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Abstract—With the development of the smart home, people 

are not only satisfied to control the home appliances and lights 

remotely by pressing the button. If people can make full use of 

voice as the most effective way to communicate information, it 

will make the smart home more convenient in control. 

This paper describes the ARM microprocessor, speech 

recognition chip, voice broadcast module, and NRF24L01 

wireless transceiver module. The voice control system of smart 

home, which is composed of sensor detection and other main 

modules, is different from the mainstream smart home control 

products in the market, such as Xiaomi Intelligent Audio. Its 

input device is portable wearable. When it is used, what you do is 

only to touch the button to start the recognition mode. Most 

importantly, it includes the function of voice broadcast so that it 

can let users achieve simple interaction. 

Keywords—Arm microcontroller; Speech recognition; Wireless 

transceiver; Voice broadcast 

I. THE RESEARCH BACKGROUND 

Smart home is an embedded control system, which 
combines the communication technology, network technology 
and modern sensor technology to form a unified system 
through a specific network. It is a new product that is based on 
the technologies of computer control, electronic, sensor 
detection and automation. Smart home system installs different 
types of sensors in the room to achieve real-time monitoring of 
domestic environment, such as temperature, humidity, air 
quality and combustible gas, etc. Also by setting up the 
threshold value, the corresponding electrical equipment can be 
controlled to the expected value [1]. The traditional control is 
mainly based on manual pressing control and remote control. 
This paper studies the intelligent control of household.  

As the speech recognition technology is more and more 

mature, there will be more application of speech recognition. 

It also can drive such as computers, communications and 

defense. Voice control system provides people with a more 

friendly, more convenient control method, especially when 

people are in a closed place or dark environment, speech 

recognition control is necessary. 

 

II.  OVERALL SCHEME DESIGN 

This paper realizes the voice control of electrical equipment 
in the home. It also has the automatic adjustment function. 
Since the system is intended for users of all ages, all aspects 
need to be considered, especially it should be user-friendly and 
portable [2]. 

A. The Non Functional Requirements of the System: 

 High accuracy of speech recognition 

 Low power consumption of the system 

 The system is stable and reliable 

B. The Functions of This System includes: 

 Speech recognition function 

 Voice broadcast function 

 Short message alarm function 

 Night mode 

III. HARDWARE CIRCUIT DESIGN 

A. Speech Input Circuit 

The main control chip is STM32F103C8T6, which is the 

smallest ARM chip in the market at present. In order to 

achieve the omni-directional, no-dead angle and long-distance 

voice control, it adopts the NRF24L01 wireless transceiver 

module for data transmission. In terms of speech recognition 

[3], it adopts a speech recognition module with high 

recognition accuracy in the market at present. The start and 

end of speech recognition are controlled by pressing buttons, 

so as to achieve low power consumption. 

B.  Speech Recognition Module 

In this design, the HBR740 voice recognition co-

processing module is adopted. It is a program controller. SPI 

Flash is the data memory, MIC and the front circuit are 

responsible for providing voice signal input, and can 

communicate with the master control system or PC 

development tool through USART interface, so as to realize 

the speech recognition function. 
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C. NRF24L01 Wireless Transceiver Module 

This design adopts the NRF24L01 wireless transceiver 
module as the data remote transmission. NRF24L01 is a 
monolithic transceiver chip. It usually works in 2.4 to 2.5 GHz. 
ISM frequency band and the module hardware are used, such 
as frequency generator, mode controller, crystal amplifier, 
power amplifier, modems and other devices. Through the SPI 
interface, it can set the protocol and power output. SPI 

interface can take advantage of the MCU SPI interface to 
simulate the connection or use the microcontroller IO port [4]. 

The module can automatically detect and retransmit packets 
and resend through software control time and retransmission 
times. It can also store the received response signal data 
packets. After receipt of a valid data signal, the module will 
send the response signal, without programming and testing. At 
the time of sending and receiving data, power consumption is 
very small. NRF24L01 wireless transceiver module is shown in 
Fig. 1. 

 
Fig. 1. NRF24L01 wireless transceiver module 

D. Temperature and Humidity Detection Module 

DHT11 is a digital sensor integrating temperature and 

humidity detection. The sensor consists of two important 

components, namely resistance type humidity measuring 

element and NTC temperature measuring element. Through an 

8-bit single-chip microcomputer as the microprocessor, the 

real-time collection of temperature and humidity is realized. 

DHT11 is connected with MCU through the single bus, so 

only one IO port is needed. The circuit of DHT11 is shown in 

Fig. 2. 

 
Fig. 2. The circuit of DHT11 

E.  Voice Control Circuit 1 

The main voice control chip is the STM32F407 series. 

Through the peripheral interfaces such as SPI and serial port, 

various modules are connected to form unified. The main 

function of this device is voice broadcast, followed by remote 

control of TV and air conditioning, light equipment at home 

through infrared. The device is also connected to the voice 

input device through NRF24L01. The wireless module of the 

device is set to receive state, and the extended function is the 

LCD touch screen, in order to avoid the situation that the user 

cannot use voice input [5]. 

 

F. Voice Control Circuit 2 

This main control chip is the STM32F103RCT6 series, 

which connects each module through SPI, GPIO port and 

other peripheral interfaces to form a unified system. 

Environment detections are the main functions of the 

equipment and electric control, including lighting circuit, 

alarm processing, etc. On the one hand, it receives data from 

the voice input device and sends over the control instruction to 

carry on the corresponding electric switch control. On the 

other hand, under special circumstances, such as values, it will 

send control commands to the voice control circuit 1, so as to 

realize the coordination of the whole system running [6]. 

G. Stepper Motor Driver Module 

The stepping motor in this equipment is driven by 

ULN2003A with seven inverter. When the input generates a 

high-level signal, the ULN2003A will output a low-level 

signal. When the input end is a low-level signal, the output of 

ULN2003A will become high-level. The technical parameters 

of ULN2003A drive module are shown in Table 1. 

TABLE I.  THE TECHNICAL PARAMETERS OF ULN2003A DRIVE MODULE 

 

IV.  DESIGN OF SYSTEM SOFTWARE 

A. Speech Recognition Software Design 

The speech recognition module communicates with 

STM32 through USART1, it only needs to config the serial 

port 1 and then use serial port interrupt to receive data. The 

specific configuration process is as follows. 

1. void Usart_Init(void); 

2. void Usart_SendDate(uint8_t data); 

void Usart_SendDates(uint8_t *datas,u16 len); 

3. void Usart_SendDates(uint8_t *datas,u16 len); 

4. void Key_Init(void); uint8_t Key_Scan(void); 

B. NRF24L01 Wireless Transceiver Module Software Design 

The wireless module is connected to the master control 

chip through a total of 8 pins [7]. The specific configuration 

process of NRF24L01 wireless transceiver module is as 

follows. 

1. void SPI1_Init(void); 

2. void SPI1_SetSpeed(u8 speed); 

3. u8 SPI1_ReadWriteByte (u8 Data); 

4. void NRF_Init(void); 

5. u8 NRF_Write_Bit(u8 reg,u8 value); 
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u8 NRF_Read_Bit(u8 reg); 

6. void NRF_RX_Mode(void); 

void NRF_TX_Mode(void); 

7. u8 NRF_Rx_Pac(u8 *rxbuf); 

u8 NRF_Tx_Pac(u8 *txbuf); 

8. u8 NRF_Check(void); 

V. TESTING AND SIMULATION 

 System testing is shown in Fig.3. Through the 

simulation provided by the software, we can see the variable 

values and register parameters, the state of program (stop or 

run), and even output the waveform of GPIO port. 

 

 
Fig. 3. Software testing 

Oscilloscope is used to view the received infrared 

waveform decoding. This design cracked the infrared code of 

aux air conditioner. The infrared code of aux air conditioner is 

shown in Fig.4. 

 

Fig. 4. The infrared code of aux air conditioner 

Oscillograph is mainly used in compiling infrared 

decoding to check the received infrared waveform 
decoding. At present, this design only decodes the infrared 

of two air conditioners. One is aux air conditioner and the 
other is Haier air conditioner. The infrared waveform of 
Haier air conditioner is shown in the Fig.5. 

 

 

 

Fig. 5. The infrared waveform of Haier air conditioner  

VI. SUMMARY AND PROSPECT 

 
This system uses STM32 embedded programmable control, 

combined with the speech recognition module, voice broadcast 
module, wireless transceiver module, GPRS communication 
module, stepper motor module, DHT11 temperature and 

humidity detection module, MQ-2 toxic gas detection module, 
the light intensity detection module, stepper motor module, etc. 

By various modules with embedded core plate connection, 
the complexity of hardware circuit design is reduced [8]. 
Through the system operation test, all the modules of the 
system work normally, and the basic functions and expansion 
of the intelligent home voice control are successfully realized. 

The entire project development process mainly includes 
two parts of hardware and software. The main task is to 
develop a voice input as command control system. It can also 
be extended to the LCD touch screen to achieve control of the 
equipment. The feasibility of the system is verified by 
integrating each function module through time slice. 

REFERENCE 

 
[1] Y. Wang and P. Dong, “The design and implementation of the voice 

control system of smart home based on iOS,” 2016 IEEE International 

Conference on Mechatronics and Automation, Harbin, China, 2016, pp. 

133-138. 

[2] S. Hidayat and S. F. Firmanda, “Scheduler and voice recognition on 

home automation control system,” 2015 3rd International Conference on 

Information and Communication Technology, Nusa Dua, Indonesia, 

2015, pp. 150-155. 

[3] S. Dupont and J. Luettin, “Audio-visual speech modeling for continuous 

speech recognition,” IEEE Transactions on Multimedia, vol. 2, no. 3, pp. 

141-151. 

[4] Lili Liang, Lianfen Huang, Xueyuan Jiang and Yan Yao, “Design and 

implementation of wireless Smart-home sensor network based on 

ZigBee protocol,” 2008 International Conference on Communications, 

Circuits and Systems, Fujian, China, 2008, pp. 434-438. 

[5] C. Z. Yue and S. Ping, “Voice activated smart home design and 

implementation,” 2017 2nd International Conference on Frontiers of 

Sensors Technologies, Shenzhen, China, 2017, pp. 489-492. 

[6] Yingmin Jia, “Robust Control with Decoupling Performance for 

Steering and Traction of 4WS Vehicles under Velocity-Varying 

Motion,” IEEE Transactions on Control Systems Technology, 8(2000), 3: 

554-569.  

[7] Yingmin Jia, “Alternative Proofs for Improved LMI Representations for 

the Analysis and the Design of Continuous-Time Systems with 



ICIIBMS 2020. Track 2. Artificial Intelligent, Robotics, and Human-Computer Interaction, Okinawa, Japan, Nov.18-20,2020 

50 

 

 

Polytopic Type Uncertainty: A Predictive Approach,” IEEE 

Transactions on Automatic Control, 48(2003), 8: 1413-1416.  

[8] S. Li, J. Li, X. Nie and L. Kong, “Design and Implementation of Smart 

Home Based on Android,” 2015 4th International Conference on 

Advanced Information Technology and Sensor Application, Harbin, 

China, 2015, pp. 32-35.

 


