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Abstract 
Under the condition of low temperature, the heat pump air conditioning system of 
electric vehicle has obvious time-varying and hysteresis.This paper proposes a heat 
pump air-conditioning control strategy based on the combination of PID control and 
fuzzy control, which integrates the advantages of PID control and fuzzy control and is 
used for the electric vehicle heat pump air-conditioning system to solve the problem of 
insufficient temperature stability in the vehicle under low temperature condition.The 
experiment shows that under the condition of maintaining overmodulation and steady-
state error, the pid-fuzzy compound control strategy has an improvement in reducing 
the regulation time compared with the traditional control strategy, which is 29.5% lower 
than PID control and 6.1% lower than fuzzy control. 
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1. Introduction 
Electric vehicle air conditioning system, as the largest auxiliary subsystem for electric vehicles, has 
an important impact on the economy, safety and comfort of  electric vehicles.Under low temperature 
conditions, the system selected in this paper is different from the current domestic air-fueled vehicles 
and traditional  electric vehicles, using heat pump air conditioning systems for heating.The heat 
pump system integrates refrigeration and heating, and has the advantages of high efficiency, energy 
saving and environmental protection. It has become a hot spot for experts at home and abroad. 
Common heat pump air conditioning control under low temperature conditions of electric 
vehicles[1].The methods include switch control, pid control, fuzzy control, etc., but these methods 
have certain disadvantages[2].And the characteristics of time inertia, pid control strategy can not 
adjust its output command in time, will cause a certain overshoot in the temperature rise process and 
the indoor temperature will have a certain fluctuation. Because the vehicle is running, the surrounding 
environment is always changing, in the environment In the case of temperature changes, the 
traditional fuzzy control will have a large steady-state error and cannot meet the comfort 
requirements[3,4]. 
Based on the above problems, this paper proposes a heat pump air conditioning heating control 
strategy based on fuzzy control and pid control. Under the condition that the difference between the 
current temperature and the set target temperature is small, the advantages of the pid algorithm are 
fully utilized to heat the air pump. The system performs control, and the fuzzy algorithm is used to 
control the heat pump air conditioning system when the temperature difference is large. At this time, 
the temperature difference is selected by the ε value to determine the temperature.The difference in 
size, which in turn improves the vehicle's lack of comfort under low temperature conditions. 
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2. Heat pump air conditioning system model 
Due to the complex working conditions of the car and the thermal load affecting the temperature of 
the vehicle With more sources, it is very difficult to build very accurate mathematical models. 
Because the solution proposed in this paper is not dependent on the model, this air conditioner model 
mainly considers only the main factors affecting the temperature of the vehicle. 
In order to simplify the analysis, ignoring the influence of other aspects of the automotive air 
conditioning system, the whole car is regarded as a model of constant volume and constant pressure[5-
6], and its heat exchange characteristics can be obtained according to the first law of thermodynamics, 
and the total heat gain of the vehicle compartment can be obtained: 

QT = QB + QI + QP + ∆Qf                          (1) 
Where QT is the total calorific value, the unit is w; QB is the heat transferred from the vehicle body 
structure material to the indoor environment through the heat transfer, the unit is W; QI is the sunlight 
The heat that causes the indoor temperature to rise after entering the room, the unit is W; QP is the 
heat dissipated by the occupant, the unit is W; ΔQf is the heat transfer of the gas through the heating 
heat exchanger under the action of the wind of the blower And bring the heat into the car compartment, 
the unit is W. 
The main factors affecting the temperature of the vehicle are mainly divided into two parts: the heat 
brought by the external environment and the heat of the heat exchanger. 

2.1 Thermal load model brought by the external environment 
The heat brought by the external environment mainly includes the following three points: 
(1) The heat transferred from the automotive constr-uction material to the interior can be 
approximated as: 

QB = K1 ∙ F1 ∙ (Tout − Tin)                         (2) 
Where K1 can be taken as 2.98 × 10−3kJ/m2 sK; F1 is the external surface area of the body opaque 
insulation structure (taken as 3m2); Tout is the outside air temperature; Tin is the air temperature inside 
the vehicle. 
(2) The heat radiated by the sun is divided into two main parts, one is the heat radiated by the sun 
through the window, and the other is the heat that the sun makes the roof indicate the temperature 
rises into the car. The total heat can be expressed as: 

QI = 1000 ∙ I ∙ �η ∙ Fg + K1 ∙ F2 ∙ ρg/αH�                   (3) 
Where ƞ is the penetration coefficient of solar radiation through the glass; Fg is the effective surface 
area of sunlight illuminating the window; I is the sunlight intensity; K1 is the average thermal 
conductivity of the opaque insulation structure of the vehicle body; F2 is the effective surface area of 
the vehicle body in the direction of the sun; ρg is the absorption coefficient of the outer surface of the 
vehicle body (takes as 0.89); αH is the heat transfer coefficient of the outer surface of the automobile 
structural material and the gas in the outdoor environment.αH determined by the convective heat 
transfer criterion: 

𝛼𝛼𝐻𝐻 = 1.163 ∙ (4 + 12√𝑣𝑣)                          (4) 
Where 𝑣𝑣 is the speed of the car, the unit is km/s. 
(3) The human body heat dissipation Qp can be expressed as the following empirical formula: 

Qp = Qc + 116 ∙ 𝑛𝑛′ ∙ (n− 1)                        (5) 
Where Qc is the heat dissipated by the driver (taken as 170W); n is the number of people in the 
vehicle; 𝑛𝑛′ for the cluster coefficient (taken as 0.89); the adult male conduction room heat is 116W. 

2.2 Heating heat exchanger heat load model 
The main heat source of the system is the heat of the heat exchanger, and the heat enters the cabin 
with the air duct to heat the cabin. It is assumed that the air exchange in the cabin is ideal, and the air 
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entering the room is out. The volume of air discharged from the tuyere is equal, and the heat ΔQf 
brought into the room by the heating heat exchanger is: 

∆Qf = 1000 ∙ ρ ∙ Sf ∙ vf ∙ cp ∙ (Tf − Tin)                   (6) 
Where ρ is the density of air (taken as 1.225kg/m3); cp is the specific heat capacity of air (taken as 
1.003 kJ·°C/kg); Tf is the air temperature of the outlet; Tin is the indoor temperature of the car; vf is 
the air speed of the air-conditioner blower. The wind speed units involved in the paper are all 2.5m/s; 
Sf is the area through which the wind blown by the blower can pass (taken as 0.071m). 
In the case of external heating, the temperature of the air outlet is the temperature after the outdoor 
air is heat exchanged with the heating heat exchanger, and the outlet temperature Tf is: 

Tf = QX
1000∙ρ∙Sf∙vf∙cp

+ Tout                          (7) 

In the case of heating inside the circulation, the temperature of the air outlet is the temperature after 
the indoor air is heat exchanged with the heating heat exchanger, and the outlet temperature tf is: 

Tf = QX
1000∙ρ∙Sf∙vf∙cp

+ Tin                          (8) 

QX is the heat of the heat pump air conditioner; this paper selects a 27cc turbo compressor of a 
company, mainly controls the heating capacity of the air conditioning system by adjusting the speed 
of the compressor, and experimentally measures the heating capacity (0°C,3°C,5°C)of the selected 
air conditioning system as shown in Figure 1. 

 
Figure 1. Thermal performance curve of heat exchanger 

The matlab simulation of the heat introduced by the heat exchanger is shown in the Figure 2. 

 
Figure 2. Heat model of the heat exchanger 

According to the ideal gas constant pressure formula, the total heat QT obtained by the car 
compartment can be expressed as: 

QT = 1000 ∙ ρ ∙ VV ∙ cp ∙ ∆T′                       (9) 
Where VV is the total volume of the car compartment, taken as 3m3;∆T′The rate of change of indoor 
air temperature for a car.In summary, the thermal load model of the air conditioning system is shown 
in Figure 3. 
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Figure 3. Air conditioning system thermal load model 

3. Pid control combined with fuzzy control strategy 
3.1 Pid controller implementation 
The essence of the pid controller is to calculate according to the input deviation value according to 
the function relationship of proportional, integral and differential. The operation result is used to 
control the output. The schematic diagram of the pid controller is shown in Figure 4. 
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Figure 4. Pid controller schematic 

The pid controller takes the difference between the set temperature and the current indoor temperature 
as input, and the proportional adjustment, integral adjustment and differential adjustment module 
comprehensively output the speed of the compressor (actuator), thereby maintaining the stability of 
the interior temperature of the vehicle. 

3.2 Implementation of fuzzy controller 
Fuzzy control is an intelligent control method. Its control system is composed of the detection and 
feedback components of the controlled object of the fuzzy controller. The control principle diagram 
is shown in Figure 5. 
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Figure 5. Fuzzy controller schematic 
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When designing a specific module, first, the input and output of the fuzzy controller are blurred, then 
the fuzzy rule is established, then the inference method and the method of defuzzing are determined, 
and finally the rotational speed of the compressor is output. 
In this paper, the difference between the set temperature and the current indoor temperature and the 
change rate of the difference are the input of the fuzzy controller. The speed of the compressor is the 
output of the fuzzy controller. The fuzzy definition is shown in Table 1. 

Table 1. Fuzzy language variable definition 

Signals Variables Function 
Type 

Temperature 
difference(Tc) 

Negative Big(NB) 
Negative Small(NS) 

Zero(Z) 
Positive Small(PS) 
Positive Big(PB) 

Gaussian 
Function 

Change rate of 
temperature 

difference(Tcs) 

Negative Big(NB) 
Negative Small(NS) 

Zero(Z) 
Positive Small(PS) 
Positive Big(PB) 

Gaussian 
Function 

Compressor 
speed 

Zero(Z),Low(L),Middle Low(ML),High(M),Middle 
High(MH),High(H),Very High(VH) 

Gaussian 
Function 

The formulation of fuzzy rules is usually based on general operational experience or control 
intent.The greater the temperature difference or the temperature difference change rate, the greater 
the demand for heating; on the contrary, only the temperature in the room needs to be maintained; the 
fuzzy rules are shown in Table 2. 

Table 2. Fuzzy Rule Table 

Tc 
Tcs 

Temperature difference 

NB NS Z PS PB 

Change rate 
of 

temperature 
difference 

NB Z ML M MH VH 

NS Z ML M H VH 

Z L M MH H VH 

PS ML M MH VH VH 

PB ML MH H VH VH 

There are two types of fuzzy inference methods: Mamdani and Sugeno. The antifuzzification method 
has the maximum membership function method, simple average method and center of gravity method. 
In this paper, the "Mamdani" fuzzy reasoning method is used, and the center of gravity method is 
used to realize the fuzzy state. 

3.3 Implementation of composite controller 
Combining the advantages of the above pid controller and fuzzy controller, a control method 
combining pid controller and fuzzy controller is proposed. The control principle diagram is shown in 
Figure 6. 
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Figure 6. Pid-fuzzy composite controller schematic 

When the difference between the interior temperature and the target temperature is small, the pid 
algorithm is used for control. When the difference between the interior temperature and the target 
temperature is large, the fuzzy algorithm is used to control the heat pump air conditioning system. 
The temperature difference is selected by ε value to judge the larger the temperature difference, and 
the ε value needs to be confirmed by simulation debugging. 

4. Control Strategy Model and Simulation Analysis 
4.1 Control Strategy Model 
In order to facilitate the simulation analysis of the PID-fuzzy composite control strategy, this paper 
establishes the PID-fuzzy composite control simulation model of the heat pump air conditioning 
system in Matlab /Simulink environment, as shown in Figure 7. 

 
Figure 7. Pid-fuzzy composite controller model 

The input of the control strategy model has the difference between the set temperature and the current 
indoor temperature and the rate of change of the difference, and the output is the compressor speed. 
When the difference between the interior temperature and the target temperature is less than ε, the 
pid algorithm is used. Control, when the difference between the temperature of the vehicle and the 
target temperature is greater than ε, the fuzzy algorithm is used to control the heat pump air 
conditioning system. 

4.2 Control Strategy Model Simulation Analysis 
Based on MATLAB software, the simulation experi-ment is compared with the fuzzy control and 
PID control from the normal operating conditions and the changing conditions of the ambient 
temperature conditions. The fuzzy controller is designed using the Fuzzy module, and then the PID-
blur is designed according to the Simulink. Composite control system structure construction 
model.The PID-fuzzy composite control air conditioning model is shown in Figure 8. 
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Figure 8. Pid-fuzzy control air conditioning model 

According to the winter operating conditions, the circulation mode is external circulation, the ambient 
temperature is 0°C,3°C,5°C, the light intensity is 0W/m2, the passenger number(including the driver) 
is 2, and the vehicle speed is 40km/h.The setting temperature value is 20°C;the sampling time ts is 
0.01s;the simulation time t is 150s; and the step size solver adopts the ode45 algorithm. The 0°C 
simulation results are shown in the Figure 9. 

 
Figure 9. Room temperature map at 0℃ 

Three indicators (including overshoot, setting time and stable error) of the three methods (including 
the pid control, fuzzy control and pid-fuzzy composite control) are shown in Table 3. 

Table 3. Analysis of three methods indicators 

Tout Index 
Method 

PID Fuzzy Composite 

0℃ 

Overshoot/% 6.5 3.89 3.2 

Setting time/s 113 80 78 

Stable error/% 0.13 0.15 0.2 

3℃ 

Overshoot/% 6.68 8.95 6.65 

Setting time/s 112 82 79 

Stable error/% 0.15 2.6 0.53 

5℃ 

Overshoot/% 6.85 13 9.1 

Setting time/s 110 83 78 

Stable error/% 0.15 3.7 0.82 

It can be seen from the above table that as the outdoor temperature rises, the pid-fuzzy composite 
control increases in overshoot compared to the pid control overshoot, which is lower than the fuzzy 
control; as the outdoor temperature rises, pid-Fuzzy composite control has lower stability time than 
pid control and fuzzy control, which is 29.5% lower than pid control and 6.1% lower than fuzzy 
control. With outdoor temperature rise, pid-fuzzy composite control is in steady state. The error is 
higher than the pid control, which is lower than the fuzzy control. Under the condition of maintaining 
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the overshoot and steady state error, the stability time is improved. The simulation results show that: 
in the case of ensuring overshoot and steady-state error, pid-Fuzzy composite control is 29.5% lower 
in regulation time than pid control, and 6.1% lower than fuzzy control. 

5. Conclusion 
In the electric vehicle heat pump air conditioning system, the traditional pid controller cannot adjust 
its output command in time, which will cause the adjustment time to be too long during the 
temperature rise; using the traditional fuzzy controller, the environment will change when the 
environment changes. Large steady-state error. With improved control, the adjustment time is 
improved while maintaining the overshoot and steady-state error.  
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