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Abstract 

In order to improve the real-time and the accuracy of temperature measurement in 
electric vehicle air conditioning system, a design of temperature measurement system 
for electric vehicle air conditioning is proposed. In this study, the least square method is 
used to piecewise fitting for the R-T characteristics of NTC thermistor, and determine the 
best equation. The system uses the analog switch ADG1606 to collect the temperature 
sensor signal, and the signal is filtered by hardware. The software calculates the 
temperature value according to the mathematical model in different temperature 
ranges. The temperature value is uploaded to the host computer through CAN bus. After 
the real vehicle environment simulation test, the results show that the temperature 
measurement sampling period of the system is 1 second, the maximum temperature 
measurement error is 0.2 °C, and the temperature measurement function is stable. 
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1. Introduction 

At present, one of the top priority for electric vehicle is the research on air conditioning system. A set 
of energy-saving and efficient air conditioning systems is urgently needed in today's market [1]. It is 

necessary to record the temperature change in the car during the development of electric vehicle air 
conditioning systems. From the temperature change, we can not only calculate the heating capacity, 

cooling capacity and energy efficiency ratio of the air conditioning system under different working 
conditions, but also achieve the purpose of analyzing the energy saving, vehicle ride comfort and 

thermal conversion efficiency of the electric vehicle air conditioning system [2]. But the most 
important thing is that the temperature parameters in air conditioning systems are often not accurately 

measured in the electric vehicle. Sometimes the measured values and the actual temperature values 
in the system will have large deviations, which will seriously affect the analysis of the thermal 

conversion efficiency of pure electric vehicle air conditioning systems and the control strategy of 
electric vehicles [3, 4]. 

At this stage, the temperature test of the electric vehicle air conditioning system is usually tested by 

the method of manually reading the temperature tester. The tester needs to observe and record 
regularly. This monitoring method has a busy time and wastes a lot of time during in the process of 

manual reading and recording. It is easy to produce various errors, and the accuracy of the test is 
difficult to be guaranteed [5]. At present, more research is on the control of the temperature of electric 

air conditioners. For example, the analysis of indoor temperature control of variable air volume air 
conditioning system is proposed [6]. And the proposed intelligent temperature control system for 
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automotive air conditioners is proposed [7]. In order to improve the real-time and the accuracy of 
temperature measurement for air conditioning system, this paper proposes an electric vehicle air 

conditioning temperature measurement system based on CAN bus. The system uses the CAN bus to 
upload the temperature value inside the vehicle to the host computer, which is convenient for 

analyzing the temperature change inside the vehicle. In order to ensure the accuracy of air 
conditioning system temperature measurement [8]. This paper uses the least squares method to 

piecewise fitting for R-T characteristics of NTC thermistor, and determine the best equation. The test 
is verified by real vehicle environment simulation test. The temperature system meets the design 
requirements, and the results show that the system is stable.  

2. Composition of the System 

The temperature measurement system is mainly composed of three parts, the measured part, the 
hardware part and the display part. The measured part is the NTC thermistor, and the hardware part 

uses the MC9S12XET256 as the core processor. Firstly, the temperature measurement system uses 
NTC thermistor to collect temperature information, and then processes the collected temperature 

information through the self-designed the hardware part of temperature measurement, and uploads 
the temperature results to the host computer by CAN bus. Finally, the display part is recording the 

Real-Time data from the software based on CANoe. And the above steps complete the entire 
temperature measurement process. The overall design structure of the system is shown in Figure 1. 
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Figure 1. Overall structure of the system 

3. Hardware Design 

The hardware of the temperature measurement system is customized, and the hardware circuit 
schematic is shown in Figure 2.  
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Figure 2. Schematic diagram of the hardware 

As can be seen from figure 2, R1 is a 0.1% high-precision resistor,which is for voltage division, and 
Rt is the resistance of the NTC thermistor, C1 as a capacitor, its role is filtering the signal, and D1 is a 

clamp diode. A stable voltage signal is obtained after R2 current limiting. The analog switch 
ADG1606 is used to reduce the occupation of the AD port of the single chip microcomputer. After 
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receiving and processing the signal, the MCU sends the temperature data to the CAN transceiver 
TJA1042T in binary stream. The transceiver converts the binary code stream into differential signal 

transmission, and uses the USB-CAN device to upload the CAN bus temperature value to the host 
computer in real time. Considering that the analog acquisition has higher requirements for 

interference, the circuit uses the analog power supply and the digital power supply independently, 
and the analog ground and the digital ground are independent, preventing the digital signal from 
interfering with the analog signal and causing large errors in the collected data.  

Through the AD acquisition circuit, the resistance value of the sensor is obtained by Ohms law, and 
the resistance value is shown in formula (1). 

Rt = ( R1 × VIN ) / ( VREF － VIN ).                           (1) 

The input voltage is obtained from the conversion result of the single chip microcomputer, and the 
input voltage value is shown in formula (2). 

      VIN = VREF × ( D / N ).                             
(2) 

VIN is the input voltage of AD conversion, VREF is the analog reference voltage, and it’s value is 5V, 
D is the digital quantity after AD conversion; N is the precision of AD conversion, and the precision 

of AD conversion is 12 bits, thus the value of N is 4096, Rt is the resistance of the NTC thermistor at 
temperature of T, R1 is the resistance of the divider resistor, and it’s value is 3 kΩ. The resistance 
value is as shown in formula (3). 

Rt = 3D / ( 4096 － D ).                            
(3) 

4. Software Design 

The relationship between NTC thermistors is not linear [9]. In order to improve the measurement 
accuracy, a data is segmentally fitted by least squares method. The built-in function Polyfit(R, T, n) 

in MATLAB [10], which is used to piecewise fitting for the R-T data of NTC thermistor. And the 
relationship between temperature and resistance is expressed by the formula T = ARt + B in a small 

temperature range, where A and B are the fitting coefficients at different temperature ranges, T is the 
Kelvin temperature, and Rt is the resistance of the NTC thermistor at temperature of T. 

4.1 Fitting of Temperature and Resistance 

The temperature signal inside the car is generated during the actual operation of the vehicle air 
conditioning system. In order to more accurately understand the distribution probability of the 

temperature inside the vehicle, after the real vehicle tests from the variation of the internal temperature 
in the vehicle, and the probability of each temperature interval is shown in Figure 3. 
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Figure 3. Temperature probability distribution chart 

According to the probability distribution, -20~50°C is divided into four sections-20~0°C, 0~20°C, 
20~30°C and 30~50°C respectively, and the temperature range fitting results is shown in Figure 4. 



 

 

239 

International Core Journal of Engineering 

ISSN: 2414-1895 

Volume 6 Issue 1, 2020 

DOI: 10.6919/ICJE.202001_6(1).0034 

 
a. -20~0°C temperature range fitting results     b. 0~20°C temperature range fitting results 

 
c. 20~30°C temperature range fitting results     d. 30~50°C temperature range fitting results 

Figure 4. -20~50°C temperature range fitting results 

The relationship between temperature and resistance of -20~0°C is shown in formula (4). The 
maximum theoretical error is 0.12°C. 

T = -0.604Rt + 8.048.       
                        

(4) 

The relationship between temperature and resistance of 0~20°C is shown in formula (5). The 
maximum theoretical error is 0.15°C. 

T = -2.379Rt + 30.732.       
                        

(5) 

The relationship between temperature and resistance of 20~30°C is shown in formula (6). The 
maximum theoretical error is 0.09°C. 

T = -5.755Rt + 48.334.       
                        

(6) 

The relationship between temperature and resistance of 30~50°C is shown in formula (7). The 
maximum theoretical error is 0.17°C. 

T = -11.091Rt + 94.951.       
                        

(7) 

From the above fitting results, the maximum theoretical errors of the four models are 0.12°C, 0.15°C, 
0.09°C and 0.17°C respectively, which meets the accuracy requirement of ±0.2 °C 

4.2 Scale Change 

According to the formula (3) of the AD acquisition circuit, the correspondence between the NTC 
temperature sensor resistance Rt and the digital quantity D after the AD conversion can be obtained, 

according to the above piecewise linear fitting result and the formula (3), and the resistance value is 
shown in formula (8).  

T = 3AD / ( 4096 － D ) + B.       
                     

(8) 

In the formula, A and B are the fitting coefficients on different temperature segments, and D is the 
digital quantity after AD conversion. 

4.3 Temperature Conversion Algorithm 

From the fitting results of the above relationship between temperature and resistance, it can be known 
that the temperature is divided into four sections and the four models meet the accuracy requirements. 
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After calling the AD sampling program on the software, the mathematical model of the corresponding 
temperature interval is used for calculation, and the method can get more accurate temperature 
measurement results, software design flow chart shown in Figure 5. 

Start

system 

initialization

Receive host 

computer 

control 

commands

Open analog 

switch channel

﹣20≤T＜0℃

Call A/D 

sampling

Y

N

Get sampling 

frequency

Calculate the 

temperature using the 

model at -20~0°C

0≤T＜20℃
Y

N

Calculate the 

temperature T using the 

model at 0~20°C

20≤T＜30℃
Y

N

Calculate the 

temperature T using the 

model at 20~30°C

30≤T≤50℃
Calculate the 

temperature T using the 

model at 30~50°C

Send the 

conversion result

End

Return 

temperature

Y

N

Abnormal 

temperature plus 1

 

Figure 5. Software flow chart 

5. Test Verification 

In order to verify the real-time and accuracy of the temperature measurement system, the test platform 
is built as shown in Figure 6. 
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Figure 6. Test platform schematic 

The test platform is mainly composed of the measured part, the hardware part and the display part. 
The object to be tested is the NTC temperature sensor in the cockpit. The first-class standard 

thermometer is used to measure the actual temperature of the cockpit. The temperature measurement 
hardware is designed independently,and the host computer software uses the bus analysis tool CANoe 
for temperature data analysis. 

Using the vehicle environment simulation warehouse, the experiment selects -20~50°C as the test 
object, and uses different temperature interval models to measure the temperature. After waiting for 

the actual temperature to stabilize, observe the continuous temperature change curve of the host 
computer within 1 minute. The host computer temperature measurement curve is shown in figure 7. 
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Figure 7. Temperature measurement result 

 

The maximum and minimum temperature measurements are recorded, and the temperature 
measurement results are compared with the actual temperature as shown in Table 1. 

 

Table 1. Comparison of Actual Temperature and Measured Temperature 

Actual 
Temperature 

（℃） 

Maximum 

Temperature 

Measurement（℃） 

Minimum 

Temperature 

Measurement （℃） 

Maximum Error 

（℃） 

-10 -9.85 -9.95 0.15 

-5 -5.05 -5.1 0.1 

0 -0.1 -0.2 0.2 

Temperature measurement 
result of -5℃ 

Temperature measurement 
result of 5℃ 

Temperature measurement 
result of 10℃ 

Temperature measurement 
result of 15℃ 

Temperature measurement 
result of 25℃ 

Temperature measurement 
result of 30℃ 
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5 5.1 5.05 0.1 

10 10.15 10.05 0.15 

15 15.1 15.05 0.1 

20 19.95 19.9 0.1 

25 25.05 25.05 0.05 

30 29.9 29.8 0.2 

35 34.95 34.9 0.1 

 

From the data analysis in Table 1, the maximum error of the four models is 0.15°C, 0.2°C, 0.1°C and 
0.2°C, respectively, which meets the accuracy requirement of ±0.2°C. 

6. Conclusion 

Using the environmental simulation warehouse, the actual temperature and measured temperature 

comparison experiments in the vehicle show that the electric vehicle consisting of NTC temperature 
sensor, AD acquisition circuit, analog switch circuit, MCU controller circuit, CAN transceiver circuit 

and CANoe host computer is proposed. The air conditioning temperature measurement system has 
stable functions and strong real-time performance. The hardware adopts digital-analog independent 

and high-precision resistance voltage division to ensure the stability of analog acquisition. The 
software uses the least squares method to segment the data to meet the accuracy requirements of 

temperature measurement. The system can monitor the temperature change of the car in real time. 
The system temperature range is -20~50°C, the sampling period is 1s, and the temperature 
measurement accuracy is better than ±0.2°C. 
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