Teknokes e-l SSR4 0879 6
185960 . Mdr,clpp2025; p-l SSN9 Q779 0

OPEN ACCE

Jurnal
Home patgeknokes Voli g

RESEARCH PAPER

Comparison of PID and Fuzzy Methods in Motor
Gearbox Control for Enhancing Accuracy of
Angle on CPM Elbow Tool

Fraydi an, Maedi
Depart msedi ofl

Dwi % KuHenri aGwamit, w aLnagn$Ad.inb e r

El ectronics Technology, Poltekkes Kemenkes Surabaya, St

ABSTRACT PAPER HI STORY
Continuous Passive Mot i on (CPM) i s a m(Received J2a0n2
passively move joints through a certain Revised3 F2b2atk
process and improving patient mobility. Accept edo8Max(
Fuzzy Logic Control simulation to contro ;

This study compares the PID and Fuzzy conPUbIIShe<j Mar
angl e ciommttrhod Conti nuous Passive Motion (

joint rehabilitation. The Fuzzy control <sKEYWORDS

mot or for moving the arm of the CPM tool FUZZMI:@onti nu
ensure thanreadttesaramd stops at a predeterpassi ve;DMotMoc
movement and precise positioning. The Sys Gear bEnxc o;Edrbo
and angul ar error to control the motor. Rehabilitatioa
i mpl ement ed to i rmprrovaec ctuhremcygnguao he syster

mi crocontroller to contreli nehef eneadtboarc kb a sr¢

sensor . Both methods aim to move the cpPmM CONTACT

130A, with the ability4@A/ mipreutad,e RGA/smpiefraydi anmahdi
210A/ minute, and 270A/ minute. The result

contr ol met hods can achieve good angul ar

system's current remained st abWhee natc o2mp5am

goni ometer, the error for the 45A angle

5A. The results show that the Fuzzy metho

than conventional met hods . Thi s Iperveevie naf

extension -ext ewmrsdeorn of t he patient' s i
rehabilitation process. The study suggest

can effectively improve the performance o

slightly better precision. Furthermore,

further devel opment by integrating a hi

sensor s, and pl atf or ms I i ke Raspberry |

i mprovements hvwaul eln hfannrcte t he CPM tool 's
rehabilitation

1.1l NTRODUCTI ON device to move the joint passively or the patient without

Postopera’[i\/e therapy, also known as postopera‘[i\/e using any force, with a motorized device to move the joint

rehabilitation, is a medical treatment process to help a
person's physical and functional recovery after undergoing
a surgical procedure. The goal of postoperative therapy is
to maximize recovery, improve mobility in activities, reduce
pain, prevent complications and allow individuals to return
to optimal function in daily activities. Physiotherapy (PT) is
an important component of the postoperative recovery
journey that helps patients restore strength, mobility and
self-confidence. This involves a variety of methods that
focus on body parts, including stretching activities, physical
exercises, manual therapy, and using other methods [1].
Continuous Passive Movement Therapy (CPM) uses a

repeatedly referring to the provisions of the degree and
speed of movement determined by the physiotherapist.
CPM devices are often applied to the knee, there are also
other versions for joints such as the hip, shoulder and
elbow [2]. CPMs are also external devices that allow a
joint to move passively along a predetermined arc of motion
[3]. Rehabilitation involves both active and passive
therapies to restore joint strength and mobility. Therapy
physigue such as Continuous Passive Motion (CPM) helps
in movement passive [4], while exercise Range of Motion
(ROM) focuses on maintaining ability joint For move
optimally [5].
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The tool commonly used to measure Range of Motion
(ROM) is a goniometer. The goniometer was first
developed in France in the early 20th century. This tool
consists of from three components : axis as pivot point, a
moving arm that indicates the patient's ROM, and a
stationary arm that marks position beginning as well as
parallel with axis [6]. However, there are weaknesses in
making manual measurements using this goniometer.
Research by Shih-Miao Huang and colleagues develop a
portable goniometer for measure corner movement wrist
hand with accelereometer and gyroscope sensors (type
GY-521). However, the tool This experience constraint in
reading angle whose sensitivity is below 1.566 o [7]. Low
level of accuracy Because usually There is error eye gauge
in placement point center joints compared to use other
methods such as electrogoniometer [8].

In 2017, Mohd Zul Fahmi Bin Mohd Zawawi, et al.
studied motor function disorders in the lower extremities
caused by stroke or spinal cord injuries. They explored the
use of lower extremity exoskeletons for rehabilitation,
finding that fuzzy logic controllers effectively manage
exoskeleton control in real-time. The study presented a
simulation of Fuzzy Logic Control for DC Servo Motors
using Matlab/Simulink[9]. In 2022 Yutthana Pititheerahab,
et al. research "Design and Construction of Continuous
Passive Motion (CPM) For Arm Rehabilitation Device" The
test results have shown that this device is capable of
performing speed, angle and time control settings
accurately and can be further developed by referring to the
design [9]. In the Patent research by I. Jeffrey, et al. and P.
Examiner, T. A. Stanis is the result of the design of the Arm
and Leg Therapy device that has been patented [11] [12].
Joint stiffness, often resulting from joint trauma, can be
alleviated through Continuous Passive Motion (CPM)
training, which helps maintain the joint's range of motion
(ROM). A portable elbow joint device has been designed
for CPM training, featuring adjustable speed, time, and
movement angles controlled using an Arduino Nano. [13].

Furthermore, in 2023, | Wayan Angga Wijaya Kusuma
and Sugeng Santoso, with the research "Performance
Analysis of Hy-2750b Motor, Mg995 Motor, Ds3225mg
Motor and 24h2a4428 Motor as Portable Continuous
Passive Maotion (CPM) Drivers" on this tool compared the
performance of 3 types of DC motors that can be used as
drivers in CPM design. The DC motors used are the Hy-
2750b Motor, Mg995 Motor, and 24h2a Motor. The results
of the study can be used as a reference for the type of
motor that can be used as a Portable CPM [14] . In 2021,
Antonius Hendro Noviyanto, et al. with the research
"Design of a Continuous Passive Motion (CPM) Machine
for Wrist Joint Therapy" this tool uses an ATmega328
Microcontroller as a system controller and uses a Nema 23
stepper motor as wrist joint drive and is based on the torque
requirements of the requirements used to move the wrist
[15]. Ho, Hung-Jung, et al. studied CPM and CAM
physiotherapy devices for joint rehabilitation, proposing a
computerized CPM/CAM system without mechanical
restraints like springs. Controlled by a sliding mode fuzzy

neural network (FNN), the system uses motor-driven
resistance to mimic a damped spring, guided by force
sensors under the patient's feet. This PC-based system
enables adaptive physiotherapy, high sensitivity, speed,
data recording, analysis, and remote patient
monitoring[16].

The previous CPM elbow device lacked the ability to
measure angles with precision, leading to potential errors.
To address this, an Encoder sensor was implemented to
ensure movement stops accurately at predetermined
angles. This study compares two control methodsd Fuzzy
and PID9 for the Motor Gearbox Control System designed
to improve angle accuracy on the CPM elbow device. The
system aims to prevent body part damage during joint
movements and relax muscles with movements tailored to
the basic needs of the hand.

2. MATERI ALS AND METHOD
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help rehabilitation withnmma(Continuous Passive Motion) t
way el ectronics on. the partThe system begins with initia
the desired settinlgevaysesesm @
the main | oop where the motor
J | ARDUINO CPM tool mechani s m. During C
B continuously monitors sensor
BATTERY DRIVER position or movement of the C
LN298N angle is readmmed,urtnfead mdtfar Th
MOTOR DC checks i f t he speci fied ope
GEARBOX compl eted. I f not, the Il oop r
the operating time is complet
ACa y This process ensures the accu
s of ethCPM tool, mai ntaining |
>—|_ENCODER throughout the cycle.
Fi gl.Mechani cal di agram °
C. THE BLOCK DIAGRAM nitialization
The block diagram of the system consists of several key
components (Fig. 2). The Encoder Sensor measures the
movement or position of the CPM tool, while the ACS712 Data seting
Sensor monitors the current entering the Gearbox motor. 1. angle
An Emergency Switch is included to stop the tool's azggg'jd
operation immediately in case of emergencies. At the core '
of the system is the Arduino UNO, which serves as the
central data processor and controller, managing the tool's Fuzzy |
operations. The Motor Gearbox acts as an actuator to drive Control |”
the mechanism of the CPM tool, providing passive motion l
to the patient's elbow joint. The system also includes a
Nextion LCD, which displays essential information such as > Motor Gearbox /
operation status, sensor readings, and parameters set by
the user through the Settings Panel. This integrated design
ensures efficient and safe operation of the CPM tool while No
providing a user-friendly interface for monitoring and Data set = angle?
adjustments.
___i l____l l____l Yes
I | o Driver LN 208V | S o
l-]_'l | | DC GiarBox | !
| | I Mator I Displaying
ICowen Drive Angle Values
| Encoder 1”—9'4 Arduino UNO | | | Seting values
| I | I end I
Read
|  Switch ‘ﬂ LCD Nextion |
| Emergency | | Cycle achieved?
I I
L — | [ —a —— — 2
F| gSyadtem Block Diagram
DFLOW CHART
Figpr&sents the fl ow diagramillust atina t ha anayragtion
of the system controlling the mov 'i.lc?u\{VChuartuf.grCfPWZZy C

Corresponding author: Fraydian Mahdi, fraydianmahdi@gmail.com, Department of Medical Electronics Technology, Poltekkes Kemenkes

Surabaya, Jl. Pucang Jajar Timur No. 10, 60282, Surabaya, Indonesia
DOI: https://doi.org/10.35882/teknokes.v18i1.16

Copyright © 2025 by the authors. Published by Jurusan Teknik Elektromedik, Politeknik Kesehatan Kemenkes Surabaya Indonesia. This work is an
open-access article and licensed under a Creative Commons Attribution-ShareAlike 4.0 International License (CC BY-SA 4.0).

CM


https://teknokes.org/index.php/teknokes/index
https://portal.issn.org/resource/ISSN/2407-8964
https://portal.issn.org/resource/ISSN/1907-7904
mailto:fraydianmahdi@gmail.com
https://doi.org/10.35882/teknokes.v18i1.1622
https://creativecommons.org/licenses/by-sa/4.0/

Jur nal Teknokes e-l SSN4 06879 6
Homepatgeknokes Vol g 18 ,599,0.Mdr,clpp2025; p-l SSN9 0779 0

Fi.gis a flowchart that us&8sREBASWULMDS contr ol system.
The process begins with i ni iniregelrthzhisthisedhe tesfing hdd@lewmithdcomparator € a d |
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angle is achieved, the motor h
checks i f t he speci fied 0
compl et ed. | f not , t he ma i
beginning. | f the operating

program terminates.

Initialization

FI GRes.earch Modul e Resul t

Data setting

1.angle The cuffs are located on the part on arm exoskeleton
functioning as retainer arm exoskeleton so that it can
attached to the patient with OK. The switch is working For
turn on CPM module, there is also a battery box designed

2. cycle
3. speed

PID be on the arm on CPM and there is a circuit box

Control [* microcontroller in the arm above. While For circuit on the

tool use using the encoder sensor used as bait come back

l For control Motor Gearbox movement and position

| Motor Gearbox / monitor For ensure movement tool in accordance with
| Flexion Motion desired settings. Also the ACS712 sensor for measure

current on incoming current to the Gearbox motor. Then
the Arduino UNO will used as microcontroller For process
No the data and the data results will be displayed on the
Nextion TFT LCD.

Testing tool This done For know whether mark angle
read on the tool has accurate with reference mark from
Goniometer. Here is results comparison readable angle

Gearbox Motor / from tool compared to with Goniometer.
Extension Motior]

Data set = angle?

Yes

TABLE Qompari son Reading Co
Protactometer

A 4

Displaying Readi n Corner Error
Angle Values Corner Protactort
and

Setting Values

0 0 0
45 40 5
90 89 1
Cycle achieved?
130 125 5
Average 2. 75

TABLE 1 shows comparison between angle read by
the encoder with measured angle use protactometer, and
show level error or error in every measurement. At 0 °, no

. appen difference between second tool, so the error is 0°.
FigFl owchart for PID eg%tro?
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However, at an angle of 45°, the tool read own difference
by 5° compared to with protactometer. In the
measurement 90° angle, relative error small, namely only
1°. While That is, at an angle of 130°, there is an error of
5°. By Overall, the average error of all over measurement
is 2.75°, which illustrates level difference between tool
reading and protactometer. The average error is show
that although There is A little difference in a number of
corner certain, in particular general tool read own level
sufficient accuracy Good in measure corner compared to
with protactometer as tool reference.

A. MEASUREMENT RESULTS WITHOUT LOAD

In FIG. 5 and FIG. 6 below is example results retrieval of
data that shows chart arrangement 45° angle with speed
start from 40 degrees per minute and 270 degrees per
minute during the therapy process use system motor
control.

Angle 48 Speed 40min
50 3

45
40 FAY 2,5
_35 <
€30 2 £
[e] c
20 3
15 1
10
5 0,5
0 \
50 20406080 100 120 140*- O
Time (second)
sudut output arus
FI.GA5MAngl e Setting Graph
Speed Setting
Angle 48 Speed 2780min
50 3
45
40 A 2,5
T35 E
53 =
25 )
[ o
<20 15g
15 1 O
10
5 0,5
0 y
50 5 10 15 20 250
Time (s)
Sudut Output Arus
FI GURB5Mngl e Setting Graph
Speed Setting

At the beginning graph, angle start from 0° and slowly
increase in a way gradually until reaching 45°, lasting
during about 67 seconds at 40 speed and 11 seconds at
270 speed. After reach corner maximum, angle decrease
return in a way gradually until to position initial 0° in almost
time same. The orange line representing the Fuzzy error

remains flat and close zero throughout graph, shows that
system Fuzzy control works very well and keep errors to
a minimum throughout overall cycle. On the other hand,
the current electricity looks stable at about 2.5 mA for the
whole process, shows that consumption Power relatively
constant moment arm move from position 0° to 45° and
back Again.

From the experiment Data collection using a 45° angle
setting using Fuzzy dan PID with some speed settings
obtained data results as following :

TABLER@sul t Data for Setti

Load

Speec Max Fuzz PIDCurre Ti me
(deg/ 1Angl  ErrcErr . (mA) cycl €
40 46 0 0 2.5 135
90 46 0 0 2.5 6 2
150 46 0 0 2.5 38
210 46 0 0 2.5 27
270 46 0 0 2.5 21

From the results in TABLE 2, it can be seen that the
data collected for the 45° angle setting with speed settings
of 40, 90, 150, 210, and 270 deg/min shows a Fuzzy error
value of O with a stable current at 2.5 mA. The results
indicate that the Fuzzy method can effectively control the
error, keeping it at a value of 0. Similarly, the PID method
also demonstrates the same results, with the error
remaining at O and the current remaining stable at 2.5 mA,
highlighting that both control methods Fuzzy and PID are

wAple fp maiptainghigh AGeyragy in angle control while

keeping the current consistent.

In FIG. 7 and FIG. 8 below is example results retrieval
of data that shows chart arrangement 90° angle with
speed start from 40 degrees per minute and 270 degrees
per minute during the therapy process use system motor
control.

Angle 90 Speed 4@min
100

-10

n

L N N
3] o

Current (mA)

[

0,5

0 20 40 60 80 100 120 140 160 180 200 220 240 260 2800

g

Time (s)
Sudut Output Arus
FI.90U Angle Setting Graph
Speed Setting
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