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Abstract
This article investigates the dependence of communication speed and processing speed of some types 
of microcontrollers on encoder reading speed applied in robot control and related applications. To compare 
microcontrollers and communication speeds, the experiments in the article use some common microcontroller 
modules such as Arduino UNO, Arduino Mega2560, and STM32F4 Discovery. The encoder chosen is the 
SUMTAK IRH320 with a resolution of 1000 pulses/rev. Experimental results show that the STM32F4 Discovery 
module is most suitable for robot control applications with high accuracy and speed.

Keywords: Communication speed; processing speed; microcontroller; reading speed; robot control.

Tóm tắt
Bài viết nghiên cứu sự phụ thuộc của tốc độ truyền thông và tốc độ xử lý của một số loại vi điều khiển với tốc độ 
đọc encoder ứng dụng trong điều khiển robot và các ứng dụng khác liên quan. Để so sánh các bộ vi điều khiển và 
tốc độ truyền thông, các thử nghiệm trong bài viết sử dụng một số mô đun vi điều khiển thông dụng như Arduino 
UNO, Arduino Mega2560, STM32F4 Discovery. Encoder được chọn là SUMTAK IRH320 với độ phân giải 1000 
xung/vòng. Kết quả thực nghiệm cho thấy mô đun STM32F4 Discovery phù hợp nhất cho các ứng dụng điều 
khiển robot với độ chính xác và tốc độ cao.

Từ khóa: Tốc độ truyền thông; tốc độ xử lý; vi điều khiển; tốc độ đọc; điều khiển robot.
1. INTRODUCTION

In most mechatronic applications, the use of encoders 
to measure and control position and velocity is very 
popular. In some robot control research we have done, 
we have faced data loss in communication from the 
microcontroller to the computer when reading encoder 
values. After eliminating hardware errors, we found that 
the main cause of this data loss is the communication 
processing speed of the microcontroller, clearly 
shown when working with high-resolution encoders, 
working  at  high  speed.  This  leads to the need for a 
study on the dependence of communication speed 
of different types of microcontrollers when reading 
encoder values.

Several authors have proposed many different methods 
to improve the accuracy and speed of measurement. 

Roberto Petrella et al. [1] have proposed a method of 
using a separate embedded system for measurement 
with an encoder, which uses a technique that combines 
time and frequency measurement of the signal from the 
encoder. Author Alecksey Anuchin and his colleagues 
in [2] have developed a speed estimation algorithm 
with a given encoder bandwidth and a calculation 
method based on cycles and angular variables. Sunitha 
Kopparthi and Don M. Gruenbacher [3] proposed 
a new encoder architecture that allows increasing 
resolution and speed up to 400 Mbps. T.Venkatesh 
et al [4] proposed to improve the digital encoder, 
eliminating the XOR logic gate in the design to improve 
the processing speed of the encoder. The authors in 
[5] proposed an encoder structure with a frequency of 
3.2Khz and a resolution of 13 bits, allowing recognition 
of an angle of 0.044 degrees.

Besides improving the structure or measurement 
techniques for encoders, some authors develop 
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measurement algorithms based on different 
microcontrollers. Arinata Fatchun Ilmiawan et al. in [6] 
proposed using DSP time samplers to replace high-
frequency FPGAs for highly accurate results, reducing 
the quantum bit error rate. In [7], the authors proposed 
using an Arduino-based speed measurement unit to 
implement vector control of a DC motor.

For each type of microcontroller, manufacturers have 
published hardware configurations, but for each specific 
application, the most suitable method to research 
communication speed is based on experimental 
results. The above studies mostly propose techniques 
or measurement methods to improve the accuracy 
and speed of the encoder but do not clearly state the 
compatibility of the microcontroller with the encoder 
reading speed. The next section below will present 
experimental surveys showing the responsiveness 
in terms of processing speed, data baud rate, and 
encoder reading speed. To compare microcontrollers 
and communication speeds, the experiments in the 
article use some common microcontroller modules 
such as Arduino UNO, Arduino Mega2560 and 
STM32F4 Discovery.

2. EXPERIMENTAL MODEL

The experimental model to investigate serial data 

transmission speed and read encoder speed is shown 
in Figure 1.

Fig 1. Experimental model

In particular, the microcontroller circuit will perform 
the task of receiving PWM data from the computer, 
controlling the DC motor speed through the BTS7960 
driver circuit, and at the same time, the microcontroller 
reads the value from the encoder and calculates 
the velocity value and send it back to the computer. 
The computer and microcontroller communicate with 
each other via a serial communication standard, with 
communication software written in Labview. Collected 
data is saved to Labview’s lvm log file for comparison.

To ensure the reading speed of the process, encoder 
reading is performed using the microcontroller external 
interrupt. The communication software on the computer 
uses the VISA function on Labview with a variable 
baud rate, the communication port settings use VISA 
as shown in Figure 2.

Fig 2. Configuration of VISA in Labview



LIÊN NGÀNH ĐIỆN - ĐIỆN TỬ - TỰ ĐỘNG HÓA

19Tạp chí Nghiên cứu khoa học, Trường Đại học Sao Đỏ, Số 2 (85) 2024

To control robots with high accuracy, the encoder 
chosen must have high density. The encoder chosen to 
use is the Sumtak IRH320 encoder with a resolution of 
1000 pulses/rev (Figure 3) with parameters as Table 1.

Fig 3. Encoder Sumtak IRH320

Table 1. Parameters of IRH320 Sumtak Encoder

Parameters Value
Outer Diameter 35mm
Length 34mm
Shaft Diameter 8.0mm
Output Pulse 1000P/R
Supply Voltage 5V
Output Type Line Driver
Rise Time ≤100ns
Fall Time ≤100ns

The experimental investigation is performed with 
3 microcontroller modules: Arduino UNO, Arduino 
Mega2560, and STM32F4 Discovery. The parameters 
of oscillation frequency and external interrupt are 
presented in Table 2.

Table 2. Parameter of microprocessor modules

Module Frequency of 
oscillator External interrupts

Arduino UNO 16MHz Pins 2,3

Arduino 
Mega2560 16MHz Pin 2,3,18,19,20,21

STM32F4 Dis-
covery 8 MHz (config) PC1, PC2, PC3 

(config)

The board Arduino UNO is a basic board that is used in 
many applications, normally when using the serial port, 
the common baud rate in Arduino UNO is set at 9600 
baud or 115200 baud. The Arduino mega 2560 also 
has a similar structure to Arduino UNO but has more 
pins and communication ports. In the experimental 
part, the transmission speed of the serial port will be 
increased for investigation. The STM32F4 Discovery 
module has the most flexible processing speed and 
transmission speed. This module uses a USB port for 
serial data transmission, the transmission speed is set 
at the user’s discretion. The experimental results will 
be shown in the next section.

3. EXPERIMENTS AND RESULTS

Based on the hardware introduced in part 2, the 
experimental part will be performed as follows:

- PWM value is sent from LabVIEW to the microcontroller 
module. The PWM value is changed from 0-255, 
performed 2-3 times to observe and compare the results.

- The microcontroller receives the PWM value and 
sends it to the BTS7960 driver module to control the 
motor speed. At the same time, the microcontroller 
reads the signal from the encoder, calculates the speed, 
and sends it to display and store on the computer.

The experimental cases are carried out as follows:

- Case 1: Using the Arduino UNO board, the 
communication speed is set to 9600 baud, 115200 
baud, and 500000 baud respectively. The PWM value 
and angular speed of the motor are shown in Figure 4.

(a)

(b)

(c)

Fig 4. Arduino UNO with baud rate 9600(a),  
115200 (b) and 500000(c)

The three graphs show that the Arduino UNO circuit can 
only meet the needs of reading the encoder signal in 
the low-speed range. When the PWM value increases 
close to 255, we see that the angular velocity of the 
motor shows a negative value because at this time 
The controller can no longer read the signal from the 
encoder. The motor speed reaches about 24 rounds 
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per second, and then the signal reading error begins to 
occur and remains until the engine speed is reduced.

- Case 2: Using the Arduino Mega 2560 board with the 
baud rate set to 115200, 1000000 and 2000000, the 
experimental results are shown in Figure 5.

(a)

(b)

(c)

Fig 5. Arduino Mega 2560 with baud rate 115200(a), 
1000000(b) and 2000000(c)

The results show that similar to the above case, even 
when increasing the communication speed up to 
2000000baud, the encoder reading error still occurs in 
the high-speed region. In Figure 5.a, we see that the 
error starts to occur when the PWM value is 200. In 
Figure 5.b,5.c, as the baud rate increases, the error 
time will gradually move towards the high-speed region 
of the motor, corresponding to a PWM value of about 
240. However, when reducing PWM to reduce motor 
speed, it can be seen that with a low baud rate (Fig.5.a) 
the error signal is delayed when PWM drops close to 0, 
while at High transmission speed, the correct reading 

of the encoder signal is restored sooner. This happens 
similarly to the Arduino UNO module in case 1.

- Case 3: Using the STM32F4 Discovery module, the 
experimental results are shown in Figure 6.

(a)

(b)

Fig 6. Using STM32F4 Discovery with baud rate 
1000000(a), and 2000000(b)

When using the STM32F4 Discovery module, the 
results show that the data read from the encoder 
is stable. Since this module uses a standard USB 
interface with high communication speed, the angular 
velocity value read from the encoder changes to match 
the initially set PWM value. When PWM = 255, the 
motor speed remains at 20 rounds per second. The 
motor speed responds correspondingly to the time of 
changing the PWM value, without delay like the two 
cases above.

4. CONCLUSION

With the above experimental cases, conclusions can 
be drawn. First of all, Arduino modules can be applied 
in low or medium-speed applications, suitable for the 
use of low-resolution encoders. In case of use with a 
high-resolution encoder (greater than 400 pulses/rev), 
you should only set a low angular speed or use a low-
speed motor (less than 36,000 rpm). Next, it can be 
seen that the STM32F4 Discovery module fully meets 
the encoder reading speed at high resolution due to 
its fast processing speed and faster communication 
speed. This module is suitable for robot control 
applications with high speed and high accuracy. On 
the other hand, with a not-too-high price, this module 
contributes to reducing costs for robot controllers.
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