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 Conventional power flow tracing methods face the problem of matrix inversion. The 

solution will be indeterminate and undefined due to the application of singular matrix. 

This paper presents a novel technique for tracing the power flow, system loads and 

transmission losses by means of optimization algorithm. It can be seen that by 

implementing the optimization techniques give enhanced and improved results within 
minimum computation time. Hybrid optimization technique for electricity tracing 

reduces the computational burden problem and it is able to find the best solution within 

acceptable computation time regardless of system sizes. For future recommendation, it 
is aspired that the proposed power tracing algorithm is not only implemented in the 

field of transmission service pricing, but also in other fields concerning voltage stability 
improvement.  
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INTRODUCTION 

 

In a vertically integrated power system, power flow tracing might be less importance since information like 

generator‟s share contribution or load extraction factor cannot give any improvement or recovery on system 

performance. Nonetheless, in a deregulated power system which has different transmission service charge on 

loads based on regions tracing the electricity flow can give transparent information for consumers about how 

much they will be charged on the associated usage of transmission capacity. The competitive environment of 

electricity markets necessitates wide access to transmission networks that connect dispersed customers and 

suppliers. Due to non-linear nature of power flow, it is difficult to determine the transmission usage accurately. 

Therefore, it is required to use approximate models, tracing algorithms (Bialek. J, 1996) or sensitivity indices 

for usage allocation. The tracing methods are based on the actual power flows in the network and proportional 

sharing principle. Several methods have been proposed for determining the contribution of generators to branch 

flows, loads and losses of the transmission lines. A topological approach (Milos Pantos  et al., 2005) for 

allocating particular generator or load in every branch flow is based on electricity tracing method. A few 

methods of power flow tracing were already proposed. The domain generation distribution factor (DGDF) 

method is based on a generator‟s domain (Kirschen D and Allan R, Strbac G, 1997), i.e., a set of buses supplied 

by the same set of generators. The disadvantage of this method is that the share of each generator in each 

common (i.e. the set of buses supplied from the same set of generators) is assumed to be same. The topology of 

a „common‟ could radically change even in the case of slight change in power flows. (Bialek et al: 2004) applies 

the advent of the tracing principle solves the problem of finding the extent of use of a network. While the power 

flow solution obtained from Kirchhoff Current Law (KCL) and Kirchhoff Voltage Law (KVL) is unique, the 

tracing problem is amenable to multiple solutions. To solve the resulting dilemma, tracing methods invoke a 

proportionate Sharing rule. The specific interpretation given to the proportionate sharing rule is that the net 

incoming resource (e.g., MWs from a generator in the generation tracing problem) is shared among outflows in 

a proportionate manner.(Chandrpal Singh and Ashwani Kumar,2014) explains about Graph theory and extended 

incidence matrix for solving the power flow tracing problem. The formation of contribution matrix requires 

more time. (Daniel Kirschen and Goran Strbac, 1999) proposes the method of translating the power injections 

into real and imaginary currents. The method traces these currents to determine how much current each source 

supplies to each sink. These current contributions can then be translated into contributions to the active and 

reactive power output of the generators. The computational time is more for this method. Because of that tracing 
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the flow of electricity (Weimin  et al., 2012) becomes an important analysis tool in determining generators‟ 

share contribution to the line flows and load demands or load‟s extraction factor from generators and 

transmission lines. A new technique has been proposed for determining contributions of individual generators to 

loads and branches, and the extractions of loads and branches from generators. The proposed technique (Xie et 

al, 2009)  uses directed paths for power flow tracing, which are produced by multiplication of the bus incidence 

matrix. Power flow tracing can be conducted based on the off-line power flow or the on-line state estimation 

solutions. This method has the disadvantage of using contribution matrix multiplication for allocating losses and 

generated power among system loads via Evolutionary Programming with acceptable computation time. The 

proposed method was inspired by the research performed (R.Abhyankar et al., 2006) but there is a little 

disadvantage of using this technique. 

  

MATERIALS AND METHODS 

 

An optimization (Z. Hamid et al., 2011) based power tracing technique by means of Evolutionary 

Programming has been applied to prove, that instead of applying conventional methods that require matrix 

inversion during tracing process, stochastic optimization via Artificial Intelligence (AI) can also be the 

alternative way in providing a fair and non-discriminatory losses and generated power allocation to system 

loads. In this work, Particle Swarm Optimization and Hybrid Particle Swarm Optimization have been applied to 

determine the power flow from generator to load and from generator to transmission lines. The fundamental 

algorithm begins with random number generation, fitness evaluation of each candidate, mutation of parents for 

offspring generation, and selection of new generation. An equation has been formed to utilize the tracing of 

power flow using searching mechanism.  

 

 A) Generation Tracing: The power flow PLmis supplied from generators g1, g2,…gi 

+ +…+                                                            (1) 

 

B) Load Tracing: The power flow tracing from generator to load can be written as, 

                                           (2) 

 

Logically, power consumed by a load should be equal to the total extracted generator power minus with the 

total losses due to that load, or mathematically: 

                                (3) 

 

Subject to constraints,  

                                                      (4) 

 

         (5)    

 

 

                                                                                     (6) 

                                                                              (7) 

Where, 
min max,gi giP P -Minimum, maximum real power generation at bus i 
min max,gi giQ Q

 
-  Minimum and maximum reactive power generation at bus i. 

 

           (8) 

where,  
min max,i iV V  -Minimum and maximum voltage Limits at bus i. 

iii) Transmission Line Constraints:           
maxSij Sij                                                                                  (9) 

 Where,  

ijS   - Line flow on line i 
max

ijS  -  Capacity of line
 
i. 
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An optimization assisted power tracing has been planned to perform tracing process (Z.Hamid et al., 2011), 

the drawback of implementing AI method is to train the input datas during power flow running. Tracing has 

been done by Bialek‟s tracing principle in (K.VenkataNarayana & J.KrishnaKishore, 2011) employing upstream 

looking algorithm and downstream looking algorithm By applying PSO based power flow tracing technique 

requires no assumption and can be applied in large scale power system (118-bus system) with tolerable speed of 

searching mechanism. The main elements of optimization technique such as control variables, equality and non 

equality constraints, and the objective function should be specified accordingly. This paper proposes a method 

to trace the power flow in deregulated environment using optimization technique. However, for this paper 14-

bus system has been used for validation purpose. The study has revealed that the proposed optimization 

algorithm has capability to determine the generated power to all loads with satisfaction of power system 

constraints. An optimization based power tracing has been proposed by incorporating a hybrid algorithm as an 

engine to perform tracing process. 

The traditional PSO model was described by Dr.Kennedy and Dr.Eberhart in 1995. It consists of a number 

of particles moving around in the search space, each representing a possible solution to a numerical problem. 

Each particle has a position Vector Xi
k
, a velocity Vector Vi

k

 
.In the PSO, the collective best position of all the 

particles taken together is termed as the global best position given as Pk
g
 and the best position achieved by the 

individual particle is termed as the local best or position best and for i
th

 particle given as Pk
i
 . Particles uses both 

of these are information to update their positions and velocities are given in the following equations 

 

                                                 (10) 

 

Generally C1=C2=2, K represents iteration number, ,  are random values different for each particle and 

each dimension. The position of each particle is updated in the each iteration. This is done by adding the 

velocity vector to the position vector,i.e,  
1 1k k k

i i iX X V                                                                      (11) 

The novelty proposed in the hybrid algorithm is about the hybrid mean, which is calculated during solution 

update process. Adoption with mutation operator of Genetic Algorithm (GA) is to produce wide variety of 

solution so as to prevent pre-mature convergence problem. The accuracy and rate of convergence of the 

algorithm depends on the appropriate choice of particle size, maximum velocity of particle size and the inertia 

constant. This can be accomplished by having a Cauchy mutation on the global best particle in every generation. 

The one dimensional Cauchy density function centered at the origin is defined by 

2 2
( ) ,

( )

t
f x x

t x
    


                               (12) 

Where t>0 is a scale parameter. The Cauchy distribution function is 

1 1
( ) arctan

2
t

x
F x

t

 
   

 
                                                                         (13) 

The reason for using such a mutation operator is to increase the probability of escaping from a local 

optimum. The Cauchy mutation operator used in HPSO is described as follows: 

  
1

( )

PopSize

j

V j i

W i
PopSize



 
 
 


                                                                      

(14) 

Where   V j i   is the ith velocity vector of the jth particle in the population, PopSize is the Population 

Size.  is a weight vector within 
max max[ , ]W W  , and   is set to 1 in this paper. 

min max( ) ( ) ( )* ( , )gbest i gbest i W i N X X                                  (15) 

Where N is a Cauchy distributed function with the scale parameter t=1, and   is a random number within, 

which is a defined domain of a test function. The pseudo code for the hybrid model is illustrated as follows 

 Begin 

Create and initialize: 

while( stop condition is false) 

begin 

evaluation 

update velocity and position 

mutation 

end 

end 
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RESULTS AND DISCUSSION 

 

The tracing of power flow in the deregulated power system has been done in following two methods 

A) Power transfer from generator to load 

B) Power transfer from generator to transmission lines 

The optimization techniques have been implemented via MATLAB and have been demonstrated for IEEE 

14-bus system with 5 generator bus and 9 load bus. The real power is applied at load buses using Independent 

Power Producer (IPP). The real power generation at load buses is maximized without violating the real power 

limits, voltage limits and power transfer limits. For that maximized generation, the power flow from generator to 

load and power flow from generator to transmission lines has been determined using optimization technique.  

 

A. Power transfer from generator to load: 

The contribution of real power to the load has been attained by applying particle swarm optimization 

technique and Hybrid particle swarm optimization technique. For determining the contribution of a generator 

toward the line flow, the contribution of the generator on all the buses has been found. The proposed method 

used to compare the power flow, power transfer from generator , loads to the transmission lines. 

 
Table 1: Power Transfer from generators to Loads using PSO& HPSO- IEEE 14 bus system 

Bus  

Number 

Real power Transfer from generator to  load  buses 

PSO  (Mw) HPSO (Mw) 

14 268.646 277.166 

12 271.249 333.825 

13 268.781 291.301 

11 269.047 287.989 

10 267.614 319.387 

9 265.157 313.204 

7 269.597 385.365 

5 266.492 287.398 

 

Table: 1 shows the contribution of power from generation to load buses using PSO and HPSO technique. 

From the results, sum of power at load buses are shown. This paper intends to discuss about real power tracing 

in justifying the performance of the proposed method using optimization algorithm. Besides that, the analysis 

also involves hybrid PSO in terms of solution quality. The solution quality of the proposed approach does not 

depend on the initial population. Starting anywhere in the search space, the PSO algorithm ensures the 

convergence to the optimal solution. PSO has the flexibility to control the balance between the global and local 

exploration of the search space. This unique feature of a PSO overcomes the premature convergence problem 

and enhances the search capability.   

 

 
 

Fig. 1: Comparison of Power Transfer from generators to Loads using PSO& HPSO- IEEE 14 bus system 

 

Power transfer from generator to loads using PSO and HPSO techniques are compared in Fig.1. From the 

graph, the power transfer due to HPSO gives better result than PSO.  The power flow transfer has been 

accomplished without violating the limits. 
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B. Power transfer from Load to transmission lines: 

The supply of power flow from load buses to transmission line is shown in Table: 2.The real power 

generation at each bus has been maximized using particle swarm optimization (PSO) and Hybrid PSO 

technique.  The maximized real power generation is achieved by adding IPP at load buses.  

 
Table 2: contribution of power from load buses to transmission lines using PSO - IEEE 14 bus system   

Branch IPP Connected at Load buses 
Total 

Loss 
From 
bus 

To  
bus 

5 7 9 10 11 12 13 14 

1 2 0.81 0.616 0.228 0.97 0.845 0.21 0.528 0.189 4.396 

1 5 0.991 1.086 0.536 1.334 1.197 0.46 0.652 0.489 6.745 

2 3 0.359 0.317 0.366 0.253 0.304 0.28 0.342 0.382 2.603 

2 4 1.542 1.652 1.195 1.838 1.87 1.174 1.175 1.248 11.694 

2 5 0.574 0.784 0.454 0.833 0.762 0.374 0.381 0.436 4.598 

3 4 3.573 3.524 3.014 3.407 3.793 2.541 2.86 3.184 25.896 

4 5 1.003 0.664 0.763 0.816 1.029 1.029 0.987 0.931 7.222 

4 7 0 0 0 0 0 0 0 0 0 

4 9 0 0 0 0 0 0 0 0 0 

5 6 0 0 0 0 0 0 0 0 0 

6 11 0.079 0.436 0.19 0.691 0.122 0.028 0.042 0.036 1.624 

6 12 0.014 0.012 0.014 0.016 0.013 0.949 0.122 0.071 1.211 

6 13 0.07 0.036 0.041 0.017 0.068 0.019 0.491 0.206 0.948 

7 8 0 0 0 0 0 0 0 0 0 

7 9 0 0 0 0 0 0 0 0 0 

9 10 0.09 0.051 0.011 0.128 0.012 0.039 0.018 0.021 0.37 

9 14 0.025 0.092 0.024 0.079 0.024 0.134 0.222 0.02 0.62 

10 11 0.024 0.273 0.094 0.461 0.016 0.015 0.008 0.007 0.898 

12 13 0.058 0.042 0.043 0.026 0.057 1.506 0.035 0.006 1.773 

13 14 0.267 0.781 0.431 0.719 0.277 0.066 0.019 0.049 2.609 

TOTAL LOSS 9.479 10.366 7.404 11.588 10.389 8.824 7.882 7.275 73.207 

 

The power supplied to the transmission line has been achieved by maximizing the real power generation at 

load buses using PSO and HPSO. The power flow shows the contribution of each IPP connected at load buses to 

the transmission lines.  The IEEE-14 BUS System has 5 generating units and 21 branches with a system peak 

load of 259MW. The standard 14 bus test system has been modified with 6 generator buses and 8 load buses by 

maximizing the real power generation at load buses. The power flow tracing using optimization technique has 

been verified by applying PSO & HPSO. The power flow in the transmission line due to load buses has been 

obtained using PSO & HPSO optimization technique. The maximum load at each load buses has been found 

with the addition of evaluated real power generation,in comparison with PSO, HPSO shows good responses and 

better results. 

 
Table 3: Contribution of power from load buses to transmission lines Using HPSO-IEEE 14 BUS SYSTEM 

Branch IPP connected at Load buses 
Total 
Loss 

From 

bus 

To 

bus 
5 7 9 10 11 12 13 14 

1 2 1.752 3.166 0.858 1.459 2.428 2.351 2.742 2.771 17.527 

1 5 0.718 1.996 0.422 0.753 1.313 1.214 1.489 1.567 9.472 

2 3 1.769 2.06 1.348 1.565 1.866 1.875 1.957 1.933 14.373 

2 4 0.729 1.162 0.225 0.452 0.878 0.898 1.024 0.983 6.351 

2 5 0.173 0.662 0.146 0.238 0.429 0.401 0.485 0.509 3.043 

3 4 0.715 0.561 1.107 0.881 0.656 0.67 0.595 0.594 5.779 

4 5 0.983 0.318 0.072 0.196 0.407 0.528 0.496 0.377 3.377 

4 7 0 0 0 0 0 0 0 0 0 

4 9 0 0 0 0 0 0 0 0 0 

5 6 0 0 0 0 0 0 0 0 0 

6 11 0.099 0.085 0.346 0.444 0.602 0.297 0.189 0.055 2.117 

6 12 0.08 0.076 0.054 0.062 0.082 1.176 0.003 0.03 1.563 

6 13 0.247 0.219 0.13 0.155 0.256 0.158 0.102 0.04 1.307 

7 8 0 0 0 0 0 0 0 0 0 

7 9 0 0 0 0 0 0 0 0 0 

9 10 0.005 0.021 0.224 1.226 0.161 0.025 0.01 0.015 1.687 

9 14 0.089 0.153 0.638 0.297 0.09 0.076 0.016 0.457 1.816 

10 11 0.035 0.038 0.345 0.471 0.778 0.167 0.091 0.013 1.938 

12 13 0.009 0.009 0.016 0.006 0.009 1.937 0.085 0.015 2.086 

13 14 0.089 0.07 0.225 0.049 0.092 0.476 0.495 0.288 1.784 

TOTAL LOSS 7.492 10.596 6.156 8.254 10.047 12.249 9.779 9.647 74.22 
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The maximum real power generation, real power demand and losses due to the power flow has been shown 

in Table: 4. the real power supplied using IPP at load buses. The maximized real power generation at load buses 

has been achieved by implementing PSO & HPSO techniques..  
 

Table 4: Real power generation, load and losses for IEEE 14 bus system Using PSO & HPSO 

Power transfer due to IPP connected at buses 

Optimization 

method 
Power Flow 5 7 9 10 11 12 13 14 

PSO 

Real power 
Generation (Pg,PSO ) 

277 291 333 287 319 313 385.3 287 

Real power demand 

(Pd,PSO) 
259 259 259 259 259 259 259 259 

Real power Losses 

( Ploss,PSO ) 
9.47 10.3 7.40 11.5 10.3 8.82 7.88 7.2 

HPSO 

Real power 
Generation (Pg, HPSO) 

268 268 271 269 267 265 269 266 

Real power demand 

 (Pd, HPSO ) 
269 283 325 277 307 305 348 278 

Real power Losses 

( Ploss,HPSO) 
9.64 9.79 12.2 10.0 8.25 6.15 10.5 7.5 

 

 
Fig. 2: Real power transfer using PSO & HPSO – IEEE 14 bus system 

  

It can be seen that the optimization techniques give enhanced and improved results within minimum 

computation time. The real power generation due to IPP at load buses has been determined to fix the real power 

demand. The transmission losses due to the real power generation and real demand at each load buses have been 

calculated using PSO and HPSO techniques. The losses have been obtained by adding losses in all the branches 

of the test system. The results shown in Table:4 satisfies the power balance equation as sum of real power 

generation(Pg) equals to sum of load(Pd) and losses(Plo) 

 

Conclusion: 

This paper introduces a novel technique for determining contributions of individual generators to loads and 

branches, and the extractions of loads and branches from generators. The proposed technique uses directed paths 

for power flow tracing. The proposed technique provides a clear relationship between inflows and outflows, 

which can be applied to other fields of electricity market, such as analyzing the usage of each component and 

relieving the congestions. The proposed technique tries an alternative approach with simple formulation steps, 

free from matrix singularity dependency, as well as any assumptions. The method has also the advantages of no 

requirement for exhaustive search process and matrix inversion. Moreover, by implementing the hybrid 

algorithm for electricity tracing, computational burden problem is successfully solved as it is able to find the 

best solution within acceptable computation time regardless of system sizes. For future recommendation, it is 

aspired that the proposed power tracing algorithm is not only implemented in the field of transmission service 

pricing, but also in other fields concerning voltage stability improvement. This implies that optimization 

technique can be applied in any condition of power system enhancing the usage of this method in voltage 

stability field. 
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