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Abstract. Aiming at the demand of real-time monitoring of gate vibration problems of hydropower 
stations, the steel gate vibration monitoring system was designed and implemented. The system 
collects the vibration signal through the acceleration sensor, and adjusts and amplifies the weak signal. 
The STM32F103ZET6 is used as the control processing core, which controls the A/D conversion and 
transmits the data to the memory through DMA, and then transmits the data to the computer through 
the serial port communication. The design of the ADXL356 accelerometer and the design of the signal 
conditioning amplifier circuit and the software design of the acquisition system are highlighted. The 
analysis of the experimental results shows that the system can achieve high-precision acquisition of 
signals, which can provide technical reference for the online monitoring system of gates. 
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1   Introduction 

With the development of the economy, the construction of the Gaoba Reservoir has been on the rise in 
recent years. As a basic component of hydraulic structures, the operation of steel gates under various 
working conditions directly affects the overall safety of the dam. In the water conservancy and 
hydropower industry, hydraulic metal equipment will produce different degrees of vibration due to the 
external force. This uninterrupted vibration is likely to cause fatigue of the components, which is not 
conducive to the long-term safe operation of the equipment. When a steel gate operates under dynamic 
water load, the submerged water jump behind the gate periodically impacts the gate, and inevitably meets 
the "water hammer effect" of dynamic pressure. This coupling phenomenon may cause the change of 
vibration characteristics of the gate structure, which has adverse effects on its dynamic stability[1-3]. In 
this paper, a real-time online monitoring system is designed for the vibration acceleration of the gate 
under various working conditions, in order to provide reference for the safe operation of the gate. 

2   Overall Design of the System 

This system includes hardware and software design. The design of the peripheral circuit of the acceleration 
sensor, driving circuits, signal conditioning circuit and amplifying circuit are given in hardware design 
part and flow chart of the software and algorithm are also given in software design part. 

 

Figure1. Overall design of the acquisition system 

The system collects the vibration signal from the acceleration sensor, and then the signal is processed by 
the signal conditioning circuit to filter out part of the noise signal and the mixed DC component and 
amplify the signal. The amplification circuit includes a constant voltage constant current circuit and a 
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differential amplification circuit. After that, the signal is converted by AD under the control of 
STM32F103ZET6 and transmitted to the computer through serial communication. The overall design 
block diagram of the system is shown in Figure 1. 

3   Hardware Design of the System 

3.1  Introduction of ADXL356 and Design of Acceleration Sensor Circuit 

The ADXL356 MEMS accelerometer is the latest example of ADI's high-performance sensor technology, 
providing high-quality data for IoT（Internet of Things）applications and enabling intelligent detection 
from the edge of the network. The analog output ADXL356 is low noise density, low 0 g offset drift, low 
power, 3-axis accelerometers with selectable measurement ranges[4]. 

 

Figure2. ADXL356 

 

Figure3. ADXL356 pin configuration 

FEATURES 
 Hermetic package offers excellent long-term stability 
 0 g offset vs. temperature (all axes): 0.75 mg/ C maximum 
 Ultralow noise density (all axes): 80 g/√Hz 
 Low power, VSUPPLY (LDO enabled) 

o Measurement mode: 150 A 
o Standby mode: 21 A 

 User adjustable analog output bandwidth 
 Data interpolation routine for synchronous sampling 
 Integrated temperature sensor 
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void USART_Config(void){ 
 GPIO_InitTypeDef GPIO_InitStructure; 
 USART_InitTypeDef USART_InitStructure; 
 DEBUG_USART_GPIO_APBxClkCmd(DEBUG_USART_GPIO_CLK, ENABLE); 
 DEBUG_USART_APBxClkCmd(DEBUG_USART_CLK, ENABLE); 
 GPIO_InitStructure.GPIO_Pin = DEBUG_USART_TX_GPIO_PIN; 
 GPIO_InitStructure.GPIO_Mode = GPIO_Mode_AF_PP; 
 GPIO_InitStructure.GPIO_Speed = GPIO_Speed_50MHz; 
 GPIO_Init(DEBUG_USART_TX_GPIO_PORT, &GPIO_InitStructure); 
 GPIO_InitStructure.GPIO_Pin = DEBUG_USART_RX_GPIO_PIN; 
 GPIO_InitStructure.GPIO_Mode = GPIO_Mode_IN_FLOATING; 
 GPIO_Init(DEBUG_USART_RX_GPIO_PORT, &GPIO_InitStructure); 
 USART_InitStructure.USART_BaudRate = DEBUG_USART_BAUDRATE; 
 USART_InitStructure.USART_WordLength = USART_WordLength_8b; 
 USART_InitStructure.USART_StopBits = USART_StopBits_1; 
 USART_InitStructure.USART_Parity = USART_Parity_No ; 
 USART_InitStructure.USART_HardwareFlowControl =  
 USART_HardwareFlowControl_None; 
 USART_InitStructure.USART_Mode = USART_Mode_Rx | USART_Mode_Tx; 
 USART_Init(DEBUG_USARTx, &USART_InitStructure); 
 NVIC_Configuration(); 
 USART_ITConfig(DEBUG_USARTx, USART_IT_RXNE, ENABLE); 
 USART_Cmd(DEBUG_USARTx, ENABLE); 
} 

 

Figure 6. Main program flow chart 

5   Experiment Results and Analyses 

The experiment was carried out directly on the vibration calibration table DH1306. In order to evaluate 
the overall performance of the system more comprehensively, repeated experiments were carried out at 
different frequencies at the same acceleration and different accelerations at the same frequency. In the 
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predetermined range (g) and frequency range (Hz), the Z-axis frequency response and amplitude linearity 
test results are shown in Table 1 and Table 2. It fully demonstrates that the system can achieve real-time 
on-line monitoring of vibration acceleration of steel gate. 

Table 1. Acceleration of 1.0g at different frequencies 

frequency(Hz) acceleration (g) output voltage (V) error (dB) 
20 1.0 1.400237 0.02 
30 1.0 1.397393 -0.03 
40 1.0 1.399257 0.00 
50 1.0 1.398864 -0.01 
60 1.0 1.398178 -0.02 
70 1.0 1.397884 -0.02 

Table 2. Frequency 40 Hz at different acceleration 

frequency (Hz) acceleration(g) output voltage (V) error (%) 

40 

0.6 1.198081 0.21 
0.8 1.297511 0.23 
1.0 1.397181 0.23 
2.0 1.893824 0.32 
3.0 2.390114 0.45 

6   Conclusion 

After many tests, it is proved that the vibration signal acquisition system of steel gate based on STM32 
designed in this paper can meet the requirements of use. 

The low-frequency accelerometer designed in this paper considers several factors that may affect the 
experimental results. The amplification circuit can adjust the amplification factor within a certain range, 
but the adjustment of the amplification factor involves a certain impact on the sensitivity and range of the 
sensor. The magnification of the design for the needs of the system is about 7 times. At present, the 
output value of the system is a voltage value, and the acceleration of the measured object can be 
calculated according to the voltage value. Subsequently, the program can be modified so that its output 
value is directly acceleration. 

The hardware of the system designed in this paper is low complexity. Software development is relatively 
easy and widely applicable. The application value of this system is significant. 
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