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ABSTRACT

This paper presents a mechanic design of 2-DOF SCARA robot arm which
is controlled to support for post-stroke patients by using physical therapy
exercises. Fuzzy and PID algorithms have been utilized to control the
robot arm by learning and repeating therapist’s movements. Loadcell in
the design is utilized to measure the movement force of therapist’s arm.
The algorithms were built based on MATLAB SIMULINK and connected
to Arduino kit to control the robot arm. The orbital synchronization
between the learning signal and repetition signal is approximately
79.85% for axis 1 and 76.95% for axis 2. The results of this study are the
initial research for the robot arm with more degrees of freedom for patient
supports in physiotherapy activities effectively.

TOM TAT

Bai bdo trinh bay phwong phdp thiét ké co khi ciia robot 2 bdc ti do
(degree of freedom, DOF) dang SCARA (Selective Compliance
Articulated Robot Arm) dwoc diéu khién bang gidi thudt PID
(Proportional Integral Derivative) mo dé hé tro bénh nhin sau dot quy
tap vat li tri liéu. Giai thudt mo Fuzzy va thudt todan PID duoc dung aé
diéu khién hé tay may hai bdc ty do dya trén co so viéc hoc va lap lai cac
déng tac tdp. Loadcell sir dung trong thiét ké dwoc ding dé do luc cia
qud trinh van dong tay. Cdc gidi thudt dwoc xdy dung diea trén phan mém
SIMULINK ciia MATLAB va két n6i véi kit Arduino dé diéu khién canh
tay robot. Quy dao trong viéc lap lai dong tic hoc so véi quy dao hoc co
do phi hop 79,85% doi véi khép 1 va 76,95% doi véi khép 2. Két qua ciia
nghién ciru nay la co sé ban dau dé mé réng nhiéu bdc tir do cho canh tay
robot @é hé tro bénh nhan tdp vat li tri liéu hiéu qua hon nira.

1. GIOI THIEU

dén tai bién hoic su khuyét tat vé van dong (Mayo

Theo s6 liéu théng ké nam 2017 V& tai nan giao
thong toan cau cua td chic y té thé giéi WHO
(World Heath Organization), sé ca chan thuong
hoic tan tat do céc tai nan giao thong chiém tir 20-
50 tri¢u nguoi. Cac ca chan thuong nay thuong dan

22

et al., 2002). Cac khuyét tat vé van dong ludn cb
nhitng tac dong tiéu cuc dén chit lwong cudc séng
Cua cac bénh nhén cling nhu gia dinh cta ho nhu han
ché vé kha ning hoat dong doc lap trong sinh hoat
hang ngay. Do d6, viéc phuc hdi van dong cho cac
bénh nhan gip chan thwong dong mot vai tro rat



Tap chi Khoa hoc Truong Pai hoc Cén Tho

quan trong trong qué trinh diéu tri (Liepert et al.,
2000).

Theo thong ké cuia Trung tim Kiém soat Bénh
tat thanh phd H6 Chi Minh, s6 bénh nhan dot quy ¢
xu huéng ting va mdi nim Viét Nam cé thém
khoang 200.000 ngudi bi dot quy. Ciing theo thdng
ké cia Cuc Quan ly Kham va Chira bénh (Bo Y té),
nhimg ndm gan day ti 1¢ ngudi dot quy ngay cang
tré hoa (chiém 2%) va trung nién chiém 1/3 tong so
truong hop dot quy, nam giéi co ti 1& mac dot quy
cao hon 4 1an so véi nir giéi. Nhitng truong hop
bénh dot quy duoc ciu sdng s& dé lai di chung (liét
chin/tay/than nguoi) va 1a ganh nang that sy cho
ngudi than va xa hoi. Ho can ngudi chiam soc va
chira tri vat 1i tri liéu dé phuc hdi chirc nang vén
dong.

Mot s6 nghién ctru da chira ring, trong qua trinh
diéu tri phuc hodi chirc ning van dong, néu thoi gian
tap cac dong tac vat li tang 1én (Kwakkel et al.,
2002) cting véi s 1an lap cao (Butefisch et al., 1995)
va dung dong tac theo yéu cau cua céc liéu phap thi
n6 s& mang dén nhiing két qua phuc hoi déang ké
(Bayona et al., 2005). Gan day, ngay cang nhiéu
canh tay robot duoc phat trién va ap dung dé thay
thé hoac hd trg chuyén gia trong viéc diéu tri va hd
trg cho cac trudng hop phuc hdi van dong nhu robot
Armeo (Sanchez et al., 2006), robot L-Exos (Frisoli
et al., 2007), canh tay robot cua Rosen (Rosen et al.,
2005) hoac canh tay robot thong minh cua Zhang
(Zhang et al., 2007) va canh tay robot ARMin I va
Il caa Nef (Nef et al., 2007).

Nhiéu nghién ctru ciia Volpe et al. (2001), Kahn
et al. (2006) va Klamroth-Marganska et al. (2014)
chi ra rang hiéu qua cua viéc sir liéu liéu phap phuc
hoi chire nang bang canh tay robot di duoc danh gia
va khang dinh 1a mot thay thé hitu hiéu cho cac liéu
phap diéu tri thong thuong. Tham chi, mét sé nghién
cttu cho thay ring kha niang st dung cua canh tay
robot phuc hdi chirc niang ho trg cho cac chuyén gia
y t& 1a mot yéu té quan trong va dugc ung dung
thanh cong trong diéu tri (Dijkers et al., 1991; Lee
et al., 2005).

Ngoai ra, mot canh tay robot phuc hoi chirc ning
dugc thiét ké chuyén biét dé hd trg cho cac chuyén
dong lap di 1ap lai dua trén cac bai tap cu thé. Trong
d6, cac nhiém vu chuyén dong nay phai dya trén
nhing hoat dong sinh hoat hang ngay ADL
(activities of daily living) bao gom nhu an ubng,
mac quan 4o va cac hoat dong quan trong khéc
(Guidali et al., 2008). Viéc nay thuong doi hoi canh
tay robot c6 nhiéu bac tr do DOF (degree of
freedom) dé hd tro chuyén dong caa toan bo canh
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tay va ban tay mot cach mém déo (Avizzano &
Bergamasco, 1999).

Qua d6, viéc thiét ké mot canh tay robot véi 2
bac ty do dang SCARA (selective compliance
articulated robot arm) c6 thé thuc hién linh hoat cac
chuyén dong cua khop vai va khép khiy tay voi muc
tiéu dap g yéu ciu cho cac hoat dong tap luyén
phuc hoi chie niang duge dé xuat trong nghién ciu
nay. Céc chuyén dong nay duoc robot hoc lai tir cac
bac si tri lieu hodc chuyén gia hd trg cho cac bénh
nhan va sau d6 chuyén dong nang d& canh tay bénh
nhén theo ding quy dao ctia dong tac da dugc hoc
trude do. Trong nghién cuu hién tai, canh tay robot
duoc lap trinh diéu khién dya trén giai thuat diéu
khién PID (proportional integral derivative) mo véi
cac dap tng chuyén dong duoc ghi lai theo thoi gian
thuc thong qua phan mém MATLAB & SIMULINK
gitip cho viéc danh gia va theo ddi qua trinh chuyén
dong mot cach hiéu qua.

Két qua thi nghiém ban dau cho thay canh tay co
thé thuc hién theo mot s6 dong tac co ban nhu co
gap cang tay hodc dong tac trong sinh hoat hang
ngay nhu di chuyén d6 vat trén mot mat phang.
Pong tac lau ban dugc chon dé tap cho robot chuyén
dong theo quy dao ma chuyén gia xac dinh trudc.

2. PHUONG PHAP NGHIEN CUU

Viéc van hanh canh tay robot dugc chia thanh 3
qua trinh doc lap khac nhau. Qua trinh hoc (diéu cac
khép linh hoat theo dong tac hoc, twong tac nguoi -
may) duoc xir li dwa trén giai thuat Fuzzy dé diéu
chinh d6 rong xung PWM (pulse width modulation)
diéu khién dong co, dong thoi tang kha niang muot
ma cho qué trinh chuyén dong cua robot. Qua trinh
xtr 1i dir ligu hoc (loai bo cac goc do qua trinh nhiéu
tao ra, bién chuyén dong co gia tdc thanh chuyén
dong déu ddi vai timg khop) va dong thoi giam bot
cac bién goc duoc luu trit khong can thiét do nhidu
luc gy ra. Qua trinh 13p lai dong tac (thuc hién lai
dong tac va quy dao di hoc) véi tirng khép chuyén
dong déu.

2.1. Qua trinh hoc dwa trén quy dao

So d6 khéi qua trinh hoc cua canh tay robot dwoc
trinh bay & Hinh 1. Qua trinh nay gdm 5 khdi chinh:
khéi Loadcell, khéi xir Ii trung tam, khéi diéu khién
dong co, dong co va khdi doc xung encoder.

Khi c6 moment (tir tay nguodi) tic dong vao
loadcell tao tin hiéu lyc dang twong tu. Tin hi€u nay
s& dugc xu i va chuyén thanh tin hiéu sb, dong thoi
gui dén khdi xir 1i trung tam thong qua giao thirc
12C.
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Kit vi diéu khién Arduino MEGA 2560 s& dam
nhiém vai trd xtt 1i trung tdm cho hé thong. Céc giai
thuat hoc va giai thuat diéu khién duoc nhing truc
tiép tr MATLAB SIMULINK vao kit nay. Khéi
nhan gi4 tri lyc dang tin higu s6 va gid tri goc hién
hanh cua ting khép dugc gui tir khdi loadeell va
khdi encoder thong qua giao thuc 12C (inter-
integrated circuit), sau d6 xr li boi giai thuat va dua

l 120)

Khéi xi li trung tim
(Matlab Simulink)

Momen Gia tri lwc

Khéi loadcell

Momen truc ra dong co

Goéc hién hanh
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ra xung PWM diéu khién phu hop cho dong co.
Mach cau H (H-brigde) c6 vai trd khuéch dai tin
hiéu tir khéi xtr 1i trung tdm va cdp cho dong co.
Dong co quay tao mo men trén truc dau ra cho
chuyén dong cua canh tay robot, ddng thoi so sanh
véi md men do ngudi huéng dan tap vat li tri liéu
tac dong va giri dén bo xt 1i trung tam.

. Goc quay
Khoi Encoder

LN Khéi diéu khién

Hinh 1. So d6 khéi qua trinh hoc caia canh tay robot

Céc encoder ndi tryc tiép véi truc dong co (chua
qua giam téc) dé do chiéu quay va goc quay cua tryc
dau ra dong co (da qua giam téc). Tin hidu xung tir
encoder dugc doc boi bo xur 1i cua tung khop va
ddng thoi gui dir liéu dén bo xtr 1i trung tam. Tai day,
céc gia tri goc hién hanh s€ dugc luu trir phuc vu cho
viéc 13p lai dong tac tap vat li tri liéu.

Piutic déng hre
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2.2. Thiét ké canh tay robot SCARA

Khop 1 cia canh tay robot SCARA ¢ tich hop
thém loadcell dugc thiét ké nhu Hinh 2. Do hai khop
¢6 thiét ké twong tu nhau nén Hinh 2 chi trinh bay
thiét ké co khi caa khop 1.
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0o

b)

Hinh 2. Bdn V& co khi cia khép 1; a) Ban vé 3D co khi khép 15 b) Huéng lyc tic dong 1én khép 1
(hwéng nhin vudng géc - tir trén xudng)

thanh dang sé dé giri dén bo xur Ii trung tam. Tai déy,
céc tinh toan s& dugc thyc hién dé dua ra xung PWM
cung huéng quay phu hop cho dong co. So dd khéi
ctia phan cing mach diéu khién cua timg khop duoc
trinh bay nhu Hinh 3.

Do dong co ¢ giam téc Ion nén no6 s& b cing
(sau giam toc) truc dau ra khi chua cap dién va ciing
dam bao m6 men 16n. Khi ¢6 luc F tic dong lam gia
tri dién ap trén loadcell thay d6i va dwoc chuyén

LM2596 12V 12V DC
DC-DC 2A

Arduino Nano Arduino Mega 2560 BSUAM H-Bridge H
(Slave) (Master) . lotor driver)

Digital

PWM

Loadcell Encoder

Hinh 3. So d6 khéi két ndi phan ciing mach diéu khién cia canh tay robot

Tin hidu tur loadcell (Tai 1 kg) dugc doc bi _ Vi diéu khién Arduino Mega 2560 dam nhan
module chuyén ddi tir trong tu sang s6 (HX711) ¢6 viéc xu Ii chinh trong toan bo mach diéu khién. Céc
do phan gidi 24 bit. Sau d6, dit lidu dugc doc bsi  idi thudt s& dugc nhing tryc tiep tir MATLAB &
mot vi diéu khién Arduino nano véi vai tro 1a mot SIMULINK trén kit vi dieu khién. Giai thuat mo
slave thu thap thong tin cia mot khap trong hé théng (dugc thao luan ¢ phan tiép theo) trén vi dieu khién
biing giao thic SPI (serial peripheral interface). He ~ master tinh toan xung PWM va huéng quay cap cho
thdng s dung phuong thic da didu khién kiéu dong co dya trén dir lieu vé luc va gbc dugc vi didu
(Multi — Control) (Paine et al., 2013) nén sé c6 taing ~_ Khién slave giri dén.
bo diféu khién riéng cho ting khop. Tron_g do, hai'kit Dong co mot chidu 12V (giam tc véi ti s
Arduino nano (slave 8, slave 9) vi nhiém vu giao truyén 1:180, téc do 50 rpm) duoc sir dung dé giam
tiép v6i b xir i trung tam va doc gid tri cic cam gid thanh khi cénh tay robot dugc ap dung vao thuc
bién trong glaq»tlép 12C (mter-mtegrated circuit). té. M6 men dau ra truc dong co da lén phu hop cho
Cac vi diéu khién slave s€ doc gia tri cua loadcell viéc lip lai dong tac khi c6 tai. Thém vao do,
thong qua module HX711, doc encoder tir dong co encoder duoc bé tri dé do goc quay cua khép twong
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duoc tich hop sén trén truc dong co (chua qua giam
t6c). Sau khi giam toc 1:180, 1 vong quay tai truc
dau ra s& duoc 2.160 xung twong tng 1/6 do/xung.
Tin hiéu xung tir encoder sé dugc doc va duoc xir li
thanh goc hién hanh cua truc ra dong co, giri dén vi
diéu khién master thong qua vi diéu khién slave.

Phian mém duoc chia thanh 3 thut toan khac
thuc hién theo qua trinh ndi tiép nhau theo thir ty:
(1) Thuat toan hoc: Str dung giai thuat mo fuzzy
(Hinh 4) dé diéu khién tin hiéu dau ra cip cho dong

Tdp 58, S6 2A (2022): 22-31

co; (2) Thuét toan xt 1i: Loai bo cac gid tri nhiéu luc
do sai sb trong qua trinh ché tao phan co khi cua
canh tay robot va qua trinh hoc gay ra.

Giai thuat hoc dugc chia thanh 3 phan chinh
(Hinh 4). Cac gia tri lyc va gbc dugc gui 1én tir vi
didu khién slave cung luc dua dén khdi hoc va khoi
mo (fuzzy). Khéi fuzzy c6 nhiém vu diéu khién
dong co quay theo huéng luc tac dong. Khéi hoc s&
ghi lai quy dao dang dugc thuc hién va luu trir lam
dir liéu cho thuat toan 13p lai dong tac.

ARDUINO

ARDUINO

Pin: 30
Direction

ARDUINO

12c

Data

Master Read

Freq: Default
(I]-’in: 3

—0

Fuzzy controller

Loadcell Theta1 _cur_value

Slave: 0x8

FUZZY logic
PWM Value
Load cell value Lea I'I n g »

Time

\.T.(I;J

'I> Current value

I12C receiver

Theta 1

Stored value

Hinh 4. So' d6 cac khéi Iénh thuit toan hoc trén MATLAB SIMULINK

Thuat toan 13p lai dong tac: Lap lai dong tac da
hoc st dung bo diéu khién PID. Dya vao gia tri thuc
nghiém vé luc tic dong 1én tirng khép va yéu cau
canh tay robot phai c6 d6 linh hoat trong qua trinh
hoc, cac tap mo dugce xay dung riéng tuong (thg cho
khép 1 va 2 (Hinh 5 va Hinh 6). Tuong ting véi luat

giai mo ngd ra, luat mo dugc thiét 1ap: Néu luc nhe
thi dong co quay cham, néu lyc vira dong co quay
vira va néu lyc manh thi dong cu quay nhanh twong
tng vai cac gia tri PWM duogc gui dén dong co.
Chinh diéu nay s& giup dong co quay dwoc muot ma
hon.

plot points: 181
plots

Membership fi
I

I I
manh

05 —

0 2000 4000 6000 8000

10000 12000 14000 16000 18000

input variable "luc”

Hinh 5. Mo héa ngo vao khop 1
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plot points 181

Membership function plots
I I I I I

manh

..
ViR E— T T T T T T T T

o

2000 6000 10000

input variable "luc"

4000 8000 12000 14000

Hinh 6. M¢ héa ngd vao khép 2

Thuat toan xtr 1i nham loai bo cac bién khong can
thiét cho qua trinh ty dong va ciing dong thoi giam
bt lwgng dix liéu phai nap vao Arduino master tur d6
ting thém thoi gian hoc ma van dam bao chuyén
dong lap lai 1a chuyén dong gan phu hop véiyéu cau
tap vat li tri liéu véi téc d6 cham va déu (Hinh 7).

Thuét toan s& danh déu céac gia tri ma tai d6 co
thay doi chiéu chuyén dong cua cac khaop, tat ca cac
gia tri ting dan hoac giam dan con lai s& mang gia
trila-1. Sau d6 thuat toan loai ra cac gia tri -1 va git
lai thoi diém tuong ung voi gia tri goc duoc giir

trudc do.
Constant
»i=0"N

ARDUINO
[ 2745 [ 0.1667] . . Il
‘ S
witch
Thetal_display Error Pin 30
Constant1 Dir
=n
Thetat PID_PWM
ARDUINO
) PID@ T N ul N a mn
L N ] E
Abs Saturation Pin3
Currert_dr Discrete PID Cortroller —
ARDUINO
12C > 117]
Slave 8 Loadcellt v
12C Read +
Scope
ero-Order
Hold1
b » 2743 Thetal_current Thetattime_current
Data Type Conversion thetat ~ Gain2 Display4 Thetat_curent Thetatime_current

Hinh 7. So d6 cac khdi [énh thuat toan 13p lai dong tac trén MATLAB SIMULINK

Thuat toan PID dugc dung dé diéu khién qua
trinh 13p lai quy dao tap cua dong tac (Hinh 7) dya
vao dir liéu da dwoc xir li. Cac thong s6 Ki, Kp, Kd
ctia bo diéu khién PID cho cac khé6p duoc tim bang
phuong phép thir sai (cac thong s6 chi tiét duoc dé
cap trong muc 3).

27

3. KET QUA VA THAO LUAN

Cénh tay robot SCARA 2 béc tu do dugc thiét
ké hoan chinh va mé ta ¢ Hinh 8. Trong d6, nghiém
thirc (250mg/kg) ting cao nhét va ¢ ¥ nghia thdng
ké so v&i nghién cuu cua Sajid et al. (2009).
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Hinh 8. Canh tay robot SCARA hai bac tu do (nhin theo phwong ngang)

Do linh hoat ctia robot khi sir dung dong co mot
chiéu cimng truc cho qua trinh hoc va dap tng cua by
PID dugc khao sat bang cach cho canh tay robot hoc
va lap lai dong tac lau ban. Nguoi tap s& & vi tri dbi
dién tay may c6 khoang cach sao cho phu hop véi
d6 dai canh tay ctia nguoi thuc hién dong tac. Ban
tay s& dat tai vi tri dau cudi dwoc chi ra trong Hinh
8. Vi tri va cach dat tay cia chuyén gia/bac si va
nguoi tap/bénh nhan 1a tuwong tu cho cac bai tap.
Chuyén gia s& dan huéng chuyén dong cho robot
bang cach tac dong luc vao canh tay robot, cac khép
s& dugc didu khién sao cho dau cudi cua canh tay
tuong ng véi quy dao tap.

Gia tri goc cua cac khaop dugc ghi lai trong qua

trinh tdp va dap Gng trong qua trinh 1ap lai dugc
danh gia d6 phu hop dya trén (1) (Diing, 2013).

(x-y,)

1
N ‘=
1,
— X

Giai thuat mo va bo diéu khién vi tich phan ti 1¢
PID di diéu khién tét canh tay robot SCARA hai bac
tu do cho viéc hoc dong tac tap vat li tri liéu va 1ap
lai theo gioi gian thuc voi dap ung khong co do vot
16 va thoi gian xac 1ap tién vé zero (Hinh 9 va Hinh
10). B6 phu hop cua khép 1 1a 79,85% trong khi cua
khép 2 13 76,95%.

Fit = %100 (1)

300 T

250

Amplitude (deg)
n
o
o

-
(2]
o

100 L L

Dap rng cua khép 1 bam theo tin hiéu hoc v&i dé phu hop 79,85%
T T T T

10 12 14 16 18 20

Time (sec)

Hinh 9. Géc quay khép 1 thuc té, xir li va tu dong
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Pap rng cua khép 2 bam theo ti
T T T
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n hiéu hoc v&i d6 phu hop 76,95%
T T

180 T

160

140

Amplitude (deg)
0
o

=== Repetion| |
= Learning

1
10 12 14 16 18 20
Time (sec)

Hinh 10. Géc quay khép 2 thuc té, xir 1i va tw dong

Mic du giai thuat diéu khién PID ma cho két qua
t6t v6i do phu hop gitra quy dao mong muén va quy
dao 1ap lai xap xi 80%. Tuy nhién, dé d6 chinh xac
cao hon, hudng sip t6i cia nhom nghién ctu s& tich
hop thém mét trong sé cac giai thuat sau: diéu khién
truot thich nghi hé phi tuyén ding mang no-ron ham
co s& xuyén tam (Diing, 2010), diéu khién hé phi
tuyén dua trén giai thuat feedforward-feedback
(Diing, 2011) va bo diéu khién PID dya trén mang
no-ron ham co s¢ xuyén tim RBF (Diing & Hién,
2018).

4. KET LUAN VA PE XUAT

Cénh tay robot SCARA duoc diéu khién tét
trong qua trinh hoc nho vao sy két hop gitra cam
bién loadcell va giai thuat mo tim ra gia tri xung
PWM phu hop dé cap cho dong co dya vao luc tac
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