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Abstract:-  

 For many power distribution system issues, such as voltage control and power loss, a new methodology is 
introduced for optimization of the radial distribution system. Voltage profile improvement and power loss 
minimization are the main objectives. The optimization problem is solved using the Spotted Hyena Optimizer 
algorithm to determine the optimal size of Distribution Generation (DG) units. The Spotted Hyena Optimizer (SHO) 
algorithm is a meta-heuristic algorithm based on the hunting and social behaviours of spotted hyenas. Load flow 
analysis is calculated by the DLF matrix, using Bus Injection to Branch Current [BIBC] and Branch Currents to 
Bus Voltage [BCBV] matrices. Network reconfiguration is performed on the distribution network to reduce power 
losses and improve voltage profile with DG allocation, which leads to better results. This proposed methodology is 
verified on the IEEE-33 bus systems in MATLAB software. 
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1. Introduction 

The distribution system is an important structure of the power system for maintaining the reliability of the power 
supply to end users. It interconnects the high voltage transmission system to low voltage consume service mains. 
It is a requirement to maintain the quality of the power supply for proper working of appliances, machines, etc.; for 
that, system losses should be minimized, the voltage profile must be within specified limits, and the harmonic 
content must be within standards. Based on the data, the total losses in the distribution system are about 5–13% of 
the total generated power. So, it is imperative to reduce the losses while improving the efficiency of the system. 
Due to the evolution of technology, it is possible through the placement of capacitors, distributed generator 
placement, network reconfiguration, and so on. 

To reduce  the burden on the generating station the reactive power is injected by placing the  capacitor optimal 
locations. This helpful  in reducing the power losses and maintains voltage stability of the system. In [1]  the 
capacitor placement with type and size is calculated on radial distribution system for power loss reduction 
considering voltage constraints. Particle swarm optimization (PSO) [2]  technique has been used for capacitor 
placement and sizing in unbalanced distribution system to improve voltage profile and reduce losses. In [3] 
Autonomous Group Particle swarm optimization algorithm is implemented for power loss reduction. Power Loss 
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Sensitivity (PLS) index for placing of capacitor by ZIP load model is compared with power loss(PI) and Index 
vector(IV)  method in[4].Distribution Generation is another method to achieve the objects by placing near to the 
load centers by using renewable sources of solar, wind, biomass etc., 

Artificial intelligent techniques are introduced for the optimal placement of DG. Such techniques are Genetic 
Algorithm(GA), Artificial Bee Colony(ABC), Harmony Search Algorithm(HAS),Grey Wolf Optimization(GWO), 
Whale Optimization Algorithm(WOA) etc., In [5] Different types of DGs are placed at optimal location by using 
PSO for optimal power factor calculation. An Invasive Weed Optimization(IWO) [6] algorithm is implemented for 
the placement of multiple DG by considering different loads. Grey Wolf Optimization(GWO) [7] is used for optimal 
location of distribution generation in unbalanced distribution system. In [8] Cuckoo Search Algorithm is used for 
optimal capacitor placement for  loss reduction in distribution system. The DG placement in unbalanced distribution 
system using voltage index with optimal sizing is presented in [9]. 

Network reconfiguration in distribution systems can be done by changing the status of sectionalizing switches, and 
is usually done for minimizing losses, voltage improvement, or for load balancing in the system. An optimal 
reconfiguration of distribution network  for loss reduction and load  balancing is presented in [10] with forward 
backward sweep method for load flow calculation. The  impact of reconfiguration for reducing losses in radial 
system using multi objective fuzzy approach is  presented [11]. A GA approach is used for loss minimum 
reconfiguration by maintaining radial nature of distribution network [12]. The minimum power losses with 
improved voltage profile can be achieved by using optimal network reconfiguration, Binary Particle Swarm 
Optimization algorithm (BPSO) optimization technique is used to find the minimum power losses in the system[13]. 
A modified Plant Growth Simulation Algorithm(PGSA) for simultaneous reconfiguration and DG installation at 
multiple location for  loss reduction is presented [14]. An adaptive CSA [15] for network reconfiguration and DG 
allocation based on the voltage stability index(VSI) with multi-DG placement is presented. 

 

2. Problem formulation 

This section performs the DG allocation and feeder reconfiguration along with DG allocation for balanced 
distribution system. For that the objective functions, voltage limits, DG limits and the load flow solution method is 
to be stated. 

2.1 Objective function: 

 The objective function for the balanced system is defined as 

min (Ploss) = ∑ 𝐼 𝑅       (1) 

where, i is the bus number, 𝐼  is the branch current, 𝑅  is the branch resistance and n is the number of branches. 

2.2 Constraints: 

 The constraints are  

        Voltage Constraints: 

Voltage magnitude (𝑉 ) at each node must be between pre-defined range. 

0.95 ≤  𝑉 (𝑝𝑢) ≤ 1.05                               (2) 
 
        DG limits 

60 ≤ 𝑃 (𝑘𝑉𝐴) ≤ 3500          (3) 
 
        Power balance constraints   

𝑃 + ∑ 𝑃 = 𝑃 + 𝑃                           (4) 
 

PG is active power generation; PD is active power demand/load and Ploss is active power losses of the system, 
PDG is active power generation. 
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2.3 Load flow solution: 

 
 J.H Teng [16] proposed a new load flow method of analysis for radial distribution system. Matrices called 
Bus Injection to Branch Current [BIBC] and Branch Currents to Bus Voltage [BCBV] have been developed which 
describes relationship of bus injection to branch current and branch currents to bus voltage is written as 

 
[B] = [BIBC] [I]        (5) 

[∆V] = [BCBV] [B]                   (6) 

Combining (6) and (7) we get 

[∆V] = [BCBV] [BIBC] [I]                  (7) 

[∆V] = [DLF] [I]        (8) 

The load flow solution of the distribution system is obtained by solving below equations (10), (11) and (12) 
iteratively. 

[𝐼 ] =  
∗

                  (9) 

[∆𝑉 ] = [DLF] [𝐼 ]                   (10) 

[∆𝑉 ] = [𝑉°] - [∆𝑉 ]                             (11) 

 

2.4 Index Vector Method: 

 It is used to find the optimal location of DG [4]. value of each bus is calculated as 
 

𝐼𝑉(𝑛) = +
( )

( )
+

( )
                  (12) 

Where, 𝑉  is the voltage at 𝑛  bus. 𝐼 (𝑖) , 𝐼 (𝑖) are the imaginary and real current values of the 𝑖  branch. 

𝑄 (𝑛) is the reactive load of the 𝑛  bus. 𝑄  is the total reactive load of the system. 

 
Steps: 

1. Perform load flow analysis for the given system. 
2. Calculate IV values for each bus. 
3. Normalize voltage values as 𝑉 /0.95. 
4. Arrange the IV values in descending order. 
5. Buses with high IV values and normalized voltage <1.01 is suitable for optimal location. 

 
3. Proposed Method 

The Spotted Hyena Optimizer(SHO) algorithm is a novel nature-inspired meta-heuristic algorithm based on the 
hunting behaviour of spotted hyenas [17]. They are able to fight nonstop for food and survival, typically live in 
tribes, and communicate by making alarm noises when they find new delicacies. The SHO provides better solutions, 
can handle a variety of constraints, and has a high convergence speed and accuracy. 

3.1 Mathematical Modelling of SHO 

The sections involved in modeling of SHO is described below 

1. Encircling prey 
2. Hunting 
3. Attacking prey 
4. Search for prey 
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3.1.1 Encircling prey.  

Other searching factors can be considered their best position related to the prey or target as the best response 
and update it. To mathematical model of this behaviour is expressed as follows 

𝐷 = 𝐵. 𝑃 (𝑥) − 𝑃(𝑥)                       (13) 

𝑃(𝑥 + 1) = 𝑃 (𝑥) − 𝐸. 𝐷                  (14) 

where 𝐷  represents the distance between the spotted hyena and the prey,𝑃  represents the position vector related 
to the prey, P represents the position vector of the spotted hyena, x represents the current iteration, and B and E 
represent the coefficient factor vectors 

𝐵 = 2. 𝑟                                                (15) 

𝐸 = 2ℎ. 𝑟 − ℎ                                       (16) 

ℎ = 5 − (𝐼𝑡𝑒𝑟𝑎𝑡𝑖𝑜𝑛 ×
 

)       (17) 

here Iteration=0, 1, 2, ... , MaxIteration 

where 𝑟 and 𝑟  are random vectors in range of [0, 1]and h can be linearly reduced from 5 to 0. 

3.1.2  Hunting. 

             To proposed SHO algorithm hunting strategy is described as follows 

𝐷 = |𝐵. 𝑃 − 𝑃 |                                    (18) 

𝑃 = 𝑃 − 𝐸. 𝐷                                       (19) 

𝐶 = 𝑃 + 𝑃 + ⋯ + 𝑃                   (20) 

Here, 𝑃  represents the best position of the spotted hyena related to the prey, and 𝑃 represents another position of 
the spotted hyena. N represents the total number of spotted hyena and is calculated as follows. 

𝑁 = 𝑐𝑜𝑢𝑛𝑡𝑛𝑜𝑠(𝑃 , 𝑃 , 𝑃 , … , 𝑃 )    (21) 

Here, M represents a random vector in the range of [0.5, 1], countnos represents the number of answers (the 
reference answers are counted), and 𝐶  represents a group of N optimal answers.  

3.1.3 Attacking prey (exploitation). 

                    To mathematical formula for attacking prey can be defined as follows 

𝑃(𝑥 + 1) =                              (22) 

Here P (x +1) saves the best pass and updates the positions of other factors relative to the position of the best search 
factor. 
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3.1.4 Search for prey (exploration). 

                    To identify the correct answer, E must be>1 or<1 , according to Eq.(20). T0 other part of the SHO 
algorithm, which makes exploration possible, is B. Vector B contains random values that provide the prey’s random 
weights according to Eq. (22). Suppose that the B>1 vector has priority over the B<1 vector to show more random 
behaviour of the SHO algorithm and the effect of the distance. 

 

 

3.2   SHO applied to optimization: 
 
1. Read line data and load data for the given system. 
2. Calculate the best location for placement of DG using Index Vector method. 
3. Initialize the parameters of population size, max iterations, DG limits. 
4. Generate a random population within DG limits. 
5. Calculate the power losses for the randomly initialized population. 
6. Best Solution of the current iteration is noted. 
7. Generate a new set of population by using SHO algorithm of equations (19), (20), and (21). 
8. Check these values are within the limits and if violated replace them with bound values. 
9. Calculate losses and if the new value is better than previous value then replaces it with new value else go 

to step 7. 
10. After iteration reached to maximum value then print the results. 

 

4. Simulation Results 

Figure 1.Line diagram of 33 bus test system 
 

SHO is applied on the IEEE balanced 33 bus systems for optimal sizing of DG. Network reconfiguration is 
performed and then optimal size DG is installed on the network using SHO. 

 
4.1 33 bus test system: 
 

The network data for 33-bus system is taken from [10] which consists of 32 branches and 5 tie lines. The 
total active and reactive power load on the system is 3.715 MW and 2.3MVAr. the losses of the system for base 
configuration are 202.665 kW and 135.1327 kVAr with minimum voltage of 0.9131 p.u at bus 18. 
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Table 1.Simulation results with DG (33 bus system) 

 

Figure 2. Voltage profile of 33 bus system with and without DG 

Table 1 shows the losses, minimum voltage for base configuration and different algorithms used for optimal sizing 
of DG. The optimal location of the DG is identified as 30 based upon the Index Vector Method. The optimal DG 
size calculated as 1980.72 kVA at 0.8lag using SHO algorithm. After the placement of DG, the minimum voltage 
is improved from 0.9131 p.u to 0.9484 p.u and losses reduced from 202.665 KW to 64.5219 kW. Spotted hyena 
optimizer algorithm provided the accurate results better than other algorithms. Voltage profile of the 33-bus system 
is shown in Fig. 2. 

4.2 Reconfigured 33 Bus Test System: 

Figure 3. Line diagram of reconfigured 33 bus test system 

 Basecase [1] 
WithDG 

PSO [2] HAS [6] GWO [7] WOA [19] SHO 
PLOSS(kW) 202.665 64.5219 64.5219 64.5219 64.5219 64.5219 

QLOSS 
(kVAr) 

135.132 47.2887 47.2896 47.2887 47.2878 47.2865 

DGsize (kVA) - 
1981.243, 

0.8 lag 
1981.454, 

0.8 lag 
1981.245, 

0.8 lag 
1981.02, 

0.8 lag 
1980.72 
0.8 lag 

LOCATION - 30 30 30 30 30 

Vmin 0.9131 at 
18 

0.9484 at   18 0.9484 at     18 0.9484 at 
18 

0.9484 at 
18 

0.9484 at 
18 
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Fig. 3shows the line diagram of reconfiguration system obtained by opening of the tie line switches 11,14,32,33,37. 
[18]. 

Table 2. Simulation results for reconfigured network with and without DG (33 bus system) 

 

Table 2 shows the information of power losses and minimum voltage for after reconfiguration without DG. The 
losses have been reduced to 167.4406 kW and the minimum voltage is improved to 0.9249 p.u. After the placement 
of DG at location 30 the losses have been reduced to 53.9549kW and minimum voltage is improved to 0.9631 p.u. 

 

Figure 4. Voltage profile of reconfigured network without and with DG for 33 bus system. 

 

5. Conclusion 

The Spotted Hyena Optimizer algorithm is a novel nature-inspired meta-heuristic algorithm based on the unique 
behaviour of hyenas. It is implemented for the optimal sizing of DG in this article. The optimal location of DG is 
identified using the index vector method. Network reconfiguration is performed, and then the DG is installed at an 
optimal location with optimal sizing of the DG using SHO. It is tested on the IEEE 33-bus balanced system and 
achieves the objectives of voltage profile improvement and power loss reduced up to 79.79%, and it is compared 
with other methods. It is observed that the power loss has been reduced and the voltage is enhanced compared to 
base cases. The results indicate that SHO is competitive with other methods to solve optimization problems. 

 

 

Parameters Before reconfiguration After reconfiguration 

Without DG With DG 
PLOSS (kW) 202.665 167.4406 53.9549 

QLOSS (kVAr) 135.132 112.8950 40.9571 

DGsize (kVA) --- --- 1807.39, 0.8 lag 
LOCATION --- --- 30 

Vmin ,BUS NO 0.9131 at 18 0.9249 at 32 0.9631 at33 

TIE SWITCHES 33,34,35,36,37 11,14,32,33,37 11,14,32,33,37 

POWER LOSS 
REDUCTION(%) 

--- 17.39 79.79 
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