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Abstract 

With the development of ultrasonic distance measurement technique, measurement 
precision portable rangefinder increasing continuous improvement in working range 
farther, growing stability. Not only can it propagate in a solid state, but even in gas and 
liquid, ultrasonic waves can also propagate, but the difference in the medium will affect 
the speed of ultrasonic propagation. Utilizing the characteristics of relatively low energy 
consumption and easy propagation of ultrasonic waves, the designed portable ultrasonic 
rangefinder has the characteristics of lighter weight, smaller volume and simpler 
operation. As technology becomes more and more mature, it gradually involves many 
aspects of people's lives, and it has also played a great role in the military. The STC89C51 
single-chip microcomputer is the most widely used single-chip microcomputer on the 
market at present. It has extremely high value, and the single-chip microcomputer has 
low energy consumption, high performance, and simple operation. The cost is easy to 
promote. The core of this design is the STC89C51 single-chip microcomputer, plus an 
ultrasonic sensor to achieve the ranging effect. The whole system is composed of four 
modules. The main control chip is STC89C51 single-chip microcomputer, the ultrasonic 
transmitter and receiver module measures the distance and the display module used to 
display data. After the ultrasonic sensor detects the object to be measured, it detects the 
ultrasonic signal through the transmitting and receiving module, and calculates and 
processes the corresponding distance through the single-chip microcomputer, and 
finally displays the processing result on the LCD display unit. 
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1. Introduction 

With the rapid development of electronic technology in the world, China's ultrasonic 
rangefinders do not rely on mechanical principles to work as they did in the early days, and 
even in some aspects, the technical level is getting higher and higher. At present, domestic 
ultrasonic rangefinders have relatively large measurement errors, which cannot meet the 
accuracy requirements required for current work, and their penetration rate is very low. 
However, science and technology are developing rapidly, ultrasonic rangefinders are applied to 
more occasions, and the demand is increasing. However, in contrast to the current technical 
level, the range-finding technology that can be used by people is still very limited. Therefore, 
the field of ultrasonic ranging technology is booming and has an unlimited future. In order to 
meet the ever-increasing needs of mankind, it will develop in the direction of high positioning 
and high precision.  
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2. System function description 

Hardware aspect: Ultrasonic rangefinder designed by STC89C51 microcontroller. The key 
modules include the smallest system of single-chip microcomputer used for calculation, 
ultrasonic transceiver module and LCD display module used to display distance . 

Software aspect: Use Keil C51 to design system software and complete online debugging. The 
main modules included in the software design: ultrasonic distance measurement and display, 
LCD screen display, 1602 initialization delay program, etc. Technical indicators to be completed: 
the detection distance is 5cm-400cm .. 

3. Overall system design ideas 

This design uses the STC89C51 single-chip microcomputer as the core, which is composed of 
an ultrasonic transceiver module and function keys, and the LCD screen displays the display 
circuit. The signal generated by the single-chip microcomputer is introduced to the signal pin 
connected to the ultrasonic transmitter through the signal line, and the ultrasonic transmitter 
emits ultrasonic waves in a certain direction and starts timing at the same time. When the 
ultrasonic wave hits the measured object and reflects back to the receiver, the timing stops and 
the distance is calculated. 

This kind of scheme is relatively easy to realize, the ranging range meets the requirements of 
this time, the error is within the controllable range, and can be repeatedly erased and written, 
and the compiler language is implemented in C language, which is the best scheme. The block 
diagram 1 of the ultrasonic rangefinder controlled by the single-chip microcomputer is shown.  

STC89C51

Ultrasonic 
transmitter module

Power module

Reset module
Ultrasonic receiver 

module

LCD Display

 
Figure 1: Block diagram of ultrasonic rangefinder 

3.1. Circuit design of ultrasonic transmitter module and receiver module  

The upper limit frequency of ultrasound exceeds 20KHz , which exceeds the recognition range 
of human ears. Ultrasound can be divided into two oscillation modes: longitudinal oscillation 
and lateral oscillation. Whether it is a solid, liquid or gas, ultrasonic waves can propagate in it, 
and the propagation speed is different in different media. 

Wavelength: The essence of ultrasound is a sound wave, and its propagation speed is about 340 
m/s . The propagation speed of the wave is calculated by multiplying the wavelength by the 
frequency. Because the wavelength of the sound wave is relatively short, it is possible to obtain 
a clear judgment of the distance in the direction, and at the same time there is a higher 
resolution, so that we can obtain high accuracy in the measurement. 
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Reflection: Because metal materials, soil, glass and other products can reflect most of the 
ultrasonic waves, using this feature to find objects in front of us, this allows us to find them in 
time and accurately. However, some materials will absorb the ultrasonic waves that come into 
contact, such as cotton, cloth, sponge, etc., so the detection of objects in front is not absolute. At 
the same time, in some special cases, such as uneven surfaces, and places with excessive tilt 
angles, it is also difficult to detect. These prerequisites require an open space for the ideal test 
place for ultrasonic waves, and the objects to be detected must reflect ultrasonic waves. 

Temperature effect: We generally use "c" to indicate the propagation speed of sound waves, 
and the formula is c=331.5+0.607t ( m/s ). In the formula, t represents temperature ( ℃ ). It 

can be seen that the propagation speed of waves is inseparable from temperature, and 
temperature affects the propagation speed of waves. Therefore, in order to measure the 
accuracy, we must consider the important factor of temperature when we use ultrasonic to 
measure the distance. Therefore, if the precision of the distance measurement is very high, we 
choose to use the temperature compensation method. 

Attenuation: The sound waves caused by the diffraction phenomenon of ultrasonic waves 
diffuse on the surface of the earth and cause losses. The resulting phenomenon is that the longer 
and longer the propagation distance, the intensity of the ultrasonic waves themselves will 
become lower and lower. The degree of attenuation is proportional to the ultrasonic frequency, 
which means that the higher the frequency, the more severe the attenuation. Therefore, the 
ultrasonic frequency directly affects the effective distance of the ultrasonic sensor. 

The sound wave transmission circuit is composed of an amplifier and a probe. The amplifier 
correspondingly amplifies the 40KHz square wave pulse generated in the single-chip 
microcomputer , and is detected by the probe, and then the probe converts the electrical signal 
into a mechanical wave and transmits it. The receiving circuit is composed of CX20106A 
integrated circuit chip. Since sound waves are attenuated when they propagate in the air, the 
farther the sound waves are, the weaker the signal received by the receiving circuit. Therefore, 
the signal can only be enhanced by amplifying the received ultrasonic signal. The CX20106A 
chip circuit has functions such as signal amplification, filtering, shaping and comparison 
processing. After comparing CX20106A , the receiving circuit will output a low level to the 
microcontroller, and issue a request to interrupt the microcontroller to stop timing and start 
data processing. The ultrasonic module circuit is shown as in Fig. 2 .  

 
Figure 2: Download port circuit diagram 

3.2. Reset circuit design   

The reset of the single chip microcomputer and the microcomputer, its setting and resetting of 
the microcontroller, is to initialize the circuit to a defined state. In general, the reset circuit of 
the microcontroller, such as the function of the state machine, is initialized to an empty state. 
Registers and memory devices are preloaded with the values set by the manufacturer. 

Introduction to the working principle of the reset circuit: When the reset circuit is just turned 
on, there is no electricity in the capacitor, and the resistance in the capacitor is also low. After 
power on, the current will flow through the resistor and charge the capacitor. The voltage 
across the capacitor will slowly rise, and the differential circuit will also rise, immediately 
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generating a differential pulse with a width of more than two machine cycles and resetting the 
microcontroller. When the power of the reset pin rises from a low potential to a high potential, 
the internal circuit will undergo a reset operation, and the voltage of the RST pin will slowly 
drop to a constant value (ie, low level). At this time, the microcontroller can work normally . 
The reset circuit is shown as in Fig. 3 ..  

 
Figure 3: Reset circuit 

3.3. Crystal oscillator module circuit design   

The crystal oscillator is a commonly used clock component in the circuit and is called the heart 
of the single-chip microcomputer. It provides the clock frequency necessary for the normal 
operation of the microcontroller. The process in which some crystal oscillators apply voltage 
and frequency within a specified area is called a voltage-controlled oscillator adjustment. In 
order to provide accurate and stable single-frequency oscillation, a crystal that can mutually 
convert mechanical energy and electrical energy into resonance is used. The same crystal 
should be used to promote and maintain the system running at the same frequency, and the 
same crystal must be used. Some systems rely on different crystal oscillators and radio 
frequency communication, and synchronize through electronic frequency division adjustment. 
Generally, different types of systems require different oscillation frequencies. Then you can use 
the same crystal oscillator to link different circuits for use. We provide the required clock 
frequency for the normal operation of the system. This is the common use of the so-called 
crystal oscillator and related circuits. Under normal working conditions, the absolute accuracy 
of ordinary crystal oscillator frequencies can reach or even exceed 50 parts per million. 
Advanced crystal oscillators have higher accuracy. The higher the clock frequency provided by 
the crystal oscillator, the faster the corresponding microcontroller will run. As shown in Figure 
4. 

 
Figure 4: Crystal oscillator module circuit 

3.4. Download port circuit design    

Since the final form of the written program is a binary file, the file needs to be stored on the 
microcontroller in some way so that the microcontroller can run the program. Therefore, a 
download circuit is needed to download the binary file of the compiled program to the memory 
of the single-chip microcomputer. The download port circuit is shown in Figure 5 . 
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Figure 5: Download port circuit diagram 

4. Conclusion 

The ultrasonic rangefinder designed in this paper is not affected by the intensity of light and 
the color of the surface of the detected object, and plays a key role in the mobile use of the robot. 
At the same time, because of the advantages of ultrasonic ranging, the development of car 
reversing radars has also been widely used. 
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