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Abstract

With the rapid development of the automotive industry, how to save energy
and reduce emissions has also become a concern. New electric vehicles have
become the key to solving the problem. As the core component of electric ve-
hicles, lithium batteries have an important role in their service life and oper-
ating conditions for the mileage and performance of electric vehicles. There-
fore, in order to ensure the safe and effective operation of electric vehicles, it
is of great significance for the research of electric vehicle lithium battery para-
meter detection system. Based on this direction, this subject designs an electric
vehicle lithium battery parameter detection system with STM32f103RBT6
microcontroller as the control core, as the main control processor, combined
with temperature detection module, voltage detection module, current detec-
tion module, buzzer alarm module and display module. This article mainly
completes the system design from both hardware and software aspects. It uses
detection voltage and current modules to detect the lithium battery of electric
vehicles in real time. At the same time, it uses an OLED display module to
display the status data of the lithium battery in real time, and an alarm mod-
ule is set to complete the alarm function. The experimental results show that
the electric vehicle lithium battery parameter detection system designed in
this paper is stable and reliable. The system can measure parameters such as
battery current, voltage and temperature in an analog state.
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1. Introduction

In modern society, there is an increasing demand for energy conservation and
emission reduction, and people are paying more and more attention to envi-
ronmental protection and green energy applications. Excessive use of traditional
fuel vehicles has led to the depletion of petroleum resources, and exhaust emis-
sions have aggravated the greenhouse effect and increased environmental pollu-
tion. As an energy-saving and environmentally friendly alternative to traditional
fuel vehicles, electric vehicles have attracted much attention. As the energy
source of electric vehicles, batteries can achieve zero emissions and high energy
utilization [1]. However, the use of lithium batteries has always been a safety ha-
zard, so real-time data detection of lithium batteries has become extremely im-
portant.

The development and research of the lithium battery parameter detection sys-
tem abroad started earlier than the domestic one [2]. In foreign universities and
research institutions, a large number of studies have been conducted on some
functions in the lithium battery parameter detection system, such as the calcula-
tion of current and voltage. Especially in recent years, some large automobile
manufacturers and auto parts suppliers have conducted in-depth research and
exploration on various types of batteries, conducted a large number of targeted
tests on electric vehicles and their lithium batteries, achieved a series of research
results, and successfully commercialized a series of lithium battery parameter
detection systems. Domestic universities such as Peking University, Tongji Uni-
versity, and Beijing Jiaotong University have made great progress in the research
of lithium battery parameter detection systems. The lithium battery parameter
detection system developed by Harbin Guantuo Co., Ltd. jointly established by
Harbin Institute of Technology and Beijing Institute of Technology has been ap-
plied to some domestic electric vehicle brands [3] [4].

This subject design is mainly based on the STM32F103RBT6 chip as the core,
using DS18B20 temperature sensor and INA219 sensor as parameter detection
components to design a detection system that can detect the parameters of elec-
tric vehicle lithium batteries. The battery parameters detected by the system will
be displayed on the display screen and the system is also equipped with an alarm
circuit. If the current and temperature of the system exceed the set value, the

buzzer will sound an alarm.

2. Overall Design of the Detection System of Parameter Test
System

2.1. The System Structure Diagram of the Detection System

The process of design of the detection system structure diagram is based on the
expected goals of the detection system. It is planned to use current detection
module and voltage detection module to detect the lithium battery of electric ve-
hicles. This subject designed and produced a lithium battery parameter detection
system based on STM32F103RBT6, using STM32F103RBT6 microcontroller as
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the main controller, integrating various modules, realizing the functions of each
module, and completing the detection of lithium battery parameters. The system
architecture diagram is shown in Figure 1. As shown in Figure 1, the system
consists of the temperature detection module, the OLED display module, the
current detection module, the voltage detection module, the power module and

the buzzer alarm module.

2.2. The Working Principle of the Detection System

For temperature detection, the temperature sensor DS18B20 developed by USA
DALLAS is used to realize the detection of the temperature parameters of the li-
thium battery, and the detection of current and voltage is realized by using the
INA219 sensor. The working principle of the detection system: turn on the
power and the system initializes. The system uses DS18B20 to detect the tem-
perature of the battery and returns the data to the single-chip microcomputer,
and then uses the INA219 sensor to detect the voltage and current and transmits
the detected data to the single-chip microcomputer through the ADC ana-
log-to-digital conversion module. And finally displays the parameters through
the OLED display module. These real-time parameters are compared with the
current and temperature set by the system. If the upper limit is exceeded, the

alarm circuit will be triggered.

3. Hardware Design of the Detection System

3.1. Hardware Circuit Schematic

The detection system microcontroller I/O port and resource allocation table is

shown in Table 1.

OLED display module

r

Temperature detection Current detection module

module :> <:

Voltage detection

Buzzer alarm module
module ::> |:J )

{}
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Figure 1. System structure diagram.
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Table 1. The detection system microcontroller I/O port.

Modules I/O Ports
Temperature detection module PAO
Voltage detection module PA5
Current detection module PA6
Buzzer alarm module PA1

3.2. Selection and Demonstration of the Main Control Chip

The highest operating frequency of the STM32F103 chip is 72 MHz, with sin-
gle-cycle hardware multiplication and division performance, the program sto-
rage area FLASH ranges from 32 K to 512 K bytes [5], and it can support up to
64 KB of SRAM running memory. And the controller has excellent power con-
sumption control and can achieve low power consumption; and it does not re-
quire an expensive emulator during development, and the code can be pro-
grammed through J-Link simulation or serial port. Combined with the actual
research in this article, the ARM microcontroller STM32F103RBT6 was finally
selected, which is suitable for the main control chip of the low-cost battery de-
tection system.

3.3. Selection and Justification of Temperature Sensor

Figure 2 shows the temperature sensor of DS18B20. The DS18B20 sensor is
currently mainly used to measure the temperature. Compared with the tradi-
tional thermal resistance sensor, it can read the temperature [6]. Detailed de-
scription: SPI can directly realize the digital reading method of nine-digit and
twelve-digit numbers, which can complete 93.7 ms and 750 ms read and write
respectively. Data from DS18B20 or to DS18B20 must only be read, and written
from the data bus to the interface temperature switch power supply.

Therefore, DS18B20 will make the circuit board streamlined and stable.
Compared with DS1820, it has improved accuracy for measuring temperature,
transmission time, distance and resolution, and has a good application. Bring

more accurate and convenient results to users.

3.4. Selection and Justification of Voltage and Current Detection
Module

Figure 3 is the voltage and current detection module. INA219 provides two le-
vels: A-level and B-level. Class B models have higher accuracy and stricter preci-
sion specifications [7]. INA219 can sense the partial voltage in the bus in the
range of 0 V to 26 V. The device is powered by a single power supply from 3 V
to 5.5 V, and the maximum current consumption of the power supply is 1 mA.
The operating temperature range of INA219 is —40°C to 125°C.

3.5. Selection and Justification of OLED Display Module

The display module uses a 0.96 inch OLED IIC interface screen. The display area
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Figure 3. Voltage and current detection module.

is a 128 x 64 dot matrix. Each dot can emit light, so it has no backlight. It can
display Chinese characters, ASCII, patterns, etc., and the contrast is very high.
Without backlight, the display unit can self-illuminate with a high resolution of
128 x 64, a large angle of 160°, and support many control chips, which are fully
compatible with STM32, ARDUINO, 51 series, MSP430 [8] [9].

4. Software Design of the Detection System

After turning on the power switch, the lithium battery parameter detection system
first initializes the system clock, system delay function, serial port, DS18B20 sensor
function, INA219 sensor function, buzzer function and OLED function (Figure 4).
The lithium battery parameter detection system obtains parameters such as cur-
rent, voltage, and temperature by calling the corresponding sensor function, and
then displays the data on the display module, and compares the data to determine

whether a fault has occurred. The main program is shown in Figure 5.

5. Product Commissioning

5.1. Commissioning of Temperature Detection Circuit

Figure 6 is the Temperature detection chart. Connect the connected tempera-
ture detection circuit to the PAO pin of the single-chip microcomputer, connect
the 3.3 V voltage, connect the single-chip microcomputer to the computer
through the serial port, open the hyper terminal, and verify whether the temper-
ature detection circuit works normally. As shown in Figure 6, the data measured

by the temperature detection circuit is basically normal.

5.2. Commissioning of Current and Voltage Detection Circuit

Figure 7 is the Temperature detection chart. Connect the INA219 sensor to the
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Figure 4. OLED display module.
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Figure 5. Main program flow chart.
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Figure 6. Temperature detection chart.
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MCU SDL to PA5, SDA to PA6, VIN+ to the positive electrode of the battery,
VIN- to the negative electrode of the battery through the load, connect the 3.3V
voltage, connect the MCU to the computer through the serial port, open the su-
per terminal, and verify Whether the current and voltage detection circuit works
normally, the current and the data measured by the voltage detection circuit are

basically normal, which are shown in Figure 7.

5.3. Commissioning of the Detection System

Connect the debugged modules to the corresponding MCU pins according to
the circuit diagram, and then connect to the power supply to see the battery
temperature, voltage, current and other parameters on the display. At this time,
the measured temperature value is 33 degrees, the voltage value is 2.267 V, and
the current value is 62 mA. The system is also equipped with an alarm circuit.
When the current and temperature exceed the set upper limit, the buzzer will

«p»

sound an alarm and display the warning character “!”, the temperature setting
value is 32°C, the current setting value is 1 A, and if the detection parameter ex-
ceeds the set value, it will alarm. The hardware debugging is shown in Figure 8.
As shown in Figure 8, the alarm module is activated and the red light is on. At
this time, the temperature value exceeds the set value, and an alarm occurs, and
the current and voltage data are displayed normally. It shows that although the
system is in an alarm condition, the current and voltage measurement modules
can still work normally, and it appears that the entire system has strong an-

ti-interference ability.
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Figure 7. Current and voltage detection chart.

Figure 8. System debugging diagram.
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6. Conclusions

Take the OLED display module as the parameter display, take the buzzer as the
alarm circuit of the system, take the STM32 single-chip microcomputer as the
core component, and then carry out software programming, and finally realize it
with C language. Then make the actual product and start the function debug-
ging. During this process, some details of the design plan have been improved to
better complete the design of the lithium battery parameter detection system.
Finally, experimental studies have been conducted to verify the expected func-
tions.

This article also designs the hardware circuit of the lithium battery parameter
detection system. The system is a lithium battery parameter detection system
with STM32F103RBT6 as the core chip combined with temperature detection
circuit, INA219 sensor circuit and display circuit. The measurement of the basic
parameters of the battery is the prerequisite for the estimation of the state of
charge. This article introduces the relevant theoretical knowledge of the detec-
tion module in detail, designs the current and voltage detection circuit based on
INA219, and uses the temperature measurement circuit based on the DS18B20
temperature sensor.

In summary, the electric vehicle lithium battery detection system based on
STM32 single-chip microcomputer designed in this subject can measure para-
meters such as battery current, battery voltage, temperature, etc. The interface is

intuitive and clear, but there is still much room for improvement as a whole.
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