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In recent years, due to the strengthening of our country’s comprehensive strength, the rapid development of science and
technology and artificial intelligence has also attracted people’s attention. Artificial intelligence is a highly applicable subject,
which has very good applications in power systems. In the experiment, the open circuit voltage method and the ampere-hour
integration method are used to estimate the SOC of the lithium battery and the particle swarm energy management algorithm is
used to allocate the output power of the fuel cell and the lithium battery..e particle swarm algorithmmodule calls the dual source
hybrid power systemmodule through the sim function to convert the actual value input in the system into a fuzzy quantity suitable
for fuzzy control. .e energy management strategy based on particle swarm optimization and fuzzy control was tested based on
working conditions under the comprehensive test bench. Finally, thematching of the hybrid system is analyzed from the structure,
component parameters, control strategy, and driving cycle of the vehicle. .e experimental data show that the total fuel
consumption of the three sets of experiments is averaged to get a fuel consumption rate of 26.3m3/100 km for the hybrid city bus
under the optimized energy management strategy. .e results show that the real-time energy management strategy based on
particle swarm algorithm can significantly improve the real-time performance of traditional instantaneous energy management
strategies while reducing fuel consumption.

1. Introduction

Due to the increasingly serious problems of energy shortage
and environmental pollution, modern urban transportation
needs a new type of transportation with energy saving and
low pollution. Hybrid electric vehicles have the character-
istics of long cruising range, low fuel consumption rate, and
low emissions. .erefore, hybrid electric vehicles are one of
the effective ways to realize vehicle energy saving and
emission reduction. Power parameter matching and energy
management strategies are the core technologies of hybrid
electric vehicles, and their quality directly affects the vehi-
cle’s power, economy, and emissions. Energy is an important
factor restricting the sustainable and healthy development of
China’s economy and society. .e fundamental way to solve

the energy problem is to adhere to the principle of simul-
taneous development and conservation and putting con-
servation in the first place, vigorously promote energy
conservation and consumption reduction, and improve
energy utilization efficiency.

Fuel cell vehicles and EV are the same in that they do not
produce harmful gases during vehicle driving. Usually,
hydrogen and methanol are used as fuel, which reacts with
oxygen in the power cell to generate electricity and drive the
motor to output power. It has the advantages of small
volume, zero emission, and fast charging.

In fact, articles related to the real-time application of
energy management strategies for hybrid power systems
based on artificial intelligence are not uncommon at home
and abroad. Many experts and scholars have begun to
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conduct in-depth research in this area. Ettihir introduced
the energy management strategy (EMS) of fuel cell hybrid
electric vehicles (FC-HEV). His goal is to take into account
the working conditions of the FCS and ensure the best
power distribution between the fuel cell system (FCS) and
the battery pack. FCS is a multiphysics system; therefore, its
high-energy performance depends on operating condi-
tions. He must use specific techniques to achieve the best
performance of FCS. He uses the adaptive recursive least
squares (ARLS) method to find models online to find
changes in FCS performance. .en, he used optimization
algorithms on the updated model to find the best efficiency
and power operating point. Although his research is ef-
fective, it is not accurate enough [1]. Cao uses effective
analysis tools and adaptive simplified human learning
optimization (ASHLO) algorithm to solve the optimal
power flow (OPF) problem in the AC/DC hybrid power
system. His research method is less innovative [2]. Bizon
proposed a new energy management strategy for hybrid
power systems based on proton exchange membrane fuel
cell systems as backup energy sources to reduce hydrogen
consumption. He uses the load demand on the DC bus to
follow the control loop and optimize the control loop to
improve fuel economy based on the global extreme value
search algorithm applied to the air flow rate. He compared
the performance of the proposed strategy with the strategy
obtained through a static feedforward strategy, in which
three case studies were considered. .ese optimization
functions were used for the power flow on the DC bus in
different situations. His research lacks necessary data [3].
Mahto believes that the highly intermittent power gener-
ated by wind energy in an isolated hybrid system (IHPS)
can cause severe frequency and power fluctuations. He
adopted the IHPS model, including diesel generators, wind
generators, and energy storage devices. He optimized and
adjusted the different adjustable parameters considered in
order to suppress the frequency and power of the IHPS
model due to changes in load demand through the qua-
sialignment harmony search (QOHS) algorithm. He also
conducted robust and nonlinear research on the configu-
ration of the studied IHPS model based on the SF-FLC-PID
controller. .e factors considered in his research are not
comprehensive [4].

In this paper, the current road surface is identified
according to the characteristics of vehicle driving. According
to the identified road surface, the corresponding electric
braking force distribution method is proposed, which makes
the vehicle recover more braking energy on the high ad-
hesion road and less on the low adhesion road on the
premise of ensuring safety and improves the overall braking
energy recovery rate of the vehicle.

2. Hybrid Power System and Energy
Management Strategy

2.1. Overview of Artificial Intelligence. Artificial Intelligence
refers primarily to the use of computers to mimic the
human brain and the use of computers to replace the
distinctive functions of human technology [5]. .e field of

artificial intelligence research, including robotics and im-
age recognition, is relatively broad. HSD (Hybrid Power
System) technology belongs to strong hybrid power. .e
difference from weak hybrid power that cannot drive the
vehicle with pure electric power is that it allows the vehicle
to run in pure electric mode. HSD technology combines
electric drive and planetary gear technology at the same
time to achieve a similar effect to a continuously variable
transmission. In vehicles equipped with HSD technology,
whether it is the accelerator pedal or the gear position, the
purpose of control is achieved by sending electronic signals
to the control computer. A good energy management
strategy can make it better to achieve this goal.

2.2. Hybrid System. In hybrid vehicles, because the ISG
motor torque can be used to adjust the operating point of the
engine, the efficiency of the hybrid power system is im-
proved and the fuel consumption can be reduced. When the
required torque of the vehicle is low, the ISG motor gen-
erates electricity, converts the mechanical energy into
electrical energy, and stores it in the power battery to in-
crease the output torque of the engine; when the required
torque of the vehicle is high, the ISG motor is electric, and
the electric energy in the power battery is converted into
mechanical energy, reducing the torque of the engine. At the
same time, when the hybrid vehicle is running at a lower
speed or with a lower load and sufficient battery power, the
ISG motor can be used to drive the vehicle alone [6, 7]. .e
energy management system starts from the whole process of
the system, follows the principles of system management,
and establishes a complete, effective, and documented en-
ergy management system within the organization through
the implementation of a complete set of standards and
specifications, focusing on the establishment and imple-
mentation of process control, to continuously optimize the
organization’s activities, processes, and elements, through
routine energy-saving monitoring, energy audits, energy
efficiency benchmarking, internal audits, organization of
energy consumption measurement and testing, organization
of energy balance statistics, management review, self-eval-
uation, and energy-saving technological transformation,
energy-saving assessment, and other measures to continu-
ously improve the effectiveness of the continuous im-
provement of the energy management system, realize the
energy management policies and commitments, and achieve
the expected energy consumption or use targets.

Ignoring the lateral dynamic model of the vehicle, given
the vehicle speed V and slope α, the driver’s required torque
on the wheel can be calculated from the longitudinal dy-
namic model of the vehicle:

Treq � r
CDAv

2

21.15
+ fmg cos α + mg sin α + δ

dv

dt
􏼠 􏼡. (1)

Among them, r is the wheel radius, CD is the air re-
sistance coefficient, and m is the car mass.

.e required torque Tdem at the input of the gearbox is
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Tdem �

Treq + Tloss ωw, g( 􏼁􏼁

R(g)η(g)
, Treq + Tloss ≥ 0,

Treq + Tloss ωw, g( 􏼁

R(g)
η(g), Treq − Tloss < 0.

⎧⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎩

(2)

Among them, Tloss(ωw, g) is the additional loss caused
by friction, R(g) is the total gear ratio, and g is the cor-
responding gear ratio.

.e wheel angular velocity can be calculated by the
following formula:

ωw �
(1 + s)v

r(v)
�

ωin

R(g)
. (3)

Among them, s is the tire slip rate. It can be concluded
from the vehicle motion equation:

ωw(t + 1) � ωw(t) +
Tw(t) − Bwωw(t) − r Fr + Fa( 􏼁

m + mr( 􏼁r
2 . (4)

Among them, Bw is the air viscosity coefficient, Fr is the
rolling resistance, Fa is the air resistance, and mr is the
effective mass of the rotating parts of the vehicle [8].

Since each node is equipotential, the potential of any
node can be expressed by the Nernst equation:

Ecell � Ei � Enernst − Eact − Econc − Eohm, (5)

where Ecell is the external voltage provided by the monolithic
battery, Ei is the potential of the i-th node, and Enernst is the
cell Nernst potential, that is, the open circuit voltage of the
cell [9]. .e following three formulas are the battery capacity
of formula (5), where act is synonymous with the small
capacity of the battery, conc is synonymous with the me-
dium capacity of the battery, and it should be noted that ohm
is the synonym for the large capacity of the battery.

Nernst potential expression is

ENernst � E0 +
2F

RtPEN

ln
P
1/2
O2

PH2

PH2O

⎛⎝ ⎞⎠. (6)

When the vehicle climbs the slope, it suffers from air
resistance, rolling resistance, and slope resistance, which are
expressed as follows:

Ft � Ff + Fw + Fi. (7)

.en, the calculation formula of vehicle gradeability is

α � arcsin
Ft − CDAv

2/21.15

mg

������

1 + f
2

􏽱⎛⎜⎜⎜⎝ ⎞⎟⎟⎟⎠ − arctg(f). (8)

.e battery capacity is adjusted by changing the number
of modules in series. In this process, the impact of battery
quality changes on the quality of the entire vehicle must be
fully considered [10]. .e mathematical formula of battery
energy required for pure electric driving distance can be
expressed as follows:

Eb �
􏽒

T

0 Prdt

SOCmax − SOCmin( 􏼁ηT
, (9)

where Eb is the required battery energy and T is the total
travel times.

In this paper, the influence of temperature on the battery
pack is ignored, and the internal resistance model is used to
model the battery pack.

SOC(t + 1) � SOC(t) −
VOC −

���������������������������

V
2
OC − 4RintTm(t)ωm(t)η−sgn Tm( )

m

􏽱

2 Rint + Rt( 􏼁Qmax
.

(10)

Among them, VOC is the open circuit voltage of the
battery, Rint is the internal resistance of the battery, and
Tm(t) is the motor torque at time t.

.e CAN topology design of hybrid electric vehicle is
shown in Figure 1. .e vehicle controller not only is the
control core of the power system, but also needs to interact
with the body accessories system. For example, the vehicle
controller needs to communicate with the antilock brake
system to reasonably control the vehicle torque [11, 12].

2.3. Energy Management Strategy. .e power balance rela-
tionship of lithium battery SOC is as follows:

Pt � Pfc + Pba. (11)

According to the designed dynamic planning process of
energy management strategy, the dynamic programming
algorithm program is designed based on MATLAB software
platform, including four parts: discretization processing,
determination of reachable state set, calculation of fuel
consumption matrix, and solution of energy distribution
trajectory [13].

(1) Discretization. Considering that the update fre-
quency of driving cycle speed is 1 s, the time to walk
length is set as 1 s; the SOC discrete grid is equi-
distant grid, and its size is determined according to
the battery capacity (0.01% for the model battery
discrete grid of prototype vehicle). With the increase
of battery capacity, in order to make the corre-
sponding electric power value of each grid change
basically unchanged and ensure the calculation ac-
curacy, the SOC grid size should be appropriately
reduced [14].

(2) .e reachable state set is determined. In the process
of optimization calculation, due to the existence of
system constraints and the limitation of battery
working range, the working range of power system in
the whole driving cycle is bounded.

PEM(k) � Preq(k) − PICE,max(k). (12)

.e corresponding maximum charge and discharge
power of the battery can be written as
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Pbatt(k) �

−PEM(k)

ηEM(k) × ηC( 􏼁
, PEM(k)≥ 0,

PEM(k) × ηEM(k) × ηC, PEM(k)< 0.

⎧⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎩

(13)

Here, Preq(k) is the required power.
(3) Fuel consumption matrix calculation. On the

premise that the required power is known, the power
(torque) of the corresponding engine can be calcu-
lated according to the power balance principle. Fi-
nally, the fuel consumption value can be obtained by
looking up the table with the established engine fuel
consumption model (static fuel consumption map)

[15]. .e fuel consumption calculation of stage k is
described as follows:

L(x(k), u(k)) � fuel(k)

�
f1 nICE(k), TICE(k)( 􏼁 × PICE(k)

3600ρ
.

(14)

Among them, x (k) is the set of feasible state points of
the power source speed (vehicle speed) and battery
SOC in the k-th stage.

(4) Energy distribution trajectory solution..e recursive
call equation established is as follows:

J
∗
N−1(SOC(N − 1)) � min

u(N−1)
fuel SOC(N − 1), TEM(N − 1), TICE(N − 1)( 􏼁􏼂 􏼃. (15)

2.4. Optimized Control Algorithm. As the basis for studying
energy management control strategies, the parameter
matching of hybrid electric vehicle power systems not only
affects the formulation of the strategy, but also determines
the performance of the entire vehicle. At the same time,
there is a certain coupling relationship between the pa-
rameter matching of key components and the energy
management strategy. In the objective function composed
of economy and vehicle manufacturing cost, when the
parameters that affect the two are jointly optimized, the
choice of optimization variables is particularly important
[16, 17].

.e basic core of particle swarm optimization (PSO) is to
make use of the information shared by individuals in the
group, so that the whole population can continuously search
for the optimal individual in the solution space and carry out
search iteration, so as to obtain the optimal solution of the
problem. .e flow of the algorithm is as follows:

(1) A group of random particles are generated; each
particle is given the corresponding initial position
and velocity.

(2) According to the problems to be solved, the corre-
sponding optimization objective function is for-
mulated, which is called fitness function in
professional terms, and the fitness value of each
particle is calculated through the fitness function.

(3) .e fitness value of each particle is compared with
that of its current optimal position.

(4) .e fitness value of each particle’s current optimal
position is compared with that of the global optimal
position. If there are particles more in line with the
optimization goal, the position is recorded as the
global optimal position.

(5) Judge whether the iteration meets the termination
condition of particle swarm optimization [18].

.e control process of model predictive control is
shown in Figure 2. .e MPC controller optimizes the
solution according to the above principle to obtain the
optimal control quantity at each time, and the control
signal is transmitted to the controlled system, and then the
state observation x (t) of the system at each time is input

ISG motor
controller

Transmission
controller

Combination
instrument

Car air
conditioner

Electric power
steering

Anti-lock brake
system

Vehicle
controller Airbag system Engine

controller

Battery
management

system
Debug port

PT-CAN

VB-CAN

Figure 1: CAN topology design for hybrid electric vehicles.
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into the state estimator, and the state estimator is fed back
to the MPC controller for control at the next time [19].

3. Simulation Experiment of the Hybrid
Power System

3.1. Composition of the Bench. .e test bench of hybrid
power system consists of three parts: powertrain, control
system, and auxiliary part. .e power assembly part mainly
includes DEUTZ electronically controlled diesel engine,
I-Axis motorM1 integrated with transmission I-Axis, II-axis
motor M2 connected with transmission II-axis, AMT
transmission, and lithium-ion power battery [20].

3.2. Power System Hardware Composition. .e power
module provides the UAV load with energy needed for
flight. .e control module is responsible for the energy
scheduling, management, signal acquisition, and alarm
protection of the system and obtains the power demand
signal of the flight control system through the CAN bus and
provides the power energy to the UAV load. .e upper
computer is responsible for real-time monitoring of the
status information of the system in the debugging stage and
storing and managing the system data [21, 22].

3.3. Power System Software Process

(1) SOC estimation: SOC of lithium battery is estimated
by open circuit voltage method and ampere-hour
integration method.

(2) Can communication: through communication with
UAV flight control system to obtain UAV load re-
quired power.

(3) Energy management: the particle swarm optimiza-
tion (PSO) algorithm is used to allocate the output
power of fuel cells and lithium batteries..e power is
obtained by querying the fuzzy control table stored
offline.

(4) Wireless communication and data storage: the
data is saved to the PC through the wireless
transmission module and the data is saved to the
local SD card [23, 24].

3.4. Power System Modeling. Engine model is the core
component of hybrid power transmission system. .e en-
gine model in software is divided into theoretical modeling
and experimental modeling. .eoretical modeling is to
simulate the combustion of fuel by using the relevant
knowledge of thermodynamics. .e output torque and
speed of the engine after energy conversion are usually
idealized and static, and the modeling accuracy is relatively
low [25]. .e experimental modeling is to verify the per-
formance of the engine on the premise that the engine model
has been selected, that is, the actual output torque and speed
from the combustion of fuel to the engine, and the fuel
consumption rate of the engine is obtained through the
calculation of relevant data, and the engine database is
obtained by summarizing the obtained data. After obtaining
the database, the dynamic model of the engine can be ob-
tained by difference and fitting [26]. .e dynamic model
describes the system characteristics related to the operation
time and sequence, the events that affect the change, the
sequence of the events, the environment of the events, and
the organization of the events. With the help of sequence
diagrams, state diagrams, and activity diagrams, the dynamic
model of the system can be described. Each diagram of the
dynamic model helps to understand the behavioral char-
acteristics of the system. For developers, dynamic modeling
has the characteristics of clarity, visibility, and simplicity.

3.5. Optimization of Energy Management Strategies. .e
particle swarm optimization algorithm is written in .m file of
MATLAB, and the dual source hybrid system model is built
in MATLAB/Simulink environment. .e particle swarm
optimization (PSO) module calls the dual source hybrid
system module through sim function and uses newfis,
writefis, and other functions to create fuzzy controller and
write parameters. At the same time, the dual source hybrid
system module transfers the real-time value required by the
optimization objective function to the particle swarm op-
timization algorithm .m file through the MATLAB work-
space [27, 28].

3.6. Fuzzy Control. In this paper, the function of the fuzzy
controller is summarized as optimizing the energy man-
agement and effectively improving the fuel efficiency of the

Optimal solution

Objective function
+
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Predictive model

Accused
platform

State estimator

MAC controller

X (t)

U (t) Y (t)

W (t)

Figure 2: Control process.
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system while meeting the load power demand. Fuzzy control
mainly has the following steps:

(1) Fuzzification: the actual value input in the system is
transformed into fuzzy quantity suitable for fuzzy
control

(2) Fuzzy reasoning: fuzzy output is obtained by fuzzy
decision-making through fuzzy rules [29]

(3) Antifuzzy processing: the fuzzy output is converted
into the precise quantity that can be used in the
control system through antifuzzy processing [30]

3.7. Energy Management Predictive Control. In this paper,
GPS (Global Positioning System), GIS (Geographic Infor-
mation System), and its (Intelligent Transportation System)
information are used to obtain various vehicle speed, power,
working conditions, and other information in the future, so
as to make corresponding system preparation in advance. If
the vehicle is currently driving on a straight road but is about
to enter a long downhill, it can be predicted that the vehicle is
about to enter a long downhill energy recovery state.
.erefore, the energy of the accumulator can be appropri-
ately released in advance to prepare for the full recovery of
vehicle potential energy after the vehicle enters the road
condition [31].

4. Optimization Analysis of the Hybrid
Power System

4.1. Optimization Analysis of the Driving Mode of the Hybrid
Power System. Table 1 shows the relationship between
battery energy and vehicle quality for different pure electric
distances. .e voltage level of the battery is related to the
peak power of the motor. .e greater the peak power of the
motor, the higher the voltage level of the power system,
which is beneficial to ensure that the current does not exceed
a certain limit, but an excessively high-voltage level can also
cause high-voltage safety problems. Combined with the
motor voltage level, the rated voltage of the power battery is
determined to be 300V. Taking into account the efficiency
and battery life and aging issues, the battery capacity is
generally left with a margin of 30%. .e finally selected
battery energy parameter is 9.8 kWh, which is composed of
24modules. Taking into account the assembly factors such as
the battery box, the weight of the whole vehicle becomes
2230 kg. .e reason for this phenomenon is that, on the one
hand, with the increase of mixing degree, the increasing
trend of recoverable braking energy in driving process slows
down; on the other hand, although the increase of mixing
degree improves the average working efficiency of engine,
the increase of vehicle mass makes the total driving energy
required by driving cycle increase.

Optimizingmanagement strategies after determining the
components of hybrid electric vehicles is the key to achieving
low fuel consumption and low emission targets for hybrid
electric vehicles. .e management strategy of the hybrid
power system must realize the reasonable and efficient
distribution of energy between the engines according to the

power requirements, emissions, and cost of the vehicle, so as
to maximize the efficiency of the engine system and obtain
the maximum fuel economy, the lowest emission, and stable
driving performance according to the characteristics of
various components and the operating conditions of the
vehicle.

.e NEDC cycle and required drive power are shown in
Figure 3. It can be seen from the figure that the power
required to overcome the acceleration resistance accounts
for a large proportion in the four urban driving conditions
with low vehicle speed. .e maximum power demand in
acceleration phase is 19.33 kw, and that in constant speed
phase is 5.13 kw. At this time, due to the low total power
demand, the engine will work in the noneconomic area if it
is driven by the engine alone. Pure electric mode or driving
charging mode can be used to shut down the engine or
maintain the operating point of the engine in the economic
area; in the suburban conditions, with the increasing of
vehicle speed, the power required to overcome air resis-
tance and friction resistance begins to occupy a dominant
position, and the required driving power gradually in-
creases, and the maximum power required in the constant
speed stage is 36.92 kw. .e maximum power demand in
the acceleration phase is 55.51 kw. At this time, the vehicle
power demand is in or above the engine economic area, so
the engine driving mode or hybrid driving mode can be
adopted to maintain the engine operating point in the
economic area.

4.2. Battery SOC Optimization Effect. .e change curve of
battery SOC with time is shown in Figure 4. .e curve of
energy consumption cost with time is shown in Figure 5. It
can be seen from the figure that, in the early stage of
simulation, the battery SOC decreases faster, uses more
electric energy, and has lower energy consumption cost. Its
immediate improvement energy management strategy is far
superior to the global energy efficiency management strat-
egy, and its cost will be lower. If the SOC of the battery drops
by about 0.3, its value will be balanced..e growth of energy
costs has increased sharply, and energy costs have gradually
exceeded the best overall energy management strategy. In
the starting stage of the vehicle, the motor gives priority to
work. When the vehicle decelerates and brakes, the battery
SOC is kept in a relatively stable area, which is conducive to
improving the service life and cycle times of the battery.
Before the SOC value is reduced to 30%, the whole vehicle
runs in the power consumption stage, in which only pure
electric drive mode is used. After 915 seconds of simulation,
the operation mode is switched to the power holding stage.
Both the logic threshold strategy and the fuzzy rule strategy
can maintain the power consumption near the set switching
threshold, and the power fluctuation is maintained in an
appropriate range. Among them, the logic threshold strategy
reaches the minimum value of 27.11% at 1165 s, the max-
imum fluctuation of 3.49% in the power holding stage, the
minimum value of 29.02% at 3486 s, and the maximum
fluctuation of 3.05% in the power holding stage. It can be
seen that the two strategies have good SOC maintenance
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Table 1: .e relationship between battery energy and vehicle quality for different pure electric distances.

Working condition UDDS HWFET
Distance (km) 12 24 36 48 16.5 33 50 66
Number of battery modules 6 12 19 25 7 16 25 34
Battery energy (kWh) 2.6 5.2 8.2 10.8 3.0 6.9 10.8 14.7
Vehicle mass (kg) 2093 2139 2192 2237 2101 2169 2237 2305
Battery SOC 0.361 0.291 0.315 0.296 0.308 0.289 0.297 0.301
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Figure 5: Energy consumption cost versus time curve.
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effect under NEDC cycle. At the end of the simulation, the
SOC of logic threshold strategy is 29.81%, and that of fuzzy
rule strategy is 29.34%.

Figure 4 proves the correctness of the above conclusions,
but because the relationship between it and Figure 5 is too
close, we directly combine the two to discuss them. Basically,
Figure 5 is a deepening of Figure 4. We follow Figure 4 in the
logic of Figure 5 and Figure 5 can well indicate the content
and conclusions of the follow-up research. .e specific
results can be seen in Figure 5.

.e driving force required by the whole vehicle is cal-
culated at each time step according to the speed required by
the cycle, and the driving force is converted into driving
torque, which is inversely calculated along the direction
opposite to the actual vehicle torque transmission route. .e
controller uses the energy management control strategy in
advance to distribute the required power of the whole vehicle
from the transmission components and then transfers the
target demand value to the power source to realize the
control process. .e power source outputs the working
torque according to the current working state and the
controller demand command.

When braking, if the vehicle speed is higher than the
minimum speed limit of braking energy recovery, the
braking energy recovery mode will be started. .e data and
curve of braking energy recovery in a certain section are
shown in Table 2 and Figure 6. When the PHEV vehicle
controller receives the brake pedal signal at 4.5 s, the system
changes from hybrid drive mode to braking energy recovery
mode, and the motor changes to generator mode. In the 8 s,
the speed of motor and engine drops to 600 r/min, the
engine is unstable in this speed range, and the motor effi-
ciency is low. .erefore, the clutch is released and the
subsequent braking process is completed by friction braking
system independently.

From Figure 6, we can know the following information.
.e energy recovery curve represents some control nodes.
.ey are an important criterion for the conversion of the
motor to the generator mode. .e development of the curve
directly represents whether the friction system can inde-
pendently complete the conversion of the power system.

4.3. System Compatibility Analysis. During the PHEV fuel
economy experiment, according to the hybrid electric ve-
hicle energy consumption test method, the gas consumption
in the cylinder and battery SOC before and after the ex-
periment were recorded at the same time. According to the
requirements of the national standard, the fuel economy
experiment was carried out 3 times, and the obtained 3
experiments’ data was averaged as the final test result. .e
results of the three experiments’ data are shown in Table 3
and Figure 7. From the data in the table, we can see that the
total fuel consumption of the three sets of experiments is
averaged to get the fuel consumption rate of the hybrid city
bus under the optimized energy management strategy of
26.3m3/100 km. In order to verify the effect of the optimized
energy management strategy based on PMP, a set of com-
parative experiments was carried out. .e specific

experimental steps are basically the same as the above-
mentioned economic experiments. Compared with the
energy management strategy based on definite rules, the
economic performance of the proposed PMP-based opti-
mized energy management strategy is improved by 18%.

We can know from Figure 7 that the figure tells us that
SOH will gradually decrease, which is caused by its loss
during use. Of course, it is not only human factors, living
environment, soil, and air. Many factors can deplete the
battery. When the battery decays to the point of irrevers-
ibility, it will eventually reach the lifespan. Upon termina-
tion, the SOH of the battery will become 0%. .e change
curve of the battery SOH in the 3000-day service cycle is
shown in Figure 8. In the implemented precise logic control
strategy, the discharge rate of the battery is a fixed threshold.
.e attenuation of the battery is a constantly occurring
process. Obviously, when a fixed power threshold is always
used to limit the charge and discharge of the battery, it will
make the battery charge and discharge rate unable to be
maintained all the time. It is necessary to adjust the
threshold value in the energy management strategy in
conjunction with SOH, so that the threshold value is in the
process of dynamic adjustment, and the economy of the
vehicle and the attenuation of the battery are well controlled.

4.4. EnergyManagement Strategies. If the fuel cell is used as
the only power source, the transient response speed of the
fuel cell is slow, and the vehicle cannot accurately provide
the required energy during rapid start, emergency acceler-
ation, and climbing. In addition, the fuel cell is a unidi-
rectional power source and cannot recover braking energy.
When designing the fuzzy controller, it is necessary to
continuously test and improve the hybrid power system
using fuzzy control strategy rules. .e criterion for the
control effect is whether the fuel consumption value is re-
duced and whether the emission of various gases is reduced.
.e fuel consumption results of CD/CS strategy, dynamic
planning strategy, and fast energy management strategy are
shown in Table 4..e rapid energymanagement strategy can
achieve fuel consumption similar to the dynamic planning
strategy. .e difference in fuel consumption under different
measured conditions is 0.79%, 0.03%, 0.33%, and 0.94%,
respectively.

Compared with the original vehicle, any control strategy
can get good fuel economy, among which the control
strategy based on simple rules has poor effect, and ECMs
control effect is the best. .e control effect of fuzzy logic is
related to a large amount of experimental data and expert
knowledge, and different control objectives can also form
different control effects, which is more flexible. .e SOC
curves of fast energy management strategy and dynamic
planning strategy and the SOC difference between them are
shown in Figures 9 and 10. It can be seen from the figure that
the SOC curves of the two are very similar, and the difference
is within 3%. It can be seen from the figure that the power of
SOFC cannot meet the load demand in the startup stage
within 1000 s. Lithium battery, as an auxiliary energy storage
element, can quickly supplement the lack of power of DC
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bus, so that the output power of the whole system can meet
the demand of the load. After 1000 s, SOFC has entered the
stage of on-load power generation, but its output power

fluctuates greatly. .e output power is controlled in a stable
state through the continuous switching of charge and dis-
charge state of lithium battery and SOFC.

Table 2: Brake energy recovery data.
Motor speed 468.34 425.94 270.79 248.34 345.49 540.11 261.63 489.03 454.60 533.80
Engine speed 484.36 304.41 412.49 460.21 543.27 447.37 322.90 775.82 641.41 559.06
Vehicle speed 698.53 861.81 483.55 397.25 542.67 727.49 793.72 848.07 669.10 833.69
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Figure 6: Braking energy recovery curve.
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Figure 7: Comparison of results of experimental data.

Table 3: Data statistics of vehicle economy experiment.

Name Experiment 1 Experiment 2 Experiment 3
Actual gas consumption 19.3 19.0 19.9
Actual power consumption 19.5 19.8 20.1
Total fuel consumption 26.1 25.9 26.9
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Table 4: Fuel consumption results of CD/CS strategy, dynamic planning strategy, and fast energy management strategy.

Energy management strategy Equivalence factor Terminal SOC (%) Fuel consumption (kg)
CD/CS strategy 3.55 30.26 0.7165
Fast energy management 3.02 29.96 0.6847
Dynamic programming 2.78 30.90 0.6968
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5. Conclusions

.is paper mainly studies the real-time application optimi-
zation control algorithm of the energy management strategy
of the hybrid power system based on artificial intelligence.
.is paper analyzes the energy consumption of hybrid electric
vehicle (HEV) from the whole point of view, introduces a new
equivalent factor, and establishes the relationship between
battery energy consumption and fuel consumption energy.
.e energy management strategy includes the optimal shift
strategy and the optimal torque allocation strategy. Given the
driving cycle, the energy management problem of HEV is
modeled as a multistep decision process problem. .e global
optimal results and corresponding control trajectories can be
obtained by using the dynamic programming theory.
.erefore, the dynamic programming method can be used as
a benchmark to measure the control effect of other energy
management strategies.

Maximum value principle and dynamic programming
study theoretically the equations and conditions that the
optimal control should follow, while the optimal control
algorithm is to determine the specific methods and steps of
the optimal control form the calculation aspect (see the
optimization method). On the whole, the optimal control
algorithm can be divided into two categories: indirect method
and direct method. For a given type of control problem, the
optimal control theory can derive the conditions and equa-
tions used to determine the optimal control, and the solution
can be obtained by related calculation methods. .is type of
method is called indirect method. For a class of problems in
which it is difficult to determine the optimal control con-
ditions and equations, numerical methods must be used to
directly find their approximate solutions..is type of method
is called direct method. Either the indirect method or the
direct method can help in the real-time application of hybrid
power system energy management strategies.

.rough the calculation of the parameters of the whole
locomotive, the input power of traction inverter and the
parameter configuration of traction motor are determined
under three different operating states of the locomotive,
namely, the maximum speed, the maximum gradient, and
the maximum acceleration. .e parameter matching of fuel
cell hybrid power system is completed by combining the
efficiency and economic cost of fuel cell and lithium battery.
.rough the construction of dynamic model of fuel cell, the
dynamic module of PEM fuel cell is simulated..e voltage of
fuel cell corresponding to different input current is obtained,
and the linear analysis of fuel cell is realized.

According to the different working modes of the power
system, the working mode conversion conditions and
power distribution are determined, and the vehicle control
strategy model is established by using MATLAB/Stateflow.
In order to reduce fuel consumption, particle swarm op-
timization (PSO) is used to discuss the threshold value of
engine switch and the output mechanical power of motor
under the electric auxiliary strategy. Starting from the
specific driving distance and constant speed conditions, the
better combination under different power requirements is
obtained. .e fuzzy torque distribution controller, which is
optimized according to various working conditions, con-
trols the output torque of the engine motor according to the
required torque of the hybrid power system and the state of
charge of the battery pack. After the theoretical knowledge
is enriched, our research results can also prove that the
different combinations obtained by studying the speed can
well verify the needs of this article. .ese combinations are
the optimal solutions for hybrid power systems and energy
management strategies.

Data Availability

No data were used to support this study.
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