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Abstract: This paper is mainly to verify the rationality of the theoretical part after the 

software and hardware theory design of the master and slave stations of the 

distributed motion control system. This paper will build an experimental platform to 

test the communication status of the master-slave station, servo motor control and 

encoder feedback, and verify the feasibility of the distributed motion control system 

design[1]. 
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1. Experimental Test and Data Analysis 

1.1 Introduction to The Experimental Platform 

The experimental platform is shown in Fig. 1 A three-axis motion control system is 

built using one master station and three slave stations.The experimental equipment 

includes one PC, one STM32F407 development board (master station), three FPGA 

boards (slave), some plastic optical fibers, servo drives from Taiwan HIWIN, servo 

motors from Taiwan HIWIN (including photoelectric encoders), a regulated power 

supply that supplies power from the station, a switching power supply that supplies 

power to the servo drive, a logic analyzer, an oscilloscope, a multimeter, and the like. 
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Fig.1 Experimental test platform 

 

1.2 Node Communication Experiment 

Direct Memory Access (DMA) is used for high-speed data transfers between memory 

and peripherals or between memory and memory. The DMA controller can copy data 

from one address space to another without the need for direct CPU control. The 

process of reserving the site and restoring the site is not interrupted, and the burden 

on the CPU is reduced. In this system, the SPI bus is used for communication between 

the master and slave, and between the slave and the slave. In order to increase the 

speed of data transmission, the CPU is reduced, and the data transmitter and receiver 

of the SPI bus are controlled by DMA[2]. 

The communication between the master and the slave is a point-to-point one-way 

transmission, and each SPI output port has only one input.Into the load, so the SPI 

interface does not need to be addressed, and only the clock Clk and Data Data lines 

can complete the communication task. The STM32F407 series MCU has three SPI 

interfaces. SPI2 and SPI1 are the data transmission and reception ports of the main 

controller respectively. The DMA controller is used to ensure the continuity of data 

transmission. 

In this system, the interpolation period of the motion control system is 2ms. The 

STM32 puts the control message into the transmission buffer area, sends a control 

message to the slave station every 2ms, and receives a feedback message. As 

mentioned above, the message length of each slave node is 40 bits. Assuming that 

there are n slave nodes, the entire motion control system constitutes a bit data frame 

structure. In the feedback message received by STM32, the first 40 bits of data are 

the feedback message of the nth slave station, the 40th to 79th bits are the feedback 

message of the n-1th slave station, and so on, which can be distinguished. Feedback 

from each slave.In this experiment, the master station device STM32 sends a 40-bit 

control message to the first-stage slave station. The message information is 

0x00030001F4. The logic analyzer is used to collect the data of the slave SPI input 

port to verify the correctness of the SPI communication sequence. The communication 

experiment results are shown in Fig. 2 
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Fig.2 SPI communication experiment result diagram 

In Fig. 2, channel 0 represents the clock signal Clk, and channel 1 represents the data 

signal Data. The DMA controller is used to ensure the continuity of data transmission. 

The clock polarity and clock phase of the SPI bus are both configured high, that is, 

the clock signal is high in the idle state, and the data signal is sampled on the second 

edge of the clock[3], controlling the low bits of the message. The data is sent first. 

The SPI timing in the figure is consistent with the theoretical value. The data in the 

box on the right shows the communication rate of 4.5MHz, which verifies the 

effectiveness of SPI communication. 

 

1.3 Servo Motor Control Experiment 

In this experiment, a three-axis motion control system is built by one master station 

and three slave stations to verify the communication status of the master and slave 

stations and the pulse output of the servo drive circuit in the slave station. In the 

experiment, the Taiwan HIWIN servo driver and the servo motor of model 

FRAC10402201 were used, and the servo motor drive was set to the position control 

mode. The electronic gear ratio of the servo driver was B/A=2, and the resolution of 

the incremental photoelectric encoder was 2500. The motor rotates one cycle to 

output 2500 pulse signals. To quadruple the pulse signal fed back by the encoder, the 

position detection accuracy can be improved because the motor rotates with an empty 

load. Therefore the reduction ratio was m/n=1.The calculation formula of the 

electronic gear ratio can be obtained: 

 

n

m

revolution one       turn          

motor to for the required pulses ofNumber 

4number pulseEncoder 
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ratiogear  Electronic 


      (1-1) 

Substituting the parameters allows the motor to rotate one revolution a week and the 

upper controller needs to send 5000 pulses. According to the relationship between the 

motor speed n (r / min) and the pulse frequency pf
: 

5000

f60
n

p
                                         (1-2) 

In this experiment, three servo motors are driven to rotate at the same time, and the 

No. 1 motor is rotated in the positive direction for one revolution at a speed of 300 
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r/min. According to the above relationship, the motor needs to receive 5000 pulse 

signals with a frequency of 25 kHz; Rotating in the positive direction for 2 weeks, the 

speed is 600r/min, the motor needs to receive 10000 pulse signals with a frequency 

of 50kHz; set the motor No. 3 to rotate in the opposite direction for 2 weeks, the 

speed is 

At 1200r/min, the motor needs to receive 10,000 pulse signals with a frequency of 

100kHz. 

It is known that the crystal frequency of the FPGA is MHz50fClk  , and the relationship 

between the pulse frequency and the value ARR of the position control information 

area in the message is: pClk ffARR / . According to the control theory, STM32 needs 

to send control message 0x00020007D0 to station No. 1 within 200ms, and send 

control message 0x00020003E8 to station No. 2 within 200ms, and send control 

message 0x00030001F4 to station No. 3 within 100ms. The direction and pulse signals 

of the three slaves are collected by a logic analyzer. The experimental results are 

shown in Fig. 3 

 

Fig.3 Servo motor control experiment result diagram 

In Fig. 3, channel 0 and channel 1 respectively indicate the direction signal and pulse 

signal of motor No.1, and the direction signal is low level to drive the motor to rotate 

forward. The data of |T3-T1| in the box on the right side of the figure indicates the 

pulse signal. The period is 40us, and its frequency is 25kHz; channel 2 and channel 3 

respectively represent the direction signal and pulse signal of motor No. 2, and the 

direction signal is low level to drive the motor to rotate forward, the data of |T1-T2| 

in the frame of the figure It indicates that the period of the pulse signal is 20us and 

its frequency is 50kHz. Channel 4 and channel 5 respectively represent the direction 

signal and pulse signal of motor No.3, and the direction signal is high level to drive 

the motor to reverse. The data of |T1-T2| in the frame in the figure is the time of two 

cycles of the pulse signal, and the period of the pulse is estimated to be 10 us, and 

the frequency is 100 kHz. The output result is consistent with the theoretical value, 

indicating that each slave station can accurately identify and parse the control 

message, and the servo motor control module can work normally. 

 

1.4 Encoder Feedback Experiment 

In distributed motion control systems, position feedback is an important part of servo 
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control[4]. The photoelectric encoder detects the position and speed information of 

the servo motor, and feeds the information back to the main controller in real time. 

The main controller determines whether the theoretical interpolation displacement and 

the actual displacement are equal. If not, the servo motor has lost motion or Overshoot 

situation. According to the deviation value of the displacement, the motion information 

of each motor after the coarse interpolation is compensated, and the compensated 

control message is sent to the slave node in the next interpolation cycle, and finally 

the theoretical position and actual position of the servo motor are guaranteed 

consistency. 

In this experiment, a three-axis motion control system is built with one master station 

and three slave stations, and a servo driver and an incremental photoelectric encoder 

are connected to the slave station No. 1. The resolution of the encoder is set to 2500. 

After the quadruple frequency processing of the FPGA, the count value of the motor 

rotates one week is 10000. In this experiment, STM32 sends control message 

0x00020007D0 to station No. 1 within 150ms. The feedback experiment result is 

shown below. 

 

 

Fig.4  Drive feedback result diagram    Fig.5 Master Feedback results diagram 

Fig. 4 shows the motor position displayed on the servo drive. Fig. 5 shows the STM32's 

TFTLCD display showing the motor position information, which in turn indicates the 

motor position information fed back from the three slave stations. As can be seen from 

the figure, the count value of the No. 1 slave feedback is the same as the count value 

displayed on the drive, both of which are 7500. It can be concluded from equations 

(1-1) and (1-2) that the motor rotates 270 degrees in the positive direction at a speed 

of 300 r/min, and the theoretical feedback value is 10000× 270/360=7500. Therefore, 

the theoretical value is consistent with the experimental results, indicating that the 

encoder feedback module can work normally. 

 

2. Summary 

Firstly, the experimental platform of distributed motion control system is introduced 
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from two aspects of software and hardware. Through the experimental test, the 

following conclusions are drawn: the communication between the master and the slave 

is normal, the servo motor can run stably, and the encoder can feedback the position 

information in real time. Therefore, the distributed motion control system[5] can 

operate efficiently, in real time, and stably. 
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