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In this paper, the technique of electricity tracing has been widened into monitoring line 
overloading of deregulated power system. Recently, the study on power system stability can only 
determine the stressed transmission lines but no attempt to trace who become the contributors 
(generators or loads) for the system’s violation. By means of electricity tracing, the objective to 
trace the major contributor can be achieved. Thus, this paper proposes the application of 
electricity tracing through hybrid algorithm: the Ant Colony Pollinated-Flower Algorithm (ACP-
FA) for tracing the stress contributors. The experiment on IEEE 14-bus system together with 
comparative studies has validated the performance of the proposed method and algorithm. The 
results proved a promising capability for electricity tracing’s application in monitoring line 
overloading of a deregulated power system. 
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1. Introduction 
 

Unit Most of the countries today already moved into the deregulated electricity market 

such as New Zealand, Australia and most part in Canada [1]. To ensure the transparency 

and effectiveness in delivering the transmission charge to the consumer while bolstering the 

profits of company, the separation of generation, transmission and distribution is necessary 

for the electricity supply business.  

In this field, there are various methods for effective allocation of charge; namely the 

conventional approaches such as the MW mile method, contract path method and postage 

stamp allocation [2].  After that, the introduction of power tracing has changed the way of 

traditional methods did which are known to be biased for allocating the charges to 

consumers.  

 The pioneer of power tracing, the Topological Generator and Load Distribution Factor 

(TGLDF) was proven superior to traditional methods, which perform the allocation based 

on the agreement or bilateral contract of two parties rather than considering the technical 

part such as physical power flow. For TGLDF, the technique relies on the Proportional 

Sharing Principle (PSP), which was proposed by Bialek in [3] and [4] and consists of 

upstream and downstream algorithm which required the physical network consideration in 

the algorithm. Later, in article [5], the Superposition Theorem (ST) based power tracing by 

means of circuit theory approach has been developed by Teng. According to ST, the 

algorithm based on circuit analysis formulation is able to trace the voltages, currents and 

complex powers contributed by individual generators and loads simultaneously. However, 

both methods, TGLDF and ST, still lack of result’s accuracy as they rely on assumption and 

complex mathematical operations. 
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In article [6], the introduction of optimization method has been proposed with an 

objective of finding a more accurate tracing result. Its problem formulation included all 

possible physical constraints of power system such as power flow direction and network 

topology. Later in article [7], [8] and [9], the optimization technique is improved by 

Artificial Intelligence (AI) approach such as Genetic Algorithm (GA), Evolutionary 

Programming (EP) and Artificial Bee Colony (ABC) for searching an optimal solution in 

fast computation time.  On overall, all the approaches on power tracing have been limited in 

the study of losses charge allocation and transmission pricing scheme. To date, it never be 

widened into the field of power system stability. The rapid growth of economy in certain 

places need to be supported by sustainable and enough energy supply. Thus, the new power 

plant, substation and transmission lines need to be built to cater of this demand [10]. Since 

with the new additional capacity, the power system now operates within very close to 

stability limit and power control is turn to be more complex. These reviews have motivated 

the authors to conduct a study on electricity tracing for monitoring line overloading in 

deregulated power system. Whichever lines experience a stress due to excessive power 

transfer between two buses shall be taken proper corrective actions, but identification of 

major contributors for such stress shall be firstly determined. This is conducted through 

electricity tracing.  

For this paper, a hybrid bio-inspired optimization algorithm by means of continuous 

domain Ant Colony Optimization (ACOR) [11] incorporated with Flower Pollination 

Algorithm (FPA) [12] is proposed, becoming the Ant Colony Pollinated Flower Algorithm 

(ACP-FA). In article [13], the robustness of the hybrid between ant colony and flower 

pollinated is shown where this hybrid algorithm able to escape local optima. The developed 

algorithm will be used to perform the tracing task. This is necessary to identify the 

contributors to the line overloading. Subsequently, the performance of the proposed method 

will be compared with others. 

 

2.  Notation 

 

The notation used throughout the paper is stated below. 

 

Pfl The line flow of l-th line 

PGk Generated power of k-th generator 

PLk Consumed power of k-th load 

k
flx  

Reactive power flow fraction of l-th line 

extracted by k-th reactive sink 

k
Dx  

Reactive power fraction of l-th real 

generation extracted by k-th load. 

nbr, ngen, 

nload  

Number of lines, of generators and of 

loads respectively 

Prl Receiving end power of i-th 

i
rlx  Receiving end power fraction of l-th line 

i
slx  Sending end power fraction of l-th line 

i
l,lossx  Power losses fraction of l-th line 

Egk   Generation –demand balance error of i-th 
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real power 

Yic Pollen i or solution vector Xi at iteration t 

g* Current best solution 

Г(λ) Standard gamma function 

s Number of step 

γ Scaling factor 

Yjc and Yjc 
Pollen from different flowers of the same 

plant species 

ϵ 
Local random walk from a uniform 

distribution in [0, 1] 

H
c
m  

Hybrid mean selected from t-th solution 

of c-th control variable in archive T by m-

th ant 

c
mσ

 

Standard deviation of c-th control variable 

of ant 

ξ
 Pheromone evaporation rate 

 

 

3. Problem formulation 

 
3.1. Objective function 

 

In the proposed technique, the stress in the form of contributed power by individual 

generators and loads is to be determined. For the purpose of this paper, the mathematical 

formulation was inspired from the research conducted in [8]. In the problem of line 

overloading monitoring, the developed power tracing algorithm will be conducted both for 

generation tracing and load tracing: the generation tracing is to trace the power contributed 

by individual generators, while the load tracing is to trace that of the individual loads. Since 

the focus of this paper will be real power transfer monitoring, the developed tracing 

algorithm will be used in the context of real power rather than the reactive one. Based on 

article [8], the contribution of a generator in a line flow can be expressed as: 

 
(1) 

 

In the same way, the allocation of a line flow to individual load can be written as: 

 

 
(2) 

 

The purpose of equation (1) and (2) is to ensure the accuracy and reliability of tracing 

result in the proposed algorithm by satisfying the physical power constraints.  

The elements of algorithm such as control variables, objective function, equality and 

non-equality constraints will be set properly to provide a guide in the programming. The 

specified control variables, constraint and objective function are given as follow: 

 

a) Control Variable 

∑=
=

nload

k
Lk

k
flfl PxP

1

.

∑=
=

ngen

k
gk

k
flfl PxP
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The elements in matrix X represent the individual candidate for ACP-FA that consists of 

sending-end flow and load power fraction (xsl and xD) contributed by k-th generator. The 

order of matrix X is given as (nbr + ngen) x nload 
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(3) 

 

 

The line flow fraction consists of sending-end and receiving-end power. For the 

generation tracing, the sending-end power is chosen to be the control variable. The 

receiving-end and losses fraction contributed by k-th generator or load are given as follows. 

 

 
(4) 

  

 (5) 

 

 

b) Constraint 

The ACP-FA is put through to some significant constraints to confine the searching 

process. All the constraints are presented as follows: 

 

    
(6) 

  

 
(7) 

 

c) Objective function 

The objective function was acquired from power balance equation. From that, it has 

been modified and derived until it becomes an objective function to be used in the 

developed algorithm. This is given as follows: 
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(8) 

 

Hence, the objective of the algorithm is to minimize the error Egk as close as zero. 

 

3.3. Algorithm Development for ACP-FA-based-Power Tracing 

 This section explains briefly the methodology and development of power tracing via the 

proposed hybrid algorithm: the Ant Colony-Pollinated Flower Algorithm (ACP-FA). The 

hybridization of the algorithm is based on the continuous domain Ant Colony Optimization 

(ACOR) [11] and Flower Pollination Algorithm (FPA) [12] with the aim of resulting fast 

convergence property and solution optimality. The brief explanation on the algorithm 

development can be found from article [17]. The followings present the processes involved 

in the proposed hybrid algorithm. 

  

Step 1: Initialization and random solutions generation 

First, the essential parameters of ACP-FA are initialized. Subsequently, the randomly 

generated solution are produced and stored in the Solution Archive-T (SAT). Lastly, all the 

evaluated solutions of SAT are sorted according to their fitness value. 

 

Step 2: Solution update process 

During the update process, the parental solutions will be used to generate new solutions 

based on the ACOR method. As proposed in [15], the working process of ACOR will be 

similar to that of the traditional algorithm. The next sequence, the solutions will be 

produced through hybrid mean and standard deviation. This is done through FPA method 

by selecting either global or local pollination. The switches of both pollination processes 

will be selected either from P<P0 or P>P0: Po is constant probability while P is a random 

number of [0, 1]. Hence, the calculation of hybrid mean associated with the global 

pollination is: 

 

 (9) 

 

Where, the Levy flight distribution (L) can be expressed as: 

 

 
(10) 

On the other hand, the hybrid mean using the local pollination is: 

 

 (11) 

 

After the hybrid mean is calculated, the standard deviation is determined as follows:  
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(12) 

 

 

Finally, the offspring solutions will be generated through normal sampling technique 

based on the calculated hybrid mean and standard deviation, as follows: 

 

 
(13) 

 

After the offspring solutions have been produced, they will be evaluated through the 

fitness evaluation as in step 1. 

 

Step 3: Combining, assigning, sorting and update the SAT 

Subsequently, both parental and offspring populations are combined and sorted 

according to their fitness value. To maintain the size of SAT, only the first T solutions will 

be kept while the rests are discarded.  The step 2 to 3 will be repeated until the algorithm 

converges. 

 

Figure 1: Overall Algorithm of ACP-FA 
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4. Results and Discussion 

The proposed algorithm was tested on IEEE 14-bus power system for validation 

purpose. Besides the ACP-FA based tracing, the competing methods are Topological 

Generator and Load Distribution Factor (TGLDF) and Superposition Theorem (ST) based 

tracing as proposed by [3] and [5] respectively. In this case study, the aim of the analysis is 

to identify who are the major contributors for the overloading of transmission lines.  

 

Table 1: The percentage of overload in Base IEEE-14 Bus System 

Line Number  

Line Bus 
Power Flow Transfer (MW) and 

Percentage overload (%) 

Limit(MW 

From To Base (MW) 
Percentage 

overload (%) 

1 1 2 162.269 -4.764 170 

2 1 8 91.500 -20.218 110 

3 2 3 53.007 -13.192 60 

4 2 6 63.757 -17.634 75 

5 2 8 58.413 -11.276 65 

6 3 6 7.476 -100.632 15 

7 8 6 25.014 -19.933 30 

8 6 7 29.460 -1.834 30 

9 6 9 16.479 -21.364 20 

10 8 4 42.481 -5.930 45 

11 4 11 6.216 -60.888 10 

12 4 12 7.441 -34.392 10 

13 4 13 17.624 -13.479 20 

14 7 9 29.460 -18.807 35 

15 9 10 6.415 -55.876 10 

16 9 14 10.024 -49.648 15 

17 11 10 2.658 -88.117 5 

18 12 13 1.233 -305.502 5 

19 13 14 5.081 -96.828 10 

 

At first, a load flow program is run at maximum loading (with bus 14 was reactively 

loaded to 100 MVar) and contingency condition (with line between bus 2 and 3 removed) 

to identify which lines that violate their capacity limit. From Figure 1, the real power flow 

of transmission lines is shown by the bar-graphs with their respective colors (yellow for 

base case and red for maximum loading and contingency), while the line capacity limit is 

represented by the dotted line. 
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Table 2: The percentage of overload in maximum + contingency IEEE-14 Bus System 

Line 

Number  

Line Bus 
Power Flow Transfer (MW) and 

Percentage overload (%) 
Limit(MW 

From To 
Maximum 

(MW) 

Percentage 

overload (%) 

1 1 2 174.014 2.307 170 

2 1 8 116.560 5.628 110 

3 2 3  - -  60 

4 2 6 98.705 24.016 75 

5 2 8 87.650 25.842 65 

6 3 6 46.332 67.625 15 

7 8 6 50.734 40.868 30 

8 6 7 31.801 5.663 30 

9 6 9 17.372 -15.127 20 

10 8 4 65.714 31.522 45 

11 4 11 12.128 17.546 10 

12 4 12 13.174 24.093 10 

13 4 13 29.212 31.535 20 

14 7 9 31.801 -10.060 35 

15 9 10 2.454 -307.548 10 

16 9 14 17.219 12.888 15 

17 11 10 7.688 34.961 5 

18 12 13 6.354 21.311 5 

19 13 14 17.817 43.875 10 

 

The results of base case and effect after maximum + contingency are tabulated in Table 1 and 

Table 2.  In these tables, the negative sign represents normal loading condition and positive sign 

indicates the line is overloading.  

 

Figure 2: The real power flow in transmission line for IEEE 14-Bus System: Base case and maximum loading and 

contingency 
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From Figure 1, all the lines are below the limit at base case, which indicates a normal 

system operation. However, at the maximum loading and contingency, twelve lines are 

overloaded which are line 1, 2, 3, 4, 5, 6, 9, 10, 11, 12, 16, 17, 18 and 19. From this result, 

the major contributors of the overloading in transmission lines can be traced by means of 

power tracing methods, either through the ACP-FA or through the conventional one.   

The comparison of tracing results between that of ACP-FA and conventional methods are 

tabulated in Table 3 

 

 

In Table 3, the ACP-FA successfully produced the tracing result along with the two 

conventional methods. It is found that the ACP-FA and ST have identical results in terms of 

the lines that experience overloading, but contradict on the major contributors. For instance, 

the overloading in line 1 was caused by generator G1 and load L3 through the ACP-FA, but 

it was due to generator G1 and load L14 according to ST. In TGLDF, that overloading is 

caused by generator G1 only. As can be seen from the table, based on the ACP-FA, most of 

the line overloading is contributed by generator G2. This is not true for the other two 

methods, whereby they nominated generator G1 as the major contributor for most of the 

overloading in the system. 

Table 3 : The major contributors for line overloading in IEEE 14-bus system- at 

maximum loading & contingency 

Line 

Number 

ACP-FA ST TGLDF 

Generator Load Generator Load Generator Load 

1 G1 L3 G1 L14 G1 - 

2 G1 L3 G1 L14 G1 - 

3 - - - - - - 

4 G1 L3 G1 L14 G1 L6 

5 G1 L3 G1 L14 G1 - 

6 G2 L3 G1 L14 G1 - 

7 G2 L3 G1 L14 G1 L6 

8 G2 L3 G1 L14 G1 - 

9 G1 L10 G1 L14 G1 - 

10 - - - - - - 

11 G2 L4 G1 L14 G1 L13 

12 G2 L10 G1 L9 G1 L10 

13 G2 L14 G1 L14 G1 - 

14 G2 L14 G1 L14 G1 - 

15 - - - - - - 

16 - - - - - - 

17 G1 L14 G1  L14 G1 - 

18 G2 L10 G1 L3 G1 L10 

19 G2 L14 G1 L14 G1 - 

20 G1 L14 G1 L14  G1 - 

Note: G and D mean generator and load bus respectively. Line  
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However, the ST based tracing also suggests load L14 as the major contributor besides 

G1. This contradicts with that of ACP-FA where there are also other loads that contribute to 

the overloading.  For example, the ACP-FA suggests that the major contributors for 

overloading in line 8, 9 and 11 were loads L3, L10 and L14 respectively. In general, both 

methods did agree that for every line overloading, there are both the generators and loads 

that participate in the contribution. Meanwhile, the TGLDF based tracing shows a 

dissimilarity of result as compared to that of ACP-FA and ST. Only a few loads, which are 

L6, L13 and L10 that participate in the contribution of certain line overloading, such as 

lines 4, 7, 11, 12 and 18. The rest of the line overloading is contributed solely by generator 

G1. This shows that the TGLDF did not increase fairly the participation in line overloading 

among the users of the system; i.e. the generators and loads. Thus, it can be said that the 

ACP-FA was able to diversify the contributors: able to increase fairly the participation 

among users. 

The proposed ACP-FA requires no modification on the power system, that is, it used 

directly the power system as in the original condition. In contrast to ACP-FA, TGLDF is 

dependent of the assumption namely the Proportional Sharing Principle (PSP) plus a 

modification on the power system to be lossless, which has caused a reduction in the 

result’s accuracy. Lastly, the ST method relies only on complex mathematical formulation, 

which is the Superposition Theorem. If there is an error occurred during the calculation, it 

will affect the whole results in the system. Thus, the technique requires a precise 

calculation in order to obtain accurate result. Hence, this experiment has demonstrated 

successfully the performance of tracing method by means of ACP-FA in providing reliable 

result for monitoring line overloading of small or large test systems. 

Next, the comparison of the proposed method with other optimization method based AI 

in terms of EGk.will be discussed. The competing methods are the Evolutionary 

Programming (EP) and the continuous-domain Ant Colony Optimization (ACOR). The 

results are tabulated in Table 4. 

 

Table 4: Performance of algorithms 

Methods 
Convergence 

time (minute) 

Optimal 

error, EGk 

ACP-FPA 1.00 0.00005 

ACOR 0.54 0.00012 

EP 5.07 0.00001 

 

Based on Table 4, the time for algorithm to complete the process required by ACP-FA, 

EP and ACOR are within 5 minutes. It is evident that the ACOR is the fastest algorithm with 

the computation time of 0.54 minute respectively.  Conversely, EP is lack of speed compare 

than others with timeframe of 4 minutes delay of time. The difference of speed from each 

technique is  manipulated by two criterion. 

Firstly, the size of data and population which employed by each algorithms. The 

population is key element for algorithm where 5 populations are required by all algorithms 

except for EP which requires 50 populations. Secondly, the technique for the algorithms to 

get the solution update will give the different impact on results depending on the equation 
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or the objective fitness of the algorithms itself. Next, the purpose to find the robust solution 

optimality which is the resulted power tracing error, EGk, the objective was to obtain the 

lowest error as low as zero. From Table 3, it is proven that ACP-FA and EP are superior to 

the remaining two, where 0.00005 and 0.00001 respectively. While ACOR however, 

converged earlier which resulted 0.00012. Based on these findings, the competency of 

ACP-FA in performing at the fastest convergence speed and robust in finding the minimum 

error, EGk was verified. 

 

 

5. Conclusion 
 

The proposed power tracing technique using ACP-FA successfully identified the major 

contributors of line overloading in IEEE 14-bus power system with simple problem 

formulation. The proposed method successfully operated by performing without any 

assumption and complex mathematical formulation. By ACP-FA, the application of power 

tracing was widened into the area of power system monitoring and stability. For future 

recommendation, the proposed power tracing should be implemented for larger test systems 

such as IEEE 30 and 57 bus. 
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