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Abstract: Because of the slow dynamic response and poor stability of fuel cell(FC), 

composite power system is considered as a good solution. However, the complex energy 

storage makes the power and energy flow of the power system more complex, and new 

technologies are urgently needed to solve the problem of multi-mode energy distribution. 

Only by formulating efficient and reasonable energy management and optimization 

strategies can the performance and advantages of the complex power system be fully 

exploited. In this paper, the hybrid power system of FC vehicle is analyzed firstly, and the 

dual DC/DC converter structure is used as the research model. In order to reduce the 

operating cost of the system, the artificial fish swarm algorithm was introduced into the 

application scenario of FC tram, and the global optimal energy management strategy was 

proposed. The experimental results show that the ability management strategy based on 

artificial fish swarm algorithm is more effective in improving fuel economy. 

1. Introduction 

There are many types of new energy vehicles, including pure electric vehicles, FC vehicles and 

hybrid vehicles. Pure electric vehicles are driven by pure electric, and the main energy comes from 

power batteries, which have the advantages of low noise and no pollution. However, limited by the 

current key technology of batteries, they have shortcomings such as too long charging time and 

relatively short driving range [1-2]. The main power sources of hybrid electric vehicles include 

internal combustion engine and driving motor. The internal combustion engine usually works in the 

high-efficiency area, and the driving motor has two working modes: motor and generator. The 

braking energy can be recovered in the generator mode, but the cost of hybrid electric vehicles is 

relatively high. The main energy source of FC vehicles is the FC system device, which uses 

hydrogen as fuel to generate electricity, with high energy conversion efficiency, and the product is 

water, which has no pollution to the environment. Therefore, FC vehicles have become a research 
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hotspot of current new energy vehicles [3]. At present, the FC car on the market is not as vehicle FC 

system separate power source, because the FC output characteristic is relatively soft, in the case of 

load conditions change rapidly, the dynamic response is relatively slow, unable to brake energy 

recovery at the same time, so the FC vehicles are usually equipped with auxiliary power source, 

such as battery, super capacitor, etc. Therefore, it is a key technology to formulate a good energy 

management strategy to coordinate the work among several energy sources, which affects the 

economy of the vehicle and has an important influence on the working state of the FC stack, a key 

component in FC vehicles [4-5]. At the same time, considering that the FC system engine has a 

complex structure and is composed of many auxiliary systems, the control strategy of its FC system 

will also have a great impact on the consumption of FC system accessories [6]. In addition, with the 

development and maturity of intelligent Internet connection and vehicle-borne navigation 

technology, energy management strategy based on traffic road information has become a hot 

research direction at home and abroad [7]. 

At present, many countries in the world attach great importance to the development and 

utilization of hydrogen energy, and the technologies related to FC are gradually mature and many 

FC vehicles have been widely commercialized. Meanwhile, the technologies related to hydrogen 

production and storage are also making breakthroughs [8]. The United States is relatively early in 

the development of FC key technologies, as early as the 1990s began to develop and develop FC 

related projects. The United States has the world's leading technology proton membrane pure 

hydro-electric hydrogen production company, and the number of FC vehicles in the United States 

also ranks among the top in the world [9]. Due to the lack of energy, Japan attaches great 

importance to the research of hydrogen energy related technology, and began to carry out related 

research on FC in the 1980s. At present, Japan is the world leader in the development of FC 

commercialization, among which Toyota is the most representative automobile company in Japan 

[10]. From the current development trend of foreign countries, FC related technologies have been 

mature, FC vehicles have been commercialized, hydrogen manufacturing, storage and other 

technologies have been improved, and the driving range of FC vehicles is not short, but the current 

infrastructure construction is still not perfect. It is still a difficult problem blocking the widespread 

commercialization of FC vehicles [11-12]. 

Distribution of how to coordinate the power source of energy is a complex energy source is a key 

point in the research of FC vehicles, reasonable and effective energy management strategy is to 

work together, make each energy sources critical to improve the durability of the vehicle power 

performance, economy and system, and give full play to the advantages of FC, as well as auxiliary 

power source, the key to prolonging the service life of the system. 

2. Capability Management Strategy of FC Based on Artificial Fish Swarm Algorithm 

2.1. FC Vehicle Hybrid System 

At present, battery banks or ultracapacitors are common auxiliary power supplies for FC. Taking 

the energy configuration of FC and batteries as an example, according to the different connection 

modes of each energy source and DC bus, The parallel hybrid power system of FC vehicles has the 

following three common topologies according to different DC/DC converter configurations [13-14]. 

(1) FC direct connection 

In FIG. 1, the battery side is charged and discharged and a bidirectional DC converter is 

configured, while the FC is directly connected to the DC bus. The voltage level of the battery group 

is relaxed and the power supply condition is good. Under the parallel structure, the power of the 

battery can be directly regulated, and the output of the FC can be indirectly regulated due to the 

power coupling relationship, so as to realize the energy management of the power system [15]. 
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However, because the FC is directly connected with the load, it is easy to expose the FC to more 

severe working conditions, which is not conducive to the life of the FC. In addition, FC have the 

characteristics of low voltage and high current, so if you want to match the voltage level of the bus, 

the performance of FC is higher, and the configuration cost is higher. 

 

Figure 1. FC direct connection topology 

(2) battery direct connection 

In the structure shown in Figure 2, the battery directly discharges or charges itself from the DC 

bus, and the FC side is connected to the bus through a one-way DC/DC converter. The service 

conditions of FC with soft output characteristics are improved, which is beneficial to prolong their 

service life. In addition, due to the regulating effect of DC/DC converter, the requirements on the 

input side power supply quality are relaxed, which reduces the configuration cost of FC [16]. 

 

Figure 2. Battery direct connection topology 

(3) Dual DC/DC converter 

As shown in FIG. 3, the FC and battery bank are connected to the power bus through 

unidirectional and bidirectional DC/DC converters, respectively. DC/DC converter has the function 

of regulating voltage and improving power supply quality. Therefore, the power system of this 

structure can provide stable current, reduce the voltage level of energy source and other 

performance requirements accordingly, and it is easy to realize the control of power size and 

direction between energy sources [17-18]. However, because the DC/DC converter will lose some 

power, the net output efficiency of this structure is slightly lower than that of the above two 
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schemes. 

 

Figure 3. Dual DC converter topology 

In addition, some studies have used battery banks and ultracapacitors as three energy sources of 

auxiliary power supply. This three-energy source structure can give full play to the advantages of 

battery and ultracapacitor, achieve a certain degree of complementarity in output characteristics, 

and power distribution can also be more flexible. The power performance and fuel economy of the 

power system are often better than those of the FC + battery structure. However, the increase of 

energy sources will inevitably make the structure more complex, and the mass of the power system 

will occupy more space, and the cost will be higher. The three energy source scheme also has 

different bus connection modes, the key is whether each energy source side is equipped with DC 

converter, similar to the above characteristics. 

In this paper, considering the feasibility of practical application and the cost and fuel economy of 

the power system, the configuration scheme as shown in FIG. 3 is selected to carry out the research 

of energy management strategy. The energy management system of hybrid power system receives 

the state information of each major component and controls the output power of each energy source 

according to the power allocation strategy. The energy management strategy needs the information 

of the power required by the driving load fed back by the motor and the motor controller, the SOC 

information of the battery bank and the power information of the FC. Considering the efficiency 

characteristics of the DC converter, it also needs the information of each DC converter. In general, 

the power distribution can be accomplished by the energy management strategy based on the state 

information of the power system through the decision control of the output power of the energy 

source. Under different power allocation decisions, the power flow states of the power system are 

different. 

2.2. Energy Management Strategy 

Artificial Fish Swarm Algorithm (AFSA) simulates the behavior of fish and fish, and finally 

realizes bionic optimization. According to the algorithm, there are four basic behaviors of fish: 

foraging, clustering, tailgating and random movement. 

Foraging behavior is the instinctive behavior of individual fish. This behavior determines the 

concentration of food (or fitness) within a certain range based on the fish's sight or smell, and 

moves the fish toward the area of highest fitness. Clustering behavior reflects the influence of fish 

on individuals, that is, individuals tend to the center of the fish. Due to the limited perceptual range 

of individuals, clustering behavior improves the foraging efficiency of all individuals in the group, 

which reflects the group cooperation ability of fish. Rear-end behavior is another cooperative 
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behavior of fish groups, that is, individuals will follow the fish in the best position in the fish group, 

and this behavior will make the whole group move toward a better position. Random behavior 

simulates the free movement of fish, which is of great significance for AFSA algorithm to jump out 

of local optimal solution when searching for optimization. Based on these basic behaviors, AFSA 

defines the concept of artificial fish. The perceptual range of artificial fish is very important for the 

optimization of the algorithm. 

Foraging behavior mimics the artificial fish searching nearby areas and moving to a position of 

higher fitness. 

randomvisualXX ij       (1) 

Where, visual is the radius of the perception range of artificial fish. random is a random number, 

which follows a uniform distribution in the interval [-1,1]. 

The moving process is as follows: 

randomstep
XX

XX
XX

tij

tij

titi 





|||| ,

,

,1,      (2) 

If Yj is not greater than Yi, fish i continues to search for new locations until it reaches the 

maximum number of foraging searches. If the fish does not find a better location, it will move 

randomly in this iteration. 

The rear-end behavior mimics the artificial fish moving toward the better positioned fish. 

Random behavior mimics the random movement of a fish. This behavior is of great significance 

for expanding the search space and jumping out of local optimal solutions. 

randomvisualXX titi  ,1.      (3) 

Combined with the application background of AFSA and FC tram, the energy management 

strategy based on AFSA is introduced. The policy steps are as follows: 

The number of artificial fish in the fish is N; Repeat steps 2-3 to obtain the fitness of all 

individuals;  If there are no other fish, they will conduct foraging behavior or random behavior 

according to whether they find a better position. If there are other fish, then judge the position of the 

center of the fish, and judge the position of the optimal artificial fish nearby; The fitness Y1 of 

clustering behavior and the fitness Y2 of rear-end behavior were calculated. By comparing Y1 and 

Y2, the artificial fish were determined to conduct clustering behavior or rear-end collision behavior 

according to the results. Loop steps 5 to 9 to update the position of all fish; Judge whether the 

iteration termination condition is met, if not, continue the iteration, and if the condition is met, the 

final result will be output. 

3. FC Capability Management Experiment 

This paper will verify whether the improved power following strategy can optimize the operating 

interval of FC and whether the change rate of fuel demand power is optimally limited. Finally to 

validate the proposed prediction based on the conditions to improve the effectiveness of the 

proposed control strategy, this article will select one of the travel route and predict traffic 

characteristics on its current path, then test the power FC car in traditional power following strategy 

with in this paper, based on the working condition of predictive power following strategy for the 

improvement of performance under the two strategies. 

In Matlab/Simulink environment, the strategy based on genetic algorithm (GA) and the strategy 

based on AFSA are simulated. In this paper, four operating conditions, HUDDS operating condition, 
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FTP75 operating condition, LA92 operating condition and NEDC, were selected to observe the 

demand power of the FC system of the full-power FC vehicle under the traditional power following 

strategy and the improved power following strategy proposed in this paper, and to observe the 

distribution of the FC demand power points. Verify whether the improved strategy can optimize the 

operating interval of FC. 

4. Analysis of Experimental Results 

 

Figure 4. SOC curves optimized by two algorithms 

FIG. 4 shows the SOC curves optimized by genetic algorithm and artificial fish swarm algorithm, 

which are both within the set reasonable interval. The final SOC values of power batteries after the 

complete working condition are basically consistent with those of fuzzy control strategy before 

optimization, both of which are around 60%. 

Table 1. Equivalent hydrogen consumption optimized by the two algorithms 

 
Equivalent hydrogen 

consumption /g 
Save hydrogen /% 

GA 475 0.61 

AFSA 458 1.53 

Table 1 shows that both algorithms optimized equivalent hydrogen consumption were reduced by 

about 0.61%, 1.53% than before, that the genetic algorithm in the process of optimization into the 

local optimum, and the artificial fish algorithm in the optimization process out of local optimal 

point, got the better fitness function value, realize composite FC power supply vehicle fuel 

economy improvements. 

5. Conclusion 

FC vehicles can achieve zero emission, high efficiency and low noise in the running process. 

Based on the above advantages, FC vehicles have been widely concerned by the government and 

automobile manufacturers at home and abroad in recent years. FC vehicles generally use a 

composite power supply structure to provide energy, and how to reasonably distribute the output 
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power of FC and auxiliary power supply under the premise of meeting the vehicle's power 

requirements has been the focus of many scholars. In this paper, the composite power structure of 

FC and power cells is adopted, and the artificial fish swarm algorithm is used to optimize the 

capacity management strategy of FC. 
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