
International Journal of Multimedia and Ubiquitous Engineering 

Vol.11, No.12 (2016), pp.319-330 

http://dx.doi.org/10.14257/ijmue.2016.11.12.29 
 
 

ISSN: 1975-0080 IJMUE 

Copyright ⓒ 2016 SERSC 

Simulation of Water Conservancy Scheduling System Based on an 

Optimized Dijkstra - Genetic Algorithm 
 

 

Ming Wang 

New Media College, Zhejiang university of Media and Communications, 

Hangzhou, Zhejiang, 310018, China 

Abstract 

Dynamic optimization scheduling strategy is carried out based on a comprehensive 

objective function which is constructed for reservoirs. Corresponding constraints and 

conditions are generally designed, and then the solution of the objective function is 

worked out based on those constraints and finally an optimal scheduling scheme suitable 

for reservoirs is acquired in combination with actual conditions. Focusing on the 

problems above, this study combines Dijkstra algorithm with genetic algorithm (GA) 

effectively and makes full use of their advantages. Consequently, an optimized Dijkstra - 

genetic algorithm (D – GA) is obtained and applied in the scheduling scheme. First of all, 

the thesis preliminarily introduces relevant algorithms on water conservancy project and 

sets up a data model consistent with the actual situation. Secondly, this work analyzes the 

two algorithms, improves the Dijkstra algorithm and applies D – GA to solution 

optimization. Thirdly, this study compares the results obtained by using D – GA and GA 

respectively and finally completes the simulation of water conservancy scheduling system. 
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1. Introduction 

Water is a life-sustaining necessity. At present, how to efficiently improve the 

utilization of water resources [1] has become a livelihood issue and drawn extensive 

attention from countries and the society. Generally speaking, the design and construction 

of water conservancy engineering depend on natural environment, but in fact, the flow of 

rivers is uncontrollable [2]. Various large and small reservoir nodes [3] are also hubs of 

the water conservancy project and whether reservoirs can work normally is decided by the 

runoff volume of the river reach [4]. To date, a reliable method for effective control of the 

runoff volume has not been found although the existing measures have been taken to 

monitor the runoff volume of reaches and the rule of data has generally grasped. Water 

resources will be in short supply in the following time if the runoff volume of reaches is 

wrongly grasped and water is drained excessively as originally planned when there is no 

enough water, thus affecting people’s normal life [5]. Accordingly, a large amount of 

water has to be drained, causing the waste of water resources, if water is stored over 

cautiously in the month of enough water. Under this circumstance, an effective scheduling 

scheme is required to reasonably dispatch water resources, so as to use precious water 

resources in an efficient and rational way [6-7]. This study explores the optimization of 

water conservancy dispatching and realizes the simulation of water conservancy 

scheduling system. In the process of optimization, an improved Dijkstra algorithm is used 

to set the initial population and then genetic algorithm (GA) is adopted for the 

optimization of solutions in combination with the actual situation. 
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2. Research Methods 

 

2.1. Basic Approach for Water Conservancy Optimal Optimization 

Under normal conditions, water resources can be scheduled periodically. A year is 

divided into T periods, t = (1, 2, 3,…T). Water conservancy dispatching involves a variety 

of parameters, including state and decision variables, etc. In general, state variables are 

uncontrollable, involving water yield V, water volume Vt at time t before water storage, 

water volume Vt+1 at time t after water storage. Decision variables refers to variables for 

decision description, which is set as Dt if the state variable at time t is Vt, and state 

variable is changed as Vt+1 after the decision-making. 

Therefore, the state of reservoir can be denoted as: 

1: Vt t tD V 
                               (1) 

Besides, there is a state transfer equation: 

1=Vt t t tV Q q  
                             (2) 

Where Vt refers to the water volume of the reservoir at time t before scheduling; Qt 

refers to water volume entering the reservoir from upstreams at time t after 

decision-making; qt refers to water discharge of the reservoir at time t. 

Some reservoirs are constructed for specific purposes. In this study, maximum 

generating volume is taken as the ultimate aim and some auxiliary constraint functions are 

additionally set. 

Water levels of the reservoir in flood and non-flood seasons are restrained as follows: 

In the non-flood season, d ≤ Ht ≤ n, of which, t = (1, 2, 3,…T), Ht refers to water level 

of the reservoir at time t (d ~ n); d refers to minimum value of water level; n refers to 

highest allowed value of water level. 

In the flood season, d ≤ Ht ≤ h. Herein, Ht refers to water level of the reservoir at time t 

(d ~ h); d refers to minimum value of water level (lower limit of water level); h refers to 

highest allowed value of water level (upper limit of water level). 

 

2.2. Dijkstra Algorithm 

Dijkstra algorithm as a classic algorithm is able to calculate the shortest path from any 

one node to other nodes in a directed digraph of nonnegative weights with the method of 

breadth first search (BFS), which is a single-source shortest path problem (SSSP) [8]. 

As to Dijkstra algorithm, G = (V, E) is used to be on behalf of a directed digraph of 

weights; S refers to the collection of vertices of the shortest paths. Only one original point 

S0 is contained in set S at the initial time point, the shortest path from S0 to other points is 

added into set S, and the rest of points are expressed as V-S. After continuous processing 

in this way, a shortest path is obtained and corresponding points are deleted from V-S 

after being added into S. The algorithm comes to an end until all points in the digraph are 

added into S. During the algorithm processing, the shortest distance from the original 

point S0 to all points in S is always ensured to be less than or equal to the distance from  

the original point S0 to each point in V-S. 

The process of Dijkstra algorithm can be obtained as shown in Figure 1. 
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Select S0 and add it into S

Update distance information from S 

node to other nodes

Update classification of S and V-S set 

Whether all nodes are included in S

End of the algorithm, go back the 

shortest path

Y

N

 

Figure 1. Process of Dijkstra Algorithm 

2.3. Genetic Algorithm 

Genetic algorithm (GA) is a bionics algorithm put forward by an American professor 

by the name of J. Holland in 1975, which integrates Darwin’s biological evolutionism and 

also reflects the laws of genetics [9]. The specific content of GA can be described below: 

it imitating the biological evolutions in the nature sets up a model for the unsolved 

problems and regards them as a biological population and then uses some techniques to 

code populations and confirm the size of initial population. First of all, a group of 

individuals is generated randomly and the fitness of each individual is calculated 

according to the objective function. The individuals with a good fitness are considered to 

be optimal. Secondly, the optimal individual in each generation is selected for crossover 

and mutation (genetic behaviors). In this way, a new generation of individuals which is 

more adapt to the environment is obtained compared with parental generation. Thirdly, 

the algorithm stops when certain genetic algebra is set or the difference between the two 

generations is stipulated to be less than a preset value, and then the latest generation of 

individuals is acquired, i.e., the optimal solution [10]. Process of GA is shown in Figure 2. 

 

Initialization, fitness function, 
population size. Randomly generate 

initial population

Select the parents’ generation for 
generating new individuals based on 

fitness function value

Perform crossover operation based on 
crossover operator

Meet the terminal conditions

Individual with the maximum fitness 
function value in the latest generation 
of population is the optimal solution, 

and the algorithm comes to end

Y

N

Mutate a certain number of individuals 
based on mutation operator, i.e., form a 

new generation of population

 

Figure 2. Process of GA 
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3. Application of D-GA Algorithm in Water Conservancy 

Scheduling System 
 

3.1. Improvement and Verification of Dijkstra Algorithm 

Water conservancy scheduling is costly and usually associated with the location of 

reservoir. Therefore, this study adopts the Dijkstra algorithm which is usually used for 

processing path problems. This algorithm is improved as follows. 

 

Select initial node 
and classify stages 

Confirm comprehensive cost weight

Update scheduling information from 
the original servitor node to the rest of 

the nodes

Whether all nodes are included in S

The algorithm comes to end, and go 
back to the optimal scheduling scheme

Y

N

Update S set and V-S set classification

Human cost 
loss

 

Figure 3. Process of Dijkstra Algorithm Improvement 

Normally, the cost of manpower and time from reservoirs A to B is not completely 

identical with the expense from reservoirs B to A in the reality. Taking the cost between 

the two reservoir nodes as the average cost of the two places, this study assumes the costs 

of manpower in reservoirs A and B as C1 and C2, then the average value C is figured out: 

1 2
1 1 2 2

2 1

( ) ( )
C C

C C C C C
C C

   

                       (3) 

In a general way, a variety of factors should be taken into consideration during the 

confirmation of the final cost in the process of water conservancy scheduling, involving 

the location of reservoir and the distance between nodes, etc [11]. Assume the distance 

between two reservoirs as S, water wastage of reservoir A and B as W1 and W2, cost of 

manpower in reservoirs A and B as C1 and C2 and other losses as L, the total wastage R 

is finally acquired: 

1 2
1 1 1 2 2 2

2 1

( ( ) ( ))
C C

R S W C C W C C L
C C

    

                 (4) 

Hence, the overall cost is obtained according to different locations of  reservoirs and 

human resource expenses in various regions, i.e., the scheduling cost between different  

reservoirs. 
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Figure 4. A Simple Second-Level Reservoir 

To prove the correctness and superiority of the improved Dijkstra algorithm in 

managing specific problems, this study takes a simple second-level reservoir scheduling 

as an example (Figure 4). Besides ensuring small water resource loss, maximizing 

generating capacity is also considered as the final goal of water scheduling. In view of the 

scheduling results of various reservoirs, this study compares the results obtained by 

applying the improved Dijkstra algorithm and  the original algorithm (Tables 1, 2 and 3) 

Table 1. Comparison of Scheduling Results (1) 

 Reservoir A 

 
Improved Dijkstra 

algorithm 

Traditional Dijkstra 

algorithm 

Input yield (hundred million cubic 

meters/year) 
4.95 4.72 

Output yield (hundred million cubic 

meters/year) 
3.75 3.18 

Generating capacity (hundred million 

kilowatt hours) 
7.74 7.24 

Water utilization ratio 95% 84% 

Table 2. Comparison of Scheduling Results (2) 

 Reservoir B 

 
Improved Dijkstra 

algorithm 

Traditional Dijkstra 

algorithm 

Input yield (hundred million cubic 

meters/year) 
5.46 5.32 

Output yield (hundred million cubic 

meters/year) 
4.46 3.97 

Generating capacity (hundred million 

kilowatt hours) 
7.42 6.79 

Water utilization ratio 91% 83% 
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Table 3. Comparison of Scheduling Results (3) 

 Reservoir C 

 
Improved Dijkstra 

algorithm  

Traditional Dijkstra 

algorithm 

Input yield (hundred million cubic 

meters/year) 
5.65 5.31 

Output yield (hundred million cubic 

meters/year) 
4.72 4.26 

Generating capacity (hundred million 

kilowatt hours) 
8.84 8.06 

Water utilization ratio 96% 87% 

 

3.2. Overview of D-GA Algorithm 

The scheduling system is concerned about minimum cost, instead of minimum path. In 

the process of the applicaiotn of GA, the original GA selects individuals randomly while 

D-GA algorithm confirms the initial population by using the improved Dijkstra algorithm 

which gives full play to the advantages of Dijkstra algorithm. Process of the improved GA 

is displayed in Figure 5. 

 

Generate initial population using 
Dijkstra algorithm

Selection

Terminal conditions

Generate initial population

Y

N

Calculate fitness value

End

Mutation (genetic behavior)

Adaptive crossover

 

Figure 5. Process of the Improved GA 

 

3.3. Confirmation of the Initial Population 

A very important work in the application of GA is to confirm the size and content of 

the initial population. The central idea of Dijkstra algorithm lies in finding out the 

least-cost path and the next node that completes the shortest path, i.e., the population of 

minimum cost in water conservancy scheduling. In addition, after the confirmaiton of the 

gerenration of the initial populaiton, one of the most important problems is how to 

determine the size of the initial population. The quality of the confimaiton of population 
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size directly affects the effectiveness of GA. Too small population size is likely to cause 

big changes in the process of GA optimization and search termination in the immature 

stage, thus producing premature convergence. Too large populaiton size can increase 

calcualtion amount although it ensures the diversity of population, avoids premature 

convergence and reduces the probability of producing local solution. Hence, an excess of 

individuals increases the time of calcualting fitness function value and  affects the 

computational efficiency. 
 

3.4. Confirmation of Fitness Function 

A dynamic optimization scheduling strategy is performed based on a comprehensive 

objective function which is constructed for reservoirs. Corresponding constraints and 

conditions are generally designed, and then the solution of the objective function is 

worked out based on those constraints and finally an optimal scheduling scheme suitable 

for reservoirs is acquired in combination with actual conditions [12]. Individuals in a 

population can be confirmed by a fitness function which is mentioned in GA. In other 

words, it can figure out which individuals have better adaptability and which individuals 

should be eliminated. The goal of reservoir scheduling in this study is to keep maximum 

generating capacity of the known reservoir. After analysis, the objective function can 

meet the requirements of the fitness function and can be taken as the fitness function 

directly without any revision. 

1

max ( )
T

t

Q t N t


  
                            (5) 

Herein, 

1

( ) ( , )
I

i

N t N i t



                             (6) 

Where T refers to the total number of cycles (t=1, 2, 3,…T). Assume there are i 

reservoirs, each reservoir can be regarded as a power station (i=1, 2, 3,…I) and every 

small power station is numbered. Q is used for representing the maximum power 

generation of the reservoir; N (t) refers to the total power generation of i reservoirs (power 

stations) within the tth cycle and N (i, t) refers to the generating capacity of the ith 

reservoir in the tth cycle. 

 

3.5. Improvement of Crossover Operator 

Crossover operator is an important step in GA. In crossover operation, crossover 

operator is confirmed first and then part of the individuals of two non-crossed individuals 

are exchanged according to certain rules, thus obtaining two new individuals [13]. 

Besides crossover algorithm, crossover modes should also be confirmed during crossover 

operation and crossover positions of two non-crossed individuals are preset in advance. 

There are a variety of crossover modes and their qualities need to be evaluated before 

normal crossover operation, so as to select a suitable crossover method for water 

conservancy scheduling. 

(1)Single-point crossover 

Single-point crossover, the simplest and most convenient operation method among 

various crossover modes, refers to selecting two points with the same relative position as 

crossover points for two individual sequences. Only genes of the two positions are 

exchanged and two new individuals then come into being. In the actual crossover 

operation, the location of crossover points can be changeable. A gene sequence has N 

genes, so there are N possibilities for the selection of crossover point. 

(2)Two-point crossover 

Two-point crossover refers that two individuals participating in crossover operation 
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cross at two crossover points and the position of each point crosses at one single point, 

thus a filial generation is acquired. In the actual crossover operation, the location of 

two-point crossover is also not fixed. A gene sequence has N genes, then there are N 

(N-1)/2 kinds of positions. 

(3)Multi-point crossover 

Multi-point crossover is derived from single-point crossover and two-point crossover. 

In N-point crossover operation, multi-point crossover degenerates into a single-point 

crossover if N is equal to 1; another special situation happens when N is equal to 2, i.e., 

two-point crossover. In other words, multi-point crossover is a universal crossover 

behavior. We recommend that N value should not be too big in an actual genetic 

operation as too big N value is easy to result in fast population change and large 

difference in characteristics of two generations of species although it can ensure the 

diversity of species, thus an optimal solution cannot be avaliable. 

(4)Uniform crossover 

Uniform crossover refers to confirming which one is going to cross based on preset 

shielding information. For example, two non-crossed gene sequences are five and 

shielding information is 10110, which indicate that a crossover operation is performed on 

the 1st, 3rd and 4th genes of the two non-crossed gene sequences. 

After comparing various crossover modes above, two-point crossover is adopted in this 

study, which is simply operated and able to increase the diversity of species as well as 

gurantee slow evolution of species. Crossover operator is confirmed first. Pre-set values 

are mostly taken as crossover operators in actual application, which  rarely change 

during the whole genetic operation. Adaptive crossover operator is adopted in this study. 

Assume the number of individuals in a population as N, gmax is used for expressing 

function value of the individual with maximum fitness in the current population, g0 

represents average value of the fitness function value of all individuals in the current 

population, so g0=(g1+g2+…+gn)/n. Pc refers to crossover operator and g refers to the 

fitness of the individual with a relatively large fitness function value in two individuals 

participating in the crossover, so the following computational formula is obtained: 

max
1 0

max 0

2 0

,

              , 

c

g g
k g g

g gp

k g g





                           (7) 

In this way, the value of crossover operator can be adjusted adaptively in the process of 

genetic operation so as to guarantee the diversity of species, avoid algorithm stagnation or 

prematuration and optimize the performance of the original algorithm. 

 

3.6. Confirmation of Terminal Conditions 

From the perspective of setup of genetic algorithm, it is very important to design 

terminal conditions. The confirmation of terminal conditions of GA will affect its 

efficiency as well as the quality of results to a large extent. The delicately designed 

genetic operation is unable to be embodied if termination conditions are set conforming 

no actual situation. 

Therefore, the rate of change of individuals can be obtained and used for determining 

whether the algorithm should be terminated. In other words, the fitness of population 

tends to be steady if the rate of change of fitness is lower than a given value z within n 

generations; otherwise, the population changes a lot and is unstable. That is to say, the 

current population is not an approximately optimal solution and can still be optimized. 

Besides the two conditions above, there is another special case. However, the rate of 

change of fitness of population is still not small enough, which means that the population 

is unstable. At this moment, there is no way to operate it endlessly considering the price 

and expense of algorithm operation, so the algorithm should be terminated and the 
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obtained population is taken as the approximately optimal solution of problem domain. 

 

4. Design of Water Conservancy System and Model Realization 
 

4.1. Design of Functional Diagram of Water Conservancy System 

D-GA algorithm is obtained by improving Dijkstra algorithm and GA and the 

relevant data of the reservoir are collected. After verification, D-GA algorithm being 

capable of optimizing complex water conservancy scheduling problems is believed to 

have obvious advantages over traditional GA. 

Firstly, plenty of elements of the reservoir should be considered during the design 

of water conservancy scheduling system (Figure 6) [14]. Requirements for water 

level in different periods are diverse [15]. Moreover, the system is supposed to store 

annual scheduling and water level information, so as to guide work in the future. 

Next, demands for water conservancy scheduling system are analyzed and cleared 

up so as to confirm function module of simulated scheduling system. And finally, the 

system is confirmed to be made up of three stages, including conventional 

dispatching, dynamic optimal dispatching and manual dispatching [16]. 

 

Reservoir status 

data input

Reservoir data 

input

Water supply 

demand data

Water conservancy 

scheduling system

Flood prevention 

project 

Generating goal

Water conservancy scheduling 

scheme output
  

Figure 6. Design of Water Conservancy Scheduling System 

 
4.2. Instance Analysis 

A reservoir group is selected and applied to develop a simulated scheduling 

system. A reservoir group consisting of 5 reservoirs is adopted for verification and 

their basic information is displayed in Tables 4, 5 and 6 below. 

Table. 4. Water Supply of the Reservoir Group 

Reservoirs 

Water supply (ten thousand cubic meters) 

Residential water 

consumption 

Industrial water 

consumption 

Agricultural 

irrigation 

Number 1 0.37 0.29 7.25 

Number 2 0.39 0.35 8.42 

Number 3 0.48 0.21 9.31 

Number 4 0.29 0.27 7.21 

Number 5 2.02 2.54 9.19 
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Table. 5. Water Level Limit of the Reservoir Group 

Reservoir 
Water level limit (meter) 

Lower limit Normal average water level Upper limit (flood prevention) 

Number 1 91 113 124 

Number 2 111 121 132 

Number 3 136 147 136 

Number 4 95 106 117 

Number 5 109 122 133 

Table. 6. Generating Capacity and Reliability of the Reservoir Group 

Reservoir 
Water supply (ten thousand cubic meters) 

Generating capacity (ten thousand kilowatt hours) Reliability 

Number 1 84 0.92 

Number 2 111 0.78 

Number 3 134 0.88 

Number 4 107 0.95 

Number 5 124 0.97 

 

Water conservancy scheduling results of the 5 reservoirs are acquired after system 

optimization. The responsibility on reservoir number 5 is heavier in water 

conservancy scheduling. Comparing the obtained scheduling results with the 

scheduling results of reservoir number 5 in recent years, the following conclusion can 

be drawn (Table 7): 

Table. 7. Comparison on the Obtained Scheduling Results and the Results in 
Recent Years 

Year 

Total power generation 

(hundred million kilowatt 

hours) 

Satisfaction degree 

of water supply 

Times of water 

level warning 

2010 28.92 76.98% 16 

2011 29.38 79.62% 14 

2012 31.64 82.31% 15 

2013 33.12 87.64% 13 

2014 34.06 91.25% 16 

Scheduling results 

obtained by using the 

system 

36.24 94.56% 12 

 

By analyzing and comparing the results, D-GA algorithm has obvious advantages in 

optimal dispatching, which can meet the requirements of water conservancy scheduling 

from the perspective of satisfaction degree of water supply and maximize economic 

benefits as well. 
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5. Conclusion 

This study first introduces relevant water conservancy scheduling algorithms, 

summarizes the generation of the concept of water conservancy scheduling as well as its 

development history, and then analyzes the existing problems in water conservancy 

scheduling and provides some optimization measures. Moreover, this thesis also 

constructs a mathematical model, optimizes Dijkstra algorithm combining the advantages 

of Dijkstra algorithm and GA, then applies D-GA in optimizing scheduling schemes and 

finally develops a simulated water conservancy scheduling system. Thus, it can be 

concluded that the improved D-GA is proved to be superior to the original algorithm in 

optimizing water conservancy scheduling. 
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