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Abstract. With the rapid development of China’s economy and the continuous improvement of
the living standards of the people, cars have gradually become an indispensable tool for travel. At
the same time as the number of cars increases rapidly, the accident rate of road traffic is also
increasing. Traffic accidents caused by dangerous driving behavior account for a large part of
the accident rate. In order to reduce the road traffic accident rate, a vehicle dangerous driving behavior
detection system using STM32 single-chip microcomputer is designed from the vehicle itself, which
mainly detects the speed and weight of the vehicle. When the vehicle is in the starting state,
the detection system detects the weight and speed of the vehicle in real time through the sensor and
the motor speed. In this system, the STM32 is used as a core MCU. When the speed or weight of
the vehicle exceeds the threshold, the MCU performs an alarm and subsequent operations. This
design introduces the overall design of the system in detail, from the test of each module to the use
of the overall connection test, the interface module and STM32 interface circuit as well as the system
hardware circuit and related peripheral circuits are given, and finally the measurement data is
displayed through the OLED. The design is simple in structure and can be applied to various vehicles.

Annomayus. C ObICTPBIM pa3BUTHEM YKOHOMHKHU KuTasi ¥ OCTOSITHHBIM MOBBIIIIEHHEM YPOBHS
JKM3HU B CTPAHC aBTOMOOMIN MOCTENEHHO CTAHOBSITCS HCO6XO)II/IMI:IM CpECACTBOM NCPEABUKCHUA.
CTpCMI/ITeJ'ILHI)II\/JI POCT yHciia aBTOMOOMIIEH COIIPOBOXKAAJICA IMTOCTOAHHBIM YBCIMYCHHUEM KOJIMICCTBA
JIOPOKHO-TPAHCIIOPTHBIX MNPOUCIIECTBHI. JlOpOKHO-TPAHCIIOPTHBIE MPOUCIIECTBUS, BbI3BAHHBIC
OMAaCHBIM TIOBEJACHHEM BOAUTENEH (HApUMep, TMPEBBLIINIEHUE CKOPOCTH, Meperpyska u T. 1.),
COCTAaBIISIIOT HEMaIY0 4acTh oT ooOmiero yucna JTII. [Iis Toro 9To066l CHU3UTH YPOBEHB JOPOIKHO-
TPAHCHOPTHBIX MPOMUCIIECTBUM, cHUcTeMa OOHapyX eHHsI OIAaCHOTO TOBEACHHUS  BOIUTEINS
TPAHCIIOPTHOTO CPEACTBA C MCIOJIb30BaHHEM MUKpoKoHTposuiepa STM32 pa3paboTana Ha OCHOBE
CaMOTO aBTOMOOWJIS, KOTOPBIi B OCHOBHOM OIPEAETSET CKOPOCTh M BEC TPAHCIIOPTHOTO CPE/ICTBA.
Orta cuctema OOHAPYXKEHHs OMpeNesieT BEC U CKOPOCTh aBTOMOOWIIS B PEaJbHOM BPEMEHHU C
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MOMOIIbIO JAaTYMKOB, a TaKXKe CKOPOCTh JBUTATENsl, KOIJa aBTOMOOWIIb HAaXOMUTCS B COCTOSHUU
3amycka. B 3Toli cucreme B kauecTBE OCHOBHOTO MUKPOKOHTpoJsuiepa ucnodib3yercs STM32, u korna
CKOpPOCTb WJIM BEC aBTOMOOWJIS MPEBBILIAIOT TOPOrOBOE 3HAYEHUE, MUKPOKOHTPOJUIEP BBIIOJIHAET
CHUTHQJI TPEBOTM M TOCJIEAYIOIIUe omepanud. B 3ToM mpoekTe MmoapoOHO OMMCHIBaETCS 0OIas
KOHCTPYKIIUSI CUCTEMBI, OT TECTUPOBAHUS OTIIEIbHBIX MOIYJIEH 10 00IIEro MapHUPHOrO TECTOBOTO
HCIIOJIH30BaHUs, PUBOIATCS cXeMbl HHTepdericHoro Moy u STM32, a Takke CXeMbI anmnapaTHoro
o0ecreYeHnsl CUCTEMBI, CBsI3aHHbIE NepudepuiiHbie CXeMBbI U T. 1. JlaHHbIE H3MEPEHUI B KOHEYHOM
utore orobpaxkatorcss Ha OLED JXKK-gucmnee. KoHcTpykiusi mpocTa Mo CTPOSHHIO M MOXKET
IIPUMEHATHCS HA BCEX TUIAX TPAHCHOPTHBIX CPENICTB.

Keywords: STM32 single chip microcomputer, pressure sensor, Hall sensor.
Knroueswvie cnosa: mukpoxkonTposuiep STM32, natuuk qaBiaeHUs], 1aTYMK XOJIa.

Introduction

With the continuous improvement of China's national economy, the per capita car ownership in
China is also rising. According to statistics from the 2018 China National Economic and Social
Development Statistical Bulletin, China's national car ownership at the end of 2018 was 240.28
million (including 9.06 million three-wheeled vehicles and low-speed freight vehicles), an increase
of 10.5% over the end of 2017, including 207.3 million private cars, an increase of 10.9% year-on-
year. The number of civilian cars is 134.51 million, an increase of 10.4%, including 125.89 million
private cars, an increase of 10.3%. This design simulates the detection of dangerous driving system
part - load detection and speed detection. The STM32 microcontroller is used to control the model
part of the intelligent car, which is used to realize the detection and alarm functions.

Now the market sales of car safety driving alarm system mainly for electronic dog, single
frequency or triple frequency speed radar alarm, GPS speed radar alarm, etc.. Through the survey can
be found on the market most of the alarms are mostly to avoid the traffic police department speed
detection system, and can not improve traffic safety, but will encourage some drivers to get lucky.
And most freight vehicles are basically no weight detection system, which leads to freight drivers
will occasionally overload transport, thus occurring danger when the brake is too late or due to the
braking distance is too long and lead to traffic accidents.

This design is mainly based on STM32 microcontroller and DC motor equipped with Hall
encoder and pressure sensor. The STM32 microcontroller is used as the core to control the operation
of the whole system. The STM32 microcontroller is controlled so that the speed and weight can be
controlled and detected. This design focuses on the hardware circuit design by partial physical as well
as experimental. The details are as follows.

(1) The STM32 microcontroller is used as the core control, by controlling the STM32
microcontroller and then controlling the function of each other module to achieve.

(2) Test the pressure sensor module and the motor drive speed module separately to check
whether they can accomplish their intended goals and to perform basic debugging of them.

(3) Soldering the hardware circuit, supplying power to the motor, and testing the speed so that
it can perform basic operation.

(4) Assemble each module part as a whole to carry a complete circuit and design.

(5) Debug the piggybacked system as a whole to improve the problematic parts and finally
achieve the desired goal.
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The main purpose of this design is that this system device is mainly used to remind drivers to
drive safely, obey traffic rules, and prevent traftic accidents due to dangerous driving. The dangerous
driving behavior detection system is an experiment with practical value, and circuit welding, motor
regulation and program modification, etc. will be used in the design process.

Hazardous driving system design circuit mainly consists of power supply module, STM32
microcontroller system module, motor drive speed measurement module and pressure sensor module.

The STM32 microcontroller as the core of the control system, using the composition of multiple
modules, external pressure sensors and motor-driven speed module to achieve the purpose of
detecting weight and speed. And the parameters detected by the module return to the microcontroller
for processing, and then through the microcontroller for data transmission.

The STM32-based hazardous driving system detection is powered by a power supply module
to the microcontroller, which enables the microcontroller to control each module to achieve the
desired goal. The reset module performs the reset and initialization of the system, the crystal circuit
provides the clock signal to the microcontroller to ensure the normal operation of the system, the
motor drive speed module supplies power to the motor to ensure normal operation and speed
measurement function, and the pressure sensor measures the load weight. The block diagram of the
system structure is drawn according to the designed functions, as shown in Figure 1.
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Figure 1. Overall system block diagram

The hardware of this design of dangerous driving detection system design has the following
main components.

(1) Main control module: The system core hardware based on STM32 microcontroller is used to
control the operation and detection of the whole system.

(2) Power supply module: A 7.2V lithium battery is regulated to 5V and 3.3V as the input power
source. 5V supplies some pins of the pressure sensor, encoder, and motor driver module, and 3.3V
supplies power to the OLED and STM32 microcontroller. Meanwhile, 7.2V can directly power some
of the pins of the motor driver module.

(3) Motor drive speed module consists of two DC motors with encoders, equipped with Hall
sensors to facilitate real-time speed measurement of motor speed, driven by a TB6612 chip integrated
drive module.

(4) Pressure sensor module: HX711 is used as the sampling module, and the setting range is 0-
Skg. when the range is exceeded, it will be simulated as an overload situation.
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(5) OLED display module: 0.96" OLED is used as the OLED display to facilitate the display of

real time speed and load capacity.

The main control module adopts STM32 microcontroller as the core control board, which also
contains reset circuit, etc. STM32 microcontroller is used to control motor drive speed measurement
module, pressure sensor module and OLED display module. The reset circuit adopts manual reset to
ensure normal operation after manual reset in case the microcontroller does not work properly. As

shown in Figure 2.
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Figure 2. STM32 microcontroller schematic
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The design is mainly powered by a 7.2V lithium battery. the STM32 microcontroller can be
powered by a J-link downloader or by 3.3V. The regulated 5V voltage source is used to power the
pins of the pressure sensor module and the driver module part as well as the encoder. The drive motor
voltage range is 6.5V 15V, so the 7.2V power supply can be directly connected to the driver module
pins to ensure normal use. This is shown in Figure 3.
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Figure 3. Power supply module circuit schematic

The design adopts a dual motor drive method to drive the encoder motor through the motor drive
module composed of TB6612FNG chip, and speed and steering control can be achieved by changing

the polarity and voltage. As shown in Figure 4.
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Figure 4. Motor drive module composed of TB6612FNG
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To achieve the above functions, a 7.2V power supply can be used for direct power supply, but
the load capacity of the microcontroller 10 port is weak, and the DC motor is a high-current inductive
load, so a motor driver module consisting of the TB6612 chip is used.

Among them, TB6112FNG is a DC motor driver chip produced by Toshiba, the largest
semiconductor manufacturing company in Japan, which has the characteristics of dual-channel circuit
output, high-current MOSFET-H-bridge structure, and can drive two motors simultaneously.

The Hall encoder is a sensor that converts the geometric displacement on the output axis into a
pulse signal or digital quantity through magneto-electric conversion. The encoder consists of a Hall
code plate and a Hall element. The Hall code plate is a circular plate of a certain diameter with
different magnetic poles arranged in equal parts. When the motor rotates, the Hall element detects
and outputs a number of pulses. Generally, two sets of square wave signals with a certain phase
difference are output, and the STM32 microcontroller comes with an encoder interface, so it can be
directly connected to the microcontroller 1O port.

Since this design is still quite different from the specific vehicle, the module integrated with the
HX711 chip is used as the analog weight measurement module. Compared with other chips of the
same type, this chip has integrated internal voltage regulator and on-chip clock oscillator, etc., while
other chips of the same type need similar peripheral circuits. The chip has the advantages of high
integration, fast response time, and relatively strong anti-interference performance. At the same time,
the interface and programming of this chip with STM32 microcontroller is relatively simple compared
with other chips of the same type, and all control signals can be driven by the pins without the need
to process and program the registers inside the chip. As shown in Figure 5.
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Figure 5. Pressure sensor module

After final selection and debugging, a 0.96" OLED was chosen to display the measured pressure
values. The display can support IIC or SPI input mode, and through practice the OLED uses the SPI
input mode. Where SDA is the data line, SCL is the clock line, RES is the display reset pin, DC is the
data/command selection pin, CS is the data chip selection, low level active, when not in use need to
ground cannot be suspended. Finally, the measured pressure value is displayed through the OLED.
As shown in Figure 6.
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Figure 6. OLED display module

First, each module, including the whole system, is initialized and then enters the main program
loop. The system automatically detects the speed and pressure values and displays them on the OLED
screen, and compares the detected values with the preset values to find out whether the vehicle is
overloaded. If there is overload, the OLED display will show an error; if there is no overload, the
system will work normally. As shown in Figure 7.
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Figure 7. General block diagram of the system program
The main function program first performs the initialization of the motor drive speed

measurement module, pressure sensor module, and OLED display module, and then enters the big
loop program.
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In the big loop program, it first enters the value acquisition of the pressure sensor, gets a reading
value, and then compares with the preset value. If the value exceeds the preset value, it will directly
alarm and jump out of the cycle without executing the subsequent operations. If it is within the preset
value, then the speed measurement module reads the value and compares it with the preset value. If
the speed does not exceed the preset value, the system operates normally; if it exceeds the preset
value, the alarm is raised and the cycle is jumped. As shown in Figure 8.
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Figure 8. Main program flow block diagram

Because the encoder output is a standard square wave and the STM32 microcontroller comes
with an encoder interface, it can be directly wired using the hardware technique, 1.e., the 10 port is

directly wired. Connect to the STM32 microcontroller 1O port for direct reading. As shown in Figure
9.
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Figure 9. Block diagram of motor speed reading process

The pressure sensor module integrated by the HX711 chip is relatively easy to interface and
program with the STM32 microcontroller at the back end. All control signals can be driven by the
STM32 microcontroller pins without programming the registers inside the chip. The clock oscillator
inside the chip does not require any external devices. As shown in Figure 10.
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Figure 10. Pressure sensor module data reading program flow block diagram

The OLED mainly displays the measured weight value and detects in real time whether the
predetermined value is exceeded or not, and displays an error if the predetermined value is exceeded.

As shown in Figure 11.
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Figure 11. OLED module program flow block diagram

This time, we mainly use keil5 to test each module and debug the system in general. The main
task of software debugging is to debug through the physical circuit, find and modify the errors in the
program, and find faults in the physical operation results. In the process of debugging the program,
we should first design independent debugging subroutine modules to test whether the program can
achieve the expected functions and whether the interface control circuit is normal, and finally
gradually connect the subroutines for total debugging.

After the program debugging and software simulation, the program written can run normally
and meet the requirements, the system can achieve the expected results of operation. Later on, the
welding of some physical parts is carried out. According to the corresponding circuit schematic, the
required components are laid out and welded on the circuit board in a reasonable manner. After the
welding is completed, the hardware is debugged. The system power supply OLED initialization after
the boot interface is shown in Figure 12.
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Figure 12. OLED interface after power-on initialization

A cell phone is placed on the module to simulate the normal load, at this time the motor power
supply starts to rotate normally. As shown in Figure 13.

Increase the load mass until it exceeds the warning value to show the error, as shown in Figure
14.

The motor measures the speed as shown in Figure 15.
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Figure 13. Simulated load test weight graph Figure 14. Load weight exceeding the
maximum value display error
¥ speed_ml 6 int
¥ speed_mr 7 int
¥ PWM 0 float

Figure 15. Motor test speed

Where speed_ml is the left wheel speed and speed_mr is the right wheel speed. Where speed is
the total speed, which is the number of pulses output from the encoder in one second. The calculation
formula is V= (the number of pulses output from the encoder in one second/1600) *60 m/s.

Through a series of debugging, the above series of result graphs were finally obtained.
Basically, the desired design purpose is accomplished.

During the process of this design, I encountered a lot of difficulties, and even though I had some
experience as well as basic knowledge, I kept encountering new problems in the process of practical
operation.

The selection of materials for speed detection has photoelectric type as well as encoder type,
etc., and finally choose the motor with Hall sensor encoder. The motor can better achieve the control
role, while Hall sensor speed measurement is relatively convenient and cost-effective. For the
selection of pressure sensors, it is not possible to achieve a large load test and therefore take the analog
way. Therefore, the HX711AD chip, which is also cost-effective, was finally used.

Next, the pressure sensor module is relatively easy to test because of its simple procedure.
However, the complexity of the motor speed measurement led to slow progress.

Finally, we soldered the circuit boards, built the complete system, and started debugging the
whole system until we reached the expected goal. After a period of hard work, the STM32-based
dangerous driving behavior detection system is basically complete. In the process, many new control
methods were learned, new chip programming was learned, and the chips were soldered.
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