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Abstract 
With the development of society, the popularization of vehicles and the continuous 
improvement of driving safety requirements, how to reduce the blind area and detect 
obstacles more accurately has become a research hotspot. In this paper, the optimization 
design is carried out to solve the problem that the single sensor detection blind area is 
large, and when the obstacle is located in the double sensor detection and ranging is not 
accurate. The system uses STC89C52RC as the core controller, optimizes the layout of 4-
channel ultrasonic module HC-SR04 to reduce the blind area, and combines with the 
triangulation ranging algorithm to effectively improve the ranging accuracy. The optimal 
distance value and ambient temperature are displayed in LCD1602, and the system has 
the function of setting safety threshold and alarm. Through the test,the system 
effectively improves the ranging accuracy, and has certain application value. 
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1. Introduction 

Given that today’s automobile industry experiences a rapid development, there is an increasing 
number of vehicles annually. Nevertheless, some astern problems are disclosed accompanied by its 
convenience. According to the survey statistics, 15% of automobile accidents are caused by poor 
"rear vision" of cars [1]. At present, the mainstream reversing radar takes the minimum distance 
between the rear of the vehicle and the obstacle as the early warning distance [2]. When the location 
of the obstacle is between two sensors, the minimum distance method may lead to certain ranging 
errors. Specially, the closer the obstacle is to the rear of the vehicle, the greater the errors. The research 
on improving the ranging accuracy of astern radar will be carried out from three aspects: sensor layout, 
ranging algorithm and sound velocity compensation. 

2. Overall System Scheme 

The system uses pulse echo method to carry out ultrasonic distance measurement. STC89C52RC 
Microcontroller Unit (MCU) is used as the control and operation core of the system to coordinate the 
work of each part of the circuit[3-4]. See 1 for the overall framework of the system. 

The working principle of the system is that the four-way ultrasonic sensor installed in the rear of the 
car is controlled by the MCU to send acoustic signals and the timer starts. When the ultrasonic wave 
meets the rear object, the echo signal will be reflected, and most of the echo signal will be reflected 
to the receiving end of the ultrasonic sensor along the path, and then transmitted to the external 
interface of the MCU. At this time, the timing will be stopped. The MCU control circuit calculates 
the distance between the rear of the car and the obstacle according to the time difference. The voice 
alarm circuit is segmented according to the distance to help the driver reverse, while the LCD circuit 
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displays the four-way original distance, the final distance after algorithm processing and the current 
ambient temperature. 

 

 
Figure 1. Overall system framework 

3. Main Hardware Circuits 

With STC89C52RC MCU as the core, the system controls the distance measurement of ultrasonic 
sensor, displays the measured distance and temperature through LCD, reaches the safety threshold, 
and gives alarm. Figure 2 shows the schematic diagram of the system circuit. 

 

 
Figure 2. System circuit schematic diagram 

3.1 Control Circuit Design 

The main control system circuit is based on STC89C52RC MCU. Among them:P0.0-P0.7: used for 
display output, connected to LCD1602 display;P1.0-P1.7: used to connect the control end (TR) and 
return end (ECHO) of the HC-SR04 of the four-way ultrasonic wave;P2.5-P2.7: Used to control 
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LCD1602 data/commands, read/write, and enable terminals;P3.3-P3.5: connect the key circuit;P3.6: 
Buzzer connected to alarm circuit;P3.7: temperature compensation module; RST: connect reset 
circuit; 

XTAL1 and XTAL2: Clock circuit. 

3.2 Ultrasonic Ranging Circuit Design 

This design uses HC-SR04 ultrasonic ranging module. HC-SR04 is a commonly used ranging sensor , 
which can measure object distance quickly and accurately by using ultrasonic detection technology. 
The center frequency of HC-SR04 is 40KHz, and eight pulse trains are transmitted at a time, which 
meets the design requirements of the system.  

HC-SR04 module has 4 pins, 4 pins are connected to VCC, and the positive 5V power supply is 
connected to the system. 3-pin Trig is the control pin, the system input 20μs high level signal; 2 pin 
Echo is a receiving pin, which is used to receive the ultrasonic wave reflected by the obstacle and 
convert it into a pulse signal output. The pulse width is proportional to the distance of the obstacle, 
and the distance can be calculated by calculating the pulse width; 1 Pin GND is the ground cable pin. 
Sensors 1 and 2 (3and 4) should be tilted inward to ensure that a triangle is formed, it provides 
hardware basis for triangulation ranging algorithm.  

3.3 Display Circuit Design 

LCD1602 LCD is a common character display device, which is usually used for the output display of 
embedded systems. The system writes data to D0-D7 through the GPIO of STC89C52RC. After 
enabling the pin to generate trigger pulse, LCD1602 reads the data on the D0-D7 pin and displays it. 

3.4 Temperature Compensation Circuit Design 

The temperature compensation circuit uses DS18B20 temperature sensor. The DS18B20 is a digital 
temperature sensor that can collect ambient temperature and output a digital signal. DS18B20 
contains 3 pins, including GND grounding and VDD connecting to 5V power supply; The IO pin is 
the data signal pin. 

3.5 Alarm Circuit Design 

The alarm circuit is mainly composed of a buzzer, an NPN triode and a 100 ohm resistor. When the 
obstacle distance is less than the preset safety distance, the front circuit of the reverse radar generates 
a low-level signal, which is input to the base of the triode through the 100 ohm resistance, so that it 
is in the on-state, so that the buzzer sounds to inform the driver to pay attention to safety. When the 
obstacle distance increases to the safe distance, the front circuit of the reversing radar sends a high 
level signal, the transistor ends, and the buzzer turns off. 

4. System Software Design 

This subject uses C language to design software on the Keil compiler. The system software program 
includes the main program, ranging subroutine, algorithm processing subroutine, temperature 
compensation subroutine, etc. 

The system has two modes of operation. Mode 1 is for ranging and mode 2 is for safety threshold 
setting. After initialization, the system automatically enters the ranging mode. Start the temperature 
compensation module to test the current temperature, obtain the corresponding sound speed according 
to the principle, it is called by the ranging calculation module. Start the distance calculation subroutine, 
call the corrected speed of sound, and calculate the distance measured by the four ultrasonic sensors. 
Adapting the trigonometric range algorithm program to get the final distance. Call the LCD display 
subroutine to display the original distance, final distance, and current temperature. Call the alarm 
subroutine, compare the final distance with the safety threshold, and give alarm in stages. Press button 
1 to switch to mode 2 Security threshold setting mode. You can press button 2 and button 3 to increase 
or decrease the security threshold. The main program flow chart is shown in Figure. 
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Figure 3. Main program flow chart 

4.1 Temperature Compensation Subroutine 

The temperature compensation module obtains the current temperature. Since the sound speed 
changes with the temperature, the sound speed is corrected in order to avoid the final ranging distance 
error caused by the error of the sound speed. 

There are two ways of temperature compensation of sound velocity, one is derived from the 
longitudinal wave sound velocity relation of gas[5], the other method uses the table method for 
temperature compensation. Because method one involves floating point arithmetic, it is difficult for 
single chip computer to process data, the system chooses the second method to compensate the sound 
speed temperature, every rise of 10C the sound speed changes 0.6m/s, and the corrected sound speed 
is used for ranging. The temperature compensation subroutine flow chart is shown in Figure 4. 

 

 
Figure 4. Temperature compensation subroutine flow chart 

4.2 Ranging Subroutine 

When ultrasonic ranging is carried out, the MCU sends out a pulse signal with a width of 20μs, which 
controls the ultrasonic ranging module 1 to emit 8 ultrasonic pulse strings of 40KHz, and starts the 
interrupt 1 at the same time. The timer T0 starts to count. When the system receives the echo, the 
count ends, and call the corrected speed of sound, Half of the product of sound speed and time 
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difference is the ranging distance[6]. Timer T0 clear zero; In accordance with the same method, the 
modules 2, 3 and 4 complete the distance measurement in sequence, so as to obtain the distance 
information when the four ultrasonic distance measurement modules work independently. See 5 for 
the flow chart of the ranging subroutine.  

 

 
Figure 5. Range subroutine flow chart 

4.3 Algorithm Processing Subroutine 

When the obstacle is located between two sensors, as shown in Figure 6, the minimum value of a and 
b is taken as the target distance according to the principle of the minimum value algorithm. There are 
certain errors in this method. The closer the obstacle is to the rear of the vehicle, the greater the error. 
The triangulation algorithm needs to determine whether the target between the two sensors is the 
same target. If a and b are compared with the distance difference threshold, they are smaller than the 
distance difference threshold, and the distance can be optimized by the triangulation algorithm. If the 
distance difference is greater than the distance difference threshold, it indicates that there are multiple 
obstacles, and the minimum algorithm is used to optimize the distance measurement.  

 

 
Figure 6. Schematic diagram of triangulation ranging algorithm 

 

If there is a target between two sensors, take the mean value of A and b, and form a right triangle with 
half of the distance between the two sensors, and the height obtained is the optimized distance. Figure 
7 shows the flow chart of the algorithm processing subroutine. 
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Figure 7. Flow chart of triangulation ranging algorithm 

5. System Test 

An obstacle of 0.3m * 0.1m between the two sensors is taken as the detection target, and two reversing 
radars are used for ranging. The temperature was set to 250C for the first time and 200C for the 
second time. Test images are shown in 8. 

 

 
Figure 8. Image of small obstacle test located between sensors 

 

The results are shown in Table 1. 

According to the data in Table 1, the detection effect of the triangulation ranging algorithm radar is 
significantly improved than that of the minimum ranging radar, and the relative error is about 5%, 
which meets the design requirements. After the temperature change, the detection effect of the 
triangulation ranging radar is not significantly reduced, and the function of the temperature 
compensation module is normal. 
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Table 1. Table of radar ranging results for Experiment 
Actual 

distance 
(cm) 

The measuring 
distance of the 

minimum 
ranging 

algorithm (cm) 

Unoptimized 
relative error 

The measuring 
distance of the 
triangulation 

algorithm 
(cm)25℃ 

Optimized 
relative 

error 

The measurement 
distance of the 
triangulation 

algorithm (cm)20℃ 

5 7 40% 5 0 5 
10 13 30% 11 10% 11 
20 25 25% 21 5% 21 
30 37 23% 32 6.6% 32 
40 48 20% 42 5% 42 
50 59 18% 52 4% 52 
60 66 10% 62 3.3% 63 
70 77 10% 73 4.2% 74 
80 86 7.5% 83 3.75% 83 
90 98 8.9% 94 4.4% 94 

6. Summary 

In this paper, the design of ultrasonic reversing radar system based on triangulation ranging algorithm, 
the hardware and software design of the system is described. The experimental results show that the 
reversing radar based on triangulation algorithm compared with the traditional minimum algorithm 
reversing radar, in the detection of small obstacles, ranging accuracy is greatly improved, and it has 
certain application value. 
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