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ABSTRACT 
This paper present seagull optimization algorithm to solve constrained dynamic load dispatch (ELD) problem. 

Seagull Optimization algorithm (SOA) is a new meta-heuristic inspired by seagull. The leadership hierarchy and 

hunting mechanism of the seagull is mimicked in SOA. The objective of ELD problem is to minimize the total 

generation cost while fulfilling the different constraints, when the required load of power system is being 

supplied. The proposed technique is implemented on two different test systems for solving the ELD with various 
load demands. To show the effectiveness of SOA to solve ELD problem results were compared with other 

existing techniques. 

--------------------------------------------------------------------------------------------------------------------------------------- 
Date of Submission: 20-12-2021                                                                           Date of Acceptance: 31-12-2021  

--------------------------------------------------------------------------------------------------------------------------------------- 

 

I. INTRODUCTION 
The economic load dispatch is a vital 

problem to reduce the operating cost of generating 

system. With the increasing in population a slight 

twist is taken to deal with environmental matters, 

now it is implemented for the dispatch of systems to 
decrease pollutants  and to save different kind of 

fuels, as well as achieve low cost for operation . 

Moreover there is a need enlarge finite economic 

optimization is problem integrate constraints on 

system operation to verify system security, thereby 

preventing the failure of system during the 

unpredicted circumstance. Although closely related 

with this economic dispatch problem is the proper 

responsibility of any array of units out of a total array 

of units to provide the unpredicted needs of load in a 

perfect manner. 
However the problem of the proper 

commitment of any array of units out of a total array 

of units to serve the expected load demands in an 

‘optimal’ manner is closely associated with this 

economic dispatch problem. Modern system theory 

and optimization techniques are being implemented 

with expectation of operation cost reduction for the 

optimum economic operation of large scale 

system.[5] [3] like unit commitment, Load 

Forecasting, Available Transfer Capability (ATC) 

calculation, Security Analysis, Scheduling of fuel 

purchase etc,the economic load dispatch (ELD) is a 
necessary function in advance power system. It is 

found in a bibliographical survey on ELD methods 

that wide range of numerical optimization techniques 

have been working to approach the ELD problem.  

Conventionally ELD is solved by using 

mathematical programming based on optimization 

techniques that are lambda iteration, gradient method 

etc. The linear cost functions are more analytical with 

economic load dispatch. Lambda iteration, gradient 
method can solve simple ELD calculations but they 

are not sufficient for real applications in deregulated 

market. 

There a number of methods among them 

genetic algorithm implemented to resolve the real 

time problem of solving the economic load dispatch 

issue. However, some issues are resolves by 

Evolutionary algorithm and some other techniques 

such as tabu search are used to resolve the problem. 

Also Artificial neural network are employed solve the 

optimization problem. Although different masses 

implemented swarm behavior to the problem of 
optimum dispatch, as well as unit commitment 

problem for general purpose; although they possess. 

ELD accurate methods can be amended with respect 

to reduce randomness. Because of valve point 

loading effect, prohibited operating zones and ramp 

rate limits the input output characteristics are 

illogical, whereas the cost curve of thermal 

generating units are design as trouble free. Major 

steam turbines generators possess the number of 

valves with them the power balance should be 

continue. Apart from that there is some range of 
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generating units where the operation is difficult to 

run that regions are prohibited operating zones 

(POZ).  After that, operating spans for connected 

online units is opposed by their ramp rate limits. The 

amount of either increase or decrease of output power 

of generating units is finite in a range to keep thermal 

changes in the turbine between safe ranges and to 

shun shortening of life. That is way ramp rate 

constraints made regular ED problem to Dynamic 

Economic Dispatch (DED) problem.  It makes more 

difficult to solve the ED problem due to occurrence 

of these nonlinearities in practical generator 

operations 

 

PROBLEM FORMULATION 

 

 
 

NON- LI N EA R CO N S TR AI N TS  

The actual characteristics of generators are drawn by 
considering the non-linear constraints. These 

characteristics exhibit higher order non-linearity and 

discontinuities. Thus, the ELD problem becomes a 

complex non-convex optimization problem [26]. 

Generator ramp rate limits 

Prohibited operating zones 

Valve point loading effects 

DELD C ON S I D ERI N G VALVE PO IN TLOADING 

EFFE CT S 

To control every generators output power, the power plant 
employs several valves. The valve point loading effect 

occurs when each steam admission valve in a turbine 

starts to open, thus producing a rippling effect on the cost 

curve. 

      
 
     

 +             
         

       −    
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Figure 1: Fuel cost curve under valve point loading 

[2 

 

 

POZ: PROHIBITED OPERATING ZONES 

The prohibited operating zones (POZ) are due to 

steam valve operation or vibration in shaft bearing. 

The feasible operating zones of the jth generator can 

be described as follows:  

 

 
 

G EN ER A TIN G  U N I T  R A MP  RATE L I M I T  

Ramp rates are the maximum rates specified for 

each unit at which the power output of a unit can be 

increased (ramp up rate) or decreased (ramp down rate) 

in a time interval.Violation of generation ramp rates will 

shorten the life of the rotor and therefore has to be 

satisfied in a practical system operation where the 

generation changes with demand. 
 

Increase in generation limited by: 

 
Decrease in generation limited by: 

 

 

SEAGULL OPTIMIZATION ALGORITHM 

The main inspiration of this algorithm is 
the migration and attacking behaviors of a seagull in 

nature. These behaviors are mathematically modeled 

and implemented to emphasize exploration and 

exploitation in a given search space.Generally, 

seagulls live in colonies. They use their intelligence 

to find and attack the prey. The most important 

thing about the seagulls is their migrating and 
attacking behaviors.  

Migration is defined as the seasonal movement of 
seagulls from one place to another to find the richest 

and most abundant food sources that will provide 

adequate energy. 

 

The mathematical models of migration and 
attacking the prey are discussed. During 

migration, the algorithm simulates how the group of 

seagulls move towards one position to another. 

 In this phase, a seagull should satisfy three 
conditions:• 

 Avoiding the collisions: To avoid the collision 
between neighbors (i.e., other seagulls), an 

additional variable A is employed for the calculation 

of new search agent position Cs= Ps(x) * A 

 

where   Cs represents the position of search agent 

which does not collide with other search agent,   Ps 

representsthe current position of search agent, x 

indicates the current iteration, and A represents the 

movement behavior of search agent in a given 

search space. 

A = fc − (x × (fc/Maxiteration)) 

where: x = 0, 1, 2, . . . , Maxiteration  

where fc is introduced to control the frequency of 
employing variable A which is linearly decreased 

from fc to 0. In this work, the value of fc is set to 2. 
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Movement towards best neighbor’s direction: 
After avoiding the collision between neighbors, the 

search agents are move towards the direction of best 

neighbor.M s = B × (P bs(x) −   Ps(x))  

Where M s represents the positions of search agent 

P s towards the best fit search agent P bs (i.e., fittest 
seagull). The behavior of B is randomized which is 

responsible for proper balancing between 

exploration and exploitation. B is calculated as: 

B = 2 × A2 × rd 

Whererd is a random number lies in the range of [0, 
1]. 

Remain close to the best search agent: Lastly, the 
search agent can update its position with respect to 

best search agent 

which isD s =| C s + M s | (9) 

where D s represents the distance between the 
search agent and best fit search agent (i.e., best 

seagull whose fitness value is less).  

Attacking (exploitation):The exploitation intends 
to exploit the history and experience of the search 

process. Seagulls can change the angle of attack 

continuously as well as speed during migration. 

They maintain their altitude using their wings and 

weight. While attacking the prey, the spiral 

movement behavior occurs in the air. 

This behavior in x, y, and z planes is described as 
follows. 

x′ = r × cos(k)   y′ = r × sin(k) (11) 

z′ = r × k           r = u × ekv (13) 

 

where r is the radius of each turn of the spiral, k is a 
random number in range [0 ≤ k ≤ 2π]. u and v are 

constants to define the spiral shape, and e is the base 

of the natural logarithm. The updated position of 

search agent is calculated using 

P s(x) = (D s × x′ × y′ × z′) + P bs(x)  

Where  Ps(x) saves the best solution and updates the 
position of other search agents. 

 

 

 

 

II. RESULTS& DISCUSSIONS 
I. To develop improved Seagull optimization 

algorithm and test it on different benchmark 

functions 

We propose an improved version of existing Seagull 

optimization algorithm (SOA) algorithm by 
hybridizing it with very popular Simulated 

Annealing (SA) technique. The improved version of 

SOA i.e., SOA-SA is tested on 7 unimodal and 6 

multimodal mathematical benchmark functions.  
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Table.1. Unimodal benchmark functions 

Function Range D Fmin 

F1(y)=   
  

    [-100,100] 30 0 

F2(y)=     
 
         

 
    [-10,100] 30 0 

F3(y)=      
 
   

  
    [-100,100] 30 0 

F4(y)=                 [-100,100] 30 0 

F5(y)=             
                

    [-30,30] 30 0 

F6(y)=           
    [-100,100] 30 0 

F7(y)=    
              

    [-1.28,1.28] 30 0 

 

Table2. Results of unimodal functions 

 
 

Table.3. Multimodal benchmark functions 
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Table.4. Results  Multimodal functions 

 
 

To solve single-objective optimum generation dispatch for different IEEE test case systems 

 

II. Six unit system- The improved SOA is tested on IEEE 30 bus 6 generator system for economic load 

dispatch problem with power demand of 700 MW. The power losses are calculated using krons loss 

formula 

 

Table A.2 Cost Coefficients and power limits of six unit 

 
 

 
 

 

 

 

 

 
 

 

 

Algorithm Total_Cost G1 G2 G3 G4 G5 G6 Power_loss 

SOA    36912.30 28.23 10.26 118.15 118.97 230.70 213.13 19.44 

SOA_SA 36912.18 28.65 10.00 119.50 118.71 230.42 212.13 19.41 
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III. FORTY SYSTEM WITH VALVE LOADING EFFECT 
 

The improved SOA is tested on 40 generator system with valve loading effects for economic load 

dispatch problem with power demand of 10500 MW. The transmission losses are neglected in this system. 

 

Table: Cost Coefficients and power limits of 40 units 

Unit ai bi ci ei fi Pmin Pmax 

1 0.00690 6.73 94.705 100 0.084 36 114 

2 0.00690 6.73 94.705 100 0.084 36 114 

3 0.02028 7.07 309.540 100 0.084 60 120 

4 0.00942 8.18 369.030 150 0.063 80 190 

5 0.01140 5.35 148.890 120 0.077 47 97 

6 0.01142 8.05 222.330 100 0.084 68 140 

7 0.00357 8.03 287.710 200 0.042 110 300 

8 0.00492 6.99 391.980 200 0.042 135 300 

9 0.00573 6.60 455.760 200 0.042 135 300 

10 0.00605 12.9 722.820 200 0.042 130 300 

11 0.00515 12.9 635.200 200 0.042 94 375 

12 0.00569 12.8 654.690 200 0.042 94 375 

13 0.00421 12.5 913.400 300 0.035 125 500 

14 0.00752 8.84 1760.400 300 0.035 125 500 

15 0.00752 8.84 1760.400 300 0.035 125 500 

16 0.00752 8.84 1760.400 300 0.035 125 500 

17 0.00313 7.97 647.850 300 0.035 220 500 

18 0.00313 7.95 649.690 300 0.035 220 500 

19 0.00313 7.97 647.830 300 0.035 242 550 

20 0.00313 7.97 647.810 300 0.035 242 550 

21 0.00298 6.63 785.960 300 0.035 254 550 

22 0.00298 6.63 785.960 300 0.035 254 550 

23 0.00284 6.66 794.530 300 0.035 254 550 

24 0.00284 6.66 794.530 300 0.035 254 550 

25 0.00277 7.10 801.320 300 0.035 254 550 

26 0.00277 7.10 801.320 300 0.035 254 550 

27 0.52124 3.33 1055.100 120 0.077 10 150 

LI Method QP[28] PSO[28] CSA[27] SOA SOA-SA 

36946.4 36914.01 36912.16 36912.2 36912.30 36912.18 
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28 0.52124 3.33 1055.100 120 0.077 10 150 

29 0.52124 3.33 1055.100 120 0.077 10 150 

30 0.01140 5.35 148.890 120 0.077 47 97 

31 0.00160 6.43 222.920 150 0.063 60 190 

32 0.00160 6.43 222.920 150 0.063 60 190 

33 0.00160 6.43 222.920 150 0.063 60 190 

34 0.00010 8.95 107.870 200 0.042 90 200 

35 0.00010 8.62 116.580 200 0.042 90 200 

36 0.00010 8.62 116.580 200 0.042 90 200 

37 0.01610 5.88 307.450 80 0.098 25 110 

38 0.01610 5.88 307.450 80 0.098 25 110 

39 0.01610 5.88 307.450 80 0.098 25 110 

40 0.00313 7.97 647.830 300 0.035 242 550 

 

Table : Power dispatch for 40-unit system with 10,500 MW load demand 

 
 

Table : Comparison of fuel cost with other techniques for 40-Unit system 

Method Minimum Cost ($/ h) Average Cost ($/ h) Maximum Cost ($/ h) 

HGPSO [25] 124797.13 126855.70 NA 

SPSO [25]  124350.40  126074.40  NA 

PSO [24] 123930.45  124154.49  NA 

CEP [26] 123488.29  124793.48 126902.89 

HGAPSO [25]  122780.00  124575.70  NA 

FEP [26]  122679.71 124119.37  127245.59 

MFEP [26] 122647.57 123489.74 124356.47 

IFEP [26]  122624.35 123382.00  125740.63 

EP-SQP [24] 122323.97 122379.63 NA 

HPSOM [25]  122112.40  124350.87  NA 

PSO-SQP [24] 122094.67 122245.25 NA 

SOA 122132.78 12332.98 124675.15 

SOA-SA 121963.3 122731.45 124287.47 
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IV. TO COMPARE THE RESULTS OBTAINED BY PROPOSED TECHNIQUE WITH 

OTHER TECHNIQUES. 
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