TNU Journal of Science and Technology 226(11): 226 - 233

DESIGN A ROBOTTICS FOREARM PRODUCT
FOR BIOINFORMATIC LABORATORIES

Tran Duc Hoang", Le Hoang Hiep

TNU - University of Information and Communication Technology

ARTICLE INFO

ABSTRACT

Received: 14/6/2021
Revised: 12/8/2021
Published: 18/8/2021

KEYWORDS

Computer science
Biomedical engineering
Robot Forearm
Electromyography
Bioinformatics

This paper focuses on researching and designing a forearm Robot
product using advanced technologies in the field of biomedical
informatics with the aim of assisting users to control the Robots in
difficult environments hard. The product design of this study inherits
and promotes the advantages of commercialized products on the
market such as communication through synapses using
electromechanical signals, using communication technology modern.
The advantages of the product are: low cost, easy to use and
applicable to many objects in practice. Moreover, the product can be
used as a practical tool for students of biomedical informatics at
universities and research centers where there is a shortage of
equipment related to this field adding research tools, in-depth
experiments, improving knowledge and ability to apply theory to
practice more effectively. The results of research, design and
implementation show that the actual product is highly rugged, easy to
install, operate, maintain and maintain.

THIET KE SAN PH{&M ROBOT CANG TAY
PHUC VU THUC HANH KY THUAT TIN HQC Y SINH

Tran Pirc Hoang", Lé Hoang Hiép

Trwong Pai hoc Cong nghé thong tin va Truyen thong — PH Thai Nguyén

THONG TIN BAI BAO

TOM TAT

Ngay nhan bai: 14/6/2021
Ngay hoan thién: 12/8/2021
Ngay diang: 18/8/2021

TU KHOA

Khoa hoc may tinh
Ky thuat y sinh
Cing tay Robot
Tin hiéu dién co
Tin sinh hoc

Bai bao nay tap trung nghién ctru va thiét ké mot san pham Robot
céng tay str dung cac cong nghé tién tién trong linh vuc tin hoc y sinh
v6i muyc dich 13 hd tro ngudi st dung diéu khién cac Robot trong cac
moi truong kho khin, khic nghiét. Thiét ké san pham ciia nghién ciru
nay ké thira va phat huy duoc cac wu diém cua cac san pham da duoc
thuong mai hoa trén thi truong nhu truyén tin qua cac khép than kinh
su dung tin hiéu dién co, st dung cong nghé truyén thong hién dai.
Uu diém cia san phdm 1a gia thanh ré, dé sir dung va ap dung cho
nhiéu dbi tuong trén thyuc té. Hon nira, san phém c6 thé duge sir dung
lam cong cu thyc hanh cho sinh vién cac nganh tin hoc y sinh tai cac
truong dai hoc, trung tim nghién ctru noi ma dang con thiéu thén
trang thiét bi lién quan dén linh vuc ndy c6 thém cdng cu nghién ctru,
thuc nghiém chuyén sau, nang cao kién thtrc va kha ning ap dung ly
thuyét vao thuc té duogc hiéu qua hon. Két qua nghién ctru, thiét ké va
trién khai cho théy san phém thue té ¢ do chic chén cao, d& la'ip dat,
van hanh, bao dudng va bao tri.
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1. Gidi thiéu

Ké tir khi ra doi dén nay, Robot dd giup con nguoi thuc hién hiéu qua nhimng yéu cau ma
chung ta mudn tir don gian t6i phirc tap, chirc ning thong minh va d¢ tinh vi ngay cang thé hién
o nét trén nhiéu linh vue. Riéng trong linh vuc tin hoc y sinh, Robot c6 vai tro rat 16n. Robot
thay thé cac bac si thuc hién vai tro ciia minh & cac truong hop khac nhau nhu phau thuat, chim
s6c stre khoe, chan doan bénh,... Trén thé gidi, cac hing san xuit Robot ting dung vao linh vyc
nay da va dang phat trién rat manh mg. Cac nghién ciu, thiét ké va phat trién canh, cang tay
Robot tich hop tri tu¢ nhan tao, cac thuét toan t6i uu va cong ngh¢ truyén thong hién dai da lam
cho loai Robot nay cang gan giéng hon véi chirc ning canh, cang tay cua con nguoi ¢ su mém
mai, khéo 1€o va d¢ linh hoat, thong minh [1], [2]. C4c san pham Robot cang tay da dugc thuong
mai hoa thuong duoc nghién ctru va phat trién boi cac hang 10n, gia thanh rét cao co dang ky ban
quyén sang ché, yéu cau ngudi sir dung vén hanh phai c6 chuyén mon sau. Hon nira, viéc bao tri,
stra chira ciing do cac hdng doc quyén. Vi vdy, muc tiéu cua nghién ctru nay nham tdi gian hoa
chi phi thiét ké, lap dat nhung van tich hgp dugc cac cong nghé hién dai va dat hi€u qua cao, dé
dang sir dung trong qua trinh thue hanh thi nghiém cho sinh vién; ngoai ra c6 thé san xut hang
loat v6i chi phi thap hon nhiéu 1an viéc nhap khau tir nudc ngoai. Mot sb truong Pai hoc trong
nude hién nay bat déu x@y dung chuong trinh dao tao va m¢ cac ma nganh lién quan toi ky thuat
y sinh (1 su két ndi hai hoa giita cac k¥ thuat truyen thdng nhu dién, dién tir, vién thong, co khi,
tin hoc voi cac nganh khoa hoc lién quan dén sy séng va con ngudi nhu sinh hoc, y, duoc, nha
khoa) dé bat kip voi xu thé méi trén thé gidi. Cac h¢ thong Robot phuc vu cho viéc nghién ctru,
thuc hanh tai cac phong Lab vé k¥ thuat y sinh con rat khiém tén, thiéu thiét bi thuc hanh, chua
hién dai boi gia thanh nhap khau rat cao. Vi vy, viéc tu nghién ctru va thiét ké cac san pham vé
Robot tin sinh hoc voi gia thanh ré, d& 1am ma van déap tmg duoc cic yéu cau vé cong nghé [3]-
[5] 1a diéu dédng khuyén khich phét trién md rong hon nita. Do vay, muc dich nghién ctru cta
nhom tac gia 1a 1én y tuong xay dung va thiét ké nham giai quyét nhimng han ché cia cac Robot
thong thuong bang viéc thiét ké ra mot dang Robot, cu thé 13 cang tay Robot c6 thé md phong lai
chinh x4c cac ctr dong cia con nguodi tng dung cac cong nghé hién dai, phuc vu viéc nghién ctu
chuyén sau va lam thiét bi thuc hanh, trién khai thyuc té cho sinh vién nganh k¥ thuat y sinh, tin
sinh hoc tai cac phong Lab ¢ cac co sé dao tao.

2. Co s6 nghién ciru
2.1. Qud trinh truyén tin qua cdc khdp than kinh

Qua trinh truyén tin qua cic khop than kinh: Synapse 1a dién tich tiép xtc giira té bao than
kinh v&i té bao than kinh, giita t& bao than kinh vdi cac té bao khac nhu té bao co, té bao tuyén. ..
Co 2 loai synapse: Synapse hoa hoc va synapse dién. Synapse dién (cau triic duge mo ta nhu hinh
1) c¢6 khoang cach tiép giap giita tién synapse va hau synapse chi vao khoang 3,5 nm ngan hon
nhiéu so véi 20 — 40 nm ¢ synapse hoa hoc. So voi synapse hoa hoc, synapse dién truyén xung
than kinh v6i toc d6 nhanh hon, do tré truyen tin hiéu vao khoang 0,2 ms; trong khi ¢ synapse
hoa hoc 13 2 ms. Synapse dién duoc tim thay & cac té bao than kinh c6 nhu cau dap mg nhanh nhat
¢6 thé nhu phan xa ty vé, & vong mac, & khip cac hé than kinh trung wong nhu vo nio [1], [2].
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Hinh 1. Cdu tao synapse dién
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2.2. Tin hié¢u dién co

Dién co (Electromyography — EMG) 1a mot ki thuat chan doan dé xac dinh bénh ctia day than
kinh ngoai bién ¢ chan tay va mait, hay bénh cua bép thit, hodc cac bénh khac gay yéu hoac dau
hodc rdi loan cam giac. Ban ghi dién co 1a ban ghi cac két qua thu dugc trén mdy, in ra dudi dang
céc biéu dd va bang sb. Cac ky thuat vién sé str dung cac dién cuc (electrodes) dé dan truyén hay
phat hién cac tin hi¢u dién do day than kinh hodc co bép phat ra. Bac si s€ sir dung dién cuc kim
dé cham truc tiép vao bép co dé ghi lai hoat dong dién cta co do. Két qua dién co co thé cho théy
cac bét thuong cia day than kinh, bit thuong vé co, hay bét thuong dan truyén cua noi tiép xtc
gilta day than kinh véi co. Trong dién co, kim duogc cdm vao co (nhu mé ta hinh 2) va hoat dong
dién duoc ghi lai trong khi co co va nghi 3], [4].

Hinh 2. Po téc do dan truyén than kinh co trén thuc té

3. Ung dung xay dung va trién khai
3.1. Dat bai toan

Dé giai quyét bai toan dua ra, nhom tac gia dé xuat mot sd giai phap sau [5]-[8]:

> Gidi phdp 1: St dung cac cam bién udn cong (Flex sensor) dat doc theo chiéu ciia cac bo
co dé mo phong lai tin hiéu dién tai cac b6 co duge gan cam bién. Mot s6 wu diém cia giai phap:
Tin hi¢u thu dugc c¢6 bién d6 1on, 10 rang, it nhiéu; Co thé mo phong lai chinh xac cac chuyén
dong gap va dudi cac khp; Khong can thiét 1ap lai mdi khi thay doi ngudi sir dung. Tuy nhién,
giai phap c6 mot sé mit han ché nhu: Khong thé méd phong lai duoc tin hiéu cua cac bé co & 16p
gilta va 16p sau; Kho mé phong duoc cac chuyén dong xoay khép tai cd tay, cd chan... Kich
thudc twong dbi 16n, khi gin vao co thé nguoi sir dung s& gy cam giac kho chiu.

> Gidi phdp 2: St dung cam bién dién co chuyén dung (Muscle sensor) gin vao diém bung
va dAu cta cac bo co, thu tin hiéu truc tiép phat ra tir cac bo co khi co thé cir dong. Mot s6 uu
diém ctia giai phap la: C6 thé thu nhan tin hidu phat ra tir cac b6 co & 16p nong va l6p gitra; Kich
thude nho, tao sy thoai mai cho nguoi s dung. Tuy nhién, giai phap c6 mot s6 han ché: Tin hiéu
thu vé c6 bién do nho, <o nhiéu nhiéu. Véi co thé cua mdi nguoi khac nhau s& c6 muc dién thé
hoat dong khac nhau, can phai thiét 1ap lai néu thay doi nguoi sir dung.

Dua vao wu nhuge diém cia tung giai phap va diéu kién thuc hién hé thong, nghién ctru da lya
chon giai phap 2 dé dam bao y€u cau cia bai toan dé ra va han ché t6i da nhit nhiing nhugc diém
clia cac phuong phap diéu khlen robot truyen thong, giam thiéu it sai s6 nht c6 thé cta bai toan.
Phuong phap nay giai quyét duoc mot sd van dé sau: Mo _phong lai chuyén dong chinh xac cta
co thé nguoi; Tang dugc tinh linh hoat cua robot nhung van dam bao dugc d6 chinh xac; Nguoi
sir dung, van hanh khong cin phai c6 trinh d6 chuyén mén cao vé k¥ thuét van c6 kha ning van
hanh duoc.

3.2. Trién khai
3.2.1. So' do khéi hé thong
Giai phap dugc thé hién qua so d6 khdi nhu hinh 3:
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Khéi dong co

K - TS
Khoi cam bicn Khéi khuéch |N] Khéixirly
tin hiéu dién co g pea A
li‘.\-IG. dai tin hieu [TV trung tim

Khdi ngudn

Hinh 3. So d6 khoi ciia hé thong
- Khéi cam bién tin hiéu dién co EMG: Thu tin hi€u dién phat ra tir bo co khi cir dong va loai
bo cac tin hiéu gay nhiéu.
- Khoi khuéch dai tin hiéu: Khuéch dai tin hidu thu dugc tir khdi cam bién.
- Khéi xir Iy trung tam: Nhan tin hi€u da duoc khuéch dai, so sanh véi gia tri ngudng dugc cai
dat true va dua ra tin higu diéu khién.
- Khoi déng co: M phong lai cac chuyén dong ciia co thé theo tin hidu diéu khién duoc giri dén.

¥
numReadings = 10;
readIndex = 0:
Tao mang

3.2.2. Luwu @6 thudt toan ciia hé théng

Bit dau

' readings[numReadings]
Khai tao hé thong h 4
Xoa gia tri tai vi tri cl cia mang
> total = total — <

readings[readIndex]

h 4
Poc gid tri tir cam bién
readings[readIndex] =
analogRead(inputPin):

N

Poc gia tr] tir cam bién,
lam min tin hiéu

v
"

h .4

Thém gia gia tri méi vao mang

h .4

Di chuyén dén vi tri tiép theo
trong mang

ngudng dién
thé cai dat
san

readIndex =

bing L
= numReadings

Gari tin hidu diéu khién
dén cac dong co

Tinh gia tri trung binh cua mang

| |
Hinh 4. Luu do thudt todn chicong trinh chinh Hinh 5. Lueu dé thudt todn lam min tin hiéu dau vao

Bit dau qué trinh hoat dong (duoc md ta ¢ hinh 4 va chi tiét nhu hinh 5): Hé théng tu dong
khéi tao qua trinh va doc tin hi¢u thu dugc tir b khuéch dai, ti€n hanh lam min tin hi¢u bang
cach luu trir tuan tu 10 két qua doc lién ti€ép vao mot mang roi tinh gia tri trung binh cua cac gia
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tri trong mang do, sau 10 1an doc thi mang s¢ duoc xo6a va lap lai qua trinh, thu dugc tin hiéu c6
dang song min hon so vdi tin hiéu goc. Tin hiu nay dugc so sanh voi mot gia tri ngudng (dién
thé hoat dong cta nhom co dugce do), néu 16n hon ngudng, bo diéu khién s& phat tin hiéu dén cho
céc dong co yéu cau hoat dong. Néu nho hon hoic bang ngudng thi khong phat tin hiéu, cac dong
co giit nguyén & trang thai ban dau (trang thai nghi), hodc trd lai trang thai nghi néu dang hoat
dong, qua trinh hoat dong két thuc.

3.2.3. Linh kién phuc vu xdy dung Robot

Thong qua dic diém va dic tinh sinh hoc, kha nang truyén tin qua cac khop than kinh dya trén
synapse di€n, nghién ctru da xay dung y tudng va 1én phuong an thict ke trién khai thyc te.

Hinh 6. Su phoi hop giita cdc thiét bi trong san pham

Su phdi hop gitra cac thiét bi linh kién trong md ta nhu hinh 6 d6 la: Cac cam bién s& co
nhiém vu thu nhan tin hiéu dién phét ra tir co thé con nguoi khi chuyén dong (dién thé hoat dong
cta té bao o), truyén qua bd loc dé loai bo cac tin hiéu khong can thiét va tin hiéu gdy nhiéu,
tiép theo d6 tin hiéu s& di qua bo khuyéch dai va truyén dén bo diéu khién. Tai bo diéu khién, tin
hi€u s€ dugc so sanh vdi mot gid tri ngudng nhét dinh, néu vuot trén ngudng d6 thi phat tin hiéu
kich hoat cac dong co hoat dong nham mé phong lai chuyén dong d6. Khi khong vuot qua
ngudng thi toan b hé théng s& quay tré vé trang thai ban dau (trang thai nghi). Vai tro cua cac
thiét bi cu thé nhu sau:

= Cim bién A-03-002: C6 nhiém vu theo di tin hi¢u dién phat ra tir céc té bao co, khuéch
dai va diéu ché tin hiéu thu duoc, ddng thoi chuyén dbi tin hiéu d6 thanh dang analog c6 thé doc
duge mot cach dé dang boi vi didu khién. Nguyén 1y do: Khi co co lai, dién ap dau ra clia cam
bién s& tang 1én va nguoc lai, dién ap dau ra s& giam xudng néu co dudi. Tin hiéu ra khoi cam
bién khong phai 1a tin hidu dién co nguyén ban, tin hi¢u nay da duoc chinh luu va lam min.

*  Mach khuéch dgi sir dung 1C khuéch dgi thugt toan AD620: La mot bo khuéeh dai
thiét bi do dac nguyén khéi dua trén su sira doi ciia phuong phap tiép can ba op-amp co dién.
Tuyét d6i cat giam gia tri cho phép ngudi dung lap trinh dat duoc chinh xac (dén 0,15% o G =
100) chi véi mét dién tré. Mach c6 kha nang khuéch dai tin hiéu c¢& microvolt va milivolt tir 1,5 —
10000 lan, c6 thé diéu chinh thdng qua bién tré. C6 thé sir dung dé khuéch dai tin hiéu AC va DC.

= B§ diéu khién Arduino Nano: C6 8 dau vao tuong ty (19 dén 26), duoc danh dau A0
dén A7. Diéu nay c6 nghia 1a c6 thé két ndi 8 kénh dau vao tuong tu dé xu ly. MJi chan twong tu
nay c6 mot ADC c6 d6 phan giai 1024 bit (do d6 né s€ cho gia tri 1024). Theo mac dinh, cac
chan dugc do tir mat dat dén 5V.

*  Djng co servo MG995 va SG90: Dung dé thiét ké nhitng hé thong hdi tiép vong kin. Tin
hi¢u ra cua dong co dugc ndi véi mot mach diéu khién. Khi dong co quay, van toc va vi tri s&
duoc hdi tiép Ve mach diéu khién nay. Néu co bat ky 1y do nao ngin can chuyén dong quay cua
dong co, co cau hoi tiép nay s& nhan thay tin hiéu dua ra chua dat duoc vi tri mong muén. Mach
diéu khién tiép tuc ra lénh cho dong co hoat dong dé dat dugc diém chinh xéc.

3.2.4. Thiét ké hé thong phan cirng va phan mém

a. Vai tro ciia cac khdi trong so dd h¢ thong

Dé thyc thi duoc hé thdng theo so do khéi da dé xudt, can danh gia chi tiét theo timg khéi va
lya chon linh kién phu hop, dam bao cac yéu t6: C6 nang luc xir Iy théng tin dap img yéu cau lay
mAu, truyén dan va cling chuan truyén théng véi nhau; Pon gian, gia thanh ré, dé dang thyc thi
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va thay thé néu hong, dé 1ap trinh, thuan tién khi két ndi ngoai vi ciing nhu cac linh kién khac.
Céc khbi c6 vai tro cy thé:

o  Khbi cam blen tin hiéu dién co (Muscle Sensor A- 03-002) c6 nhiém vu theo doi tin hiéu
dién phat ra tir cac té bao co, khuéch dai va diéu ché tin hiéu thu duoc, dong thoi chuyén doi tin
hi¢u d6 thanh dang analog c6 thé doc duoc mot cach dé dang boi vi didu khién.

o Khéi khuéch dai tin hiéu: Mach khuéch dai st dung IC khuéch dai thuat toan AD620.

o Khéi xir 1y trung tdm: Bo diéu khién Arduino Nano.

o  Khéi dong co: Pong co servo MG995 va SG90S.

b. So' @6 thiét ké ciia hé thong

Nghién ciru thuc hién xay dung so do thiét ké ciia hé théng nhu hinh 7:

NGON GAl 2
o

©

==

Hinh 7. So do thiét ké ciia hé thong

M0 ta: Sau khi cz”ip nguén cho toan bo hé théng, cac dong co sé chuyén dong dya theo tin higu
dién co thu dugc tir co thé nguoi thong qua cam bién, néu tin hiéu 16n hon ngudng dién thé hoat
dong da duoc cai dat trudce thi dong co s& quay va kéo diy cude (dong vai trd gidng nhu gan cua
co thé ngudi) 1am gép cac ngon tay lai, trong trudng hop tin hiéu khong 16n hon ngudng dién thé
hoat dong, dong co s€ khong chuyén dong hodc tro lai trang thai ban dau, nha cac day cudc lam
cho cac ngon tay dudi ra.

¢. Xay dung phan mém

Trong nghién ciru nay, nhom tac gia st dung Arduino Intergrated Development Enviroment
(IDE) d¢é xay dung chuong trinh diéu khién hé thong hoan thién.

3.3. Trién khai, dinh gid sin phim thuc té
3.3.1. San pham canh tay Robot

Dua trén cac phan tich nghién ctru dé xuét bén trén, nhom tac gia }ién hanh thiét ké co khi,
dién tu va lap rap san pham hoan thién trén thyc t€. Hinh anh san pham dugc mo ta nhu trong
hinh 8, hinh 9 va hinh 10.
3.3.2. Két qua thuwc nghiém

San pham dugc thir nghiém trén nhiéu ngudi/déi tuong st dung khac nhau (trong do tudi lao
dong) dua trén viéc so sanh khau d6 mé cia ban tay nguoi va ban tay may qua nhiéu lan xac
minh két qua. San phdm da hoat dong dang quy trinh, cac dong co quay déu, khong xdy ra hién
tuong gidt, mat tin hiéu tam thoi hodc mat ngudn dién. Hinh anh thuc té ctia san pham khi tién
hanh thyc nghiém, stir dung dugc mo ta trén Hinh 11 va Hinh 12.
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Hinh 10. Hinh anh bang mach
bao gom kho,z cam bzen: khoi
khuéch dai, khoi diéu khién va pin

Hinh 9. Hinh dnh khoi dong co
cua hé thong

Hinh 11. Hinh anh khi ban tay mo Hinh 12. Hinh anh khi ban tay ndm
4. Két luan

Sau khi thuc hién cac budc kiém tra thuc nghiém, danh gia két qua van hanh trén thyc té tai
phong thi nghiém cho thiy san pham dat d6 chinh xac twong dbi, hoat dong theo diing thiét ké.
San pham I tién dé dé co thé ché tao ra robot mod phong lai mot cang tay nguoi hoan chinh voi
cac uu diém nhu: Cac dién cuc duge gan vao co thé bang chat co do dinh vira phai, c6 thé gan
trén da ngudi trong mot thoi gian dai ma khong gay kho chiu cho nguoi sir dung; Dé dang lap
dat, van hanh, bao dudng va bao tri; Gia thanh re, gitp tiét kiém chi phi dau tu. Trong diéu kién
nghién ciru con han ché, nhom tac gia da co gang van dung va tham khao nhimg vu diém cua cac
san pham Robot thuo‘ng mai dé tir d6 cd gang xdy dung san phim ctia minh nhim muc dich hd trg
t6t hon nira cho sinh vién cdc nganh tin hoc y sinh tai cac phong Lab, noi ma con thiéu rat nhiéu
thiét bi thuc hanh vé tin hoc y sinh hién nay. Tuy nhién, dé sir dung can c6 qua trinh thuc nghiém
danh gia két qua nhiéu lan truge khi dwa vao thuc té. O ‘muc do trong phong thue hanh/Lab, két qua
cho thay, Robot hoat dong tbt, dap tng duogc cac yéu cAu vé 1ap trinh va thiét ké, co thé st dung dé
thuc hanh chuyén sau cho sinh vién cac nganh tin hoc y sinh, k¥ thudt y sinh.
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