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Abstract: In this paper, an intelligent STC89C51 single-chip microcomputer control 

system is designed to realize the functions of weather detection, rain detection, 
automatic pole closing and alarm. All the expected functional indicators have been 

achieved. The design of the whole system is mainly divided into hardware and 

software. There are two levels of software. In the design of software system, KEIL 

software is used as the development environment of the intelligent clothes drying pole 

system. The program code of the intelligent clothes drying pole system is constructed 

by C language. The control of the main microprocessor is realized by the final machine 

language code, and the drive of the off-chip function module is realized. In the design 

of hardware system, the intelligent clothes pole system implants the STC89C51 
microcontroller into the core position of the hardware circuit, and drives all the chips 

and sensors out of the chip through it, so that these functional circuits can perform 

their functions, and the data needed to be processed in the working process is in the 

SCM chip STC89C51. Carry out calculations. After many tests, the working state of the 

intelligent clothes drying rod system is very stable, and it can perform all the functions 

normally. It is very suitable for marketing. 
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1. Introduction 

We often say that the intelligent clothes drying rod system refers to a micro-intelligent 

system realized by the powerful control function of a microprocessor chip such as a 

single-chip microcomputer. Its realization is a product of the rapid development of 

microprocessor production technology [1]. The micro-processors developed by most 

manufacturers are moving toward miniaturization, high-speed and intelligent, which 

provides direction for the development of many types of micro-systems, including the 
intelligent clothes-bar system developed by this project. It also makes the 
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development of intelligent clothes rail system faster and more efficient. The core part 

of the intelligent clothes drying rod system is its internal main control microprocessor 

(this topic will use STC89C51 single-chip microcomputer as the main control chip), its 

role in the system is mainly used to provide drivers for off-chip functional modules. So 

that each chip or sensor can show normal functions. In the development background 
of the intelligent clothes rail system, most of the earliest systems adopt analog circuit 

architecture, and the concept of microprocessor control is less [2,3]. The digital circuit 

and control at that time The idea of the system has not yet been popularized. The 

intelligent clothes drying rod system can only be realized by a large number of analog 

circuits, so the final performance form is relatively simple and the intelligent elements 

are few. When the microprocessor technology is popularized, the intelligent intelligent 

clothes rail control system is realized, and people can convert and burn the program 

code into the microprocessor chip through the program code such as C language, so 
that the microprocessor Working according to people's expected control will eventually 

show a very intelligent performance. The main development direction of the intelligent 

clothes rail system in recent years is mainly miniaturization and embedded, and the 

increasingly high intelligence elements are also necessary for such systems, except for 

the designer's hardware circuit and software program code. In addition to optimizing 

the design, the nature of the device itself used in the system is one of the key factors 

that restrict most intelligent systems (including the intelligent clothes rail system 

developed by this project). For the simplest example, In the same intelligent clothes 
pole system, when using 8-bit machine (51 MCU, STM8 MCU, etc.) as the master, the 

execution speed of instructions per second is MIPS level, and for 32-bit 

microprocessors (STM32, ARM7 and ARM9, etc.), because its internal CPU core can 

simultaneously calculate 32-bit binary data at the same time (8-bit machine can only 

operate on 8-bit data), its data processing speed can reach dozens Even hundreds of 

MIPS, from this aspect we can see that the development status of microprocessor 

master chip dominates the development status of smart clothes rail system, To 

improve the overall performance of this system, we need to start with the selection of 
the master core chip. 

 

2. Design Scheme 

The whole system is divided into the minimum system circuit, LCD display circuit and 

bee of STC89C51 single-chip computer on the hardware system and software system. 

Sounder alarm circuit, stepper motor circuit, ULN2003 stepper motor drive circuit and 

rainwater harvesting circuit, etc. In the software and hardware design part below, the 

software and hardware drivers of these modules will be designed in detail. The role of 

the STC89C51 microcontroller minimum system is the control function of the whole 
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system is adopted. The display module adopts LCD1602 liquid crystal screen for 

realizing the display of the operation status of the intelligent clothes drying rod; the 

alarm device is composed of a buzzer and a MOS tube, and is used for realizing when 

the light intensity is lower than the setting valve. The alarm is performed when the 

value is used; the stepping motor is used to realize the dragging of the clothes drying 
rod; the illumination detecting module is composed of a photosensitive sensor for 

detecting the outdoor light intensity; the button circuit is composed of mechanical 

buttons, and is used for manual opening and closing. The clothes rail of the clothes 

rail, this is the main function of each module. 

After the overall design of the intelligent clothes rail system is established, the primary 

task is to master the positioning of the microprocessor and understand its performance 

[4,5]. According to the official data provided by this microprocessor chip, this chip The 

user provides two different packages of chip and in-line pins. The STC89C51 MCU has 
more GPIO pin resources in terms of performance. The number of GPIO pins of the 

STC89C51 MCU in the in-line package is sufficient. To meet the needs of this intelligent 

clothes-bar system, and the in-line package makes it easier to layout and package the 

circuit, so this topic will use the single-chip chip in the figure below to achieve control 

of the system. 

 
Fig. 1 picture of STC89C51 MCU 

In order to realize the automatic extension and retraction of the clothes drying rod, 

this subject will be dragged by the stepping motor. Therefore, it is necessary to select 

a stepping motor which is suitable for the development of the system at the same 

time, and the stepping motor part in the figure. The four-phase coil circuit is configured. 

When the current is applied to the four-phase coil according to different timings, a 

magnetic field force can be generated around the coil according to the electromagnetic 
effect, and the internal rotor of the motor is rotated by the interaction force with the 

magnetic material. . The data of the four-phase stepping motor is very rich, especially 

the program information of the STC89C51 single-chip drive control is the most 

abundant. This feature can ensure the success of the design of the project after the 

stepper motor is placed in the hardware circuit of the system. 
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Fig. 2 Picture of Stepper motor module 

Next, we introduce several other important parameters of the rain sensor. This device 

can be flexibly controlled by the STC89C51 MCU. In addition, it needs to consume 2 
pins of the STC89C51 MCU in this system, taking into account the rich GPIO of the 

STC89C51 MCU. The pin resources and other functional modules are connected to the 

pins of the MCU, and the package can meet the requirements of the intelligent clothes 

rod system. Through the investigation of several types of rain sensors that are most 

commonly used on the market, it can be found that rainwater diodes and rainwater 

sensors are the two most commonly used rainwater sensors. After a simple 

comparison, the difference between the two devices is obvious. Rain sensor is superior 

in terms of shape and internal function parameters. Not only that, if the performance 
and purchase cost of the two are comprehensively analyzed, the cost performance of 

the rain detector is much higher than the former. Considering this. The time and 

funding for the second graduation design are limited. If the rain sensor device is 

implanted in the intelligent clothes drying rod system, it can be surely ensured that 

the rainwater intensity function in the detection environment of the system is realized. 

Therefore, the following figure is finally decided. The rain sensor in the middle is used 

to collect the rainwater intensity function of the surrounding environment. 

 
Fig. 3 Picture of rain sensor 

In the single-chip computer system, the display for realizing the liquid crystal display 
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function mainly includes LCD1602 liquid crystal screen and TFT liquid crystal screen, 

etc. Both of these devices can achieve better working effects, but the use method and 

appearance between the two liquid crystal displays The effect of the former is very 

different, the former is very high in integration, simple to use and low in cost, while 

the latter has a single function and needs to be used with complex peripheral driving 
circuits, so the LCD 1602 dot matrix screen is more suitable. 

 
Fig. 4 Picture of LCD1602 

In order to ensure that the alarm function is caused when it is raining outdoors, a 
buzzer is needed. The official information of this active buzzer device selected in this 

subject indicates that its internal core module is an oscillator module. Achieving an 

alarm signal can bring some advantages such as the generation and shutdown of the 

buzzer sound with the simplest drive circuit. It can be seen from the appearance of 

the device in the figure below that this type of active buzzer has two function pins, 

which are divided into two types: power supply and signal control pin. In the next task, 

this active device will be used. The buzzer's power supply circuit and signal control 

circuit are designed in detail, and the C language program is written and the bottom 
layer driver is driven by the STC89C51 single-chip microcomputer, and finally the alarm 

signal function is realized. 

 
Fig. 5 Picture of buzzer 

The design of the minimum system circuit is relatively simple, because the so-called 

minimum system is actually composed of the STC89C51 microcontroller chip, reset 
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circuit and crystal oscillator circuit, and the STC89C51 microcontroller chip is a mature 

independent module, no need for secondary circuit design. Development, so this topic 

only needs to design the reset circuit and the crystal circuit and then connect the three 

correctly. 

The structure of the reset circuit is relatively fixed, and the resistors and capacitors of 
the appearance of the chip package and the mechanical buttons can be connected 

according to the circuit topology in the following figure. 

 
Fig. 6 Reset circuit 

When connecting the crystal oscillator circuit, pay attention to the position between 

the two capacitors and the two pins of the crystal oscillator. Since the 12MHz high-

frequency clock signal is selected for this topic, the distance should be as short as 

possible to prevent high-frequency interference, as shown in the following figure. 

 
Fig. 7 Crystal oscillator circuit 

In order to achieve accurate detection of whether it is raining outdoors, the detection 
circuit in the following figure is designed, and the peripheral circuit of the rain sensor 

can be constructed by using a general circuit form. By sorting out the data on the 

network and in the library, we can find that the peripheral circuit design of the rain 

sensor is mainly divided into two parts: the power supply circuit and the single-chip 

control circuit. This type of rainwater detector selected in this subject uses DC 5V DC 
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voltage. Power supply, its No. 1 pin is used for power supply, which is consistent with 

the data recommendation circuit. In addition to the power supply circuit and the pins 

of specific functions, the rain sensor has two remaining GPIO pins for use with the 

microcontroller. Connected pin is the key part of the design of this intelligent clothes 

drying rod. As shown in the figure below, in order to realize the input and output of 
data and commands between the MCU and the rain sensor, the following connection 

relationship is adopted, and the 3 and 4 pins of the rain detector are respectively 

connected to the GPIO pins corresponding to the MCU. Just go up. 

 
Fig. 8 Rain detection circuit 

In order to ensure that the alarm function is caused when it is raining outdoors, this 

part will connect the active buzzer device to the external resistor-capacitor network 
by Protel drawing schematic diagram to realize the hardware drive of the device, and 

at the same time Its two control pins are connected to the microcontroller. The overall 

appearance of this alarm part of the circuit is relatively clear, which is determined by 

the device's highly integrated device properties. It does not require the user to 

configure complex peripheral circuits, and the P2.0 tube of the STC89C51 

microcontroller is used on the switch control circuit. The foot outputs the switching 

signal, and then the power of the switching signal can be amplified by the MOSFET 

tube in the figure, thereby directly turning on and off the buzzer, and its working 
principle is that the buzzer sounds an alarm when the P2.0 outputs a high level, and 

the output low level stops working. 
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Fig. 9 Weather alarm circuit design 

In order to realize the automatic extension and retraction of the clothes drying rod, 

the subject will be dragged by the stepping motor. The driving circuit schematic design 

method of the stepping motor is relatively simple. Since the four-phase stepping motor 

is selected, it is required. Receive four independent drive pulse signals, connect the 

A~D four-phase inputs to the first four output pins of ULN2003 according to the 

connection relationship in the figure. The ULN2003 power amplifier chip equally 

amplifies the power of the four drive pulses. It can be flexible enough to drive various 

rotating actions of the stepping motor when it is sent into the stepping motor. In the 
intelligent clothes drying rod system, the hardware circuit of the ULN2003 driving chip 

device will be driven according to the connection relationship of the schematic diagram 

in the following figure. Since the pulse power of the four-stepping motor output of the 

GPIO pin of the STC89C51 single-chip microcomputer is too low, there is no way to 

directly drive the stepping motor to rotate. Therefore, the ULN2003 chip circuit in the 

figure below is designed to realize the power amplification of the pulse. This circuit 

adopts + 5V DC voltage is used for power supply. The four input pins of IN1~IN4 are 

connected to P2.0~P2.3 of STC89C51 microcontroller. As shown in the circuit diagram 
below, the Darlington tube in the ULN2003 stepper motor driver chip driver circuit is 

its core part, and the current limiting circuit, diode, resistor-capacitor network and 

interface control circuit are its sub-core parts. All of its functions are achieved through 

the control of these circuits. The accuracy of the Darlington tube will determine the 

performance of the stepper motor drive part of the entire system. 

In order to realize the parameter display during the operation of the clothes drying 

rod system, the circuit in the following figure is configured. The GPIO pin connection 

between the STC89C51 MCU and the LCD1602 LCD screen is the design focus of this 
subject, and the LCD1602 display is correctly powered. After it enters the working 

state, the STC89C51 MCU intends to send the command data of the GPIO pin to the 

4~14 pin group of the LCD1602 LCD screen, or read the internal part of the LCD1602 

from these pins. The command signal output by the controller, through the operation 
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of the two, realizes the arithmetic processing of the data, and finally realizes the 

function of displaying the important parameters. 

 
Fig. 10 Clothes rod shrinkage circuit 

 
Fig. 11 Display circuit 

The design of the software system will include the subroutine of the main program 
flow of the intelligent clothes rail system, LCD1602 display circuit, buzzer circuit, 

stepper motor drag circuit, stepper motor drive circuit and rainwater detection circuit. 

The process, combining these programs with the hardware system, allows the 

intelligent clothes rail system to work properly. 

After the initialization is completed, the MCU will first detect whether a button has 

been pressed. When it is detected that the user presses the on/off button of the 

clothes bar, the program will immediately enter the flow of the forward/reverse 

stepping motor, thereby turning the clothes bar retracted/extended. When no button 
is pressed, the MCU will start reading the high and low level signals output by the rain 

sensor. When it detects that the rain sensor output is high, it indicates that it is raining 

outside, so that the buzzer is driven to send an alarm signal, and the MCU will drive 

the stepping motor. Retract the clothes rail. 

The function of the rain sensor in this system is mainly used to send the detected 

rainwater intensity into the intelligent clothes drying rod system. The main control 

device selected by the intelligent clothes drying rod system is the STC89C51 single-

chip microcomputer, so it is necessary to write the C language program code. Generate 
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the machine language used to control the GPIO pins of the MCU, and finally realize 

the control of the internal circuit of the rain sensor to achieve the function of detecting 

the rain intensity in the environment. The control of the rain sensor by the STC89C51 

MCU needs to be strictly in accordance with the official information given in this device. 

Timing diagrams are performed, and the generation of instructions also requires 
reference. The input of all instruction data is realized by collecting rainwater intensity 

and two processes. The current data of the P1.7 pin of the STC89C51 single-chip 

microcomputer is detected. When the P1.7 is detected to be 1, the DO pin of the rain 

sensor outputs a high level. At this time, the surrounding environment is weak, and 

P1.7 is 0. It indicates that the DO pin of the rain sensor outputs a low level, and the 

surrounding environment is rainy. The main function of the LCD1602 LCD subroutine 

in this intelligent clothes drying rod system is to display the parameters. As shown in 

the working flow chart below, the process of displaying characters is divided into two 
steps. The first step is to use the STC89C51 MCU to characterize the characters. The 

number corresponding to the position to be displayed is sent out through the P0 port. 

After the LCD1602 receives the position, the second step STC89C51 sends the code 

value corresponding to the digital value to the LCD1602 through the P0 port, and then 

the internal control of the LCD screen. The device will automatically retrieve the dot 

matrix data corresponding to the code value from the font module, and then display 

it on the LCD dot matrix screen. STC89C51 single-chip microcomputer for the stepper 

motor drive is mainly controlled by its P2.0~P2.3 four pins, of which P2.0~P2.3 
correspond to stepper motor four-phase input A~D four Phase, A~D four-phase input 

corresponds to four independent coils. When a coil is energized, the current will be 

converted into a magnetic field by electromagnetic effect and generate force with the 

internal magnetic part. This force is to drive the stepper motor. The driving force of 

the rotation occurs, and the order of energizing the four independent coils is different 

in the STC89C51 single-chip microcomputer, then the stepping motor will operate in 

different ways. 

 
3. Conclusion 

This paper takes "Intelligent Clothes Rod Control System Design" as the research topic, 

and designs an intelligent STC89C51 single-chip microcomputer control system that 

can realize dot matrix display, buzzer alarm, electric pulse signal power amplification 

and rainwater induction. All expectations Functional indicators have been achieved, 

the following are the functional indicators that will be achieved in this topic. 1. The 

data collected in the intelligent clothes drying rod system can be displayed to the user 

with higher quality liquid crystal display capability; 2. It can realize the working state 

control of the active buzzer under the high and low level control of the GPIO pin of 
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the STC89C51 single chip, thereby generating an alarm signal; 3. It can realize the 

configuration of ULN2003 stepping motor driver chip circuit, and amplify the weak 

power pulse outputted by STC89C51 single-chip microcomputer through this circuit to 

realize powerful driving of four-phase stepping motor; 4. The detection of the 

rainwater sensor output signal can be realized by the ordinary GPIO pin of the 
STC89C51 single-chip microcomputer, and the current environmental rainwater 

intensity is judged by the detection result. 
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