

Communication overhead 11000 22000 33000 

Memory overhead 11700 23000 34000 

Sink hole attack detection without using mobile agent [5]    

Sink hole nodes found 5 7 8 

Sink hole nodes missed 5 13 12 

Communication overhead 18200 36400 54600 

Memory overhead 19300 37500 57600 

Sink hole attack detection by using mobile agent (only Security 

Solution - II of our proposed approach) 
   

Sink hole nodes found 6 12 16 

Sink hole nodes missed 4 8 4 

Communication overhead 13000 26000 39000 

Memory overhead 12200 24520 40100 

Black hole attack detection with multiple base stations and 

without using mobile agent [3] 
   

Black hole nodes found 4 8 10 

Black hole nodes missed 6 12 15 

Communication overhead 14000 27000 42000 

Memory overhead 15000 28000 43000 

Black hole attack detection with optional multiple base stations 

by using mobile agent(only Security Solution – III of our 

proposed approach) 

   

Black hole nodes found 6 14 20 

Black hole nodes missed 4 6 5 

Communication overhead 10000 20000 30000 

Memory overhead 11000 22000 31000 

Our proposed approach of cloning, sink hole and black hole 

attacks by using mobile agent (Security Solution – I , II and III 

of our proposed approach parallelly) 

   

Cloned nodes found 7 16 13 

Sink hole nodes found 8 17 22 

Black hole nodes found 7 17 18 

Cloned nodes missed 3 4 2 

Sink hole nodes missed 2 3 3 

Black hole nodes missed 3 3 2 

Communication overhead 11345 22670 34000 

Memory overhead 11640 23180 35033 
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Figure 2: Cloning Attack Detection Overhead 

 

 
 

Figure 3: Sinkhole Attack Detection Overhead 

 

 
 

Figure 4: Black hole Attack Detection Overhead 
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Figure 5: Black hole Attack Detection Overhead 

 

 
 

Figure 6: Total Overhead 

 

 
 

The above simulation results (Figure 2 to Figure 6) show the comparison between the 

communication overhead with average probability of detection method (cloning/ sink hole/ black hole) 

using mobile agent with the existing detection methods without using mobile agent. It shows that the 

communication overhead is very less for the method which uses mobile agent. It also shows the total 

communication overhead for our proposed approach to detect cloning, sink hole and black hole attacks 

is same as the communication overhead of a protocol which detects a single attack. It also proves that 

the detection accuracy is higher than the existing protocol. 

 

 

12.  Conclusion and Future Enhancement 
In this paper a mobile agent based security solution is proposed for wireless sensor network to make 

node locations be learnt by other nodes with very less communication overhead. Also this approach is 

used to provide necessary knowledge to every sensor node in a Wireless Sensor Network not to believe 

the false path so that sink hole attack can be avoided at certain extent. And, Routing through multiple 

base station algorithms is activated when there is a chance of black hole attack to avoid the information 

lost due to few black hole nodes. Thus it detects clone attack, black hole attack and sink hole attack 
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with the communication overhead of finding a single attack. The performance of the proposed 

approach has been examined through simulations.. The performance of the proposed approach has been 

examined through simulations. 

In future, more attacks such as Denial of Service, Hello flooding can be detected along with the 

proposed approach without increasing communication delay and energy. And frequency of different 

attacks can be analyzed for any given environment and the frequency of triggering attack detection 

approaches will be varied accordingly. The entire system can be tested in Mica2 motes. 
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Abstract 

 
In today’s competitive world sustain in the market ,customer satisfaction is key 

factor which can be achieved by providing good quality of the product on time at customer 

end but it is not possible because of operating the machines below the rated speed, start up 

loss, break down of the machines and bottle necks in process. The present paper highlights 

Total Productive Maintenance (TPM) methodology is used as tool for the equipment 

uptime by Focused improvement (kaizen), Autonomous maintenance activities, Planned 

maintenance, Technical training in equipment maintenance and operation, early equipment 

management program, Quality maintenance activities, safety and environmental issues. 

TPM and problems encountered during the implementation are discussed and analysed. 

Moreover, the critical success factors for achieving TPM are based on the practical results 

gained from the study. 

This models help's how the plant major control over the effective use of their 

machines and equipment(Capital assets) by using Overall Equipment Effectiveness (OEE) 

as a measuring tool and how company can build their personalized model for TPM 

implementation. After the implementation of TPM model machine improved, machine 

condition on the job training production increases as machine available for more hours for 

production and in between stoppages are minimized, self-supervision and continuous 

improvement which results in OEE of the equipment from present stage of 49% to 83%. 

After implementation of TPM may be noted the product, machines, employees and 

materials are the same by updated concept when implemented made the difference. All this 

improvement is within the competence of employee working in the organization, no 

external person can do it. 

 

 

Keywords: Total productive maintenance, Overall Effectiveness of equipment, 

continuous improvement, Planned maintenance, kaizen. 

 

1.  Introduction 
In modern day manufacturing and service industries, improved quality of products and services 

increasingly depend on the features and conditions of organizations' equipment and facilities. A great 

amount of companies find, that in spite of the huge improvements in productivity in the last few years, 
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there is still a big potential to be better utilizing the machine tools and reaching the better productivity 

goals. Like the Japanese say to discover the mountain of possibilities [7]. One main method to meet 

this challenging is the TPM. TPM developed by S.Nakajima at the Japan Institute of Plant 

Maintenance, the aims of TPM is to achieve the ideal performance and achieve the Zero loss [8] which 

means no production scrap, defect, no breakdown, no accident, no waste in the process running or 

changeover. 

There are following eight core activities of TPM are followed while developing TPM 

programme Equipment improvement/Kaizen, Autonomous maintenance(JH), Early management 

(5S),Planned maintenance, Quality maintenance, Education and training, Administrative and support 

department activity, Safety and environmental management. Wireman [10] suggests that TPM is 

maintenance that involves all employees in the organization and accordingly includes everyone from 

top management to the line employee strategy which encompasses all departments including 

maintenance engineer, Operator, Design Engineering, Project Engineering, Facilities, Inventory and 

Stores, Purchasing, Accounting and Finance in equipment improvement targeting zero-accidents, zero-

defect and zero-failures in equipment lifecycle[3] (Refer Fig.1) level through the activities of small 

group. 

 
Figure.1: TPM Equipment Management Life cycle 

 

 
 

1.1. Autonomous Maintenance (Jishu Hozen) 

Autonomous maintenance consists of simple maintenance items that are performed by the operator 

without the need of a highly skilled maintenance worker. The organisation should enable the operator 

to take responsibility for routine maintenance tasks and active participation in improvement activity 

along with routine duties, establish a more conducive atmosphere by giving intent awareness training 

on their machine, coaching, rewards and awards. The main aim of the Jishu Hozen is uninterrupted 

operation, active employee participation and flexible operator who can carry out operation and routine 

maintenance. The operators are responsible for upkeep of their equipment to prevent it from 

deteriorating. The main steps involved in Jishu Hozen, Preparation of employees, Initial cleanup of 

machines, Take counter measures, Fix tentative JH standards, General inspection, Autonomous 

inspection, Standardization and Autonomous management. 
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1.2. Kobetsu Kaizen 

It focused equipment improvement and reduces losses [6] that impede equipment efficiency, human 

work efficiency and effective use of production resources. It should be aimed at improving the 

efficiency in utilization of equipment, operator material and energy. Basically kaizen is for small 

improvements machine losses, but carried out on a continual basis and involve cross-functional teams 

comprising in production, maintenance engineering and operator. Kaizen requires no or little 

investment. The principle behind is that "a very large number of small improvements are more 

effective in an organizational environment than a few improvements of large value. This pillar is aimed 

at reducing losses in the workplace that affect our efficiencies. By using a detailed and thorough 

procedure we eliminate losses in a systematic method using various Kaizen tools. 

 

1.3. Scheduled Maintenance 

The scheduled maintenance utilizes previously developed maintenance schedule for machine. It may 

take place too soon, while machine still operates well before machine fails. It helps to us to bring back 

zero break downs, reduces maintenance cost and improve the reliability and maintainability of 

machine. It can be considered a part of preventive maintenance. 

 

1.4. Quality Maintenance 

Quality Maintence focusing on tasks that keep machines producing quality, error-free parts. Quality 

Maintenance is establishment of machine conditions that will not allow the occurrence of defects and 

control of such conditions is required to sustain Zero Defect. This can be achieved by focusing on 

Poka-yoke proper segregation of defect parts, operator quality assurance and defect free conditions and 

control of equipment. Poka-Yoke is used to avoid human error. These techniques are simple but based 

on creative thinking in the exiting big problem, can be overcome by prediction problem, analyzed 

before getting defects parts. 

 

1.5. Overall Effectiveness of Equipment (OEE) and Six Major Losses 

Total preventive maintenance provides a systematic procedure for linking corporate goals to 

maintenance goals. A powerful component of the TPM process, OEE can be used as an indicator of the 

reliability of the production system [1]. OEE is defined as a measure of total equipment performance, 

that is, the degree to which the equipment is doing what it is supposed to do [4].OEE is a Key 

performance Indicator measures the effective utilization of capital asset by expressing the impact of 

equipment improvement related [2] six big losses like breakdown, setup and adjustments, Idling and 

minor stoppages, reduced speed, process defect and reduced yield. These losses mainly depends usage 

conditions of the machine not observed , deterioration overlooked, inherent weakness in equipment 

design, insufficient operating and maintenance skills and basic equipment condition neglected.The 

OEE calculation is an excellent activity to be handled as a part of small group activities. To improve 

quality, collect the input data, gather the data and reporting processes and discusses results of 

availability, performance efficiency and quality rate in the report. The OEE improves the 

organisation’s competitive position in terms of delivery and flexibility by reducing the buffer inventory 

and downstream production. Increasing effective capacity allows more throughputs and lowers the cost 

per unit. Increases the rate of quality products, this means that there is a less scrap and rework, which 

not only reduces the costs, but also yields a higher rate of quality. 
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Figure. 2: Impact of Maintenance on competiveness (Fredendall et al,1997) 

 

 
 

 

2.  Case - Study 
The present case study was taken up in Automotive industries where the shot blasting is the one of the 

important operations on component by reducing Fatigue-stress, elimination of cracks ,improves tensile 

strength, Surface Integrity and removes scale formation on the parts. By applying continuous stream of 

the shots bombarding at a high velocity via turbine wheel against the surface of the component. The 

life of the component increase. As the machine utilization needs to be higher to balance the cycle time 

at various stages of processes for sustained capacity planning, but due to various fallacies in system the 

machine is subjected to failures. Management decided to take this machine as pilot machine because 

this is unique machine, bottleneck process among the whole production line and low availability, to 

overcome the high rate of unplanned frequent failures by implementing TPM methodology by 

investing money. The results of the pilot machine at an early stage would have crucial morale effect. 

The pilot machine should have better performance compare with existing machine. 

 

2.1. Reason for Selecting Pilot Machine 

Problem statement: This pilot machine is one of the oldest machine which can't be replaced by new 

machine when we considered the present cost of the machine. The machinery that frequent failed may 

be out of function for a long period of time attributable shortage of spare parts, poor controlling system 

of leakage of shots , loading system of shots and component , Electrical wiring system, no proper 

housekeeping, poor maintenance of PM standard, poor process knowledge , Poor working 

environment, poor safety measure , ducting systems of shots and dust, poor design and synchronization 

between sequence operation and flow of shots through the rotor, the machines leads less availability 

and reliability that may leads low production and high maintenance cost. As the company is having 

high demand of components, enhancing the performance of the pilot machine through implementing 

well developed and organized maintenance system helps to scrutinize the hidden factors, which hinders 

the capacity of the pilot machine. 

 

2.2 Objectives 

Objective of the case study were 
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• To maximize overall equipment efficiency. 

• To improve machine reliability and maintainability by involving all personnel including 

top personnel to first line operators. 

• To maximize economy in equipment for its entire life. 

• To create a vigorous and enthusiastic work environment. 
 

 

3.  Approach Towards Implementation of TPM Concept 
3.1. Through One Time Cleaning of Machine 

One time Cleaning Eliminate dust, dirt, grime, oil, leakage etc., from main body and ancillary 

equipment. Open cover/lids and remove all dirt. Tighten loose nuts, bolts, screws and replace damaged 

ones. Get the operators in touch with their machine and make them more familiar. Cleaning is 

inspection, find abnormalities and fix defect tags – Red and White tags. Try and identify areas which 

are, Hard to clean, hard to lubricate, hard to inspect, hard to tighten, remove white stags after 

rectification. By this machine results into Clean and tidy. 

 

3.2 5. - S 

5-S gives us the power to build out capabilities to meet the big challenges ground for improvement. In 

this activity two red and white were used to classify the abnormalities. A common methodology used 

during the initial Sort Phase of 5S’s is the Red-Tag inspection. 

 

3.3. Counter Measures for the Cause of Forced Deterioration 

Major of the break down causes due to detoriation. Counter measures for the cause of forced 

deterioration and making improvements. Eliminate source of contamination. Convert hard to clean, 

lubricate, inspect and tighten areas to easy to clean lubricate, inspect and tighten. Repair and remove 

pending Red / White tags. Summarize the number of defects found, rectified and balance to be 

rectified. Reduce the source or impact of contamination. 

 

3.4. Formulation of Clean up and Lubrication 

The standard for machines that help to maintain, cleaning, lubricating and tightening levels. Explain, 

involve and guide operator as to what would happen if not observed. Introduce lots of visual controls. 

Self set standards are always obeyed and handover the pilot machine to operators. By this reduced 

breakdowns, operator ownership maintain the basic equipment condition. 

 
Table 1: Pilot Machine Maintenance (Check List) 

 
Pilot Machine Maintenance : CLIT Standards ( Reminders for Efficient Operation ) 

No Check Point What to Check 

 Machinery Stationary 

1 Around the Machinery Surrounding is Clean 

2 Shots on floor No Shots/Leakages 

3 Machine Clean 

4 Leakages of Shots from machine No Shots/Leakages 

5 Refuse Discharge No good Shots 

6 Purity of Shots Any Contamination 

7 Conveyor Belt (Replacement Schedule) Condition/Slack/Wear/Tear 

8 Chain/Sprocket (Replacement Schedule) Condition/Slack/Wear/Tear 

9 V-belt Physical Condition 

10 Dust Collector Empty 

 Machine Running 

1 Elevator Belt Any Hit Noise 
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Table 1: Pilot Machine Maintenance (Check List) - continued 

 
2 Blast Wheel Vibration 

3 Mill Belt Shifting 

4 Ammeter Functioning 

 

Follow the Daily/monthly: Carryout the Periodic Maintenance Every Month, Maintenance 

Check the Wear of the Blast wheel, Any abnormality - Attend Immediately Sieving, Record Blast -

Pattern - check once in a Month. 

The above schedule helps to Improves the quality maintenance. If any stoppage of the machine 

for schedule maintenance do as much required preventive maintenance as possible one time. It helps by 

adding the maintenance task economically manage with no more fix and spreading the work load 

appropriately maintenance and operation. Eliminate duplicate PMs where different groups performing 

same PM to the same machine. The standards for clean up and checking are prevent falling back to pre-

existing condition. 
 

3.5. Why? Why? Analysis 

Why-Why Analyses help to structure brainstormed ideas towards problem cause. The root causes, may 

be a result of design weaknesses or over-loading of the pilot machine consistently or continuos running 

of the machine. It help to improve the system improvement. Table 2 shows Why-Why Analysas. 
 

Table 2: Root Cause Analysis By using Why - Why Analysis 

 
Why Answer 

1. Question: Wear and Tear of Segment Plate Answer: No Wear Tear , Life of plate Increased 

Wear out of side MS plate. Wear out due to impact of shots ,on plate. 

Wear out due to impact of shots on plate. Due to usage of MS material. 

Due to usage of MS material. Design and Manufacture By Supplier. 

Design and Manufacture By Supplier. Change of Material. 

Change of Material. MS Plate coated with Polyeroththelene. 

Action / Result: No Wear/Tear , Life of plate increased 

2. Question : Time Consumption for unloading. Answer: Modify the Hooper design, providing by clamp. 

Unloading of the shots. Time consumption is more. 

More time Consumption. Manual Operation. 

Manual Operation. Design and Manufacture by supplier. 

Design and Manufacturer/supplier. Change the design. 

Change the design. Easy removal of shots. 

Action/Result: Modify the Hooper design by using Toggle clamp 

3. Question: Handling of Main door. Manual to Automatic Opening and closing of door. 

Opening and closing of door is difficult. Consumes more time because of heavy door. 

Consumes more time. Consumes more time and fatigue to the Operator. 

Consumes more time and fatigue to the Operator. Originated by the supplier. 

Design and Manufactured by supplier. Change the design by providing Pneumatic Cylinder 

arrangement. 

Change door design. User friendly and reducing Loading time. 

Action / Result: Modified manual Operation to pneumatic cylinder System. 

4. Question: Endless Belt Shifting Answer: Now avoided Belt shifting 

Shifting of the Endless belt. Due to load, Belt shift frequently. 

Due to load, Belt Shift frequently. Originated by the Manufacturer. 

Design by supplier. Originated by the supplier. 

Design and Manufactured by supplier. Provided split type stopper at both the sides. 

Change the design. To avoid the belt shifting. 

Action / Result: Shifting of the belt is avoided. 

5. Question: Shots are falling on the ground during 

unloading. 

Answer: Door seating is changed and Toggle clamp is 

provided. 

Shots are falling on the ground. Leakages from the Door Edges. 
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Table 2: Root Cause Analysis By using Why - Why Analysis - continued 

 
Leakages from the Door Edges. Gaps between door and main frame. 

Design by supplier. Seating arrangement is not perfect. 

Seating arrangement is not perfect. Poor seating system - Originated by manufacture. 

Poor seating system - Originated by manufacturer. Change the door seating system and clamps provided for closing. 

Action / Result: Arrested shots leakage from the door. 

 

Abnormalities with respect Hard to CLIT, Safety and Others Identified and Rectified. 

During one time cleaning following abnormalities were observed (Refer Fig.3) were Identified 

and Rectified. Cleaning =30 No's, Lubrication=18 No's, Inspection= 45 No's, Tightening =54 No's, 

Safety = 38 , Others = 38 No's 
 

Figure. 3: Abnormalities observed before TPM 
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Figure. 4: Leakage of shots observed before TPM (Pareto chart) 
 

 

  
 

Arrested above leakages of shots by Regular monitoring,wornout, part replacement ,seals 

replacement and felt (Rotor Join part ). 

 

3.6. Implement Kaizens 

Kaizen is a management technique is more suitable for organisation with collective culture that is 

trying to achieve long term gains from a continuous supply of small and less radical contributions from 

its employees. Under kaizen every one is a valued contributor to company's success. Which is 

considered a step towards the company's overall success. Table 3 shows kaizen implemented to the 



Enhancement of Overall Effectiveness of Equipment by using TPM Concept 394 

blasting machine. where major of the break downs root cause are arrested by using this technique. 

which reduced the maximum percentage of the break downs(Zero-Breakdowns). 
 

3.7. Poka-yokes (Mistake Proofing) 

Poka -Yoke method is used to avoid human error. This approach for mistake proofing is based on the 

prediction of defect is likely to occur and giving warning and stopping the processes after recognizing that 

defect has occurred. These techniques are simple and inexpensive, but based on creative thinking. For 

instance, even after completion of blasting cycle the impeller and still shots flow on can be counted in a 

device. it should an give alarm to timer indicator because of hooter is connected to output, impeller and shots 

flow will be off immediately after completion of blasting cycle. This results in no over shot-blasting and avoid 

scrap. This will help to improving quality. Table 4. shows Poka-Yoke implemented to the blasting machine. 
 

Table 3: Kaizen implemented for the Pilot Machine 
 

No Problem Definition 
Solution to 
Problem 

Key 
improvement 

Before 
Improvement 

After 
Improvement 

1 

Main body of machine, and 

Elevator casing get damage 

due to rebound of shots. 

A metal frame with 

Nylon material and 

Manganese (Mn) 

Liners are 

provided. 

Arrest shots 

leakages and 

Prevents / delays 

damage and 

MTBR increase. 

No -protection 

and Local Guards 

are provided. 

Prevents 

Damages of 

body, Arrest the 

Shots Leakage. 

MTBR Increase. 

2 
Arresting the shifting of 

work Conveyor belt. 

Split Flange is to 

be provide to arrest 

the shifting. 

Shifting is 

arrested and 

Avoids the 

damage. 

Often belt get 

damage. And 

shifting of the 

conveyor belt. 

Damages of belt 

is Eliminate 

increase MTTB 

and MTTR. 

3 

During un - loading of Shots 

2/3 Kgs fall on a ground and 

also leaks shots from Main 

door. 

Provided standard 

Guards, Safe 

working 

environment and 

Proper material use 

for frame. 

Arrested the shots 

during Load / 

Unloading and at 

the frame Side. 

Working area is 

unsafe and Loss 

of the shots. 

Shots falling is 

arrested No 

reclaiming 

Problem. 

System is Safe. 

4 

Reduction of gear of mill 

drive , gears and Bearings 

frequently get break down. 

Implement Oil 

level indicator. 

Tubular Oil level 

indicator has been 

provided. 

Frequent damage 

of Gear Box. 

Prevent damage 

of Gear Box and 

It can be adapted 

to all machine. 

 

Table 4: Poka -Yoka implemented for the Pilot Machine 
 

No Problem Definition Solution to Problem Key improvement 
Before 

Improvement 

After 

Improvement 

1 

Loading / unloading 

of the component 

by manual. 

Automation is done. 

Loading and 

Changeover time 

reduced. 

Time taken for 

loading and 

unloading is more. 

Productivity of 

machine Improved. 

2 

Blast chamber of 

the machine gets 

damages. 

Mn - Liners are 

provided at the 

Opposite face of the 

Turbine. 

Damage of blast 

chamber is a 

avoided. 

Blast chamber 

maintenance time 

more. 

Improve the life of the 

machine and Avoids 

the break down. 

3 

Shots are may not 

be filter by 

mechanism at the 

top of Hopper and 

Turbine blades gets 

damaged. 

Wind shifting 

installed which 

separates the good 

shots from foreign 

matter & removes 

contaminants. 

Avoids the damage 

of Turbine blade 

and Good quality 

of shots supply to 

Blast chamber. 

Quality of Shots 

poor and Damage 

of the Turbine 

blade. 

Improve the life of 

the Turbine. 

4 

Improper of shot 

blasting i.e., 

coverage area is 

less. 

Abrasive feed valve 

is provided at the 

Blasting Chamber 

Automatic supply 

of shot to turbine 

Synchronize with 

control panel. 

Blasting Quality is 

Poor. 

Blasting quality 

Improved and 

Reduced Rejection. 
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3.8. One Point Lesson (OPL) 

A one point lesson is a 5 to 10 minute self-study lesson drawn up by team members and covering a 

single aspect of equipment or machine structure, functioning or method of inspection. One point 

lessons are especially effective in powerful transferring [3] the technical skills required for a 

production operator to assume minor maintenance responsibilities. The Teaching technique helps 

people learn a specific skill or concept in a short period of time through the extensive use of visual 

displays. The skill being taught is typically presented, demonstrated, discussed, and reinforced 

practiced and documented in thirty minutes or less. Table 5. Shows examples of one point lesson. 

 

3.9. Visual Controls and Displays 

Visual control methods which indicate deviation from optimal conditions, indicate what do next, 

displays critical performance metrics or control the movement and/or location of the product or 

operation supplies. Visual controls present to the manufacturing operator, what the user needs to 

know?. When the user needs to know it, where the user needs to see it. In the format that is clearly 

understood by the activity boards are posted so that employees easily access them. They are typically 

located in the work area or common areas where the employees meet. 

 
Table 5 : One Point Lesson(OPL) for the Pilot Machine 

 
Theme: Shot Blasting 

Process control 

No. 01 

Date of Preparation 

 Basic knowledge Section chief Chief leader Small Group Activity leader 

 Improvement cases 
   

 Trouble cause 

Controlled Purpose Method 

Sieving 
Shot condition: Size, wear, broken shots, 

Contamination. 

• Visual & Magnifier 10X 

• Sieving 

Amperage 
• Shots flow Kg/Min 

• Level of shots in Hopper. 
• Ammeter current in Amps. 

Arc Height 
• Blasting intensity. 

• Velocity of Shots. 

• Almen Strip 

• Fixture 

• Test  Gauge 

Coverage 
• 98 to 100 % Blast  Surface. 

• Expose Time. 

• Visual & Magnifier 10X 

• Material test 

Actual Results Shot blasting control process & coverage of blasting understand. 

Theme: House keeping 
No. 02 

Date of Preparation 

 Basic knowledge Section chief Chief leader Small Group Activity leader 

 Improvement cases 
   

 Trouble cause 

• It is necessary to accept the fact that spillage of shots around the machine is inevitable. 

• Shots may escape through unloading or holes and recess in the machine. It is a self-destructive Machine. 

• These holes not only risk the personnel but also damage other Machine. Follow the “A stich in time Saves Nine ", 

Even if a small problem is noticed, rectify it immediately. 

Actual Results Importance of arresting shot understood. 

 

3.10. Safety and Environmental 

TPM program is meaningful without strict focus on safety and environmental concerns. Ensuring 

equipment reliability, preventing human error, create systems for managing health, safety and 

environment to ensure zero-environmental accident. For instance, emergency switch provided in front 

of main door, arrest the leakage of shots from pilot machine, provided safety guard for all motor and 

vibration and sound of pilot machine are arrested. Now there is no dark and dusty environment, which 

will be overcome by providing dust collector. 
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4.  Data Analysis and OEE Calculation 
Data was collected for one month. The operation is of three shifts per day (Eight hours per shift) 

excluding Sundays, the planned down time per shift is 45 minutes during each shift for lunch and tea 

break will not consider because machine running continuously. Working days in a month = 26, 

Running time per month = 624 hrs 

 
Before TPM implementation 

1) Planed production time = 624 hrs 

2) Operating time = Planed time - Down time 

  = 624 - 100 = 524 hrs 

 Breakdowns = 16 hrs 

 Change over and adjustment = 60 hrs 

 Minor stops = 3.5 hrs 

 Loading/unloading of shots = 17.5 hrs 

 Down time = 100 hrs/month 

3) Good pieces = Pieces Produced -Rejected Pieces 

  = 5,45,688 - 21665 = 5,24,023 Pieces. 

4) Available time = Operating time/ Planed time 

  = 524/624 = 0.83 = 83.97 % 

5) Performance = Pieces produced / (Ideal rate x capacity) 

  = 5,24,023/[ (524x60)x ( 27.595) ] 

  = 60.40 = 60.40 % 

 Capacity = [ 1+ ( Operating time / Planned time) ] x (Cycle time ) 

  = [1 +(524/624) ] x (15) = 27.595 

6) Quality = Good Pieces Produced / Total no. piece 

  = 5,70,800/5,92,510 = 0.9698 = 96.03% 

7) OEE = Availability x Performance x Quality 

  = 0.8317x 0.5285 x 0.9698= 0.4871 

  = 49 % 

After TPM implementation : 

1) Planed production time = 624 hrs 

2) Operating time = Planed Production - Down time 

  = 624 - 26 = 598 hrs 

 Breakdowns = 0 hrs 

 Changeover and adjustment = 22 hrs 

 Minor stops = 0 hrs 

 Loading /unloading of shots = 4 hrs 

 Down time = 26 hrs/month 

3) Good pieces = Pieces Produced -Rejected Pieces 

  = 6,18,585 - 100 = 6,18,485 Pieces. 

4) Available time = Operating time/ Planed time 

  = 598/624 = 0.9583 = 95.83% 

5) Performance = Pieces produced / (Ideal rate x capacity) 

  = 6,18,585/((598x60)x ( 20)) 

  = 0.8620 = 86.20% 

 Capacity = [ 1+ ( Operating time / Planned time) ] x (Cycle time ) 

  = [ 1 + (598/624) ] x (10.25) = 20 

6) Quality = Good Pieces Produced / Total No. piece 

  = 6,18,585/6,18,485= 0.9998 = 99.98 % 

7) OEE = Availability x Performance x Quality 

  = 0.9583x 0.8620 x 0.9998 = 0.7900 

  = 82.59%= 83 % (approx) 

 

 

5.  Effectiveness of TPM 
Productivity, Quality, Costs, Delivery, safety and Morale (PQCDSM) [9] improvement for early TPM 

implantation. 
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Table 7: Effectiveness of TPM for the Pilot Machine. 

 
Category Elements Before TPM Bench Mark After TPM 

Jishu Hozen 1S/2S/3S Abnormalities 215 No's 0 0 

Productivity ( P ) 

Loading & Unloading 77.5 Hrs 4 4 

Breakdowns 16 hrs/month 0 0 

Spare of Machine Less than 2 days 10 15 

Improvement : 1.5 to 10 times    

Quality ( Q ) 

Product defect 25 Nos. per 1000 0 0 

Customer Complaints 1/10 0 0 

Reduction of rework and 

achieved 160 PPM 
   

Cost ( C ) 

Power Consumption 40 Parts/KWh 60 65 

Production 5,45,688 parts/month 6,18,000 6,18,585 

Maintenance Reduces 30 %   

P/D Meeting Production Target 28 days 18 16 

Safety ( S ) Safety measurements are installed achieved zero accident 

M - Morale Culture of Operator Low High High (5-10 times) 

 

 

6.  Validation of the Machine 
How good is the pilot machine after implementation of TPM, Qualitatively/ quantitatively?" As simple 

as the question is, there is still good answer. Reliability of the machine can be directly measured, so 

other related factors are measured to estimate Performance of pilot machine reliability and compare it 

among products. This quality of the product is check by following tests: 

1. Arc height calculated by using Almen Strip Method: Specimen format: Process qualification for 

arc height in shot-Blasting machine for components. Trial: 2 mm Shots - Plate: 3mm thin plate, 

Duration 40 Min. 
 

Table 8: Almen test - Arc height value observed. 
 

Original Location of plate Actual Location of plate Arc Height in mm Result 

Right Middle 0.24 OK 

Middle Left 0.24 OK 

Left Middle plus 0.23 OK 

Arc height = 0.24 - 0.23 = 0.01mm 

 

Analysis / Qualification: Arc height measured in each of the 6-strip should be within the 

Specification. The Arc height 0.01 i.e., within the specification value and shifting of the Assemblies 

from Original location blasting is an indication of Good Tumbling / Mixing. 

2. Quality assessment Test: Residual Stress Surface condition of component made. 
 

Figure.5: Residual stress observed after TPM 
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Residual Stress is zero. Crossing point is proximate 0.013 mm which is in Good condition. The 

coverage of Blasting is in good condition. Inside the surface of coil " Shots Hit Uniformly and coverge 100 %." 
 

 

7.  Results and Discussions 
 

Figure. 6: Break down trend before and after TPM 
 

 
 

Figure. 7: Equipment losses observed before TPM 

 

 
 

Figure. 8: Comparison of OEE before and after TPM 
 

 
 

The pilot machine losses were calculated and counter measure for chronic losses and bring back 

machine to zero breakdown and zero defect. Most of the break downs hours (Refer Fig.6) are arrested 
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by implementing TPM concept, autonomous maintenance and focused improvement, this can be done 

based on data collected from employee suggestion and survey made at shop floor. 
 

Table 9: OEE comparison between Wold Class Manufacturing (WCM) and company 
 

Company’s Present performance World - class performance 

95.83% availability > 90% availability 

86.3% performance efficiency > 95% performance efficiency 

99.9% rate of quality > 99% rate of quality 

83% OEE > 85% OEE 

 

By this strategy performance of the pilot machine increased, reduces overall equipment 

maintenance cost, increase availability, productivity and quality improvement and employee morale is 

achieved. OEE (Refer Fig. 8) of the pilot machine is improved from 49 to 83 % help maximise 

throughput efficiency. Since TPM is continuous improvement process, the level of OEE attended can 

be further enhance. OEE reduces complex production problems into simple, intuitive presentation of 

information helps systematically improve process with easy-to-obtain measurements. 
 

 

9.  Conclusions 
OEE gives a complete, yet synthetic, all encompassing view of pilot machine efficiency. Results in OEE of 

the equipment from present stage of 49 % to 83 %. Thus increased OEE results in better product, utilization of 

resources and high quality of the product. Thus resulting in reduced throughput time, better quality 

component, decreased cost input and increased employee morale. OEE monitor the condition of equipment 

which highlight where improvement effort must be focused however the employees must be appropriately 

trained, empowered and convinced that TPM is a sustainable and management should be totally committed to 

the program. As we see from the Table 9 company achieves closer to world class quality factory they applied 

strong quality measurement and inspection system from raw to end of the product inventory but company has 

to work hard to improve their machines and reduce the waste time. 
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Abstract 

 
Grid computing harnesses the idle time of resources for effective utilization. It 

combines the geographically distributed heterogeneous resources to solve a computational 

intensive problem. The jobs that make use of these available resources are also 

heterogeneous in nature. Many parameters like execution time, memory capacity, network 

bandwidth, communication cost etc affect the task scheduling in Grid environment. To 

improve the overall throughput of the Grid environment effective and efficient load 

balancing algorithm is needed. Min-Min algorithm is simple which produces minimum 

makespan. But it fails to produce a load balanced schedule as well as it considers only the 

execution time of tasks for scheduling. Our previous work [14] was focused on producing a 

load balanced schedule with minimum makespan in min-min algorithm. This work 

considers another important parameter, the memory requirement of task in addition to the 

execution time to make the algorithm efficient in real time environment. Thus Dual 

Objective Min-Min [DOMM] produces an efficient schedule that balances the load as well 

as satisfies the memory requirements of tasks. 

 

 

Keywords: Grid Computing, Task Scheduling, memory requirement, load balancing, 

Min- Min algorithm 

 

1.  Introduction 
Recent development in computers has reduced the cost while increasing the performance. Also the 

recent development in Internet and high-speed networks has led to the development of distributed 

environment. Recent researches in the distributed environment have introduced the new paradigm Grid 

Computing [1]. Grid computing originated from the high performance computing environment. The 

grid computing builds an infrastructure for easy and transparent access in large scale. Grid environment 

supports the sharing and coordinated use of resources independently from their geographical location 

and the architecture [2]. In a Grid the resource providers register their information in the Grid 

Information Service (GIS). The Grid users submit their jobs to Grid resource broker. The Grid resource 

broker is responsible for gathering the resource information from GIS, resource discovery, scheduling 

and resource management [3]. Usually the resource users and the resource owners may have different 

objectives, strategies and goals. Thus traditional approaches cannot be employed to manage these 

complex environments [4]. Many scheduling algorithms exist in the literature but Grid has new 
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challenges like heterogeneity, adaptability and scalability [5]. So the algorithms designed for Grid must 

address these issues. Various algorithms for Computational Grids exist which try to minimize the time 

and cost and maximize the resource utilization and the load balancing. The algorithms may be 

categorized as grid oriented, user oriented and service provider oriented. Choosing the best algorithm 

may vary depending on the heterogeneity of resources and tasks arriving at that time. Task scheduling 

in a distributed environment is proved to be a NP-complete problem. Non-Traditional algorithms differ 

from the traditional algorithms designed for task scheduling by producing optimal result in a short 

period of time [13]. There is no best scheduling algorithm for grid systems. An alternative way is to 

choose an algorithm based on the characteristics of task, resource and network and memory 

requirement. 

The rest of the paper is organized as follows. The existing algorithms for scheduling are 

discussed in Section 2. Problem description is given in Section 3. The proposed Dual Objective Min-

Min algorithm is presented in Section 4. In Section 5 Experimental results are presented. Finally, 

conclusion and directions for future work are presented in Section 6. 

 

 

2.  Literature Review 
Due to the heavy heterogeneity nature in the Grid environment, traditional job scheduling algorithms 

like First Come First Serve, Shortest Job First, etc., may not be suitable for the dynamic environment 

in grids [15]. Thus the researchers are building many scheduling algorithms specifically for the grid 

environments. In this section we have reviewed a set of algorithms designed for meta-task scheduling 

in grid environment. 

Yagoubi et al [5] have developed dynamic grid architecture to manage the workload using a 

tree structure. This architecture decreases the amount of messages exchanged between grid resources. 

It also balances the load and reduces the communication cost. 

Braun et al [6] have studied the relative performance of eleven heuristics and concluded that 

Genetic Algorithm outperforms all the algorithms and min-min the simple algorithm produces the next 

best result. 

M. Singh et al [7] have proposed a QoS based max-min min-min switcher algorithm for 

scheduling jobs in grid. This algorithm uses the history information about the execution of jobs to 

predict the performance of non-dedicated resources. 

Sameer singh et al [8] have presented two algorithms, QoS Guided Weighted Mean Time-min 

and QoS Guided Weighted Mean Time Min-Min Max-Min Selective, for QoS based Grid task 

scheduling. Both algorithms consider the resource performance and QoS demands of tasks for 

scheduling. 

Saeed Parsa et al [9] have developed a algorithm called RASA which uses the Min-min strategy 

to execute small tasks before the large ones, and applies the Max-min strategy to avoid delays in the 

execution of the large tasks and to support concurrency in the execution of the large and small tasks. 

Saurab kumar et al [10] have proposed two meta- scheduling online heuristics Min-Min Cost 

Time Tradeoff (MinCTT) and Max-Min Cost Time Trade-off (MaxCTT) to manage the trade-off 

between over-all execution time and cost. 

Kamalam et al [11] have developed an Improved Min-mean heuristic scheduling algorithm 

schedules jobs by employing the mean completion time of the machines, which reflects the overall 

performance of all available machines, and it is a high efficient algorithm. 

HE Xiaoshan et al [12] have introduced a novel QoS guided task scheduling algorithm for Grid 

computing. Our novel algorithm is based on a general adaptive scheduling heuristics that includes QoS 

guidance. 

A load balancing algorithm tries to move the load from heavily loaded resources to idle 

resources. At the same time it aims to minimize the makespan. Among all the algorithms available, 

min-min algorithm is considered to be simple and fast [14]. But it does not achieve load balancing. So 

in our previous work [14] Load Balanced Min-Min algorithm (LBMM) is designed to reschedule the 
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result produced by Min-Min to achieve a schedule with the load distributed in all the resources which 

also increased the resource utilization. In this paper we propose a Dual Objective Min-Min Algorithm 

which considers the memory requirement of tasks and Expected Time to Compute (ETC) matrix for 

best scheduling. 

 

 

3.  Problem Definition 
A computational grid consists of resources, where it can be a single PC or a cluster of workstations. Let 

the task set T= {T1,T2, …, Tn} be the group of tasks submitted to the grid environment and Let 

R={R1,R2, …… , Rm} be the set of resources available during the submission of tasks. This problem 

assumes following criteria: 

1. The set of tasks submitted are meta-task (they don’t have interdependency among them). 

2. It is a non-preemptive scheduling algorithm (once assigned the tasks cannot be stopped 

in the middle). 

3. Scheduling is considered to be static here i.e tasks are assigned to resources before 

execution and resource is not changed during execution. 

4. The Expected Time to Compute a task in a particular resource is known in advance. 

5. Tasks have to submit their memory requirement and resources have to provide their 

memory capacity during registration. 

An ETC matrix is a n x m matrix in which n is the number of tasks to be scheduled and m is the 

number of resources available for executing the tasks at any time. Each row of ETC matrix contains the 

expected execution time of a task on each machine. Similarly each column of the matrix contains the 

execution time taken by a machine for each task. Thus ETij is the expected time taken by task Ti on 

machine Mj and CTij is the completion time of a task i on machine j. CTij is calculated using equation 1. 

CTij ETij Rj= +   (1) 

where Rj is the ready time of resource j, it is 0 if resource j has no previous workload. 

1

n

i

Wj CTi

=

=∑   (2) 

where Wj is the total workload of a resource j. 

Makespan can be calculated using equation 3 

max( )makespan Wj=  Eq (3) 

where j = {1,2, …… ,m}. Normally, the goal of scheduler is to minimize the makespan. The proposed 

work has also minimized the makespan. 

 

 

4.  Proposed Method 
The limitation of Min-Min algorithm is that it does not produce a load balanced schedule. So in our 

previous work [14] we have designed LBMM to produce a balanced schedule. But both Min-Min and 

LBMM assume that all tasks can be executed on all resources. In a real-time environment this is not 

possible. So after scheduling, the task may suffer because it could not be run on the assigned machine. 

Hence a new algorithm Dual Objective Min-Min (DOMM) is proposed which considers one of the 

essential parameters memory requirements along processor time. In DOMM the scheduling is done in 

two steps. The resource with memory capacity that matches the task requirements is added in a 

resource list. This resource list is created for each task. In the second step, load balanced min-min 

algorithm is executed on the selected resources in resource list. Figure 1 shows the DOMM 

architecture. 

Thus the scheduler searches for available resources after getting a batch of jobs. From the 

available resources it compares the memory requirement of task and the capacity or resources. The 

scheduler forms a resource list for each task in which it adds the resources whose capacity is greater 

than or equal to the requirement of the task. Then the scheduler chooses a resource from the resource 
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list for each task which has minimum completion time and produces a load balanced schedule using 

LBMM. The procedure for the proposed Dual Objective Min-Min algorithm is given below. 

 
Figure 1: Architecture of DOMM 

 

 
 

Procedure DOMM 

Step 1 : Read the task requirements 

Step 2 : Read the resource characteristics 

Step 3 : For all tasks 

Step 4 : Find the resource list (RL) which has memory size >= required memory size of task 

Step 5 : End for 

Step 6 : Read the ETC matrix 

Step 7 : For all tasks 

Step 8 : Find MET of task from RL obtained in Step 4 and place it in TQ 

Step 9 : End For 

Step 10: While TQ not empty 

Step 11: Schedule the task Ti in resource Rj which produces MCT where Rj in RL 

Step 12: Remove Ti from TQ 

Step 13: End While 

Step 14: For all resources 

Step 15: Find makespan=max(Cj) 

Step 16: End for 

Step 17: Find the resource with maximum makespan 

Step 18: sort the resources in the order of completion time 

Step 19: For all resources R 

Step 20: Compute makespan = max(CT(R)) 

Step 21: End for 

Step 22: For all resources 

Step 23: For all tasks 

Step 24: find the task Ti that has minimum ET in Rj 

Step 25: find the MCT of task Ti 

Step 26: If MCT < makespan 

Step 27: Reschedule the task Ti to Rj that produces MCT provided Rj in RL. 

Step 28: Update the ready time of both resources 

Step 29: End if 

Step 30: End for 
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Step 31: End for 

As given in the procedure, DOMM applies a selection policy based on memory requirements in 

the first step. It takes the results from the first step and then applies the selection policy based on 

processor time in the second step. Finally if a resource is heavily loaded it reschedules the tasks to get a 

load balanced schedule. In LBMM all the resources are considered in the rescheduling phase. But in 

DOMM only the resources in a particular task’s resource list is considered for rescheduling also. 

 

 

5.  Experiments and Results 
The experiments are conducted for twelve different types of ETC matrices which were produced using 

benchmark simulation model [1]. The simulated values of ETC and memory requirements are shown in 

figure 2. The ETC matrix produced considers three factors: Consistency of resources, heterogeneity of 

resources and heterogeneity of tasks. The task heterogeneity and resource heterogeneity take two 

values: high and low. The characteristics of the ETC matrices have been further varied to simulate 

more aspects of realistic situations. Three different types of ETC matrices are generated based on 

consistency. 

The resources considered here may be consistent, partially consistent or inconsistent. An ETC 

matrix is said to be consistent in which if a resource Ri executes a task Ti faster than a resource Rj then 

the resource Ri should execute all tasks faster than resource Rj. Inconsistent matrices contain resources 

which execute some tasks faster and some tasks slower. Partially-consistent matrices contain a sub 

matrix of consistent resources and other resources in the matrix are inconsistent. 

DOMM is analyzed by generating 12 different types of ETC matrices. Table 1 shows a sample 

ETC matrix generated for 5 inconsistent resources. In this table the tasks and resources have high 

heterogeneity. 

 
Table 1: Incosistent ETC matrix 

 
Tasks R0 R1 R2 R3 R4 

T0 268.74 731.16 275.86 614.32 1035.85 

T1 87.17 413.7 792.73 146.33 931.61 

T2 921.24 725.15 795.11 858.35 687.29 

T3 417.68 515.08 194.94 524.94 986.29 

T4 692.19 336.65 688.46 379.13 299.75 

T5 83.39 814.91 671.97 1020.42 736.01 

T6 52.9 692.43 663.37 633.91 1002.86 

T7 200.57 672.25 932.29 355.73 152.54 

T8 382.52 711.73 759.96 334.09 959.7 

T9 696.3 959.1 413 685.81 187.8 

 

Another set of values are generated for the memory requirements of tasks. Table 2 shows the 

memory requirement of each task. 

 
Table 2: Memory Requirement Table 

 
Tasks Memory Needed 

T0 549 

T1 273 

T2 520 

T3 92 

T4 940 

T5 132 

T6 343 

T7 223 

T8 428 

T9 967 
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We have simulated the memory availability of different resources by generating a memory 

availability table. Table 3 shows the memory capacity of each resource. 

 
Table 3: Memory Availability Table 

 
Resources Memory Size 

R0 431 

R1 815 

R2 150 

R3 436 

R4 953 

 

Table 4 shows the makespan produced by Min-Min algorithm and DOMM algorithm for 

consistent ETC matrices. Table 5 shows the makespan produced by Min-Min algorithm and DOMM 

algorithm for partially consistent ETC matrices. Table 6 shows the makespan produced by Min-Min 

algorithm and DOMM algorithm for inconsistent ETC matrices. The instances in all the three Tables 

are labeled using three alphabets. The first alphabet represents the consistency of the matrix which may 

take any one of the following values 

C �Consistent matrix (or) 

P � Partially-consistent matrix (or) 

I � Inconsistent matrix 

The second alphabet shows the task heterogeneity which may take the value L for low or H for 

high heterogeneity. Similarly the third alphabet represents resource heterogeneity which use L for low 

or H for High heterogeneity. All the results show that DOMM outperforms the traditional Min-Min 

algorithm. Since the Min-Min algorithm does not consider the memory requirements of a task, the 

tasks may suffer during scheduling because of the unavailability of the memory during run time. Thus 

DOMM contains fault tolerance mechanism by identifying the problem before scheduling. The results 

are analyzed using graphs shown in the following figures. Figure 3 shows the chart for consistent 

matrices, figure 4 shows the chart for partially-consistent matrices and figure 5 shows the chart for 

inconsistent matrices. 

 
Table 4: Makespan values of Min-Min and DOMM algorithms for various consistencies and heterogeneity of 

resources. 

 
Instances Makespan produced by Min-Min Makespan produced by DOMM 

CLL 446 244 

CLH 210.77 1034.75 

CHL 2715.49 1523.09 

CHH 3309.6 2380.41 

PLL 283.21 160.43 

PLH 1551.98 762.53 

PHL 2227.42 1996.41 

PHH 4129 3488 

ILL 291.94 214.99 

ILH 1324.92 887.22 

IHL 1983.6 1583.59 

IHH 3230.41 1738.78 
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Figure 2: Sample values of ETC and memory requirement 

 

 
 
Figure 3: Makespan produced by Consistent 

Resources 
Figure 4: Makespan produced by Partially Resources 

Consistent  

  
 

Figure 5: Makespan produced by Inconsistent Resources 
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The values given in the table clearly show that for all types of consistencies and heterogeneity 

DOMM gives reduced makespan. This result is achieved by balancing the load and using the resources 

efficiently. From the table we can observe that the resources with high heterogeneity produce more 

makespan whereas resources with low heterogeneity produce less makespan irrespective of the 

consistency. 

 

 

6.  Conclusion 
Scheduling a task on the appropriate resource is difficult in a distributed environment like Grid. For 

static scheduling algorithms, the tasks may suffer during execution because of the various parameters. 

Memory requirement is one of the important parameters to be considered during execution. The Min-

Min algorithm considers only the execution time of the tasks for scheduling and it does not balance the 

load. In this paper, a new algorithm Dual Objective Min-Min is proposed based on the traditional Min-

Min algorithm. The newly proposed algorithm produces better results for various consistency and 

heterogeneity of tasks and resources. The new DOMM algorithm proposed in this paper tries to 

balances the load as well as provides fault tolerance mechanism by considering the memory 

requirement as a parameter for scheduling the tasks. The results show that DOMM outperforms the 

traditional Min-Min algorithm for all cases. The work may be further extended by considering other 

factors like network bandwidth, communication delay and so on in the future. 
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Abstract 
 

Demography does play a role in choosing the type of store. The study aims to 

categorize the demographic traits of shoppers in Saudi Arabia with respect to preference of 

stores. A discriminant analysis of sample respondents points that nationality, education and 

employment are more likely to result in the person preferring supermarkets and 

hypermarkets markets while age has effect on preferring small and local convenience 

stores. This study recommends supermarkets and hypermarkets to improve upon by making 

their stores more comfortable for aged shoppers. 
 

 

Keyword: Saudi Arabia, Demography, Store preference, Discriminant analysis, 

Segmentation 
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1.  Introduction 
The growth of consumerism is clearly evident in Saudi Arabia. This has been in studies way back in 

1990s (Al-Abadi, 1990; Al-Nouri 1990). The consumption behavior of the upper and middle income 

class is being imitated by the lower middle income class. Al Khateeb (1998) has refereed Saudi Arabia 

as to the most consumer oriented society in the world. Expenditure on costly and latest items like 

mobiles, televisions and even cars are indispensible to the Saudi population. 

Assad (2007) is of the view that the growth of conspicuous consumption in Saudi Arabia has 

global, social and local governmental dimensions. The ever increasing presence of global MNCs and 

globalization being the global factor while increased urbanization, media exposure and easy access to 

advertising systems particularly through television, easy job availability, emerging middle class, 

nuclear families and westernization being the social factors and subsidies, no income tax, government 

aided social security, control over prices, easy import policies have aided the growth of conspicuous 

consumption in Saudi Arabia. 

This has led to expansion of the retail sector. The retail sector is marked by two distinct store 

types. First, are the supermarkets and hypermarkets and second are the small and local convenience 

stores. Over a period of time shoppers tend to develop for particular store types. Preference and 

patronage of store is of huge importance for the success of modern day retailing. Osman (1993) 

defined store patronage in terms of repeat purchase from a particular store. Mogelonsky (1995) used 

the phrase ‘cherry pickers’ for shoppers who are not loyal to one store, rather who look for better 
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bargains. Worthington and Hallsworth (1999) used the phrase ‘polygamous loyalty’ to describe 

shopping behavior in retail markets where in shoppers are loyal to several stores. Pan and Zinkhan 

(2006) identified store choice and visit frequency as dimensions of retail store patronage. 

 

 

2.  Review of Literature 
As per Mishra (2008) store space, shopper’s demography, composition of young population, brand 

availability, lifestyle and modern retail formats are the strengths and opportunities for modern retail 

model. There have been studies which pointed that demographic characteristics influenced the 

shopping behavior. Bawa and Ghosh (1999) found that shopping behavior is related to composition of 

the household. They found that families with higher incomes, larger families, without adults who are 

not working and which had old age members as the head of the family. Baltas and Papastathopoulou 

(2003) found asymmetric evaluations of choice criteria for stores and also found differences amongst 

consumers’ demographic characteristics with respect to preference for stores. Thiele and Weiss (2003) 

found that income, type of city, number and age of children defines shopping behavior of the person. 

Ahmed (et al, 2007) found that the young people had a greater tendency to shop in malls as compared 

to the older aged people. The younger generation preferred malls for reasons like interior looks, 

products of interest, one stop shop and socialization. As per Moschis (2003) the shopping pattern is 

different for different age groups. Carpenter and Moore (2006) also identified demographic groups 

who repeatedly visit particular type of stores. Myers and Lumbers (2008) view that modern and larger 

store formats focus more on the young shoppers and that the young customers seek entertainment 

while old customers focus on convenience and leisure. 

Some other studies have gone for segmenting the customers of the basic of these demographic 

characteristics. Kahn and Schmittlein (1989) found that three fourth of the shoppers make less frequent 

trips associated with high expenditure value while the remaining shoppers make more regular but low 

expenditure market visits. Veeck and Veeck’s (2000) on the basis of demographic characteristics 

classified shoppers into convenience, frequent, and traditional shoppers. El-Adly (2007) segmented 

shoppers based on behavior, demographics and attractiveness of the mall. In the process he identified 

factors like comfort, diversity, entertainment, mall essence, luxury and convenience as factors 

influencing the customers. 

Some other studies have segmented customers on the basis of non-demographic factors. Kim 

and Park (1997) classified routine shoppers are those who are having high opportunity cost is terms of 

time, having higher incomes, shop less frequently but the value of shopping is high whereas random 

shoppers have low opportunity cost of time, do more searching, for better prices. Ness (et al, 2002) 

identified four dimensions of economy, finance, products, personnel and access on which basis 

consumers could be segmented in terms of shopping behavior. 

 

 

3.  Research Objective 
There have been studies world over which point that demographic characteristics do affect store 

preference. This may or may not be the case for Kingdom of Saudi Arabia. According to the World 

Fact Book, CIA the estimated population of Saudi Arabia is 26,939,583 which include 5576076 

expatriates. A composition of the age group is such that 28.2% of the population is of 0-14 years, 

19.6% is of 15-24%, 44.8% is of 25-54 years, 4.3% is of 55-64% and 3.1% is over 65 years age. The 

median age of the total population is 25.7%. In 2010 the proportion of urban population was 82%. But, 

as per the literature review done for this study, no study pertaining to classification of customers on the 

basis of demographics was found for Saudi Arabia. As there is a dearth of academic literature on the 

categorization of shoppers in a consumerist society like that of Saudi Arabia, this study aims to 

categorize Saudi shoppers with reference to store preference and demographics. 
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4.  Methodology 
The very purpose of this study is to categorize shoppers on the basis of their preference of stores for 

shopping. For this we would be performing discriminant analysis. Though we have three categories of 

respondents; one who prefer big stores, other who prefer smaller stores and the third category of 

respondents who preferred both. We omit the third category and we do two group discriminant 

analyses to differentiate between those who prefer big stores and those who prefer smaller stores. In 

discriminant analysis the dependent variable is categorical in nature and the predictor variables are 

interval in natures. In two group discriminant analysis the dependent variable has only two categories. 

The discriminant analysis has the following model 

D= bo + b1 X1 + b2X2+……………….bkXk. 

Where D= discrminant score; b’s = weight and X’s = independent variable. 

The weights are estimated so that the groups differ as much as possible on the values of the 

discriminant function. This happens once the ratio of between group sums of squares to within-group 

sum of squares for the discriminant scores is the most. The criterion variable must consist of two 

mutually exclusive and collective exhaustive categories. Here we would prefer the direct method where 

in we are estimating the discriminant function in such a way that all predictors are included 

simultaneously. This method is appropriate as we want the discrimination to be based on all the 

predictors. The other method is stepwise discriminant analysis where the predictors are entered one by 

one. This method is appropriate when the researcher wants to select a subset of the predictors for 

inclusion in the discriminant function. 

 

 

5.  Analysis 
A discriminant analysis was conducted to predict whether a consumer preferred larger stores like 

supermarkets and hypermarkets or smaller and local stores. The significance of the estimated 

discriminant function is measured by the Wilks’ λ. Here the null hypothesis is that the population 

means of the discriminant function is equal. The level of significance is based on chi-square 

transformation. Here the value of Wilks’ λ is 0.750 which transforms to a chi square value of 15.95 

with 7 degrees of freedom which is significant at 5% level of significance. 

The predictor variables are education, income, age, marital status, nationality, gender and 

employment. Significant mean differences were observed for the predictors except for income, marital 

status and gender. The pooled within-groups correlation matrix indicates low correlation between the 

predictor. The significance of the univariate F ratios indicate that when the predictors are considered 

individually only nationality, employment, age and education significantly differentiate between those 

who preferred hypermarkets and super markets and those who did not. Nationality and employment is 

significant at 5% while age and education is significant at 10%level of significance. 

As there are only two groups hence a single discriminant function is estimated. The eigen value 

of this function is 0.333 and it accounts for 100% of the variance that is explained. The value for 

canonical correlation of this function is 0.500. The square of this correlation function (0.500)
2
 = 0.25 

indicates that 25% of the variance in the dependent variable is explained by the model. The signs of the 

coefficients associated with nationality, education and employment are positive in the structure matrix. 

This suggests that these factors are more likely to result in the person preferring supermarkets and 

hypermarkets. While the sign for age is negative suggesting that age has effect on preferring small 

stores. 

 
Table 1: Discriminant analysis groups 

 

  Education Income Age 
Marital 
status 

Nationality Gender Employment 

Group 1 

Mean 

1.16 1.92 1.30 1.16 1.82 2.22 3.02 

Group 2 1.00 1.63 1.54 1.27 1.09 2.45 2.09 

Total 1.13 1.86 1.34 1.18 1.68 2.26 2.85 
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Table 1: Discriminant analysis groups - continued 

 
Group 1 

Std. 

Deviation 

0.37 0.63 0.46 0.37 0.56 1.32 1.46 

Group 2 0.00 0.80 0.52 0.46 0.53 1.12 1.04 

Total 0.34 0.67 0.47 0.38 0.62 1.28 1.43 

Wilks' Lambda 0.96 0.97 0.96 0.98 0.79 0.99 0.93 

F 2.02 1.63 2.43 0.75 15.46 0.29 3.96 

Sig. 0.16 0.20 0.12 0.38 0.00 0.58 0.05 

 

The predictors with larger values of standardized coefficients contribute more to the 

discriminating power of the function. Nationality has a value of 0.77, education has a value of 0.464, 

and employment has a value of 0.30 as coefficients in standardized canonical discriminant function. 

Here the coefficient signs are arbitrary but identify the items which have large and which item has 

small values and links them with specific group. Hence nationality, education and employment are 

discovered as important predictors. 

The relative importance of predictors is also obtained from the structure matrix which reflected 

by the correlation between the predictor and the discriminant function. The correlation of these 

variables with the discriminant function is 0.88 for nationality, 0.449 for employment, -0.351 for age 

and 0.44 for employment. It basically represents the variance that the predictor shares with the 

discriminant function. A loading of less than 0.30 is removed from the model. As the two canonical 

discriminant graphs do not overlap hence it means that it is good discriminant function and the 

discrimination is proper (Appendix 15). 

 
Table 2: Discriminant analysis results 

 

 
Standardized canonical 

coefficient 
Structure matrix Standardized coefficient 

Education 0.464 0.321 1.374 

Income 0.044 0.288 0.067 

Age -0.027 -0.351 -0.057 

Marital status 0.017 -0.197 0.043 

Nationality 0.797 0.887 1.431 

Gender 0.079 -0.122 0.061 

Employment 0.301 0.449 0.215 

(Constant)   -4.82 

 

D= - 4.820 + 1.374 (education) + 0.67 (income) – 0.57 (age) + 0.043 (marital status) + 1.431 

(nationality) + 0.061 (gender) + 0.215 (employment) 

The group centroids which give the value of the discriminant function when evaluated at group 

means shows that the first group which is associated with shoppers who prefer big stores have a 

positive value of 0.266 where the second group has a negative value. The above result suggests that 

nationality, education and employment are important predictors for shoppers preferring big stores 

while age is an important predictor for shoppers preferring small stores as it has negative value. The hit 

is 78.7% denotes the percentage of cases correctly classified while the leave-one-out-cross validation 

correctly classifies only 70.5% of the cases (Appendix 14). 

 

 

6.  Conclusion 
The above analysis points that nationality, education and employment are more likely to result in the 

person preferring supermarkets and hypermarkets markets while age has effect on preferring small and 

local convenience stores. The results seem plausible as there is a huge income disparity between the 

people of different nationalities in Saudi Arabia. It is having a huge expatriate population. The average 

per capita income of Saudi nationals is very high contrary to which the expatriate form the cheap labor 

force with low buying potential. Hence the shopping behavior is bound to be different between the two. 
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The next classifying factor is educational status. The level of education is increasing at a fast pace in 

the kingdom which obviously is leading to awareness about product which are generally available 

more in supermarkets and hypermarkets. 

Interpretation of employment, another classifying factor also suits the work culture. The life in 

Saudi Arabia is generally not harsh. The working hours are convenient and have two days off in a 

week. The crux is that there is ample leisure time. The common wisdom is that if one is employed then 

he has the required purchasing power. Interestingly, it is not only income or money that is responsible 

in this respect rather it’s the time that they have to go for shopping. Shopping from local convenience 

stores is quick and primarily target oriented whereas for shopping at hypermarkets one not only needs 

time but also the shopper does his own personal survey regarding price and varieties. 

The last classifying factor which goes in favor of the small and local convenience stores is the 

age factor. In supermarkets and hypermarkets one has lot to as to move a lot to collect his stuff. There 

are trolleys but still one doesn’t get a lot of personal attention as it is based on the concept of self 

service. This point to the explanation that aged people prefer these small and local convenience stores 

where they get customized special attention and recommends the same to supermarkets and hyper 

markets to improve upon their service. But as these demographic factors explain only 25% of the total 

variability hence there is scope of further research by including non-demographic factors like price into 

the analysis. 
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Appendices 
Appendix 1 

Store Mean Std. Deviation 
Valid N (listwise) 

Unweighted Weighted 

1 Education 1.16 0.37033 50 50 

 Income 1.92 0.63374 50 50 

 Age 1.3 0.46291 50 50 

 Marital status 1.16 0.37033 50 50 

 Nationality 1.82 0.56025 50 50 

 Gender 2.22 1.32926 50 50 

 Employment 3.02 1.46371 50 50 

2 Education 1 0 11 11 

 Income 1.6364 0.80904 11 11 

 Age 1.5455 0.52223 11 11 

 Marital status 1.2727 0.4671 11 11 

 Nationality 1.0909 0.53936 11 11 

 Gender 2.4545 1.12815 11 11 

 Employment 2.0909 1.04447 11 11 

Total Education 1.1311 0.34036 61 61 

 Income 1.8689 0.67021 61 61 

 Age 1.3443 0.47907 61 61 

 Marital status 1.1803 0.38765 61 61 

 Nationality 1.6885 0.62024 61 61 

 gender 2.2623 1.28972 61 61 

 employment 2.8525 1.43569 61 61 

 

Appendix 2 

Tests of Equality of Group Means 

 Wilks' Lambda F df1 df2 Sig. 

Education 0.967 2.027 1 59 0.16 

Income 0.973 1.632 1 59 0.206 
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Age 0.961 2.423 1 59 0.125 

Maritalstatus 0.987 0.759 1 59 0.387 

Nationality 0.792 15.462 1 59 0 

Gender 0.995 0.295 1 59 0.589 

Employment 0.937 3.962 1 59 0.051 

 

Appendix 3 

Pooled Within-Groups Matrices 

  education income Age maritalstatus nationality gender employment 

Correlation Education 1 0.124 -0.148 -0.165 -0.051 0.009 -0.364 

 Income 0.124 1 -0.624 -0.214 0.121 -0.163 0.298 

 Age -0.148 -0.624 1 0.181 -0.183 0.275 -0.354 

 Marital status -0.165 -0.214 0.181 1 -0.065 0.231 -0.294 

 Nationality -0.051 0.121 -0.183 -0.065 1 -0.175 0.393 

 Gender 0.009 -0.163 0.275 0.231 -0.175 1 -0.183 

 Employment -0.364 0.298 -0.354 -0.294 0.393 -0.183 1 

 

Appendix 4 

Log Determinants 

Store Rank Log Determinant 

1 7 -7.726 

2 6 .
a
 

Pooled within-groups 7 -7.768 

The ranks and natural logarithms of determinants printed are those of the group covariance matrices. 

a. Singular 

 

Appendix 5 

Eigenvalues 

Function Eigenvalue % of Variance Cumulative % Canonical Correlation 

1 .333
a
 100 100 0.5 

a. First 1 canonical discriminant functions were used in the analysis. 

 

Appendix 6 

Wilks' Lambda 

Test of Function(s) Wilks' Lambda Chi-square df Sig. 

1 0.75 15.958 7 0.025 

 

Appendix 7 

Standardized Canonical Discriminant Function Coefficients 

 Function 

 1 

Education 0.464 

Income 0.044 

Age -0.027 

Marital status 0.017 

Nationality 0.797 

Gender 0.079 

Employment 0.301 

 

Appendix 8 

Structure Matrix 

 Function 

 1 

Nationality 0.887 

Employment 0.449 

Age -0.351 
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Education 0.321 

Income 0.288 

Marital status -0.197 

Gender -0.122 

Pooled within-groups correlations between discriminating variables and standardized canonical discriminant functions  

Variables ordered by absolute size of correlation within function. 
 

Appendix 9 

Canonical Discriminant Function Coefficients 

 Function 

 1 

Education 1.374 

Income 0.067 

Age -0.057 

Marital status 0.043 

Nationality 1.431 

Gender 0.061 

Employment 0.215 

(Constant) -4.82 

Unstandardized coefficients 
 

Appendix 10 

Functions at Group Centroids 

Store Function 

 1 

1 0.266 

2 -1.21 

Unstandardized canonical discriminant functions evaluated at group means 
 

Appendix 11 

Classification Processing Summary 

Processed  61 

Excluded Missing or out-of-range group codes 0 

 At least one missing discriminating 

variable 

0 

Used in Output  61 
 

Appendix 12 

Prior Probabilities for Groups 

store Prior Cases Used in Analysis  

  Unweighted Weighted 

1 0.5 50 50 

2 0.5 11 11 

Total 1 61 61 
 

Appendix 13 

Classification Function Coefficients 

 Store 

 1 2 

Education 23.699 21.671 

Income 10.737 10.638 

Age 21.683 21.767 

Marital status 16.201 16.137 

Nationality 3.874 1.761 

Gender 0.228 0.138 

Employment 5.435 5.118 

(Constant) -60.222 -53.803 

Fisher's linear discriminant functions 
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Appendix 14 

Classification Resultsb,c 

  Store 
Predicted Group Membership 

Total 
1 2 

Original Count 1 39 11 50 

  2 2 9 11 

 % 1 78 22 100 

  2 18.2 81.8 100 

Cross-validated
a
 Count 1 37 13 50 

  2 3 8 11 

 % 1 74 26 100 

  2 27.3 72.7 100 

a. Cross validation is done only for those cases in the analysis. In cross validation, each case is classified by the functions 

derived from all cases other than that case. 

b. 78.7% of original grouped cases correctly classified. 

b. 78.7% of original grouped cases correctly classified 

c. 73.8% of cross-validated grouped cases correctly classified. 

 

Appendix 15 
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Abstract 

 
This study aimed to assess the relationship between the parents` addiction 

background and their domestic violence toward children in Ahvaz city. It is a survey 

research was conducted randomly using questionnaires in Ahwaz city. The population 

consists of all male and female students from high school and their parents and the sample 

was 384 people which were selected via cluster sampling and calculated by Cochran`s 

formula. Child trauma questionnaire (CTQ) was used to gather data (Bernstein, 1995). 

Researcher-made questionnaire for parents` addiction background and demographics 

questionnaire were used. Statistical indexes such as percentage, mean, standard deviation, 

Pearson correlation, and t-test, regression analysis were used to data analyzing. 

the results obtained from the data analysis showed significant positive relationship 

between parents` addiction background and their domestic violence toward offspring. As 

well as a significant negative correlation was approved between parents` addiction 

background and family violence aspects (physically, emotionally, emotional -physical 

negligence) toward offspring. 

The findings indicated that parents` addiction background as a risk (vulnerable) 

factor can be effective in their tendency toward any types of domestic violence against 

children. So the therapeutic training and communication skills are necessary in this case for 

families with drug addiction. 

 

 

Keywords: Domestic violence, parents` drug addiction background, Ahvaz 

 

1.  Introduction 
Violence against children is a problem for millions of families and children that is occur in every 

communities and its impact is significant on children from any race, color, social class and religion, 

and it remains in all steps of personal growth (Marvasti, 2000; Stivenson, 1989; Sher et al, 2004). 

Domestic violence against children is considered as a problem is faced by children from all over the 

world and almost all children are experiencing the conflicts between parents to some extent and it is 

introduced as a source of stress (Cummings, Kouros and Pop, 2007) as well as the effects of marital 

conflict can be seen in different domains such as child`s cognitive, social, academic, mental, cognitive 

actions (Ellis and Garber, 2000). 

According to statistics obtained by World Health Organization, 40 million of newborn to four 

years old children are exposed by different form of child abuse. Many factors are involved in violence 

toward children. The sadist parents are themselves often victims of physical and sexual misuse, the 
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stressful condition of life such as poverty and accumulation, social solitude, lack of supportive system 

and drug addiction by parents may increases the stress level in vulnerable families and possibility of 

violence and negligence toward children (Kaplan and Sadouk, 2003). 

The other disorders and problems that are directly linked to violence against children are drug 

abuse and addiction of parents. In some researches on violence against women and children, the role of 

using narcotic drug was studied in violent behavior (Erickson et al 2003). Especially in recent years, it 

has been shown that the most violent and aggressive behavior toward children is rooted in 

uncontrollable behaviors stemming from drug use (Galvani, 2004). Drug abuse and addiction are major 

factors in the escalation of violence against the children (Stewart, et al 2003). In fact, since the 

personality will change in addicted people, they lose their self-confidence and show violent behavior 

against their family and especially children (Bennett and Williams 2003). Beleski (1993) knows 

addiction as one of the important factors that are severely effective on families system based on the 

parents` character and aggravate maltreatment against child. Studies imply that there is a relationship 

between children physically injury and drug abuse (Leonard, 1998) and Kelly et al (1994) considered 

addiction as one of the predictor factors for inattention and injury toward children. 

Leonard and Jacob (1988) have indicated that 40% of adults who showed the criterion related 

to children physically abuse behaviors have drug and alcohol disorder during their life. Bardy and 

Tarley (2001) referred to characteristics such as social class, fathers` unemployment and his addiction 

in violence against children. 

The other study in Rafsanjan showed the 81.9% of drug addicted people were used to child 

abuse. Some authors implied that surveying the prevalence of child abuse in parents with addiction 

background and by considering the problem and providing scientific and functional solution, it can 

play a fundamental and determinant role in family and society health. So the study has been conducted 

aiming to investigate the relationship between parents` addiction background and domestic violence 

toward children in Ahwaz city. 

 

1.2. Theoretical Basis of Research 

There is no specific and testable theory that can link the domestic violence variables to addiction, so 

the several opinions and views along by the nature and purposes of this study have been used. Anomie 

theory: Durkheim describing the concept of anomie believes that the disorganized or unorganized 

communities involve a set of contradictory norms and values. According to Merton, this problem 

occurs when people encounters a conflict between goals and means to achieve them. The person may 

become alien to society which actually ignores his ideas, and the pressure is especially more among the 

vulnerable class of the society who use narcotics. 

Therefore, the five types of reaction will occur because of pressures between the accepted 

values by the society and limited means to achieve to them, and people behaviors are divided to 

different divisions: Conformity(compatibility), nonconformity(four cases of deviational behavior) 

(Merton: 56:1968). Differential association theory: The main Sutherland's theory of differential 

association says the deviant behavior is learnt via proximity and companionship to others like other 

social behaviors. An addict learns motivations, tendencies and deviational values via interrelationship 

and friendship to other people and accordingly a criminal act is learned not inherited namely a person 

is not going to do it till it is learnt. Psychoanalytic theory: In psychoanalysis theory, based on libidinal 

fixation, narcotic addict behavior was described by regression to pre-genital, oral or even the more 

preliminary levels of psychosexual and sexual growth, the oral state are emphasized more. 

On the other hand, the necessary to explain the relationship between drug abuse, defense, 

impulse control, emotional disorders and adaptive mechanisms leading to recent deviation in 

formulating the dynamics by focusing on Ego Psychology. Also it mostly assumed that the there is a 

relationship between severe pathology associated and drug abuse and implies the profound confusion 

relating to growth. Social pressure theory: Social pressures originated from the society on individuals 
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may cause the deviational behavior. So many social pressures whether socially or economically may 

cause deviational behavior in people. Robert Cohen considers the pressure as failing to reach the top 

position in the society. Clorado heline knows the lack of illegal opportunities for people to achieve the 

goal upon them that drive them to deviance. 

 

 

2.  The Research Hypotheses 
1. There is a relationship between parents` addiction background and their domestic 

violence against the children. 

2. There is a relationship between parents` addiction background and their domestic 

violence dimensions (physically, emotional and inattention) toward children. 

 

 

3.  Research Method 
The study was a survey research conducted using a questionnaire across the Ahwaz city. The 

population consists of all high school students and their parents and the sample was 384 people which 

were selected via cluster sampling and calculated by Cochran`s formula. 

The number of students were selected from the different areas of city via cluster sampling and 

provided randomly by questionnaire, in order to measure the variables, the items were designed by 

Likert and other scales as well as data was collected using the questionnaire technique and processed. 

After completing the questionnaire by respondents, data were analyzed using SPSS software and the 

statistical indexes of percentage, mean, standard deviation, correlation and regression analysis, t-test 

was used for analyzing data at both descriptive and inferential statistics. 

To measure the validity of the questionnaire, at first the 40 questionnaires were completed by 

the sample and the reliability coefficient was calculated by the Cranach’s alpha coefficient to 

determine items consistency. 

 

1.3. Measurement Tools 

1. CTQ (Child Torture Questionnaire) (Bernstein, 1995) was used. CTQ is a self-report 

instrument for the assessing child abuse; it divides torturing into 5 sub-scales and gives a 

general score as an index of mis-behaving. The CTQ five sub-scales include Emotional 

Abuse (EA), physically Abuse (PA), and Sexual Abuse (SA), Emotional neglect (EN) and 

Pysically Neglect (PN). The CTQ used in the study adapted from research questionnaire 

of Shahni Yailaqu and Michaeli (2008), so was it should be noted that the Sexual Abuse 

was omitted from the study since in Shahni Yailaqu and Michaeli (2007) questionnaire the 

items relating to (SA) sub-scale was removed because of ethical and cultural issues. So, 

totally 40 items were used to measure the level of parents` violence toward children. The 

reliability coefficient was obtained by Cranach’s alpha and was respectively 0.91 for 

general children abuse, 0.87 for emotional violence, and 0.85 for physical violence, 0.70 

for emotional neglect and 0.75 for physical neglect. 

2. The questionnaire for parents` addiction background: This researcher-made questionnaire 

is designed and used to examine the parents` background in and dependency to narcotic 

substance in which the questions are based on the parents` drug addiction background or 

regular use of drugs such as opium, morphine, heroin, etc. by one of them and are 

measured in spectral scale. 

To the validity or reliability of the measuring tool, face content validity was used, in the method 

consultations and interviews with professors and experts were applied. In this study, Cranach’s alpha 

coefficient was used to determine the reliability or precisely for internal harmony of items to measure 

the concept and compound variables that is 0.77. 
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3. Demographic Questionnaire: It is used to collect some demographic data such as age, sex, 

household population, and parents` educational levels 

 

 

4.  Results 
Descriptive findings of this study show that the mean and standard deviation of students` age are 

respectively, 16.01 and 0.98, fathers` age is respectively, 46.63 and 7.44, and for Mothers` age are 

respectively 40.21 and 5.98. Also, the results indicate that the 38.5% of the subjects are men and 

61.5% of them are women in parents` sample. As well as 34.1% of the students were male and 65.9% 

were female. The parents` educational level was in the range of illiterate to college graduated. 

Accordingly, 8.3% of fathers were illiterate , 22.4% of them were at elementary level, 24% were at 

guidance school level, 31.5% were diplomas, 4.9 were upper-diploma, and 8.9% have a bachelor 

degree and higher. The findings also indicate 74% of families were with a history of addiction to 

opiates, 6.5% with the heroin, half of them with glass, 4.3% of them with morphine and 13.1 of them 

with other types of narcotic substances. 

1.5. Hypothesis 1 – There is a relationship between parents` addiction background and 

level of their violence toward children. 
 
Table 1: Independent t-test results for comparison the parents` violence towards children in families with a 

history of addiction and normal 

 
Group Number Mean Standard deviation t value DF Significant level 

Normal 339 61.34 16.88 
8.60 382 0.001 

Addiction background 45 90.86 32.07 

 

As it can be seen in the table, the mean and standard deviation, the level of violence in families 

with normal parents are respectively61.34 and 16.88 and in family with addiction background were 

98.99 and 32.07. The table also indicated that based on the independent t-test results the levels of 

violence toward children in family with addiction background is different from the normal families 

(t=8.60 and p = 0.001). These findings indicate that the main hypothesis is confirmed. 

Hypothesis 2: There is a relationship between parents` addiction background and 

emotional violence toward children 
 
Table 2: Pearson correlation test results between parents` addiction background and their emotional violence 

toward children 

 

Independent variable 
Dependent variable (Emotional violence) 

Number (n) Correlation coefficient (r) Level of significance (p) 

Parents` addiction background 384 0.58 0.001 

 

As can be seen in the table, the Pearson correlation test shows a negative significant 

relationship between parents` addiction background and their emotional violence toward children 

(r=0.58 and p= 0.001). 

Hypothesis 2-1: There is a relationship between parents` addiction background and their 

physical violence toward children 
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Table3: Pearson correlation test results between parents’ addiction background and their physical violence 

toward children 

 

Independent variable 
Dependent variable (Physical violence) 

Number (n) Correlation coefficient (r) Level of significance (p) 

Parents` addiction background 384 0.39 0.001 

 

As can be seen in the table, the Pearson correlation test results shows that there is a negative 

significant relationship between parents` addiction background and their physical violence towards 

children(r= 0.39 and p=0.001). 

Hypothesis 2.2: There is a relationship between parents` addiction background and their 

emotional neglect towards children. 
 
Table 4: Pearson correlation test between emotional neglect variable and parents` addiction background 

 

Independent variable 
Dependent variable (Emotional neglect) 

Number (n) Correlation coefficient (r) Level of significance (p) 

Parents` addiction background 384 0.46 0.001 

 

As can be seen in the table, Pearson correlation test result shows that there is a significant 

negative relation between parents` addiction background and their emotional neglect toward children. 

(r=0.46 and p=0.001). 

Hypothesis 2-3: There is a relationship between parents` addiction background and their 

physical neglect towards children. 
 
Table 5: Pearson correlation test between physical neglect variable and parents` addiction background 

 

Independent variable 
Dependent variable (Physical neglect) 

Number (n) Correlation coefficient (r) Level of significance (p) 

Parents` addiction background 384 0.54 0.001 

 

As can be seen in the table, the Pearson correlation test shows a negative significant 

relationship between parents` addiction background and their physical neglect toward children (r=0.54 

and p= 0.001). 

 
Table 6: Summary of regression models and regression statistical specifications in simultaneous method 

 
Independent variable B Beta t P 

X5- parents` addiction background 0.176 0.15 2.5 0.05> 

 

Based on the information contained in Table 6, the multiple Correlation coefficients for linear 

combination parents` addiction background and their violence toward children is significant at p 

=0.001 level. And the variance for parents` violence towards children will be explained by prediction 

variables. 

Variable Impact Coefficients is visible independently. Due to constant value and variable 

nonstandard coefficients (B), the following predictive equation can be found: Y=48.35-0.117=x 

 

 

5.  Summary and Concluding Remarks 
Parents` addiction to drugs is as a factor that may intensify domestic violence. In fact, since the 

character will change in addict people, they lose their self-confidence and mental or behavioral 

disorders may occur and they show violent behavior against their family and especially the children. 

The aim of this study is to examine the relationship between parents` addiction background and their 
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domestic violence toward children, according to the theories: frustration and aggression, Edwin 

Sutherland's differential association theory, Anomie theory (Merton and Durkheim), psychoanalytic 

theory, psychological-social theory and social pressure showed that this problem occurs when people 

encountered with a conflict between their goals and means to achieve to them. The person may become 

alien to society which actually ignores his ideals, and the pressure is especially more among the 

vulnerable class of the society who use narcotics. 

Also, persons` failing in achieving to higher status may cause the economic pressure and he 

import the pressure into the family as violence and the offspring react the behavior and turn to 

addiction and other crimes. 

In fact, deprivation stemming from drug abuse, impulsive behavior of addicts, not applying 

coping strategies correctly and incompatibility of social and life abilities, low self-esteem and feeling 

of self-value and also financial difficulties are the major roots of violence against offspring, which the 

addicts are faced with these problems more. Among them, the psychological violence is more than the 

other forms of violence. Mc Kelly et al (1995) and Galvani (2004) showed that the Psychological 

violence with children distribution is abundant. 

In this regard, the relationship between the independent variable (parents` addiction 

background) and the level of violence toward their offspring was examined the results of the data 

analysis are presented as follows: 

The results obtained indicate that is the total level of violence in families with normal parents 

are respectively, 61.34 and 16.88 and in families with a history of addiction are respectively as 98.99 

and 32.07. 

Also, independent t-test results show that there is a difference between the normal and addicted 

families in respect of parents` violence toward children, the findings confirms the main hypothesis of 

research. Narcotic addicted parents have character disorder includes anti social characteristic disorder. 

since the disorder consists the wide range of anti-social disorders such as child abuse, the high rate of 

child abuse by the addicted parents in these samples consist with the findings by Kaplan and Sadouk 

(1998) that said narcotic substance abuse by parents is an intensifier of violence and neglect behavior 

against children. Also, the results showed the significant negative correlation between parents` 

addiction background and their emotional violence towards children. These findings with the Leonard 

and Jacob`s (1988) indicated a significant relationship between the use of drugs and children abuse. 

According to obtained results, it is cleared a negative significant correlation between the 

aspects of parents` addiction background and physical abuse of offspring. The findings implies 

physical misbehaving in childhood leads to increasing the depression, anxiety, anger, physical signs 

and medical diagnosis and consist with Springer et al (2007), Shaw and Cras (2002): (Leonard, 1998) 

and KellyHer et al (1994) and Goodwin et al (2005): Mac Kavli et al (1997) which showed the middle 

age men and women who were physically abused at childhood is worse than control group in terms of 

physical health. The results of the study indicate a negative significant correlation between parents` 

addiction background and their emotional neglect toward offspring. Also, according to the results of 

the study, there is a negative significant correlation between parents` addiction background and 

physical abuse of offspring. 

It will occur when the interdependence and emotional growth is less between family members 

are less and parent do not pay attention to offspring spiritual, emotional needs and their physical 

growth. Also, due to the results of path analysis obtained from the research, it is indicated that the most 

to less variable of parents` violence towards children respectively include: emotional neglect, 

emotional violence, physical neglect, and physical violence. The functional importance of the research 

may inform the policy-makers and society executives on the violence and misbehavior against children 

in families with addiction background and the consequences of this abnormal social act to make them 

do the policies in order to decrease the violet actions against the children more seriously. 
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Abstract 
 

A resizing method presented in this paper is based on frequency scaling property of 

the discrete cosine transform (DCT). The proposed algorithm can be employed either in 

DCT or inverse DCT (IDCT) processes or in both transform domains. However, if it is 

applied in IDCT procedure, image resizing and image displaying is easily achieved. The 

experimental results show that the presented method requires lower computational cost 

than existing methods in most cases and generates the resized images at acceptable visual 

quality. In addition, the proposed method extremely has low complexity compared to other 

techniques. Since the proposed resizing technique can be inherited in DCT/IDCT processes 

thus to resize images with arbitrary factor ( P Q R S× ), no additional computation process 

is required. 

 

 

Keywords: Arbitrary Image Resizing, Discrete Cosine Transform, Frequency Scaling 

 

1.  Introduction 
Channel bandwidth, memory space, and dimension of displaying monitor are the major causes that the 

resizing image/video becomes a necessary process. Generally, the resizing procedure is the method that 

is processed in spatial domain in which averaging of neighborhood pixels is employed. In addition, the 

storing data in transform domain is quite popular for example in DCT domain [1].  

Later, many researches have proposed the resizing technique based on DCT [2-6] and the 

results show that the resizing image based transform domain is superior to the spatial domain. R. 

Dugad and N. Ahuja [2] proposed the resizing algorithm which uses zero padding and truncation for 

image upsizing and downsizing, respectively. The results show higher peak signal-to-noise ratio 



A Novel Image Resizing Based on Frequency Scaling Property of Discrete Cosine Transform 426 

(PSNR) than that of a spatial resizing technique. Subsequently, Y.S. Park and H.W. Park [3] proposed 

a method that can be separated into two stages, DCT and IDCT which employs various sizes of data. 

This drawback thus makes their algorithm difficult to be applied in real implementation. The mixed-

radix DCT and fast DCT [7-9] is later adapted in this algorithm to achieve lower computational costs 

and high quality images in average. Similar technique also proposed by H. Shu and L.P. Chau [4] But 

the goal of this approach is to reduce aliasing to improve the quality of the resized images. The method 

to select suitable parameters for zero padding and truncation is given. With this parameter selection, 

the algorithm can be traded off between computational costs and visual quality. However, in general, it 

consumes more computational costs compared to other methods. In addition, the IDCT and DCT using 

composite length approach, which is similar to [3], was proposed by C.L. Salazar and T.D. Tran [5]. 

But an equal scale factor with various parameters to resize images can be obtained. The alternative 

parameters make this algorithm flexible to trade off between image quality and computation time. 

Recently, E.L.Tan et al. [6] proposed the arbitrary fast-resizing algorithm modified from [10]. This 

method employs the spatial relationship of DCT coefficients between a block and its subblocks [11]. 

Although the overall resizing process was done in the DCT domain and there is no need for IDCT, zero 

padding and truncation procedures are still basically needed. 

As literature reviewed, to resize images based the DCT domain, most algorithms perform in a 

similar way which is zero padding and truncation for upsizing and downsizing, respectively. They are 

only different in the operation order and parameters selection. Some techniques resizing in spatial 

domain after IDCT process whereas some approaches resizing in DCT domain before IDCT. In this 

article, an alternative approach for fast achieving an arbitrary resizing image is proposed. Based on 

exploring the frequency scaling property, it is found that resizing algorithm can be inherited in the 

DCT process. The proposed method thus has low complexity as well as requires lower computational 

costs compared to existing methods.  

The organization of the article is as followed. The conventional DCT operation is first briefly 

reviewed in section 2. Section 3 and 4 describe periodicity of discrete Fourier transform (DFT) and 

time scaling property, respectively. Both properties will be applied in the proposed technique as given 

in Section 5. Later, the experimental results are shown in section 6. Finally, the conclusions are 

provided in section 7. 

 

 

2.  Discrete Cosine Transform (DCT) 
Let e(i) denote a length-N sequence and the DCT coefficients of e(i) are given by E(u). The forward 

DCT and IDCT can be computed using (1) and (2), respectively. 
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From (1) and (2), the forward and inverse transformations employ the identical basis functions 

as shown in (4). 
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2

i u
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N
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 (4) 

In the two-dimensional case, the 2-D DCT is equivalent to compute the 1-D DCT in the row 

orientation and follow by column direction or vice versa. Thus, 2-D DCT computation is 

( )( )
T

T
 = E DCT DCT e 

  
 (5) 
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where E  is the matrix of the 2-D DCT coefficients 

and e  is the 2-D data matrix. 

 

 

3.  Periodicity of Discrete Fourier Transform (DFT) 
From [1], an N -point DCT block can be re-expressed as a 2N -point DFT block, shown in (6). Hence, 

the properties of DFT and DCT are similar. 
22 1
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where 

( ) 0e i =  for , 1, 2,...,2 1i N N N N= + + −  

The DFT and its inverse are periodic in the 1-D and 2-D cases [12]. Equations (7) and (8) 

express the relationship between each period. Let ( )G u  and ( )g i  denote N-point block in the frequency 

domain and time domain, respectively where , 0,1,2, , 1u i N= −…  and k  be any integer. Considering 

(7), periodicity causes the symmetric point appears at 2N  for 1k =  as shown in Figure 1. 

( )  ( )G u G u kN= +  (7) 

( )  ( )g i g i kN= +  (8) 

Similar to the 1-D case, the 2-D DFT is periodic in the horizontal and vertical directions. Let 
( , )G u v  and ( , )g i j  denote M N×  matrices in the frequency domain and spatial domain, respectively, 

the expressions for their periodic property for 2-D case are 

1 2 1 2( , )  ( , )  ( , )  ( , )G u v G u k M v G u v k N G u k M v k N= + = + = + +  (9) 

1 2 1 2( , )  ( , )  ( , )  ( , )g i j g i k M j g i j k N g i k M j k N= + = + = + +  (10) 

where , 0,1,2, , 1u i M= −… , , 0,1,2, , 1v j N= −… , 
1k  and 

2k  are any integer. 

 
Figure 1: Periodicity of discrete Fourier transform 
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4.  Frequency Scaling Property 
In this section, a signal is analyzed in the frequency domain to exploit discrete Fourier transform. Let 

( )x pt  denote a time signal scaled by a factor of p  and ( )X pΩ  denote its frequency domain 

representation. Equation (11) illustrates the relationship between a scaled signal in the time domain and 

frequency domain.  

1
( )  x pt X

p p

ω 
↔  

 
 (11) 
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Hence, the transformation pairs of a cosine signal stated in (12) and its resized version shown in 

(13) where resizing factor p  is any integer can be defined by 
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 (13) 

which ( )δ ⋅  is an impulse function. Considering (13) with resizing factor p  > 1, the frequency of cosine 

signal is increased by a factor of p  whereas length of the signal in the spatial domain is decreased. 

Conversely, its length is expanded times but the frequency is decreased if the resizing factor is 
0 1p< < . From (2), it will be rewritten as (14) implying that a sequence ( )e i  can be represented by a 

sum of various cosine functions. Let 
( )pe i

 denote a sequence ( )e i  resized by a factor of p , therefore, it 

can be expressed as a sum of various scaled cosine functions (shown in (15)). Equation (15) implies 

that any signal can be resized by scaling frequency of the transformation basis functions.  
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5.  The Proposed Method 
As described in previous section, resizing signal can be achieved by scaling frequency of the cosine 

basis functions. Since the DCT and IDCT employ identical basis functions as given in (4), hence, the 

proposed resizing technique is applied this property in both forward and inverse DCT transforms. In 

addition, since the N -point DCT equivalent to 2N -point DFT, DCT thus has the same periodicity 

property as DFT. When resizing image, it also affects signal period and symmetric point as described 

below. The inverse transform shown in (15) is re-expressed as 
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where the transformation basis functions are  
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 (17) 

From (16), 
( )pe i

 is a downsized signal for 1p >  and an upsized signal for 0 1p< < . Figure 2 

shows a 1-D signal resizing by various factors p , where 1p =  is for an original signal. As can be seen, 

different resizing parameter yields not only different in length of signals but also different in the period 

and the position of symmetric points.  

From the results in Figure 2, let us first consider for the case 2p = . By considering (17) at i k=  

and 1i N k= − −  where 0,1,2, , 2 1k N= −…  , it results as shown in (18) and (19). In this case, the 

symmetric point is at 2N . 

First, downsizing by a factor of , we consider (17)  
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Next, for 4p = , the results are expressed in (20) and (21) for i k= , 2 1i N k= − − , 2i N k= +  

and 1i N k= − −  where 0,1,2, , 4 1k N= −… . The first and second symmetric points are at 4N  and 

3 4N , respectively, where the period is 2N . 

4

(2 1)2
cos                      ,

(2( 2 1) 1)2
cos   , 2 1

( ) = 
(2( 2 ) 1)2

cos        , 2

(2( 1) 1)2
cos      , 1

p

k u
i k

N

N k u
i N k

N
f u

N k u
i N k

N

N k u
i N k

N

π

π

π

π

=

 + 
= 

 
 − − + 

= − −  
  


+ +  = +   


− − +  = − −   

 (20) 

4

(2 1)2
( ) = cos               , 2 1 2 1p

k u
f u i k N k N k N k

N

π
=

+ 
= = − − = + = − − 

 
 (21) 

From (18)-(21), the relationship of cosine functions for downsizing signals can be generally 

defined by 

2 2( 1)
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For upsizing case, it causes symmetric points appear beyond the original length and the resizing 

factor must be in a range 0 1p< < . For example, to upsize by a factor of 0.5p = , let us consider (17) at 

i k=  and 4 1i N k= − −  where 0,1,2, ,2 1k N= −… . By considering only in one period, (23) and (24) 

show the symmetric point at 2N . Hence, a N -length- signal is scaled to 2N -length signal.  
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Subsequently, to upsize signal by a factor of 0.25p = , the obtained results shown in (25) and 

(26) indicates that the symmetric point is at 4N . Thus, 4N -length signal is given from N -length 

signal.  
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From (23)-(26), the relationship of cosine functions for uzsizing case can be in general 

expressed by 

2
( ) 1

N
e k e k

p

 
= − − 

 
 for 0 1p< <  (27) 

 
Figure 2: Resizing of 1-D signal by various factors p  
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For 2-D case, since the 2-D DCT is computed by 1-D DCT consecutively in column and row 

directions or vice versa. Hence, 2-D DCT is periodic in both vertical and horizontal directions. Let p  

and q  be resizing factors of row-side and column-side, respectively. The 2-D IDCT of an M N×  

image using the proposed frequency scaling is given by 
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where 0,1,2, , 1i M= −…  and 0,1,2, , 1j N= −… .  

To halving images, the image having resolution of 512x512 shown in Figure 3(a) is employed. 

By using (28) with resizing factors which are 2p =  and 2q = , the resulted image is demonstrated in 

Figure 3b. The original image is converted into four subblocks. Each of them has resolution of 

256x256 and their relationships are given in (29). By changing range of computation, a resized image 

can be obtained from (30). 
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where 0,1, 2, , 1i M p= −…  and 0,1,2, , 1j N q= −… .  
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Figure 3: Image downsizing using the proposed technique (a) An original image (512x512) (b) The resulted 

image using factors 
2p =

 and 
2q =

 

 

  

(a) (b) 
 

To doubling images using 0.5p =  and 0.5q = , Figure 4(a) exhibits the resulted image from (28) 

which is one of four parts of the upsized image. By modifying range of computation in (30), the full 

upsized image is illustrated in Figure 4(b). 

 
Figure 4: Image upsizing using the proposed technique (a) The resulted image (512x512) (b) Full upsized 

image (1024x1024) 

 

 
 

(a) 

 
Figure 4: Image upsizing using the proposed technique (a) The resulted image (512x512) (b) Full upsized 

image (1024x1024) - continued 

 

 
(b) 
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For most image processing computations, the original image is generally separated into blocks 

to reduce computational costs and speed up the operations. The proposed method can also be 

implemented by applying to each block and periodicity and symmetric point still occur in every block. 

The results of block processing using the proposed technique are presented in the next section. 

 

 

6.  Experimental Results 
In this section, the proposed resizing technique will be compared with the method proposed by Y.S. 

Park and H.W. Park [3] in two main aspects which are computational costs and visual quality of the 

resized images. The overall operations of the experiment are shown in Figure 5. The original image is 

in DCT domain and after process finished, the resized image in spatial domain is obtained and 

displayed. 

The method [3] presented the algorithm in two cases called case I and case II which are only 

different in parameters selection. To resize images by a factor of P Q , it needs to upsize and downsize 

data by factors of P  and Q , respectively. After that, IDCT is employed to retrieve the images in the 

spatial domain. It is seen that many procedures are required in [3] to achieve the displayed image In 

addition, this approach employs the fast forward and inverse DCT of composite length as given in [7-

9]. 

 
Figure 5: Overall operations in the experimental implementation 

 

 
 

In the experiment, a block size 8N =  which is commonly used in images processing is selected. 

Each tested image will be first downsized by a factor of P Q  and subsequently upsized by a factor of 

Q P  to evaluate the performance in term of PSNR. The overall operations are shown in Figure 5 using 

the naive DCT algorithms for impartiality. To avoid intervening influences from zero padding and 

truncation, a scaling factor ( P Q ) of [3] is selected. 

Tables 1 and 2 show PSNR values and computational costs for downsizing by factors of 1 2  

and 3 4 , respectively. 
mc  and 

ac  stand for amounts of multiplier and adder used per pixel of the 

original images. 
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Table 1: Downsizing images by a factor of 1 2  

 

Method Cost (((( )))),
m a

c c  1 2 -Downsizing PSNR (dB) 

  Lena Peppers F-16 

The proposed technique (6,5.25) 33.28 30.86 30.95 

Bilinear (19.44,23.81) 31.40 30.20 29.01 

Y.S. Park and H.W. Park [3] (case I) (8.97,16.53) 35.38 33.07 33.04 

Y.S. Park and H.W. Park [3] (case II) (8.03,8.47) 34.72 32.58 32.28 

 

Table 2: Downsizing images by a factor of 3 4  

 

Method Cost (((( )))),
m a

c c  
3 4

-Downsizing PSNR (dB) 

  Lena Peppers F-16 

The proposed technique (10.5,9.19) 39.14 36.00 38.48 

Bilinear (22.05,27.52) 35.11 33.54 33.32 

The method [3] (case I) (13.05,23.36) 40.76 37.43 40.15 

The method [3] (case II) (11.68,16.14) 40.54 37.28 39.72 

 

From Table 1 and 2, the proposed method requires the lowest computational costs for any 

resizing factors. The quality of images resized by the presented technique is lower than the method [3] 

in term of PSNR valued, but higher than the spatially method. Although the proposed algorithm 

provides lower PSNR values compared to the DCT domain approach, the visual quality of images is 

acceptable over method in the spatial domain. It should be noted that, the method [3] use the fast DCT 

and IDCT for composite length in the resizing operation while others calculate in the naive way. 

For another experiment, resizing images by arbitrary factors of P Q R S×  is tested. P Q  and 

R S  are row and column resizing factors, respectively where , ,P Q R  and S  are any integers. As given 

in [2-6], these algorithms in DCT domain need to resize images twice for arbitrary resizing. These 

methods consecutively upsizing images by P R×  factors and downsizing images by Q S×  factors or 

vice versa. In this experiment, the images are resolution of 1920x1080 [13]. The three tested images 

(Eye, Outdoor, Sunlight) are downsized to resolution of 720x480, 640x480 and 320x240 which are 

commonly used in many devices. Hence, the resizing factors are 4 9 3 8× , 4 9 1 3×  and 2 9 1 6× , 

respectively. 

Table 3 and Table 4 show comparison of computational costs and PSNR values between the 

proposed method and the method [3]. The various factors ( P Q R S× ) are indicated in the table. It is 

seen that the proposed method requires significantly lower computational costs in most cases compared 

to the method [3], except at factors of 2 9 1 6× , the method [3] needs slightly lower number of 

multiplier because IDCT computation is very low for very small resizing factors. Although in term of 

PSNR, the method [3] is superior to the proposed technique in over all but the recovered version of the 

resized image obtained by the proposed technique is still perceptual acceptable. For example, the 

retrieved image after resizing at factor of 4 9 3 8×  obtained from the proposed method is illustrated in 

Figure 6. 

 

Table 3: Computational costs (((( )))),
m a

c c  for downsizing by factors of P Q R S×  

 

P Q R S××××  The proposed method method [3] (case I) method [3] (case II) 

4/9x3/8 (4.33,3.79) (6.71,15.84) (5.84,6.66) 

4/9x1/3 (3.85,3.37) (6.49,15.00) (5.46,6.43) 

2/9x1/6 (1.63,1.43) (4.64,13.20) (1.49,2.00) 
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Table 4: PSNR values (dB) for downsizing by factors of P Q R S×  

 
 Eye Outdoor Sunlight 

P Q R S××××  

The 
proposed 

method 

method 
[3] 

(case I) 

method 
[3] (case 

II) 

The 
proposed 

method 

method 
[3] 

(case I) 

method 
[3] (case 

II) 

The 
proposed 

method 

method 
[3] (case 

I) 

method 
[3] (case 

II) 

4/9x3/8 37.43 40.46 39.85 36.93 38.93 37.42 37.77 40.06 38.79 

4/9x1/3 37.14 40.11 39.61 35.60 37.78 36.75 36.74 39.11 38.21 

2/9x1/6 34.01 35.70 35.10 27.47 30.10 29.37 28.87 31.36 30.51 

 

Figure 6: Retrieved image after resizing at factor of 4 9 3 8×  obtained from the proposed method 

 

 
 

 

7.  Conclusions 
This article presents an algorithm to resize images based on frequency scaling in the DCT domain. 

Exploiting frequency scaling property makes periodicity and symmetric points occur which is analyzed 

by using the discrete Fourier transform. Hence, frequency scaling of the basis functions can be used to 

resize images. The experimental results show that the proposed method requires significantly lower 

computational costs as compared to other techniques. The proposed technique provides visual quality 

images better than the spatial domain method but the quality of resized images is lower than the 

method [3]. However, in practical, the proposed method is easily implemented because its complexity 

is extremely low. No additional hardware as well as additional computation is required. Therefore, it 

can be applied in real-time image processing or in high speed such as video streaming. 
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Abstract 
 

Responding to student writing is one of the most controversial topics in 

secondlanguage (L2) instruction and theory. Do students benefit from teachers’ corrections 

and written comments on their writing? If so, are some types of feedback more effective 

than others? Just as importantly, what are students’ preferences for feedback and error 

Correction? Students’ beliefs about what constitutes effective feedback on writing and their 

expectations regarding teacher paper-making techniques may influence the effectiveness of 

such feedback (Schulz, 1996); therefore, it is important to investigateL2 students’ 

preferences for teacher feedback on writing in order to ascertain whether these preferences 

and expectations match those of their teachers. This paper reports on a study investigating 

EFL University students’ preferences for error correction andPaper-making 

techniques.Pervious researchers had investigated on other aspects of corrective feedback 

such as spoken one, but the study wants to investigate the effect of writing corrective 

feedback on the treatable errors in the writing of EFL learners. Researchers distribute 

questionnaire to 60 EFL learners at Kerman Azad University. The findings have valuable 

effects on language teaching and learning .The results provide effective hints for language 

teachers and curriculum developers. 
 

 

Keywords: Corrective Feedback (C.F), Writing Skill, Written Corrective Feedback 

(W.C.F.) 
 

1.  Introduction 
According to the findings of researchers there have been many attempts aimed at helping students 

improve their writing skill and increase their motivation for accomplishing the writing tasks. There are 

some reasons why writing performance has been chosen in this survey. At first, writing performance is 

the only skill that has opportunity for being measured systematically. On the other hand, it is an 

observable skill whose data is easily collectable. Moreover, writing performance can be considered as a 

spontaneous skill on which students have not only better control but also the chance of monitoring 

themselves and retaining their knowledge during their performance (Krashen, 1981). Finally, writing is 

the only skill which might not be well developed even in one’s native language. One of such attempts 

is providing feedback, and indeed in the recent years many studies have been conducted to investigate 

the nature of feedback and the role it might play in L2 teaching and learning (e.g. Lyster, 1998; 

Lyster&Ranta, 1997; Mackey &Philp, 1998;Oliver, 2000; Spada&Lightbown , 1993; Hussein, 2010; 
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Ҫoklar& Bagci,2010). On the other hand responding to students' writings is an important and 

meaningful area of teachers
,
 work. In the writing classroom, teacher feedback is a valuable instructive 

device to enhance the teaching and learning of writing. In writing instruction ‘feedback is input from a 

reader (teacher) to a writer (student) with the effect of providing information to the writer for revision’. 

And it could be in the form of comments, questions, and suggestions a reader gives writer to produce 

reader-based text as opposed to writer-based text. (Keh, 1990, p.294). 

However, despite the major part feedback plays in modern writing classrooms and in the lives 

of all teachers and learners, only a few studies with some methodological concerns such as absence of 

a control group have attempted to directly investigate whether L2 students who receive written 

corrective feedback on their errors are able to improve the accuracy of their writing compared with 

those who do not receive error feedback (Bitchener,Young& Cameron, 2005 ). Truscott (1996) claimed 

that there is no convincing research evidence that error correction ever helps students(writers)improves 

the accuracy of their writing. For two major reasons, he explained that this finding should not be 

surprising. On the other hand, he argued that error correction, as it is typically practised, overlooks 

SLA insights about the gradual and complex process of acquiring the forms and structures of a second 

language. On the other hand, he outlined a range of practical problems related to the ability and 

willingness of teachers to give and students to receive error correction. Moreover, he claimed that error 

correction is harmful because it diverts time and energy away from the more productive aspects of a 

writing programme. The other researches strongly believe that Ferris (1999) claim is convincing, 

because the corrective feedback plays an important role in writing performance of students. Truscott 

(1999) suggested that attention be given to investigate which methods, techniques, or approaches to 

error correction lead to short-term or long-term improvement and whether students make better 

progress in monitoring for certain types of errors than others. 

 

1.1. Statement of the Problem 

The researchers are going to find a relationship between the effects of corrective feedback on writing 

performance of Iranian EFL learners. Corrective feedback plays an important role in ample skill on 

writing performance of Iranian EFL learners. So, the findings can provide valuable results in teaching 

and learning English language for both teachers and students.Pervious researchers had investigated on 

other aspects of corrective feedback such as spoken one, but the researchers want to investigate the 

effect of writing corrective feedback on the treatable errors in the writing of EFL learners. 

 

1.2. Research Questions 

1. Is there any relationship between writing corrective feedback and writing skill of EFL 

learners? 

2. Which types of writing corrective feedback are effective on EFL learners? 

 

 

2.  Literature Review 
One of the effects of corrective feedback is to improve students' writing skill and increase their 

intention to learn writing task.A great deal of researchers has examined the effectiveness of corrective 

feedback for L2 writing. An important area that has attached much attention recently is how students 

and teachers perceive the usefulness of written the corrective feedback.The literature on L2 learning 

has continuously shown varying positions regarding the effectiveness of corrective feedback on errors. 

As early as the 1970s, research has questioned the value of error correction (in ESL learning in general 

andspecifically in ESL writing), and a rift was created in the field of second- or foreign-language 

teaching as to whether error correction is useful or not. With respect to error correction in writing 

(WCF), some early researches found it to be ineffective for the most part (e.g., Hendrickson, 1977, 

1980; Hillocks, 1982; Lalande, 1982; Semke, 1984,Robb et al, 1986), while several other studies found 
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that different types of error correction in L2 writing can be useful (e.g., Kennedy, 1973, 

Krashen&Selinger, 1975, Cathcart& Olsen, 1976; Dulay& Burt, 1977; Krashen, 1977). 

Other researches have provided ample evidence in support of written error correction. To this 

end, the effects of different types of WCF (e.g., error identification, direct and indirect error correction, 

comments on errors with no correction and comments on content) have been examined in various 

research (e.g., Ferris, 1997, Ashwell, 2000; Chandler, 2003;Young&Cameron, 2005, Sheen, 2007, 

Sachs & Polio, 2007, Clark & Ouellette, 2008; Bitchener&Knoch, 2008; Bitchener,; Ellis, Sheen, 

Murakami, & Takashima, 2008;; Hartshorn, 2008). Nevertheless, despite the support for WCF in 

general, bothdifferent types and amounts of WCF that work best, research findings in support of the 

use of different types of WCF are still unclear.Demonstrate varied results for example, Sheen (2007) 

found that WCF on structural errors that targeted a single linguistic feature improved learners’ 

accuracy. On the other hand, Sheppard (1992) found that the use of holistic WCF on meaning was 

more useful than surface-level WCF on form in increasing students’ awareness of sentence boundaries. 

The research has also demonstrated varying findings even within studies (e.g., Bitchener, 

Young&Cameron, 2005; Clark & Ouellette, 2008; Hartshorn, 2008). 

For example, Clark and Ouellette’s (2008) study showed that WCF helped learners somewhat, 

but was not sufficient to help them correct their errors. They found that WCF helped learners notice 

that errors existed, but did not help them to identify the boundaries and nature of the errors. In addition, 

while Hartshorn (2008) found that WCF helped improve overall structural accuracy, Bitchener, Young, 

and Cameron (2005) found that a combination of WCF and conference feedback improved accuracy 

levels in some structures, but found no overall effect on accuracy improvement. Other researchers try 

to find out about the effect of corrective feedback on ESL learners
,
 on the other skills, no one do any 

research on the effect of writing corrective feedback on EFL writing performance learners.So the 

present study wants toinvestigate the impact of corrective feedback on writing performance EFL 

learners. 

 

 

3.  Methodology 
The study comprises 60 advanced EFL learners .The questionnaire consists of two parts: First, a 12-

item background questionnaire, was distributed to participants in order to obtain background 

information about the students; second, a 27-item questionnaire, a modified version of Leki’s (1991) 

instrument, and consisting of 20 five-point Likert-type items, was distributed the participants, a 

correlation analysis was performed to analysethe collected data. 

 

 

4.  Conclusion and Result 
The result showed that the corrective feedback in both forms written and oral are considered as an 

effective tools for ESL learners either directly or indirectly, however it isn’t so applicable to EFL 

learners because they are not exposed to language. They are learning language as a foreign language 

not as a second one, due to the lack of exposure to native speakers of English, EFL learners are not as 

skillful as ESL ones, especially in speaking and listening skills. Although they are not good at speaking 

and listening skills, they perform accurately in writing and reading skills, thanks partly to the focus 

which is given to grammar and vocabulary learning. Therefore the oral feedback is not considered as 

an effective tool. On the other hand they show a positive attitude toward written C.F.It was more 

applicable to them particularly to treatable types of linguistic errors.EFL learners give priority to 

W.C.F because they are not as fluent as ESL learners in speaking and conversation. Moreover from 

among direct and indirect types of C.F. EFL learners consider indirect C.F moreeffective than direct 

one, while the story is vice versa for ESL learners. They don’t make any significant different between 

direct and indirect C.F.Meanwhile it should be mentioned that the types of C.F (oral, written, direct, or 

indirect) are depended upon the level, age, gender, general proficiency, and background knowledge of 

learners.Direct and written one is more suitable for young, male, beginner, with low level of 



Corrective Feedback and Writing Performance of EFL Learners 439 

proficiency. The instructors, curriculum developers, ESL and EFL teacher should not forget that the 

success or failure of C.F. is depended upon several factors such as classroom atmosphere, context, and 

type of error, proficiency level, age, gender, culture, social norms and so many factors. Finally the 

study proved that EFL learners believe that C.F is a necessary and effective tool in the language 

learning process. They have willingness to perceive C.F from their teachers than their peers or 

classmates. 
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Abstract 

 
Estimating durations of large highway construction projects has always been a 

challenging task in the construction industry. It is characterized with works being taken up 

at different locations of the project simultaneously with varying durations. These durations 

depend on the production rates of individual activities which are governed by several 

factors such as availability of resources, environmental and geographical conditions. The 

current approach in road project scheduling is based on productivity in quantity of a certain 

item of work with a defined crew. In reality, these production rates are not achieved as per 

plan during execution and vary from project to project. Attempts to define probable 

production rates in the past have not been able to provide accurate guidelines as the linear 

relationship of activities in road projects have been ignored or the range of production 

proposed have been too wide. Variability in production rates in road projects can be 

attributed broadly as reasons within the control of the constructor and those beyond their 

control. Reasons beyond the scope of the constructor can be government policies, social 

and political in nature which does not really reflect the execution side in the project. 

Therefore, reasons within the purview of constructors has been critically analysed in this 

work to account for constructor’s role in such variability. The Delphi method has been 

adopted in reaching consensus on probable production rates of activities with predictable 

factors of time estimates in highway construction taking a case study of an Indian road 

project. The basic framework for time estimates has been proposed by adopting linear 

Scheduling due to limitations of network techniques in road works. A simple flowchart 

model of the time estimate method has been presented incorporating probable production 

rates defining crews and work quantities. 

 

 

Keywords: Scheduling, Productivity, Linear Activities, Road Projects, Delphi 

 

1.  Introduction 
Estimating durations of highway construction projects requires a comprehensive approach involving a 

measure of progress of work of various activities and incorporating the uncertainty component into it. 

Activity durations vary from project to project due to several factors and eventually form a probable set 
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of durations. In order to define these probable set of durations of activities in road projects, it becomes 

necessary for us to understand the standard productivity plans adopted in such projects and quantify 

their variability. Highway construction projects fundamentally comprise of activities such as 

carriageways, service roads, bypasses, bridges, culverts etc. These components are executed at various 

locations of the project simultaneously depending on the quantity of work in each activity based on the 

target date of completion. A major portion of highway construction deals with pavement formation 

which comprises of activities executed one on top of the other in layers spanning the entire length of 

the work. Succeeding activities follow the preceding activities maintaining a buffer distance between 

them in these types of works. Such activity relationships are characteristic of pavements in a highway 

project and these activities are termed as linear activities. 

Road project scheduling is thus made of two major components. One is the linear 

representation of activity progress and the other is arriving at probable activity durations. The 

limitations of network tools for road projects and the advantage of linear scheduling method (LSM) as 

an appropriate scheduling tool depicting actual activity relationships in a road project has been cited at 

several instances. The analytical capabilities of LSM have been compared at several instances with the 

critical path method (CPM) (Harmelink and Rowings, 1998; Harmelink , 2001; Lucko, 2009). Efforts 

have been made to estimate activity durations in road projects in the past. Simulation techniques have 

been used to estimate road project durations (Singh, 2003) but the use of network technique in that 

work may not be compatible to linear relationships in activities of a road project. Production rates 

obtained using the probability distribution of activities in Indian road projects (Arun et al., 2003) have 

indicated that the range of probable production rates is too wide and hence may not be accurate for use 

in estimating project durations. The probability distributions have been based on actual durations of 

activities which have been influenced by several factors both within and out of the scope of 

constructors. Production rates are affected by both predictable and unpredictable factors in large 

projects and unless a specific study is carried out based on the former, the role of constructors on the 

production rate variability cannot be quantified. Other factors which are out of the scope of these 

agencies have not been considered in this work so as to narrow down on the range of probable 

production rates for a more realistic time frame in field execution. Hence, an attempt has been made 

herein to reach consensus on probable production rates of activities in highway construction due to 

factors within the purview of constructors adopting the Delphi process as it is a recommended research 

tool for investigation for such requirements (Grisham, 2009; Skulmoski and Krahn, 2007; Zami and 

Lee, 2009). 

The standard productivity plans with crew description adopted by leading constructors of large 

highway projects in the sub-continent (Kannan and Shanmugasundaram, 2011) has been taken for 

analysis in this study. The constructor’s productivity plans of various activities in such projects may be 

converted as days/km for use in LSM for given layer dimensions of the highway. Three-time-estimate 

factors recommended in this work incorporates certain amount of uncertainty in LSM, considered as a 

limitation earlier (Matilla and Park, 2003). Although, LSM has been cited as the most suitable 

scheduling tool in road projects due to its advantages in handling linear activities (Johnston, 1981; 

Chrzanowski and Johnston, 1986), the extent of application of distance time linear scheduling in large 

highway projects has been discussed herein with a real time schedule data. An object oriented model 

was presented integrating planning and scheduling phases of highway construction focusing primarily 

on planning aspects with improved capabilities (Hassanein and Moselhi, 2004).Factors influencing 

delays in highway projects have been analyzed to enhance project management in highway 

construction (Sharma, 2004). 

Considering project implementation, factors within the purview of the constructor has been 

studied in this work for production based time estimates of road projects with the role of linear 

scheduling. Thus, the work provides a better approach to constructors in scheduling by incorporating 

uncertainty into LSM and fixing standard productivity guidelines as a baseline in defining the 

variability more specifically than earlier attempts. 
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2.  Activity Production Rates in Linear Construction 
The probable production rates of activities in a highway construction project with a simulation model 

indicated a wide variation due to the probability distribution adopted for simulation being based on 

duration of activities from a variety of projects and conditions (Kannan and Shanmugasundaram, 

2011). 

 
Table 1: Planned Productivity for Two Lane New Carriageway Construction 

 

Activity 

Description 

Productivitype

r Crew 

Width 

(m) 

Thickness 

(m) 

Progress with 

Single Crew 
(days/km) 

Crew Details 

Clearing and 

Grubbing 
0.5 hectares/day 13.0 0.15 2.60 

1 dozer,3tippers,4 workers, 1 

supervisor 

Earthwork 

Excavation 
700 m

3
/day 13.0 0.20 3.71 

1 pokelain, 5-8 tippers, 1 grader,1 

compactor,1 watertanker,20 

workers, 3 supervisors 

Embankment and 

Subgrade 
840 m

3
/day 13.0 0.50 7.74 

1 pokelain, 5-8 tippers, 1 grader,1 

compactor,1 watertanker,20 

workers, 3 supervisors 

Granular Subbase 400 m
3
 /day 13.0 0.20 6.50 

8 tippers, 1 grader,1 compactor,1 

wheel loader, 1 watertanker,20 

workers, 3 supervisors 

Wet Mix 

Macadam * 

1000 t/day (417 

m
3
/day) 

9.5 0.25 5.68 

1 WMM plant, 5-10 tippers, 1 wheel 

loader,2 compactors,1 watertanker,1 

paver, 10-20 workers, 2/3 

supervisors 

Asphalt Works * 
1280 t/day (512 

m
3
/day) 

8.5 0.15 2.50 

1 hot mix plant, 1 wheel loader,12 

tippers, 2 smooth wheeled roller,1 

pneumatic tyred roller,1 

watertanker,1 sensor paver,2 

bitumen sprayers,1 mechanical 

broomer, 1 asphalt edging m/c 30 

workers, 2/3 supervisors 

Bituminous 

Concrete * 

1280 t/day (512 

m
3
/day) 

8.5 0.05 0.83 

1 hot mix plant, 1 wheel loader, 12 

tippers, 2 smooth wheeled roller,1 

pneumatic tyred roller,1 

watertanker,1 sensor paver,2 

bitumen sprayers,1 mechanical 

broomer, 1 asphalt edging m/c , 30 

workers, 2/3 supervisors 

Where, m – metres, t - metric tonnes, km - kilometre, * Productivity t/day standardized to m
3
/day for linear scheduling. 

 

Therefore it was felt necessary that a study was required for specific types of projects analyzing 

activity production rates due to predictable factors only. For this purpose, the standard productivity 

plans with crew description adopted by leading agencies and constructors of highway projects in India 

was taken for analysis as bulk of road development presently fall in this category in the sub continent. 

The constructor’s productivity plans of various activities were converted as days/km for use in LSM 

for given layer dimensions as shown in Table 1. 
 

2.1. Duration Analysis by Delphi Method 

Having benchmarked planned linear productivity of activities in road construction, it becomes 

necessary for us to have knowledge on risks due to predictable factors so as to arrive at probable 

durations of activities. Delphi method has been adopted to reach consensus on production rates of 

activities for linear construction in highway projects. Information in this aspect was obtained from 20 

experts involved in the construction of highway projects in India for 12 factors as shown in Annexure 

1. The format ensured that all aspects were covered in the analysis by including a criteria which takes 
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care of any such factor other than mentioned to account for all reasons within the control of 

constructors. 

The first round of Delphi indicated that only five major factors greatly influenced progress of 

activities for which the optimistic, most likely and pessimistic time estimate factors obtained were 

noted. Time estimate factors were basically obtained as a percentage over planned production. These 

estimates were incorporated in the questionnaire for the second round of Delphi which was circulated 

to 10 panel members identified for this purpose. Inputs were taken from each panel member 

individually on these three estimates for consensus mentioning their response value in the first round. 

The format of questionnaire in the second round Delphi to estimate duration in road projects is shown 

in Annexure 2. 

 
Table 2: Time Estimate Factors (Percentage over Planned Production) for Linear Construction in Highway 

Projects 

 

Factors 

Activity 

Under 

Estimation of 

Schedule 

Lack of 

Experienced 

Personnel 

Poor 

Leadership 

Resources not 

Available 

Site 

Conditions 

Clearing and 

Grubbing 

a 0 0 0 1 0 

m 3.5 3 1 2 2 

b 10 9 5 5 5 

Embankment & 

Subgrade 

a 1 0 0 1 0 

m 11 8 6 7 5 

b 20 19 12 15 14 

Granular Subbase 

a 0 0 0 1 1 

m 7 5 3 7 4 

b 17 15 14 16 14 

Wet Mix Macadam 

a 0 0 0 1 1 

m 9 5 3 7 3.5 

b 18 16 14 16 15 

Bituminous 

Macadam 

a 0 1 0 1 0 

m 4 6 3 7 2 

b 13 16 12 17 6 

Dense Bituminous 

Macadam 

a 0 1 0 1 0 

m 4 5 2 7 2 

b 14 16 11 17 7 

Bituminous 

Concrete 

a 0 1 0 1 0 

m 4 5 3 7.5 2 

b 14 16 11 17 6 

a Optimistic Time Estimate, m- Most Likely Time Estimate, b – Pessimistic Time Estimate 

 

Maximum estimated time - E.g. Clearing and Grubbing 

= (1x1x1x1.01x1) + 4 (1.035x1.03x1.01x1.02x1.02) + (1.1x1.09x1.05x1.05x1.05) 

6 

=14.7% say 15% (over planned production time) 

The feedback obtained from the panel members for each activity was analysed and once again 

sent back to the members with revised values of time estimate factors based on their response in the 

second round of Delphi. The response in the third round of Delphi finally converged on the three time 

estimates of activities, which provided valuable data about the influence of each activity on the project 

duration. The three time estimate factors obtained from the Delphi process have been indicated in 

Table 2 with an illustration of maximum estimated time for the activity clearing and grubbing. 
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3.  Production Analysis of Krishnagiri Thopurghat Road Project (KTRP) 
The overall quantities of all the activities for the highway portion of the Krishnagiri Thopurghat Road 

Project (KTRP) a recently completed highway project in southern India has been indicated in Table 3 

with details of quantity of work of each activity. The work has been executed in three major sections as 

shown in Fig. 1. Comparing the volume of work executed in the three sections, it is observed that the 

volume of work in section C is higher as compared with other two sections. However the duration 

schedule indicates mixed results 

 
Figure 1: Major Sections of KTRP 
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Work progress at the KTRP has been ensured by the constructor by allocating crews and 

overtime working hours at various locations of the project depending on site conditions. The number of 

hours of work at the site has ranged between 8 to 16 hours depending on the resources available and 

feasibility of work. Non-working days have been accounted for by deducting sundays and holidays 

when no work was carried out at the site. Based on the actual schedule followed at site, the total 

number of days worked between two calendar dates as programmed in the Microsoft Project (MS 

Project) schedule for a typical clearing and grubbing activity has been presented in Table 4. 
 

Table 3: Section-Wise Work Quantities Of Linear Activities At KTRP 

 

Activity 

Section A km 

94.00 – km 
113.00 

Section B km 

113.00 –km 
133.30 

Section C km 

133.30 – km 
156.50 

Grand Total 

CG - Clearing and grubbing (m
2
) 629330 593923 898235 2121488 

ESG - Embankment and subgrade (m
3
) 1114296 898345 1884861 3897503 

GSB - Granular Subbase (m
3
) 125864 119568 149256 394688 

WMM - Wet Mix Macadam (m
3
) 111565 103383 144837 359785 

BM - Bituminous Macadam (m
3
) 32462 32365 46501 111328 

DBM - Dense Bituminous Macadam (m
3
) 26091 28527 41826 96443 

BC - Bituminous Concrete (m
3
) 16566 17320 32201 66087 

 

Table 4: Work Progress Details of Activity Clearing and Grubbing – KTRP 

 

Section/Subsection From To Number of Days 

Overall KTRP 

02/12/06 19/12/06 14 

27/12/06 02/01/07 05 

09/03/07 19/09/07 174 

27/09/07 02/10/07 06 

05/10/07 08/05/08 248 

Total workdays for CG 447 

Production rate for CG 4746 m2/day 
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The production rates thus determined ensures that effective time spent on production is taken 

into account and non-working time and work breaks are not considered. Activity clearing and 

grubbing, therefore records a rate of 4746m
2
/day. For production calculations the actual time period of 

447 days from Table 4 has been considered. In a similar manner the production rates of all other 

activities of the KTRP has been analysed and the site production has been compared with the outcome 

of the Delphi process and presented in Table 5. 

From the comparison it is seen that all the activities have gone below the planned productivity 

except for BM and DBM. This is obvious from the fact that major frontages were ready for asphalt 

works at the KTRP for these activities. The surface course being the closing activity shows a 14.54 

percent lesser rate than the planned production due to the influence of other finishing activities of 

highway construction on it at the end of the project. However the overall production at KTRP was 

found to be within the estimated Delphi results of production. 

 
Table 5: Analysis of Activity Production Rates in KTRP 

 

Activity (Production Units) 
Production Rate Maximum Estimated 

Delay Percent 

Actual Delay 

Percent (KTRP) KTRP Planned 

Clearing And Grubbing (hectares/ day) 0.47 0.50 15 6.38 

Embankment And Subgrade (m3/day) 705 840 47 19.15 

Granular Subbase(m3/day) 399 400 37 0.25 

Wet Mix Macadam(m3/day) 416 417 38 0.24 

Bituminous Macadam(m3/day) 
611 512 29 19.34 ahead 

Dense Bituminous Macadam(m3/day) 

Bituminous Concrete(m3/day) 447 512 29 14.54 

 

A statistical analysis for similar data from around 20 projects with minimum unforeseen delays 

indicated that there is no significant difference of sample mean with the population mean at 95% 

confidence level for all the activities except for ‘clearing’, as shown in Table 6. Productivity guidelines 

as per standard data book of the Indian Roads Congress has been considered as the population mean in 

the analysis while the variation of activity clearing beyond the estimated values is accounted due to 

land acquisition, shifting of utilities and statutory clearances. 

 
Table 6: Students’t-test for Production Rates through Delphi 

 
Activity Parameter Statistic ‘t’ value 

Clearing 1.90 3.83 2.73 

Subgrade 8.93 9.36 1.52 

Subbase course 6.94 7.28 1.98 

Wet mix macadam 6.33 6.64 1.74 

Asphalt works 3.6 3.38 1.72 

Bituminous concrete 1.32 1.21 1.82 

 

 

4.  Progress Analysis of KTRP 
The progress of activities at the KTRP in total has been analysed with respect to the time period in 

calendar days in this section as scheduling is initially planned based on calendar days. Table 7 

indicates the overall progress of activity clearing and grubbing with the start of the activity being 

02/12/06 progressing for a period of 18 days. There has been a work break of 7 days after that and then 

followed by a work progress of 7 days. Once again this activity has progressed since 09/03/07 and 

maintained a steady pace in the later part of 2007 and early 2008. All clearing and grubbing activities 

have been completed by 08/05/2008. The first progress phase has been shown as a sloping line from 0 

to 18 days for progress and later by a straight line indicating a work break phase for 7 days in Fig. 2. 
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Table 7: Overall Progress Details with Work Breaks for Activity Clearing and Grubbing - KTRP 

 

Section From To 
Number of 

Days 
Work Break 

Cumulative 

End Break 

Overall KTRP 

02/12/06 19/12/06 18 07 18 25 

27/12/06 02/01/07 07 65 32 97 

09/03/07 19/09/07 195 07 292 299 

27/09/07 02/10/07 06 02 305 307 

05/10/07 08/05/08 217 - 524 - 

Total 443 81 524  

 
Figure 2: Progress Details of Activity Clearing and Grubbing (KTRP) 

 

CG Quantity in sqm 2121488Number of day
s307 292
9725

305299
1832

524

0
 

 

Similarly, sloping lines from day 25 to 32, 97 to 292,299 to 305 and 307 to 524 indicate 

progress of work. The interpretation of progress of work is to be done by adding 1 to the starting 

numbers of sloping lines mentioned. Hence progress of work is interpreted as starting on the 1
st
 day to 

the 18
th

 day, 26
th

 day to the 32
nd

 day and so on. Straight lines from 18 to 25, 32 to 97,292 to 299, 305 to 

307 indicates a work break in this activity. The method of interpretation for work break shall be similar 

to that of the sloping line for work progress. The activity has thus taken 443 calendar days and there 

has been a total work break of 81calendar days. 

The progress details of activities of KTRP on a whole with respect to its start date and end date 

have been presented in Fig.3. The start and end dates of activities have been indicated as horizontal 

lines with colours specific to a particular activity. Activity clearing and grubbing has been represented 

by a black coloured horizontal line with its start as 0 and the end as the 524
th

 day. Similarly activity 

subgrade has been represented in red colour with start and end days depicted on it. This method of 

representation helps in understanding the progress pattern of the various activities at a particular 

time.The first 130 days of the project has seen the progress of activity clearing and grubbing. Between 

131 and 176 days both clearing and embankment activities have progressed simultaneously. Granular 

subbase, which has started on the 177
th

 day, has progressed along with clearing and embankment 

activities upto 260
th

 day. 

 

 
 



Production Based Time Estimates for Highway Construction Projects 448 

Figure 3: Overall Progress Details of KTRP 
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Similar information about the project progress can be obtained from such a representation. It is 

observed that 6 activities have progressed at the same time between the 361
st
 day and the 497th day 

and all seven activities in between the 498
th

 day and the 524
th

 day. This clarifies that activities have 

progressed at various locations at the same time so as to ensure targeted production. Therefore such an 

analysis provides us with information regarding progress of works in terms of the quantity of work and 

the duration with respect to the calendar period. 

 

 

5.  Production Based Scheduling 
The three-time-estimates of linear activities in road construction provides a rich database for 

determination of project durations in various practical scenarios. Road projects may be affected by any 

combination of the factors and the probable time parameter can be used accordingly as in Table 2 to 

estimate the overall project duration. 

The duration of each of the activity considering their probable production rate, number of 

phases of progress and work breaks can be generalised based on their quantity of work. Thus for a 

known quantity of an item of work and its probable production rate, the duration of the activity can be 

fixed based on number of days of progress and work breaks. This method can be adopted to estimate 

project durations considering the overall progress of the project. 
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Figure 4: Highway Project Scheduling Methodology 
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For large highway projects with simultaneous works carried out at number of stretches, the 

flowchart in Fig. 4 presents a simple methodology of scheduling road projects. The probable 

production rates of activities, time intervals between start of activities, work break details and 

quantities of works are to be given as inputs. Time factors from Table 2 may be added to normal 

production plans as per factors influencing the activity to obtain a probable production rates. The 

duration of all activities are calculated by computing the progress phases and work breaks based on the 

probable rates and quantities of work applicable to a particular phase in the project. The total project 

duration is calculated based on the cumulative time intervals between activities and duration of the last 

activity of the project. 
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6.  Discussion 
The production based scheduling method presented in this work provides the flexibility to project 

managers to consider various alternative scenarios/factors before implementation. Delphi results 

obtained in this work, provides a three-time-estimate for each of the 5 major factors affecting activity 

duration. For instance, the production rate of activity ‘embankment and subgrade’ can be scheduled 

with one crew for a planned rate of 840 m
3
/day or a probable rate of 758 m

3
/day if only factor 1 is 

considered or as 795 m
3
/day if only factor 5 is considered to affect the activity. The estimate can also 

be made for a rate of 571 m
3
/day considering all 5 factors influencing the activity or even for progress 

rates optimistic than planned rates. Similar flexibility is available to the planner to have a combination 

of any of the factors and crews for several progress phases and work breaks and alternative time 

intervals between activities. 

The flowchart model can also be applied to single stretches of roads more accurately than a two 

dimensional distance-time linear scheduling as work progress with varying production rates and work 

breaks can be handled with this model. The actual volume of work completed at any instant of time can 

be depicted more realistically with this approach. 

For large highway projects consisting of various developments such as new carriageways, 

bypasses, service roads etc., the production based scheduling considering total volume of work of 

activities in the project shall be a practical approach to constructors. Durations of projects can be 

estimated provided work breaks and progress phases are planned and scheduled adopting probable 

production rates. This has been illustrated with the production and progress analysis of the KTRP 

which has taken about 733 calendar days for completion of all the activities. The model also helps 

constructors in deciding overtime working hours for ensuring targeted production as planned between 

two calendar dates. The duration of the project needs to be attributed to the quantity of work involved 

with little relevance to the length of the project. Therefore based on this study, the model incorporating 

production rates through Delphi provides for a flexible and improved method of scheduling in road 

projects based on productivity, site practices and conditions, crews and work quantities. 

 

 

7.  Conclusions 
Road projects are unique and need to be scheduled with a different approach due to the method of 

execution and nature of activities. From the above study involving production rates of linear activities, 

the following conclusions are drawn: 

1. The Delphi process has led to the bench marking of the optimistic, most likely and the 

pessimistic time estimates of linear activities for five major factors influencing project 

durations. The results from the Delphi process have been analysed with the productivity 

guidelines as per standard databook and production from site data. 

2. The generalised method of scheduling road projects presented in this work provides a 

basis for constructors to decide on appropriate production rates, progress phases, work 

breaks and time intervals between activities so as to enable them to achieve fixed 

deadlines in highway construction. 

3. The model also caters for a sensitivity analysis that can be carried out for various 

alternative input parameters which can help in optimisation during construction. 

Distance-time linear scheduling becomes complex for large highway projects as works are 

carried out in parallel at the same time in various locations. Therefore, production based scheduling 

based on quantity of work is recommended for such large projects due to its versatility in handling 

varying production and work breaks. However the use of LSM for different stretches separately can 

only provide additional information which can help in the effective utilisation of resources and enhance 

overall production. 
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Scope for Further Study 

The production rate approach of scheduling incorporating time estimate factors provides a basic 

platform in estimating road project durations for linear construction in highway projects. The study 

may be extended in relating overall production based scheduling considering the entire project with 

production based scheduling through LSM for specific stretches of road. Also, further study on the 

effect of variation in production on cost shall be useful in balancing work progress with economic 

aspects of construction in road projects. 
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Annexure 1- Format to Survey Activity Time Estimate Factor for Linear 
Construction in Highway Projects-Round 1 
 

Activity 

Factors 

Clearing 
and 

grubbing 

Embankment 
and subgrade 

Granular 
subbase 

Wet mix 
macadam 

Bituminous 
macadam 

Dense 
bituminous 

macadam 

Bituminous 
concrete 

Under 

estimation of 

schedule 

       

Lack of design 

details 
       

Ambiguous 

specifications 
       

Inexperience of 

staff 
       

Poor leadership        

Attrition        

Culture location 

and 

communication 

issues 

       

Resources not 

available 
       

Defects and 

rework 
       

Task spillover        

Site conditions        

Any other factor        

 

 

Annexure 2- Format to Survey Activity Time Estimate Factor for Linear 
Construction in Highway Projects-Round 2 Activity Name 
 

Factor 

Initial 

response 

(percent) 

Optimistic (percent) Most likely (percent) Pessimistic (percent) 

Initial 

survey 

Revise 

(if reqd) 

Initial 

survey 

Revise 

(if reqd) 

Initial 

Survey 

Revise 

(if reqd) 

Under-estimation of schedule        

Inexperience of staff        

Poor leadership        

Resource not available        

Site conditions        
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Abstract 
 

The problem of optimizing the fuel consumption needed for orbital maneuvers is 

investigated. The normal to the orbit components of the atmospheric drag and lift forces , 

as well as the normal component due to solar radiation pressure are obtained. The temporal 

variations in the inclination using Lagrange planetary equation are derived, then are 

integrated over one revolution. The velocity variations required to perform the propulsive 

maneuvers due to engines on board the satellite are calculated. 

 

 

Keywords: Optimization; Aeroassisted maneuvers; Atmospheric Drag and Lift, Solar 

Radiation Pressure. 
 

1.  Introduction 
Plane changes are very expensive in terms of the required change in velocity and resulting fuel 

consumption. This situation motivated the specific technical development of orbital maneuvers using 

natural forces, replacing at least in part, propulsive forces. One of the natural forces that plays a crucial 

role in plane changes is that depends on the existence of an atmosphere. The maneuvers that use the 

atmosphere to modify a space vehicle velocity are referred to as ‘‘aeroassisted maneuver’’. The 

function of the atmosphere is to reduce the vehicle velocity causing an orbit transfer that can be 

coplanar or not. 

It has been established, since 60s, that a substantial performance gain could be reached using 

aerodynamical forces together with the propulsive ones. Application examples for flight concepts 

related with aeroassisted maneuver include ballistic missiles, space probes (e.g. Gemini), lunar 

missions returned vehicles (e.g. Apollo) and the space shuttle. 

The advantage of using the atmospheric drag and solar radiation pressure is the fuel savings 

when compared with the equivalent exclusive propulsive maneuver. As an example, according to 

Miele [1], the fuel saving for a planar or quasi-planar aeroassisted transfer between a geostationary 

orbit and low Earth orbit can reach 60% or more of the fuel needed by Hohmann equivalent transfer. 
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Atmospheric density variations, vehicle area-to-mass ratio, aerodynamical coefficients are the main 

causes of the deviations in the trajectory in vehicles entering the atmosphere. 

 

 

2.  Non Gravitational Perturbations Effects on Satellite Motion 
The study of the atmospheric maneuvers began in the mid-60s, when NASA started to think more 

seriously about a manned missions to Mars as the next step to the Apollo program. The Mars vehicle 

mass minimization was one of the project main goals. Therefore, the aerodynamic drag utilization, as 

the velocity reducer to provide the vehicle capture by the red planet was broadly studied and 

demonstrated a significant fuel economy that become initial to the project. 

Wingrove [2] investigated several control methods for atmospheric crossing vehicles, and 

grouped them in three general classes (reference, prediction and closed form), in accordance with their 

advantages/disadvantages related with the initial conditions manipulation ability. 

Walberg [3] compiled a survey of 33 other papers and technical notes about plane changes 

using aerodynamic and propulsive forces. 

Mease [4] presented the state of art of the aeroassisted orbital transfer's optimization problem, 

emphasizing the fundamental principles that increase the knowledge with regard to this subject. 

Calise [5], Hull et al. [6], [7], Mease et al. [8], Miele et al. [9], Cochr an et al. [10], Ma [11] and 

Mishne et al. [12] started to study several different approaches of the optimal plane change transfer 

problem using the atmosphere with closed-form and quasi-closed-form solution methods. 

The modified TD88 thermospheric density model developed by Abd El- Salam and Sehnal [13] 

is used to estimate the performance gain that can be achieved using aerodynamical forces, namely drag 

and lift, combined with the propulsive force. 

Also when a satellite moves in orbit its motion is substantially influenced by the environment 

of the solar radiation. The effects of the direct solar radiation pressure (in short DSRP) become 

significant for the balloon-type satellites with low ballistic coefficients, i.e. with large area-to-mass 

ratio. The study of the effects of the DSRP on the motion of artificial satellites contains two important 

aspects. The first aspect is the discontinuity of the DSRP force function when the satellite enters the 

planet’s shadow, this shadowing effect greatly complicates the analytical theories. While the second 

aspect is the couplings, in the higher order theories, with the terms arising from the oblateness of the 

gravity field of the planet. 

The literature is wealthy on the subject of the effect of the DSRP on the motion of the Earth’s 

artificial satellites. It seems worth to sketch some of the most relevant works. 

Musen [14] derived first order expressions for the rates of change in the osculating elements 

caused by the DSRP. He used the method of variation of vector elements, the shadow effects were not 

taken into account. Kozai [15] and Cook [16] used the Lagrange’s planetary equations to find first 

order solutions, with the integration performed between the times of exit and entry into the shadow. 

The resonance effects produced by the commensurabilities between the different mean motions gave 

good field for the detailed theoretical studies (Musen [14], Brouwer [17], Hori [18]). The effects of the 

DSRP are analyzed in a very useful and interesting expositions given by Kampos [19], and Sehnal 

[20], [21] who discussed it, as one of the nongravitational forces, from all its different aspects. 

Anselmo et al. [22] analyzed the perturbations due to the DSRP on the orbit of an Earth’s 

artificial satellite of a high altitude. They did not consider the shadow effects and they neglected the 

oblateness of the Earth. An interesting application using the DSRP as means of spacecraft propulsion is 

the solar sailing. The idea of the solar sail is best described and its dynamics is studied by Mc Innes 

and Brown [23]. El-Saftawy et al. [24] developed an analytical solution for the joint effects of the 

Earth’s oblateness and the DSRP on the motion of an artificial satellite of a complex hape. El-Enna et 

al. [25] developed an analytical solution for the motion of an Earth artificial satellite subjected to the 
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combined effects of the relativistic effects and the DSRP. They discussed the existence of some 

resonance cases using the long periodic terms. 

 

 

3.  Problem Statement 
The motion of a space vehicle with variable mass in a gravitational field, subject to aerodynamic and 

thrust force, is given by Vinh [26] 

( ) ( )
1

,T D L SRr F F F F g r t
m

= + + + +
� � � �� �ɺɺ  (1) 

where r
�ɺɺ  is the acceleration generated from the included forces, TF

�
 is the thrust vector which is a very 

short time force neglected after completing launch, DF
�

 is the aerodynamic drag force, LF
�

 is the 

aerodynamic left force, SRF
�

 is the force due to solar radiation pressure and g
�

 is the acceleration due to 

gravity. 

The mass-loss of the space vehicle is given by 

0

sp

T

Idm
F

dt g
= −

�
 (2) 

where spI  is the specific fuel consumption, it is a measure of the energy content of the propellants, and 

how efficiently it is converted into thrust, and 0g  is a constant related with the value of the 

acceleration of the gravity at the sea level. 

 

 

4.  The Force Model 
4.1. Drag and Lift Forces 

The aerodynamic force can be decomposed (as it is done conventionally) into drag force, opposite to 

the velocity vector, and lift force perpendicular to other. General formulas for the drag and lift 

accelerations Dr
�ɺɺ  , and Lr

�ɺɺ  read Sehnal [27] 

( ) , ( .) 2

, , ,

1
ˆ

2

k D L eff

D L D L k D L

k

r C A V u
m

ρ
 

=−  
 
∑

�ɺɺ  (3) 

where ˆ
Du  and ˆ

Lu  are unit vectors along the directions of the drag and lift force respectively, m is the 

satellite's mass 
, ( .)D L eff

A
k

 are the effective areas, V is the velocity of the space vehicle with respect 

to the rotating atmosphere, sometimes called ambient velocity, 
( )

,
k

CD L  are the drag and lift coefficients 

respectively, ρ  is the atmospheric density, m  is the vehicle's mass, and the summation in Equation 

(3) is done over all the areas in question. 

The formula used for the determination of the drag and lift coefficients reads as follows Sehnal 

and Vokrouhilicky [28] 

( )

,

cos ( )
2 1 1 ,

sin ( )

D i rk

D L r

L i r

C
θ θ

α ϕ
θ θ

 +  
= − −  

+   
 

where rϕ  the angle of dispersion of the reflected molecules depends on the thermal coefficient α  by 

1 1cos (sin cos )
3

r

π
ϕ α− −=  
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and the angles of incidence and reflection ( iθ , rθ ) respectively are inter-related by 

2

1
cos cos ; 1.

(1 )
r i

νθ θ ν
α

= = ≥
−

 

Using 
( )

,
k

D LC  we can define the ballistic coefficients as 

, ( .)
( )

, ,

D L eff
kk

D L D L

A
C

m

 
=  
 

B  

 

4.2. The Force Function Due to the Solar Radiation Pressure 

The solar radiation pressure causes periodic variations in all the orbital elements. Its effect is strongest 

for satellites with low ballistic coefficients, that is with large area-to-mass ratio, ( )iA m  such as Echo. 

The following simplifying assumptions can be employed without loss of accuracy: 

1. The Sun moves in a circular orbit, under this assumption f ω+
⊙ ⊙

 the Sun’s true 

anomaly plus the argument of periapsis reduces to the Sun’s mean longitude. 

2. The direction and the distance of the satellite from the Sun are assumed the same 

from Earth. 

The contribution of each surface element to the total acceleration is given by 

0 ˆ( )cos (1 )i E S
SR i i

l

A S a
F s

m c a
γ β−= − −

�
 (4) 

where 0S  is the solar constant (corresponding to the mean Earth–Sun distance E Sa − ), iγ is the angle of 

incidence, iβ  is the reflection coefficient for i
th

 surface of the satellite, and the unit vector ŝ  along the 

direction satellite–Sun, in the Geocentric equatorial frame of reference, is given by 

ˆˆ ˆˆ cos cos sin sin coss i j kθ ε θ ε θ= + +  

where ( )tθ = Θ is the Sun’s mean longitude, Θ  is the mean motion of the Sun, t  is the time, and ε  is 

the obliquity of the equator to the ecliptic. 

 

4.3. Accommodation Coefficient 

The accommodation coefficient α  is a measure of how the velocity of the reemitted molecules adjusts 

to the velocity which the molecules, re-emitted by a velocity corresponding to the temperature of the 

surface in question would have. In other words it yields the degree of molecule-surface energy 

exchange. The accommodation coefficient α  changes from 0 corresponds to specular reflection to 1 

corresponds to the diffuse one. There are only very scarce measurements of α  based on space 

experiment. 

Imbro and Moe [29] concluded that the only physically acceptable values of α  are those within 

a limited range around 0.9. Beletiskij [30] analyzed the orbital behavior of the satellite Proton 2, he 

found the value 0.99α = , whereas Moe [31] determined the range of α  to be 0.65- 0.73 for explorer 

6. Sehnal [32] analyzed the tracking data of the Netherlands Astronomical Satellite (ANS 1974 - 70A) 

launched on August 30,1970 and decayed on June 14, 1977. He made several trials to balance the 

theory with observations. He found the theoretical values of α  to be smaller than desired in the first 

part of the data interval and to be greater in the latter part. So he suggested a changing α  from the near 

specular value 0.1 at the beginning, just after launching into the orbit, to 0.93 after 260 days, and equal 

to this value thereafter. 



457 F. A. Abd El-Salam and S. E. Abd El-Bar 

5.  Out-of-Plane Changes 
To completely specify the orbit we can use a set of five quantities, the Keplerian elements: the semi-

major axis a , the eccentricity e , these two elements describe the orbit size and shape respectively, the 

inclination I , the longitude of the ascending node Ω , the argument of perigee ω , these three angles 

fix the orientation of the orbital plane with respect to the standard orthonormal reference frame. A sixth 

Keplerian element, the true anomaly f , the eccentric anomaly E or the mean anomaly M , is 

usually used to define the position of the object within the orbital plane. 

To change the orbit plane one needs to calculate the temporal variations in the inclination due 

to the considered forces. Using Lagrange planetary equations, e.g. Roy [33], with time t  as an 

independent variable, these temporal variations can be written as 

2 2

cos ( )
,

1
D

D

dI r f
W

dt n a e

ω+ 
= 

  −
 (5) 

2 2

cos ( )
.

1
L

L

dI r f
W

dt n a e

ω+ 
= 

  −
 (6) 

2 2

cos( )

1
SR

SR

dI r f
W

dt na e

ω+ 
= 

  −
 (7) 

where r is the radius vector of the vehicle, n  its mean motion, and , ,D L SRW W W  are the normal to 

the orbit plane force components. Using equations (3) and (4) these components can be obtained as; 

1
sin cos( )

2
D D RW K v r I fρ σ ω= − +B  (8) 

21
.

2
L D RW K Vρ= − B  (9) 

1
1, 1,

0,0 0,0

1

1

2

n n

SR

n

W A sin F
=−

= ∑  (10) 

Where the non-vanishing coefficients are 
1,1

0,0 (S SC )A ε= −  

1, 1

0,0 (S SC )A ε
− = − +  

1,0

0,0 2CSA ε=  

where 
,

, ,m n

i jF if j m nω θ= + + Ω +  cos ,C θ=  sin ,S θ=  cos ,Cε ε=  sin ,Sε ε=  

, , , , ,f Iω θ εΩ  are the true anomaly, the argument of perigee, longitude of the ascending node and 

the Sun’s mean longitude, orbital inclination and obliquity respectively, v  is the vehicle orbital 

velocity, 
5

 7.27205217  10σ
−

= × rad is the angular velocity of the Earth, RK  is given by Abd El-

Salam and Sehnal [13]. 

Finally the magnitude of the ambient velocity is given by 
6

0

( 1) cos ,
i i i

i

i

V V e E
=

= −∑
�

 (11) 

Where iV  is given by 

2

0 (1 ) cos ,V R a e I
a

µ
σ= − −
o
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,

8
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3
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8
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6 0

5
,

16
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Using Equations (8), (9), (10) and (11), Equations (5), (6) and (7) can be integrated over one 

revolution yielding 
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where 
m

Cα  is the binomial coefficient, µ = 3.986006 × 105 km
3
 s

-2
 is the Earth's gravitational 

parameter, ( )nI x  is the Bessel functions of the first kind, and the coefficients ,D L
m mb b  are given by 
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The remaining parameters 0 0 , , , , ,( , , , , , , , , )c c

x n j j j n l n lf f k K A B G Gν ν σɶ  are the parameters of the 

modified TD88 thermospheric density model, obtained by Abd El-Salam and Sehnal [13]. 

Finally, the contribution due to solar radiation pressure is obtained as 
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6.  The v∆ Budget 

To an orbit designer, a space mission is a series of different orbits. For example, a satellite may be 

realized in a low-Earth parking orbit, transferred to some mission orbit, go through a series of re-

phrasings or alternative mission orbits, and then moved to some final orbit at the end of its useful life. 

Each of these orbit changes requires energy. The v∆ budget is traditionally used to account for this 

energy. It is the sum of the velocity changes required throughout the space mission life. In a broad 

sense the v∆ budget represents the cost for each mission orbit scenario. 
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Using the rocket equation, we can write v∆ as 

0 0
0 0

0

ln lnsp sp

p f

m m
v g I g I

m m m

   
∆ = ≡      −   

 (15) 

where 0f pm m m= −  is the final vehicle mass, 0 pm m−  is the initial vehicle mass, pm is the mass 

of the propellant consumed. Eq. (12) can be rewritten as 

0 0

1 exp ,
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m v

m g I

   −∆
= −        

 (16) 

where ( )0pm m  is the propellant to vehicle mass ratio. This equation enables us to calculate the 

mass of the propellant required based on knowing the vehicle's mass. The v∆  can be obtained from: 

1) For out-of-plane change only, one can use 

12 sin .
2

I
v v

 
∆ =  

 
 (17) 

2) For simultaneous out-of-plane and in-plane changes, one can use 
2 2 2 sini f i fv v v v v I∆ = + −  (18) 

where iv  and fv  are the orbital velocities for the initial and transfer orbits respectively at the point at 

which the burn will take place, it is usually the perigee or the apogee. 

 

 

7.  Conclusion 
The problem of optimizing the fuel consumption needed for orbital maneuvers is investigated. The 

normal to the orbit components of the atmospheric drag and lift forces, as well as the normal 

component due to solar radiation pressure are obtained. The temporal variations in the inclination using 

Lagrange planetary equation are derived. Then these equations are integrated over one revolution. The 

v∆
budget is discussed. The velocity variations required to perform the totally/partially propulsive 

maneuvers due to engines on board the satellite will be investigated in forthcoming paper via a 

numerical example. 
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Abstract 

 
Since policy and practice of governments is influenced by the geopolitical 

environment and building equilibrium conditions at a set time and place of their behavior; 

Iran, despite having a strategic position involves the design and implementation of foreign 

policy on the geopolitical basis (location, status, resources, ideology and cultural territory) 

with effective interaction and mutual understanding of the time and place circumstances; 

Thus, However, this article is going to demonstrate favorable and unfavorable Iran’s 

geopolitical context accurately and deeply define field approaches and the opportunities 

and challenges for the presence of various international developments in the international 

system with the lowest cost and highest benefit important Persian Gulf region. 
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1.  Introduction 
Persian Gulf and the Strait of Hormuz historically have been of considerable importance. Between 

countries in the region, Iran, Iraq, Kuwait, Saudi Arabia, Qatar, Bahrain, UAE and Oman, and is 

considered part of the Middle East (Complete Humayun, 1996: 11). The region, with a history of 

several thousand years, great civilizations and ancient impact site located at the crossroads between 

three continents and its importance in the Middle Ages was more apparent. Important trade routes 

crossing the region were a factor in the expansion of trade, especially the pearl trade was important. 

Tiny little pictures of colonialism and global competition, the region was invaded by global powers and 

powers, Portuguese, Dutch, French, British, Russian and American, in order to test his luck in the 

world economy left. Until the mid-twentieth century, with the discovery of the first oil wells in the 

midst of a global war, the more industrialized countries were attracted to the area. (ROUDBARI, 2007: 

15 and 16). But the region's vast mineral resources, it is not limited merely to the political role of ¬ 

Persian Gulf region, according to the ideological importance of communication, and the obvious 



Geopolitical Position of the Persian Gulf and Its Impact on the Foreign Policy of the  

Islamic Republic of Iran 463 

 

choice is geo-economics and its geostrategic So that the word strategy and geopolitics have defined the 

various forms: 

1. The science and art of using military, economic, political and psychological one nation 

or group of nations to build up support for the policy in time of war or peace. 

2. The science and art of military command exercised to meet the enemy in time of war 

under the best conditions. 

3. Art, design or run map maneuvering to achieve the goals of the war 

4. Science and art of using the Battle to achieve the goals. 

5. Distribution technic and use of military means to achieve political goals and government 

policy are generally with regard to their geographical situation. (Kohen. B.1832) Some 

of the scientists believe geopolitical situation in the relationship between geography and 

foreign politics of countries and believe that the geopolitics is the study results of 

geographical factors on foreign policy. (Mojtahedzadeh: .32.1975). 

So may be a geographical operating in different countries, at different times and in different 

locations have different effect on foreign policy. For example, the Arctic is a different concept for a sea 

power and another concept for air power. (Roy oltton: 99.1988). 

 

1.1. Research Hypothesis 

The study was carried out in order to assess the following hypothesis: "It seems that the geopolitical 

situation of Iran's Persian Gulf is impressive on foreign policy." 

 

1.2. Research Question 

What is the impact of geopolitical Persian Gulf over Iran's foreign policy? 

 

1.3. Strategic Importance of the Persian Gulf 

In fact, to show the strategic importance of the Persian Gulf, the study of the following elements is 

necessary: 

A The nature and geographic location of Persian Gulf 

B Oil and gas reserves; 

C market; 

D cultural and ideological role. 

 

A) The Nature and Geographic Location of Persian Gulf 
On the one hand, this is the link between East and West, and on the other hand, due to one of the most 

strategic Strait of Hormuz in the world, has a special importance. The Persian Gulf ¬ axis between 

Europe, Africa, South and Southeast Asia and the strategic Middle East region, the largest and most 

important center of communications between three continents and a Part of a communication system 

between the Mediterranean Sea and the Indian Ocean to the Atlantic and Indian Ocean also join 

organizations. (Zarei, 1999: 1) Strait of Hormuz is considered vital artery of the world economy (Rafii, 

2002: 1). Also the communication path Persian Gulf coast of the Indian Ocean And it always has been 

important in operational military strategy. (Dolatyari: 2002:100). 

 

B) Oil and Gas Reserves 
The strategic Persian Gulf, There is a large oil and gas resources, so that the region is called “the 

world’s oil tank” and Political, economic and military life of many countries of the West and Japan, is 

dependent to the continuous flow of oil from the Persian Gulf. So the Persian Gulf is one of the major 

energy reserves in the world, which plays the fundamental role in supplying of future energy. More 
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demands for oil from industrial factories and being irreplaceable by other kinds of energy makes the 

Persian Gulf region a special geo-economical position. 

The National Petroleum Council (petrochemicals) in the United States, issued the most recent 

report entitled "facing hard truths about energy." , forecasted to grow 50 to 60 percent of total world 

energy demand by 2030 because of the world population growth while rising living standards in many 

developing countries, (Holditch, 2008, p 317). ). It is expected to increase importing of fossil energy 

sources to 85 percent of total imports in 2030. (Kreft, 2006, p 2). 

Also based on the Info energies U.S. demand for primary energy in the world of 7/347 

quadrillion / b in 2006, the ground state with a 5/1 percent average annual growth up to2030 with 95 

percent growth will be 3/678 quadrillion / beta ((EIA (2009 , Table A1 ) 

In fact, in addition to Persian Gulf ¬ geopolitical situation and geo-economical situation it has 

also large world reserves of oil and gas which has a great impact on this situation and in this sense, is 

considered a vital lifeline for industrial countries that will turn the economic cycle. (Elahi, 2007: 13) 

Persian Gulf countries produce 62 percent of the total oil consumed in the world markets. In 

addition, the shallow bay, can take advantage of oil resources, marine resources, it also provides the 

convenience yield. (ROUDBARI, 2007: 7 and 16) 

In many non-OPEC countries, because of small oil fields, and the relatively low average 

production, cost is more, despite the passage of time, the number of consumers of Persian Gulf oil is 

increasing daily. (Jafari; 1998: 4-7) 

Research shows that the highest growth in the world's gas reserves is in both the Soviet Union 

and the Persian Gulf countries and Middle East. Reserves in the region, is involved northern parts of 

Qatar and Iranian South Pars gas reservoirs. During recent years, have seen some of these countries 

move towards gas exploration and development (Behjat, 2001: 170). For example, a country like Iran 

alone provides more than 14% of world natural gas has a lot of talent to become a major gas producer. 

 

C) Market 
An increase in the waste and high tendency to imports and huge amount of military cost returned the 

main part of oil income to the West, and most OPEC countries, in order to pay its foreign debts, 

inevitably taking heavy loans from the international financial organizations (Madani: 2003:222) In 

fact, consumerism is a new disease that weakened Persian Gulf countries economics and made them 

more dependent on foreign products. Lack of skilled manpower and specialists in military and 

industrial fields, the area is one of the most important sales market services (Zarei, 1999: 2) 

 

D) Cultural and Ideological Role 
At present, the vast geography of the Islamic world involves 11000 Km length and5000Km width, with 

a very diverse mix of human and natural resources (Ezzati, 2001:31) That all of this great collection, 

under the ideological center, located in the Persian Gulf, so that the region today as the heart of the 

Islamic world, leading the Islamic movement has taken all over the Islamic countries and is the main 

leader of political movements It is true that Western thinkers admit that and have sought to remedy that 

(Ezzati, 2007: 33). 

 

 

2  Geopolitics and Foreign Policy of Iran 
Iran's geopolitical transformed vision of a global and regional interactions is the result of rapid changes 

in the global geopolitical system and its priorities, Iran plays important role in this area, Interactions in 

the modern political world of the post modern geopolitical region at the border of North and South, 

with an emphasis on what is going on both sides, (Mojtahedzadeh, 2002: 127). Analysis of the 

geopolitical developments in different periods and in particular transactions and foreign policy 

geopolitics of contemporary, Stating that considering the neighborhood of fifteen independent 

countries and 24 countries neighboring situation spaces of and in the center of the cross states that it 
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requires skilled comprehensive development environment .In this case Islamic Republic of Iran in 

establishing his national strategy must admit three main facts which are: 1 - Density threats around 2 - 

uncontrollable borders -3 lack of an international safety net, because these facts in the long-term wide 

impact on security, national unity and territorial integrity (Karimi M, 2001:220) 

This way we can consider of three special relationships between geopolitics and foreign policy 

of Islamic Republic of Iran: 

 

2.1. Structure and Stability Relationship 

Structure and stability relationship in last 5 centuries caused to last as an international country in the 

world while changes in international system. 

 

2.2. Evolving and Changing Relationship 

There is a changing, shifting relation between Iran's foreign policy and geopolitics, Although Iran's 

foreign policy geopolitics always an element of stability in the face, but the relationship has changed. 

Between the centers of power worldwide in the last century have always been changing. 

 

2.3. The Relationship Between Perception and Action 

There is perception in many different eras in Iran's elite geopolitical the same number in the 

geopolitical perception of multiple perspectives in foreign policy on Iran has been geopolitics words; 

this is totally an internal origin (Sadjadpour, 1999:78) 

 

 

3  Iranian Foreign Policy and Developments in the International System 
Unique geopolitical position of Iran cause this country has been always considered as essential 

components of a global strategy in strategic evolution. This has caused that International changes to be 

very effective on strategic behavior of Iran's foreign policy; Therefore, policy analysis and explanation 

of Iran's foreign policy is naturally following system analysis, since the interactions of foreign 

governments, influenced by international developments in the international system .In other words, 

despite tactical methods and temporary instabilities in Islamic Republic of Iran's foreign policy , 

unique geopolitical situation of this country , coordinates the practical changes of foreign policy in 

systematic method and according to international system. So, always quantity and quality of 

understanding the conditions determines how to meet national internal and external interests. 

(Seifzadeh, 2003:54) 

Bipolar system security in public places with a connection to one of the two blocks can be 

guaranteed to some extent, but the current system of national foreign policy success requires hard work 

and efforts And maneuverability for governments is very low (Mosaffa: 2006: 85). Therefore, changes 

in the structure of the international system caused the Islamic Republic of Iran's preferences become 

realistic certainly it doesn't mean to remove these ideals and preferences , but there was a series of 

requirements that prevent proper fulfillment of the utility in this space (Haji Yusuf, 65:1384).. 

Geopolitical attitude determines a field of effective activity in foreign policy since geopolitics 

means where we have more interest. Geopolitical approach to foreign policy with making cooperation 

and convergence in distribution of benefits through the exchange of existing benefits, while bonding 

mutual interests, manages political conflicts. In addition to being a regional power Iran is considered 

an international country in the world and even in some global properties, it means, movements, 

behavior and activities, not only it is not limited in the area around. But also some of them will be 

reflected in the entire world, as it affects the global evolution (Ramazani, 2001.71). 

Factors like talented young manpower, and the geopolitical and geo economical situation with a 

very rich and diverse resources, has provided potential for conversion Islamic Republic of Iran to a top 
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player in world affairs affecting the region, so total external conditions which influence on Islamic 

Republic of Iran’s foreign policy can generally be divided into the following factors: 

A The impact of block scheduling on foreign policy 

B The impact of economic and geo-economic conditions on foreign policy 

C Features of geopolitical influence on foreign policy 

D The impact of attitudes and ideological approaches on foreign policy 

E The impact of software components involving propaganda and public opinion on 

foreign policy 

In the past, however, requires a successful foreign policy of any country, benefited from a 

government that was strong. This is a new development in international relations, a foreign policy 

framework to facilitate ways to increase the national wealth of the country (Ghasemi, 2005:38). So 

considering the new process of International political development, the most important factor to 

strengthen the geopolitical effectiveness on foreign policy. is increasing national interest and prosperity 

of the community development context. 

 

 

4.  Principal Axes of the Geopolitical Strategy of the Islamic Republic of Iran 
Wide range of global developments in the 1990s, with fundamental changes in fields of international 

relations, forced countries to the strategic assessment of its position in the international system, While 

recovering in the foreign policy strategy with new tactics for tracking and providing the best interests 

of both internal and external to the sustainable way (right, Star, 2002: 18).These conditions are fulfilled 

when Islamic Republic of Iran design and draft Sustainable development and the internal interactions 

in the form of a comprehensive strategy based on geographical and geopolitical realities, relying on the 

relative merits of the country. So that the overall look provide the path with minimal cost and the 

highest possible level of representation and optimized to provide the full benefits. 

So, by setting forth “geo-economy” as a dominant concept in the 21st century, Iran is in its 

geographical area and under its output. Because Persian Gulf region which is called “heartland” 

referred to the contemporary world, is formed with a focus on Iran. (Camp, 2004: 82). To understand 

the realities of a strategy based on geopolitics we should consider three factors: 

1. The game that it is now focused on Asia, including South West, South, South East and 

East of it. 

2. The cast who are members of the club of the industrialized world countries and in the 

condition of understanding international situation, some of these region countries can be 

the main actor. 

3. Formula or other similar type of game that is not based on the objectives of the twentieth 

century's centered on military strategy attitudes, but also on basis of geo- economics. 

 

 

5.  Geopolitical Implications of Iran's Foreign Policy 
Islamic Republic of Iran, with a population of1%, second and fourth of the world's reserves of natural 

gas and oil reserves, more than 2,000 kilometers of coast in the Persian Gulf and Oman Sea, holds 

numerous appropriate operational and strategic islands, and in the north is bordered by the world's 

second-largest supplier of oil and gas, thus will have a central role in the contributing to the settlement 

in securing international peace and stability in the region in 21st century. 

The new process of International political developments, crucial issue for enhancing the 

effectiveness of geopolitical foreign policy of the Islamic Republic of Iran, increasingly attention to the 

increase in the national interest and prosperity substrates oriented progress and development of society. 

However, one of the five countries, with Iran as a Shia majority population (along with Iraq, Bahrain, 

Azerbaijan, Lebanon), and the Islamic Republic as the only Shiite regime to survive, we must 

recognize the realities of their key internal and external strategic environment Based on the principle of 
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the supremacy of national interests with an emphasis on applying the basic principles of geopolitics, 

geo strategy and geo economics , a good option to reduce strategic threats into opportunities policy . 

Iran and its unique position as a center of geopolitical and geo-economical interactions, has 

always been an integral part of the strategic thinking global power system. So the actual foreign policy 

is to understand the status, international trends which provides security, will be stability and Iran's 

diverse interests; otherwise, you will see the expansion of critical straitened circumstances. Because 

politics is son of time and follows the national interests. . So instead of continuing conflicts with 

International powers must manage stress and national interests must be at the forefront of our foreign 

policy. 

So, given the geopolitical context of Iran and the systemic imperatives of global interconnected 

system that causes national development And historical records and strategic and global trends 

suggests that the best strategic direction for the Islamic Republic's entering alliances and consortia 

strategy. (Rashno, 2009: 17) 

 

 

6.  Summary and Concluding Remarks 
While changing the world, because of the relationship between economic development and global 

relationships with democratization emerged, Understanding the conditions and relations between major 

countries (America, Russia, China, France, UK, India, Germany and Japan) is subject to the current 

understanding of the universe. 

And in this matter Iran the greatest country in the Persian Gulf and one of the most influential 

countries in the region, Requires that its geopolitical importance in shifting the world from a wide ties 

in relations with the Persian Gulf countries in depth geopolitical, geo-strategic and geo Economic And 

more efficient binding. 

Islamic Republic of Iran is a vast and diverse geography, vast reservoirs of energy within and 

around it, Composition and quality of the young demographic, ideological coherence, depth and 

breadth of cultural penetration, the mutual influences with strategic geopolitical unique position on the 

relative merits of various regional developments and other Highlights of the current Islamic Republic 

of Iran are in the International space, stability and international security, economic development, mass 

communications with a software spheres of influence and impact of regional and trans-regional 

realized that sustainable development and international cooperation in the framework of a 

comprehensive strategy Geographical and geopolitical considerations based on the facts based on its 

relative merits, are designed. Iran has been under unity and national integrity and sovereignty and 

national pride is increasingly being questioned rival powers .Critical and central location in the heart of 

the region and the nation can be either opportunity or threat. 

If we can not use opportunities and some good moves of government wisely for our own 

benefit, In the end, unfortunately it may hurt our country . To remove the damage we must apply our 

knowledge and with understanding realities, opportunities and limitations act in such a way that 

preserves our national interests. 
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Résumé 
 

Nous savons que la catéchine subit une épimérisation du carbone C2 en milieu 

alcalin pH 11. Notre objectif est une meilleure connaissance concernant le devenir des 

oligomères comme le procyanidine B2 dans les mêmes conditions. 

Nous avons simulé les conditions alcalines qui prévalent durant la fabrication du 

chocolat. Quatre composés ont été isolés à partir du réarrangement du dimère B2 en milieu 

alcalin à savoir le produit de départ (B2), la (-)-épicatéchine, la (-)-catéchine et un nouveau 

dimère réarrangé qui a par ailleurs montré une bonne activité antiproliférative sur la ligné 

U266 comparativement au resvératrol utilisé comme référence. 

 

 

Motclés: Theobroma cacao; Alcalinisation; Catéchines; Epicatéchine; Procyanidine B2; 

Epimérisation; U266. 

 

1.  Introduction 
Les aliments riches en apports nutritionnels et particulièrement en polyphénols (Produits à base de 

cacao comme le chocolat, vin, champagne, thé, fruits et légumes..) ont un impact avéré sur notre santé 

[1-36]. Certaines techniques de préparation de ces aliments (alcalisation) provoquent des réactions 

et/ou réarrangements chimiques des composés naturels comme les polyphénols (tanins catéchiques) 

[37-39] initialement présents qui peuvent avoir de profonds retentissements sur les propriétés 

biologiques et donc, un impact insoupçonné sur la qualité « santé » des aliments. L’objectif de ce 
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travail est d’évaluer l’impact de ces techniques de préparation sur le procyanidine B2 (polyphénol) 

isolé du cacao [40] et d’évaluer par ailleurs son effet biologique sur les cellules cancéreuses en 

comparaison avec le resvératrol (anticancéreux). 

 

 

2.  Materiels et Methodes 
2.1. Réarrangement en Milieu Basique de B2 

La réaction a eu lieu en présence de 500 mg de phosphate trisodique (Na3PO4 )de N° de référence 

28033 prolabo 6172 Rhône Poulenc; 400ml H2O milliq de pH = 8,28; sous argon; le pH du milieu 

réactionnel est de 11,08 [40]. 200 mg de procyanidine B2 à température ambiante, durée 2 heures 30 

minutes de réaction. L’évolution de la réaction au cours du temps étant suivie par CLHP analytique sur 

colonne C18. Après arrêt de la réaction la solution réactionnelle a été ramenée à un pH de 6,5 à l’aide 

d’une solution normale d’acide. La fraction polyphénolique a été extraite avec 4 fois 250 ml d’acétate 

d’éthyle. Après avoir évaporé le solvant du milieu réactionnel, l’analyse des produits a été effectuée 

par CLHP sur une chaîne Waters 1525 munie d’une pompe binaire, d’un détecteur à barrette de diodes 

(2996 photodiode Array detector) et d’un injecteur automatique Waters 717 plus Auto sampler. La 

purification des produits d’extraction ou de réaction a été effectuée par CLHP préparative sur une 

chaîne ICS munie de pompes Bischoff et d’un détecteur KNAUER K2501. Les colonnes de silice C18 

ont essentiellement été utilisées pour la chromatographie analytique et la chromatographie préparative 

en utilisant un gradient de solvant Eau-méthanol 85/15 à 0/100. 

 

2.2. Mesures de Viabilité et de Prolifération Sur Des Cellules Cancéreuses 

2.2.1. Etude de la Prolifération Cellulaire 
Les lignées U266, K562, Jurkat, Raji et THP1 sont incubées en présence de la molécule (le dimère 

réarrangé). La concentration de cellules par puits dans une microplaque 96 puits est de 1.10
4
. 

Les molécules sont testées à des concentrations de 1 - 10 - 25 – 50 – 75 - 100 µg/mL. 

 

2.2.2. Préparation du Milieu de Culture et Des Cellules 
Les cellules U266 sont dénombrées au microscope sur cellule de Malassez en présence de bleu trypan. 

A partir de ce comptage, 1.10
5
 cellules sont ensemencées en présence de 10 % de Sérum de Veau 

Fœtal (SVF, Cambrex), Pénicilline/Streptomycine 1X (Cambrex), et milieu de culture RPMI 1640 

(Roswell Park Memorial Institute, Cambrex) dans une boite 96 puits à fond plat. 

 

2.2.3. Préparation Des Solutions Des Molécules à Tester 
Les solutions mères des échantillons à tester sont préparées à 100 µg/ml (D1) en présence d’éthanol à 

4%. Une étude sur une gamme de 5 concentrations comprise entre 0,01 µg/ml et 100 µg/ml, notées de 

D1 à D5. Dilution D1: 100 µg de molécule + 40 µl de EtOH + 960 µl de RPMI. 

Dilution D2 : 100 µl de D1 + 900 µl de RPMI. Dilution D3 : 100 µl de D2 + 900 µl de RPMI. 

Dilution D4 : 100 µl de D3 + 900 µl de RPMI. Dilution D5 : 100 µl de D4 + 900 µl de RPMI. 

Un contrôle à l’aide d’éthanol est réalisé en employant les mêmes dilutions. 

Une fois les dépôts effectués sur la plaque 96 puits, les cellules sont placées dans un incubateur 

pendant 4 jours à 37°C, et 5% de C02. Le jour de l’analyse, les cellules sont lavées deux fois au PBS 

(Tampon Phosphate Saline) pH = 7,4 – 7,5 et centrifugées pendant 5 minutes à 1500 tr/min à 10°C. 

Le surnageant est retiré et on ajoute 500 µl de PBS, puis extemporanément 5 µl d’iodure de 

propidium. le comptage des cellules est effectué à l’aide d’un microscope. 
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3.  Resultats et Discussion 
3.1. Réarrangement en Milieu Alcalin du Dimère B2 

On peut s’attendre pour la réaction d’isomérisation du dimère B2 en milieu alcalin à une plus grande 

complexité en raison du doublement du nombre de centres asymétriques et de l’encombrement stérique 

lié à la structure tridimensionnelle du dimère. Pour l’étude de l’épimérisation du dimère B2, le 

diagramme d’élution CLHP de la Figure , correspond à l’analyse du brut réactionnel. Le 

chromagramme de la Figure correspond à la fin de la réaction. Le pic le plus important correspond au 

dimère B2. Le deuxième pic en intensité est identifié à la (-)-épicatéchine par coinjection en CLHP 

avec le produit de référence. Le pic correspondant à la (-)-catéchine est identifié de la même façon par 

co-injection du produit de référence. Un 4
ème

 pic élué dans l’ordre, après la (-)-catéchine le dimère B2 

et la (-)-épicatéchine correspond suivant la spectrométrie de masse à un dimère de masse identique à 

celle du produit de départ mais avec un temps d’élution beaucoup plus long. Cinq autres composés 

correspondants à des pics de plus faibles intensités n’ont pu être analysés [42]. La (-)-épicatéchine est 

le constituant de base du dimère. Sa présence dans le milieu réactionnel est donc très attendue. Par 

contre, la faible quantité isolée de (-)-catéchine doit être reliée au temps de réaction très court qui ne 

permet pas l’épimérisation complète de la (-)-épicatéchine en (-)-catéchine dans les proportions comme 

déjà décrites [43]. Le Schéma 1 présente de manière synthétique les différents produits obtenus dans la 

purification des produits dérivés du dimère B2. 

 
Figure 1: Chromatogramme du brut réactionnel du dimère B2 en milieu alcalin. 

 

 
 

Schéma 1: Différents réarrangements réactionnels du dimère B2 en milieu alcalin 
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3.1.1. Identification du Dimère Réarrangé Par Spectrométrie de Masse 
Le spectre de masse (FAB) donne un pic moléculaire à m/z = 577 en négatif [M-H], correspondant à la 

formule brute C30H26O12. Il s’agit donc d’un dimère. Deux pics intenses à m/z = 451,00 et à m/z = 

467,09 sont caractéristiques de la perte d’une unité phloroglucinol de masse 125 (C6H5O3●) et de la 

perte d’une unité catéchol de masse 109 (C6H5O2●). Il s’agit de deux unités spécifiques des dimères. 

 

3.2. Mesure de l’Activité Antiproliférative du Dimère Réarrangé 

Les résultats des tests biologiques du dimère réarrangé effectués sur ces quatre lignées sont résumés 

dans le tableau suivant où les IC50 sont exprimées en µM. 

 
Tableau 2: Résultats en IC50 (µM) du dimère réarrangé et du resvératrol comme molécule de référence sur les 

lignées cancéreuses U266, K562, THP1 et Raji. 

 
lignées Dimère réarrangé Resvératrol 

U 266 12 28 
K 562 59 25 

THP 1 110 8,8 

Raji 31 22 

 

Les résultats obtenus montrent que le dimère réarrangé présente une activité antiproliférative 

intéressante comparée à celle du resvératrol utilisé comme témoin. Le dimère réarrangé étant un 

produit de transformation apparaissant dans l’élaboration du chocolat, on peut s’attendre à ce que les 

activités antiprolifératives rapportées dans la littérature pour le chocolat, soient reliées à la présence de 

composés tels que le dimère réarrangé ou analogues. 

 

 

4.  Conclusion 
Nous avons montré comment la procyanidine B2 était susceptibles d’évoluer en milieu fortement 

alcalin pour faire place à de nouveaux produits qui apparaissent lors du processus de fabrication du 

chocolat. La procyanidine B2, un dimère constitué de deux unités de (-)-épicatéchine évolue pour 

donner en plus du produit de départ (B2), la (-)-épicatéchine, la (-)-catéchine et un nouveau dimère. 

Les polyphénols sont réputés pour leur action antioxydante et antiproliférative sur les cellules. Pour 

évaluer ces propriétés biologiques du dimère isolé, Celui-ci a été soumis à des études d’interaction 

avec différents types de lignées cancéreuses comparativement au resvératrol. Le dimère réarrangé 

présente une activité antiproliférative intéressante sur les cellules U266 et Raji par comparaison avec la 

molécule de référence le resvératrol. 
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