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Abstract 

In response to the remote sensing control requirements in complex environments, this 
article follows the design ideas of good adaptability, high fidelity, low cost, and simple 
operation. Based on the STC89C52 single-chip microcomputer and Si4432 wireless 
communication module, the modular design concept is introduced, and a design that can 
run in water is designed. Bionic remote sensing robot. The STC89C52 single-chip 
microcomputer realizes the movement posture control of the robot, and the Si4432 chip 
realizes the remote control of the inspection robot. The system can imitate the 
movement of frogs, supplement energy autonomously and remotely and wirelessly 
control, thus providing a feasible method for the application of intelligent underwater 
robots. 

Keywords 

STC89C52 single-chip microcomputer; Si4432; wireless remote control; inspection 
robot; design. 

 

1. Introduction 

At present, the frequent occurrence of natural disasters has severely impacted some sophisticated 

systems, causing huge losses to humans and property. Regarding the daily equipment safety issues in 

power application scenarios, currently it is mainly concentrated in the field of inspection, and the 

equipment inspection can only identify the status of the equipment according to the preset inspection 

plan, and it is impossible to carry out effective operation and handling for emergency tasks [1-3]. For 
some complex power application environments, such as explosions, fires, deep water, etc., it is 

difficult to enter the site for emergency repairs at the first time, which greatly reduces the efficiency 

of emergency repairs. Therefore, improving the intelligent inspection level of complex power 

application environment is of great significance and value for dealing with complex power problems. 

At the same time, the development of single-chip microcomputers and wireless communication chips 
in the direction of high integration, low power consumption, and miniaturization has made the design 

of intelligent robots more flexible, more powerful, and more widely used. Therefore, in response to 

the current needs of intelligent inspection applications in complex environments, this paper designs 

a robot based on STC89C52 single-chip microcomputer and SI4432 wireless communication chip, 

which can realize autonomous surface movement, remote control, and wireless communication, and 

can be applied to remote sensing applications in complex environments and scenes. 

2. STC89C52 chip 

STC89C52 is a low-power microcontroller produced by the domestic chip manufacturer STC [4-5]. 
It is packaged in PDIP form and is compatible with 8051 instruction codes. The chip integrates 8K 

bytes of programmable Flash memory. See door dog timer, 3 16-bit timers/counters, support ISP, 

working voltage 3.3～5.5V, working frequency 0～40MHz, working temperature -40～+85℃, 
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power down mode power consumption less than 0.1μA, idle mode The power consumption is 2mA, 

and the normal power consumption is 4mA～7mA. Si4432 is a low-power wireless transceiver chip 

produced by Silicon labs [6-7]. It adopts QFN package form, internally integrates 64-byte FIFO 

transmitting and receiving bands, diversity antenna, temperature sensor, etc., working voltage 1.8～

3.6 V, frequency range 240～930MHz, receiving sensitivity -118dBm, data transmission rate 1～

128kbps, maximum transmitting power +20dBm, working temperature -40～+85℃, receiving power 

consumption 18.5mA, transmitting average power consumption 27mA, standby power consumption 

400nA. 

3. Hardware module design of remote sensing robot 

3.1 Basic structure 

The basic hardware module structure of the remote sensing robot is shown in Figure 1. 
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Figure 1. Hardware module structure 

Among them, the support module is formed by the bracket outsourcing the buoyancy material, which 

is the skeleton of each functional structure of the intelligent robot. The motion module, energy module, 

control module, and communication module are integrated inside the remote sensing robot to form a 

frog-shaped device; the motion module is composed of the remote sensing robot. The front and rear 

limbs and steering gears provide power for the remote sensing robot; the energy module is composed 

of solar panels, 3.7V mobile phone lithium batteries and some electronic components to obtain, store 

and provide energy for the remote sensing robot; the control module is mainly composed of 

STC89C52 single-chip microcomputer plus some resets The circuit, crystal oscillator and other 

electronic components are composed, and the control code is written into the single-chip 
microcomputer to make it judge the situation according to the rules set by the program, output 

electrical signals, and control the movement of the steering gear; the communication module relies 

on Si4432 to receive and transmit signals to realize the remote Controller interaction. 

3.2 Motion module design 

The remote sensing robot support module design is shown in Figure 2. 

 

Figure 2.Structure Diagram of remote sensing robot support module 

The buoyancy material is made of buoyant foam that is plastic, durable, and portable, and is common 

on the market. The buoyancy foam block is hollowed out and made into a frog shape, and the support 

frame is pasted with organic glue to fix the circuit board and the driving device on the support frame 

in the frog belly. The solar panels are exposed, and the edges are tightly attached to the buoyancy 

foam to prevent water from penetrating and damaging the internal circuits and driving devices. 

3.3 Support module design 

EMAX ES08MAII steering gear is selected to provide power for the motion module. The steering 

gear has an external dimension of 32mm×11.5mm×24mm, a weight of 13g, a working voltage of 4.8-
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6V, a load current of 200mA, and a torque of 1.5-1.8Kgf.cm. The motion design mainly refers to the 

movement of the fore and hind limbs of the frog in the water, as shown in Figure 3. 

Point D is fixed on the support module and serves as a fulcrum to support the two hind limbs to make 

a lever movement relative to the frog body. Point A is articulated with the steering gear, and points 

B and C are controlled to open and close to realize the extension and contraction of the two hind 

limbs. Install miniature electromagnets at the frog's fin points E and F. When the two hind limbs are 

stretched out to paddle backward, the electromagnet is de-energized and the fins are opened to provide 

forward thrust for the frog's body to push the remote sensing robot forward in the water; the hind 
limbs are retracted When returning, the electromagnet is powered on and the fins are closed to reduce 

the forward resistance of the remote sensing robot in the water; when the hind limbs are retracted to 

the limit position, the electromagnet is de-energized and the fins are opened, preparing the hind limbs 

to paddle back again, and so on. 

 

Figure 3.Structure Diagram of remote sensing robot Hind Limb 

3.4 Energy module design 

The size of the solar panel and the volume of the lithium battery directly affect the volume of the 

remote sensing robot. This device uses the common BL-5C mobile phone lithium battery, the battery 

size is 53×34×5.3mm, weighs about 22g, rated voltage 3.7V, charging voltage 3～4.2V, comes with 

a protection board, and the battery capacity is about 1100mAh. Connect three solar panels in series 

with a shape of 55×55×3mm. The single panel weighs about 11g, has a rated voltage of 3V, and a 

rated current of 140mA. It can directly output current to power the system or charge lithium batteries. 

The power supply circuit is designed as follows. 

In Figure 4, 3 solar panels connected in series form a 9V voltage, which is connected to the line 

through the PV port, flows in from port 1 of 7805, flows out from port 2 of 7805, and outputs a 

voltage of 5V. TL431, RP, and R2 form a controllable precision voltage regulator source. By 

adjusting RP, it can output any voltage within the range of 2.5 to 36V. This module is designed to 

charge the lithium battery with 4.2V voltage, the resistance value selected for R2 is 1KΩ, and the two 

values are substituted into the formula. 

Vout= (RP+R2)×2.5/R2 

It can be obtained that when the RP is adjusted to 800Ω, it can meet the charging voltage requirement 

of the lithium battery. 

A diode in series with 4.2V voltage can form a voltage drop of 0.7V, which meets the operating 

voltage requirements of the single-chip microcomputer and Si4432 chip. PS3120A is a special boost 

IC for lithium batteries, with 4.2V input and 4.94V output, which meets the working voltage 

requirements of the steering gear. 
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Figure 4. Wiring Diagram of connection between solar panel and lithium battery 

The above solar panels, lithium batteries, and circuits constitute a complete energy module. 

The 9V voltage provided by the solar panel will lose 2 to 3V through the 7805 chip. When the sun is 

sufficient, according to the law of conservation of energy, the input power of the 7805 chip is 

9V×140mA, and the output power is about 5V×168mA～5V×196mA. Regardless of the power loss 

of the TL431 stabilized voltage source, the charging current of 200mA～233mA can be formed. 

Lithium battery charging. If the power loss of the circuit is 15%, during the day, after the battery is 

fully charged, the solar panel can provide uninterrupted power supply for the system. At night, the 

fully charged BL-5C lithium battery can support the full-load operation of the remote sensing robot 

for more than 4 hours. 

3.5 Control module design 

The control module takes STC89C52 as the core, adjusts the output signal through the source code 

written inside and the pin level state collected from Si4432, controls the execution components such 

as motion and communication, and realizes the remote control of the remote sensing robot. 
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Figure 5. Circuit Diagram of Control Module 
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In Figure 5, U1, C1, C2, C3, R1, R2, X1 and the buttons together form the smallest module of the 

STC89C52 microcontroller. Pin 9 is connected to the reset circuit to provide an external reset function 

for the microcontroller; Pin 18 and Pin 19 are connected to the common 12MHz external crystal 

oscillator on the market to provide the clock for the microcontroller; Pin 31 is connected to a high 
level and does not access the external program memory; Pin 40 is connected to the power supply for 

The single-chip microcomputer is powered, and the 20-pin is grounded to form an internal current 

loop of the single-chip microcomputer. 

The P1.0 and P1.1 pins of the single-chip microcomputer are connected to the left and right 
electromagnets through the triode, and the opening and closing of the left and right fins are controlled 

through high and low level conversion; the P1.2 pin is positively connected to the power supply of 

the steering gear through the triode to control the rudder Engine start and stop; P1.3 pin modulates 

the pulse signal to control the rotation angle of the steering gear. 

3.6 Communication module design 

The Si4432 chip plus the peripheral circuit is connected with the single-chip microcomputer to form 

the communication module of the remote sensing robot, as shown in Figure 6. 

In Figure 6, Si4423 chip is connected to inductor, capacitor, 30MH crystal oscillator, UPG2214TB 

antenna switch chip to form a wireless transceiver module, STC89C52 single-chip microcomputer 
P0.0, P0.1, P0.2, P0.3, P0.4, P0.5 port Connect with Si4432 chip SCO, SCI, SCLK, nSEL, nIRQ, 

SDN ports respectively to control the transceiver of wireless chip. 

 

Figure 6. Circuit Diagram of communication module 
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4. Remote sensing robot software design 

4.1 Overall process 

The software module of the remote sensing robot is mainly composed of the steering gear pulse 

modulation module, the steering gear motion control module, the fin electromagnet control module, 

and the Si4432 chip control module. The steering gear pulse modulation module and the steering gear 

motion control module together control the rotation angle, start and stop of the steering gear, and 

realize the control of the telescopic movement of the remote sensing robot's hind limbs; the fin 

electromagnet control module respectively controls the opening and closing of the left and right fins 

of the remote sensing robot to realize remote sensing The robot moves forward and turns; the Si4432 

chip realizes the remote control of the remote sensing robot.  

4.2 Receiving data 

After the system is powered on, first initialize the microcontroller, SPI interface and Si4432, and 

write the corresponding initialization control word in each register. After all the control words are set 

up, prepare to receive data, read the length information in the register 4bh, and clear the data in the 

RX FIFO. Then turn on the "valid packet interrupt" and "synchronization word detection interrupt", 

disable other interrupts, enable the receiving function, and prepare to receive data. The MCU detects 

the level status of the pin nIRQ. If it is low, it means that there is a valid packet in Si4432. It judges 
the synchronization flag to receive data synchronously. The MCU reads the interrupt status and 

interrupt flag, and resets when the nIRQ pin is low again. High level, ready to detect the next interrupt 

trigger, and at the same time read the data in the RX FIFO through SPI, and close the data receiving 

function after completion. 

4.3 Forward function 

If the user data in the FIFO is a forward command, the MCU pin P1.2 outputs a high level, turns on 

the servo power, and the P1.3 port outputs modulated pulses to control the servo to rotate forward 90 

degrees, and the two hind limbs of the remote sensing robot extend; P1.0 and P1.1 output high level 

at the same time, turn on the left and right electromagnets, the remote sensing robot's dual fins are 

closed; P1.3 outputs modulated pulses, control the steering gear to reverse 90 degrees, and the two 

hind limbs of the remote sensing robot retract; P1.0 , The P1.1 port outputs low level at the same time, 

the left and right electromagnets are powered off, and the feet of the remote sensing robot are opened 

to prepare for the next stroke backward. 

4.4 Left turn function 

If the user data in the FIFO is a left turn command, the microcontroller P1.2 pin outputs a high level, 

turns on the power supply of the servo, and the P1.1 port outputs a high level, turns on the left 

electromagnet, and the left fin of the remote sensing robot closes; P1.3 Port output modulated pulse, 

control the steering gear to rotate 90 degrees, the two hind limbs of the remote sensing robot extend; 
P1.0 output high level, turn on the right electromagnet, the remote sensing robot right fin closes; P1.3 

output modulated pulse, Control the steering gear to reverse 90 degrees, and the two hind limbs of 

the remote sensing robot are retracted; P1.0 and P1.1 ports output low level at the same time, the left 

and right electromagnets are powered off, and the feet of the remote sensing robot are opened, ready 

for the next stroke backward Prepare. 

4.5 Right turn function 

If the user data in the FIFO is a right turn command, the microcontroller P1.2 pin outputs high level, 

turns on the servo power, P1.0 port outputs high level, turns on the right electromagnet, and the remote 

sensing robot's right fin closes; P1.3 Port output modulated pulse, control the steering gear to rotate 

90 degrees, the two hind limbs of the remote sensing robot extend; P1.1 output high level, turn on the 

left electromagnet, the left fin of the remote sensing robot close; P1.3 output modulated pulse, Control 

the steering gear to reverse 90 degrees, and the two hind limbs of the remote sensing robot are 

retracted; P1.0 and P1.1 ports output low level at the same time, the left and right electromagnets are 
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powered off, and the feet of the remote sensing robot are opened, ready for the next stroke backward 

Prepare. 

4.6 SPI simulation function 

In order to make the system design simple, this system does not use the SPI special chip, and the 

single-chip microcomputer is required to simulate the SPI four-wire mode. The simulation code is as 

follows: 

SPI write operation: 

void SPI_Write(unsigned char txdata) 

{ 

unsigned char i; 

for (i = 0;i < 8;i++) 

{ 

SI4432_SCLK=0; 

if ((txdata&0x80)==0x80) 

{ 

SI4432_SDI=1; 

} 

Else 

{  

SI4432_SDI=0; 

} 

txdata = txdata<<1; 

delay_10us(2); 

SI4432_SCLK=1; 

delay_10us(2); 

} 

} 

SPI read SI4432 register operation:  

Unsigned char SI4432_ ReadReg (unsigned char addr)  

{ 

Unsigned char value;  

SI4432_SEL=0; 

SPI_Write(addr|RR); 

Value = SPI_Read(); 

SI4432_SEL=1; 

Return value;  

} 

5. Conclusion 

This article takes JD supermarket as the research object, combines actual research and literature 
reading, establishes an initial evaluation index system for reverse logistics service quality, and then 

selects the indicators based on Likert's 5-level scale and principal component analysis, and finally 

establishes 5 An evaluation system of 21 indicators in three dimensions, and finally the weights of 

different indicators are calculated. The results show that among the five first-level indicators, the 
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quality of return processing occupies a greater weight, thereby laying a theoretical and model basis 

for further evaluating the quality of reverse logistics services. 
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