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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.

Toém tat

Bai viét nghién clru sy phu thudc cla téc do truyén thdng va tdc dd x&r ly ctiia mot sb loai vi diéu khién véi tbec do
doc encoder (ng dung trong diéu khién robot va cac trng dung khac lién quan. D& so sanh cac b vi diéu khién va
tbc do truyén thoéng, cac thir nghiém trong bai viét str dung moét sé mé dun vi diéu khién théng dung nhw Arduino
UNO, Arduino Mega2560, STM32F4 Discovery. Encoder dwgc chon la SUMTAK IRH320 v&i d6 phan giai 1000
xung/vong. Két qua thyc nghiém cho thdy mé dun STM32F4 Discovery phu hop nhét cho cac &ng dung diéu
khién robot v&i do chinh xac va téc dd cao.

Tor khéa: Téc dé truyén théng; téc do xi ly; vi diéu khién; téc d6 doc; diéu khién robot.

1. INTRODUCTION 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
Several authors have proposed many different methods  3.2Khz and a resolution of 13 bits, allowing recognition
to improve the accuracy and speed of measurement. of an angle of 0.044 degrees.

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.

Besides improving the structure or measurement

Reviewers: 1. Assos.Prof.Dr. Tran Ve Quoc )
techniques for encoders, some authors develop

2. Assos.Prof.Dr. Bui Dang Thanh

Tap chi Nghién ciru khoa hoc, Truomg Dai hoc Sao D6, S6 2 (85) 2024 | 17



NGHIEN CUU KHOA HOC

measurement algorithms based on different
microcontrollers. Arinata Fatchun lImiawan 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

IE (Confiqure the Senal Pt

Enable Termination Char

VI Configure el Pt

VIS4 ﬂpﬂl

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

LabVIEW | s

Driver BTS 7960 Motor

Encoder

MicroController

PC
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.
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Fig 2. Configuration of VISA in Labview
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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 Frequ'ency Rl External interrupts
oscillator
Arduino UNO 16MHz Pins 2,3
Arduino .
Mega2560 16MHz Pin 2,3,18,19,20,21
STM32F4 Dis- 8 MHz (config) PC1, PC?, PC3
covery (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.

Tap chi Nghién ctru khoa hoc, Trudng Dai hoc Sao Do, S6 2 (85) 2024

- 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.
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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.
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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.
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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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Chinh tri hoc; Cac linh vuc khac gbm: Cong nghé théng tin; Héa hoc - Cong nghé thuc pham; Ngén nglr
hoc; Toan hoc; Vat ly; Van hoa - Nghé thuat - Thé duc thé thao...

2. Bainhan ding 1a nhitng céng trinh nghién cru khoa hoc chua céng bé trong bat ky 4n pham khoa hoc nao.

3. Toa soan chi nhan bai bdo gl online trén website http:/tapchikhcn.saodo.edu.vn. Bai bdo gl vé toa
soan dudi dang file dién tir (*.doc *.docx va *.pdf); cudi bai bao, tac gia ghi rd thong tin dia chi lién hé, s6
dién thoai, email va cap nhat thong tin trén website. Bai bao phai duoc trinh bay dang dinh dang, ro rang;
Trudng hop bai bao phai chinh sira theo thé [é hodc theo yéu cau ctia Phan bién thi tac gid sé cap nhat trén
website. Ngudi phan bién sé do tda soan mai. Toa soan khéng gri lai bai néu khéng dugc dang.

4. Cac cong trinh thudc dé tai nghién clru c6 Co quan quan ly can kém theo gidy phép cho céng b6 cua co
quan (Tén deé tai, ma so, tén chi nhiém dé tai, cap quan ly,...).

5. Tén bai bao trinh bay bang hai ngén ngir (tiéng Viét va tiéng Anh), font Arial, c& chir 14, in dam, cin gitra.

6. Tén tac gia (khéng ghi hoc ham, hoc vi), font Arial, c& chir 10, in dam, cin |& phai; co' quan cong tac clia cac
tac gia, font Arial, c& chir 9, in nghiéng, can [é phai.

7.  Chir “Tém tat” in dam, font Arial, c& chir 10; Noi dung tém tat ctia bai bao khéng qua 10 dong, trinh bay
bang hai ngdn ngir (tiéng Viét va tiéng Anh), font Arial, c& chir 10, in thudng.

8. Chir “Tir khéa” in dam, nghiéng, font Arial, c& chir 10; C6 tir 03+05 tir khéa, font Arial, c& chir 10, in
nghiéng, ngan cach nhau bdi ddu cham phay, cudi cung la ddu cham.

9. Noi dung bai bao viét bang tiéng Viét hoic tiéng Anh; Néu I3 bai bao viét bang tiéng Viét: Tiéu dé tiéng
Viét trudc, ti€ng Anh sau; Tém tat tiéng Viét trudc, ti€ng Anh sau; Tir khoa tiéng Viét trudc, tiéng Anh sau;
Né&u | bai bao viét bang tiéng Anh: Tiéu dé tiéng Anh trudc, tiéng Viét sau; Tom tat tiéng Anh trudc, tiéng
Viét sau; Tir khéa tiéng Anh trudc, tiéng Viét sau.

10. Bai bdo dugc danh may trén khé gidy A4 (21 x 29,7cm) c6 do dai khéng qua 8 trang, font Arial, c& chir 10,
gian dong At least 12pt, Before 3pt, After 3pt; can [é trén 2.5cm, dudi 2.5cm, trai 3cm, phai 2cm; hinh vé
phai ro rang, du nét va duoc dinh dang dudi dang file anh (*.jpg); Phuong trinh, cong thirc phai soan thao
bang Mathtype hodc Equation; Phan néi dung bai bdo dugc chia thanh 02 cét, khoang cach cot a 1cm;
Trong trudng hop hinh vé, hinh anh cé kich thudc 16n, bang bi€u c6 dé rong 16n hodc cong thirc, phuong
trinh dai thi cho phép trinh bay duéi dang 01 c6t.

11. Tai liéu tham khao duoc sip xép theo thi tu tai liéu duoc trich dan trong bai bao.

- Néu la sach/luan an: Tén tac gia (nam), Tén sach/luan an/luan van, Nha xuat ban/Truong/Vién, [an xuat
ban/tai ban.

- Néu la bai bdo/béo cdo khoa hoc: Tén tac gia (ndm), Tén bai bdo/bao céo, Tap chi/Hoi nghi/Hoi thao, Tap/
Ky yéu, s6, trang.

- Néu Ia trang web: Phai trich dan day du tén website va dudng link, ngdy cap nhat.

12. Pinhdangmaubaibaothamkhao taidiachihttp:/tapchikhcn.saodo.edu.vn/news/detail/198/format_paper
Bai bdo sau khi xuat ban sé dugc cong bo trén http:/tapchikhcn.saodo.edu.vn.
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