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u khién Exoskeleton dung sensor EMG
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"Truong Pai hoc Bach khoa Ha Noi
?Hoc vién Ky thuat Quan su
Ngay nhan bai 10.4.2015, ngay gli phan bién 13.4.2015, ngay nhan phdn bién 13.5.2015, ngay chdp nhan ding 3.6.2015

B xwong ngoai (Exo) 1a mot loai robot sinh hoc dang dwgc rng dung rﬁng rii nham ning cao ning lyc cho
ngu’m mang, hoiic hd trg nglro’l thiéu ning di lai va luyén tap phuc hoi chu’c ning. Mot trong nhirng van
dé chinh ma cac nha phat trlen Exo phai ddi dién 1a du doan cac tham s6 van dong, nhw md men, chuyén
vi, van tdc géc khop dé cung cap cho b diéu khlen Tin hi¢u dién co dd (ElectroMyoGraphy - EMG) thu
dugce tir co ngudi mé ra trién vong giai quyet van dé nay.

Bai bao gi6i thi¢u mot hé thong dung sensor dé du doan mé men khép cin thiét trén co sé 2 tin higu EMG
va 1 tin hiéu chuyén vi goc khép. Cac tin hiéu EMG dwge do tir 2 nhém co': tir ddu dui va khoeo chin. Hé
thong dwgc tong hop tir mot hé thu nhin dir li¢u (Data Acquisition - DAQ) thwong mai va mot hé suy luin
no ron mo' (Adaptive Neuro - Fuzzy Inference System - ANFIS) do cac tac gia xay dwng. Tin hiéu ra cia
ANFIS dugc dung dé diéu khién chuyén dong khép goi. Két qua thir nghiém cho thiy, ning luc van dong
ciia nguwoi mang Exo voi EMG duoc cai thién dang ké.

Tir khod: bg xwong ngodi, hé suy ludn no ron mo, hé thong diing sensor, robot sinh hoc, tin hi¢u di¢n co do.

Chi s6 phén loai 2.2

CONTROL OF EXOSKELETON USING EMG SENSORS

Summary

Exoskeletons (Exo) are bio-robots that are widely used to enhance
wearers’ performance or to assist disabled people in mobility and
rehabilitation. One of the major problems faced by Exo developers
is how to predict the required joint moving parameters, such as
joint torques, joint angular displacements or velocities that must be
fed to the motion controller. EMG signals from human muscles offer
opportunities to solve such the problem.

This paper introduces a sensor-based system that can predict the
required joint torque on the basis of two EMG signals and an angular
displacement signal. The EMG signals are detected from the two
muscle groups: quadriceps and hamstrings. The system is combined
from a commercial DAQ and an adaptive neuro-fuzzy inference system
(ANFIS) developed by the authors. The outputs of the ANFIS are
then used to control the knee motion. Experimental results showed
that performance of the people wearing this EMG-based Exo was
significantly improved.

Keywords: ANFIS, bio-robot, EMG, exoskeleton, sensor-based system.

Classification number 2.2

*Tac gia chinh: Email: hdaovan@gmail.com
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pat van de

Exoskeleton (bd xuong
ngoai, viét tit 1a Exo) 1a mot
loai robot sinh hoc (bio-robot)
dugc ghép 1én ngudi dé bao
vé, tang cudng strc manh cho
co thé; dé hd tro hodc thay thé
cac bo phan (thuong 1a chan,
tay) bi yéu, hong hay bi mat
[1, 2]. Vi cac Exo phai cong
sinh véi ngudi nén yéu cau
quan trong nhat d6i voi chiing
14 hd trg dung murc, dung lic,
dung cach; khong gay céan tro,
vuéng viu, mat an toan cho
nguoi.

bibd 1a hoat dong tu dong,
c6 chu ky cua con ngudi, tuy
khong phai ban nang nhung
quy trinh di dugc hé than
kinh ghi thanh chwong trinh.
Chuong trinh dam bao su co,
dudi (thay dbi chiéu dai), sinh



luc cua céc co; tir do tao ra mod men goc va van tde gbc
ctia cac khdp. .. tit ca duoc thuc hién mot cach hai hoa.
Vi vay, cac quan h¢ luc - chiéu dai co va luc - van tée
co co ¢6 vai trd then chét trong co sinh hoc.

Trong co sinh hoc ¢6 dién d3 xuét hién nhiéu mé
hinh giai tich, mo ta cac quan hé trén, trong d6 mo
hinh Hill duoc cho 1a gan nhét véi thuc té va dugc Gng
dung rong rai [3]. Trong dé tai KC03.12/11-15, mo
hinh Hill d& duoc tng dung dé thiét 1ap mé hinh phan
xa co [2]. Mo hinh Hill trong co sinh hoc c6 vai tro
then chét nhu dinh luat Hooke trong co k¥ thuat. Tuy
nhién, tinh chat co hoc cta co rat phirc tap, duoc mé ta
bang mot hé thdng hang chuc phuwong trinh vi phan phi
tuyén, hién chua c6 16 giai twdng minh. Hon nita, cac
thong s co hoc ciia co, gan phu thudc nhiéu vao thé
trang, Ira tudi, gidi tinh, trang thai tim sinh 1y... cla
ngudi nén mic du vé hinh thire, cac phuong trinh toan
1a twong minh nhung bén trong lai 4n chira nhidu yéu
t6 bat dinh. Nhin rong ra véi toan hé thong thi Exo la
loai robot dac biét, hoat dong trong moi truong khong
biét trudc, can co tinh thong minh, kha ning thich Gng
va tinh ty chﬁ cao. Cac phan tich trén cho théy, dé diéu
khién Exo, néu chi ap dung phuong phap dleu khién
dya theo mo hinh ciia ddi twong voi cac yéu to tién
dinh (model-based control) thi khong du.

Song song véi cac phuong phap diéu khién truyén
thdng, nhiéu phuong phap diéu khién khong dwa vao
mo hinh (model-free control) dugc phat trién va to ra
¢6 hiéu qua trong nhiéu linh vuc. D6 1a cach con nguoi
diéu khién thiét bi. Vi du, trén co sé thong tin thu duoc
ttr cac gidc quan (sensor), tri thirc (knowledge) va kinh
nghiém, ky nang suy luan (rule), nguc‘yi 1ai xe c6 thé
XU ly moi tinh huong khong dugc biét trude (unknown
envzronment) dé dua xe vé dich ma khong can biét
dén moé hinh dong luc hoc cua ddi tuong diéu khién
(model-free). Nguoi 131 xe, voi tu cach bo diéu khién,
hoi tu kha du cac yéu t6 cua ki thuat diéu khién hién
dai, dua trén tri tué nhan tao (TTNT): sensor-based,
rule-based, knowledge-based, event-based... Ngoai
tinh linh hoat, ty chu, cdc phuong phap nay con cé
nhimg wu diém, nhu “khong ngai” cic hé phi tuyén,
nhiéu dau vao nhiéu dau ra (MIMO), khong doi hoi dit
li€u chinh xac, va dac biét 1a xur 1y nhanh cac quan hé
phtrc tap, dap tmg duoc yéu cau giam sat va diéu khién
thoi gian thyc.

Do tinh chat dic biét ciia Exo: twong tac thoi gian
thuc véi ngudi mang trong dicu kién hoat dong cua
nguoi khong dugce dinh trudce; trang thai tam sinh 1y
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cua ngudi thay d6i thit thuong... ma trong vai chuc
nam gan day cac cong trinh nghién ctru tng dung k¥
thuat diéu khién dung céc sensor dién sinh hoc {dlen
nio (EEG - ElectroEncephalooGraphy), dién nhan cau
(ENG - ElectroNystagmoGraphy), dién co d6 (EMG
- ElectroMyoGraphy)} va TTNT xuit hién ngdy cang
nhiéu [4-7].

Theo huéng do, trong cac dé tai cip nha nudc
KC03.13/06-10 va KC03.12/11-15, nhoém tac gia da
nghién ctu ing dung sensor EMG dé diéu khién va
giam sat hoat dong cua Exo. Bai bao nay trinh bay giai
phap tmg dung cong cu ANFIS dé x4c dinh mé men
khdp trén co so cac tin hiéu EMG, phuc vu diéu khién
robot sinh hoc.

Co s& sinh hoc caa viéc do tin hiéu EMG
H¢ diéu khién vin dgng ciia nguwoi va robot

Hé van dong ciia ngudi gdm c6 co cau van dong (hé
thong co gan, xuong khop) Va hé than kinh Van dong.
Heé than kinh van dong c6 cdu trac vira phan cép, vira
song song (hinh 1a, b).

Hoach dinh ; Ngur
van dong

| Y(@on

Tao auy Yer [ DKbAM | Y cnép Kh g
Ggo méu Quj dao

©

(a)

Hinh 1: so' dé hé vin déng ciia ngudi (a, b) va ciia robot (c)

Theo chu triic phan cép, hé hinh thanh 3 cip. Cip
(1), cao nhat 1a ving van dong ¢ vo ndo. Day la cap
hoach dinh van dong (Motion Planning & Control -
MP&C), quy dinh muc ti€éu va phuong thirc chung.
Cép (2), cap trung gian, dugc goi 1a bd tao mau trung
tam (Central Pattern Generator - CPG). Cap nay c6
cAu tric va nhiém vu kha phtic tap: diéu khién tu thé;
hinh thanh bang cach hoc céc chuong trinh hoat dong
1ap lai (tao mau hoat dong) va tu dong diéu khién cac
hoat dong do6 (vi du di bo, chay, boi...); nhan, to chure
va trung chuyén cac tin hiéu phan héi... Cép (3) - tiy
song, 1a cap thira hanh (Execution), truc tiép diéu
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khién cac co dé chan budc theo quy dao va theo 1énh
tur trén, déng thoi chu dong diéu khién cac van dong
phan xa (ban ning), vi du phan xa co chan khi dam
phai dinh. Mit khéc, theo ca chiéu thuan (tac dong) 13n
chiéu nguoc (phan hoi) déu c6 cac nhanh song song,
dam bao thong tin dugc truyén nhanh va trung thuc
nhat, dong thoi cap dudi co thé bo tro hay “phan bién”,
{rc ché tac dong tir cap trén.

O day, viéc tim hiéu c4u triic hé van dong ciia nguoi
¢6 2 tac dung: (1) thiét 1ap hé diéu khién robot (hinh
1¢); va (2) xac dinh loai tin hiéu dién sinh hoc nao c6
thé trich ra duoc, trich tir dau va dung vao viée gi. Diéu
nay cling giai thich tai sao EMG tin cay hon EEG trong
diéu khién h¢ chap hanh ctia robot.

Cau truc va dong luc hoc cua co

Co (hinh 2a) dugc hinh thanh tir cac s¢i co. Cac soi
duoc bo lai voi nhau, rdi lai duge bo thanh bé to hon. ..
thanh bup co. Giira cac sgi va cac bo co ¢6 16p mo dai
bao boc, hop dén vé6i nhau thanh gan, bam chic vao cac
dau xuong. Soico cod ciu tao dang thé dac biét, chi sinh
luc (tich cuc) khi co. Khi dudi, co trd thanh phén o thu
dong, c6 tac dung nhu 10 xo va giam chan v6i hé sé thay
dbi. Vi vay, co la cac phan tir phi tuyén.

Hurdrmg tam

Mach miy

Bao giita Thoi co

Bao ngodi..

(@ (b)

Hinh 2: cdu tric (a) va phan xa ciia co (b)

Trong céc bd co co cac té bao than kinh (neuron)
nhu trong hinh 2b. Cac no ron van dong (motor
neuron) hinh thanh cac day than kinh ly tdm, truyén
tin hiéu van dong tdi co. Cac sensor neuron hinh thanh
céc day than kinh hu(’)’ng tam, truyén vé tiy séng thong
tin phan hoi vé chiéu dai co va luc cang. Cac co hoat
dong theo nguyén tac d6i ngau. Tly yéu cau chuyén
dong, mot s6 co co dé sinh luc (Van dong) trong khi
mot s6 khac gian, sinh lyc can (d01 van).

Co bi kich hoat (co, sinh luc) khi bi kich thich bai
xung dién. Ddi véi mdi soi co, luc co co tang theo tan
s6 xung cho dén gia tri bio hoa (hinh 3a). Luc cua ca
b6 co bang tong luc clia cac soi co. Cac soi co ¢ kich
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thudc khac nhau, soi nho bi kich hoat khi dién ap thap,
soi to bi kich hoat khi dién ap cao. Tin hiéu EMG (thé
hién lyc co) phan dnh day du cac hién tuong trén (hinh
3b).

3

i -+
% Lire i da by wang 1
(@) ()

Hinh 3: si phu thugc ciia luc co vao tan sé (a) va dién dp (b) tin hiéu kich thich

"¢ T

Xang kich hich

Do va xi Iy tin hiéu EMG

B0 sensor EMG g(‘”)m cac dién cuc, cac mach loc
nhidu, khuyéch dai tin hiéu, ADC (analog-to-digital
converter ), phan tich... D6 1a cac hé¢ DAQ, duoc nha
san xudt cung cap tron goi v4i cac modul co sd va cac
modul tuy chon, kém theo phén mém hd tro thu nhan
va xu 1y tin hiéu. Pién cuc la mach dién tr dac biét co6
chtrc nang thu tin hiéu EMG. Loai di¢n cuc thong dung
hién nay 14 loai bé mit (surface electrode), dugc dan
bén ngoai da, ngay phia trén cta co can do (hinh 4a).
Tin hi¢u thu dugc (raw data) sau d6 duge xt Iy nhu
trong hinh 6. Phan 16n cic modul chirc ning c6 trong
cac hé DAQ thong dung, nhung cac tham s6 dugce thiét
1ap cho phu hop véi tin hiéu EMG.

Tin higu EMG géc e o

--..:_'_': e

it e | Vs i

S ll_ N D = T |
Tuj séng T by & phin tich thes tin 8 o ] [ & 0 2w

(@ (b)
Hinh 4: nguyén tic do va xir ly tin hiéu EMG

Tin hiéu gbc c6 dang roi rac, rdng cua, khong thé
dung ngay lam t1n hiéu diéu khién nén phai dugc
chuyen sang dang s6, c6 gia tri xac dinh hay dang ham
s6, bién thién lién tuc. Tty theo img dung, c6 thé xu Iy
theo tan sd, bién do hay thoi gian. Theo tan s6, phuong
phap Fast Fourier transform - FFT thuong dugc dung
(hinh 4a). Theo bién d9, phuong phap RMS (Root
Mean Square) duoc dung dé tinh luc co (hinh 4b). Phép
phan tich trén cho ra dudng cong lién tuc theo thoi gian

]|



nén dugc goi la trich bién (envelope extraction).

Mot ddc diém cua tin hiéu EMG 1a két qua do phu
thudc rat 16n vao nguoi duge do, thoi diém do, trang
thai dan dién cua da (kho, am, md héi...). Vi vay,
khong thé mang tri s thuc nghiém cta truong hop nay
ap dung cho truong hop khac. Dé khic phuc han ché
trén, ngudi ta dung tri s twong doi - ty so giita gid tri
cu thé véi gia tri [6n nhéat:

X
x, = (1)
xmax
Budc xit ly ndy duoc goi la chuin hoa
(normalization).

Céc budc xr Iy trén nam trong nhém 1 (thu nhan
va tién xt ly) cta hinh 6, do phan mém xir 1y tin hi¢u
chuyén dung thuc hién.

Thiét 1ap hé diéu khién nhé sensor EMG

Theo céc nguyén tic chung dugc md ta & trén,
mot hé théng diéu khién robot dd dwoc thuc hién
trén mot phién ban thir nghiém cua robot thudc dé tai
KC03.13/06-10.

MG ti hé théng

Hé thong gdm ngudi lanh di bd mang nang va robot
hé trg (Exo). Robot gom hé co khi, hé diéu khién, hé
chip hanh va cac op, dai truyén lyc glua nguoi va
robot. SO’ dd hé théng dugc thu gon vé mot chan véi
khop gbi 1am dai dién nhu hinh 5a. Hé sensor EMG
1a san pham Bagnoli-2 cua hing Delsys (Canada). D6
la mot hé théng dé)ng bo, gé)m cac bo phan chinh nhu
trong hinh 5b.

A opan  EMG

Bai dinh
[Velorn Stap)

Hinh 5: so' do thiét bi: a- Noi ghép, b- B¢ sensor Bagnoli-2

Céc thong s6 k¥ thuat chinh cta hé Bagnoli-2 nhu
sau [8]:
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B0 khuyéch dai

S6 kénh 2 Analog EMG

Hé s khuyéch dai 100, 1000, 10.000

Dai dién ap ra 16n 5V

nhét

Pap tng tan sd 20+5 Hz dén 450+50 Hz, 80 dB/decade

EMG sensor DE-2.1 (single differential)

Sensor-DE 2.1

Output Connector USB DAQ Connector 16 kénh

Cuc tiép xuc dang 2 thanh, bac: D=1 mm, L=10 mm

Tién khuyéch dai 10 V/V

CMRR Tiéu chuén 92 dB; nho nhat 84 dB

Phin mém EMGWorks 3.5

Téc do 1ay miu 48 kS/s

Do phan giai 16 bit

Caéc chure nang xur ly
chinh

1. Thu tin hiéu: c6 va khong day; 64 kénh; PCI va
USB.

2. Xu ly tin hi¢u: thong thuong: Normalize,
Envelop extraction, RMS; nang cao: MOV, INT,
MDF, PSD, PSD, THLD, RATE, HIST.

3. Hién thi: Report, Quickview, Graphing, Unit
Conversion, Import/Export, Cut&Past plot cho cac
ung dung Windows.

Céu trac va logic qua trinh xur Iy dugc moé ta chi tiét
bang so d6 khdi trong hinh 6, gdm 3 khéi. Khoi 1 - thu
va tién xur 1y tin hiéu EMG, chinh 1a by Bagnoli-2 da
mo ta & phﬁn trén. Tin hiéu ra cuia n6 l1a 2 kénh tin hiéu
EMG chuén, dugc tinh theo (1). Khéi 2 (xtr 1y) c6
nhiém vy xac dinh mé men khdp tir cac tin hi¢u vao: 2
kénh EMG va goc khép. Chi tiét vé khdi nay sé duge
trinh bay trong muc Thiét ldp va hudn luyén ANFIS
dudi day. Khéi 3 (diéu khién chap hanh) gém b diéu
khién dong co, dong co va truyén dong co khi. Ty
theo dong co dién, khi nén hay thuy luc dugc dung ma
bd diéu khién s& dua ra yéu cau dap tng I, cua dong
co la dong dién hay ap suat [1, 2].

(1) BO THU VA TIEN XU’ LY TiN HIEU EMG

:
:

:

:

Chinh Trich Chuan i

leu bién hoa I

:

'

'

400-600Hz

T,

i X0 LY HAU XU’ LY VA CHAP HANH !
H 1
! ]
i =
! Tinh mé Bo dieu | Iy R Tu [ Knop |0 |
P khién dong Bbong co '
H men khép : ’ robot '
] co 1
! i
! 1

Hinh 6: hé diéu khién robot dung sensor EMG
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Thiét lgp va hudn luyén ANFIS

Toan bo khdi 1 do hé DAQ dam nhiém, két qua 1a
tin hiéu EMG c6 dang nhu hinh 7, nira trén 1a tin hi€u
gbc, dudi 1a tin hiéu da duoc trich bién bang phuong
phap RMS. Tin hiéu nay con phai dwgc chuan hoa
trude khi dua vao xur 1y trong khoi 2.

Muc nay mo ta thuat toan tinh mé men khop trong
khéi 2 cta hinh 6, 1a noi dung trong tam cua bai bao.
V& ban chit thi bai toan xac dinh luc co hay mo men
khép trén co sé cac tin hiéu EMG va goc khop thude
nhom cac bai toan nhan dang, noi hep hon 1a bai toan
xap xi ham. Vi viy, viéc ap dung cac phwong phap
thdng ké nhu trong [6] 13 c6 thé, nhung véi dau ra la
cac phuong trinh toan hoc thi img dung vao diéu khién
s& bi han ché.

R CY
000325
0,0a0e}
20005
0.0
505
= o
52008
00t
40005
-o,pocg]
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S e o
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15 1% ” 1% 13 2 a z a H

Hinh 7: tin hiéu EMG khi di bo

Céc cong cu TTNT, ca mang no ron nhan tao (ANN
- Artificial Neural Network) va logic mo (FL - Fuzzy
Logic) déu t6 ra c6 uu thé dic biét trong linh vic nhan
dang, nhung mdi céng cu ¢6 uu, nhuge diém riéng.
ANN xu ly kiéu hop den, khong doi hoi nguoi dung
biét vé ban chat bén trong cia ddi tugng va qua trinh,
nhung lai can luong dit 1iéu 16n va it phan tan dé huan
luyén. Nguoc lai, FL khéng c6 yéu cu cao vé s6 lugng
va chét lugng tin hiéu vao nhung doi héi nguoi dung
c6 kién thirc chuyén mén dé xay dung cac ham thudc
va hé thdng suy luan mo. Cu tric va cac tham sb cua
FL phu thudc nhiéu vao chu quan cua nguoi dung.
Trong [9], cac tac gia da so sanh 2 cong cu va chi ra
(trong truong hop cu thé cua cong trinh nay) FL cho
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két qua chinh xac hon ANN.

Kinh nghiém cho thdy, phéi hop 2 cong cu ANN
va FL v6i nhau sé& cho két qua chinh xac, tin cay va it
phu thudc chu quan ctuia nguoi dung. Trong cong trinh
nay, chiing t6i ap dung mot loai cong cu no ron-mo
(ANFIS), trong d6 mang nhan tao no ron (ANN) c6
nhiém vu thiét 1ap va t6i uvu hod (Adaptive) cac tham
s6 ctia hé suy luan mo (FIS) nhd qua trinh hoc theo cac
thuét toan ctia ANN.

Qua trinh tinh toan trai qua cac budc: (1) lam thi
nghiém dé tao bod dix liéu huén luyén va kiém tra mang
no ron; (2) xay dung cau trac, huin luyén va kiém tra
mang; (3) xuét két qua cho khdi 3, diéu khién dong co.

Buéce 1: @ tao dir liéu huan luyén mang, 2 dién
cuc duoc gan tai 2 diém Q va H nhu trong hinh 2b.
Dai chuyén dong ctua khdp (90%) dugc chla thanh 12
khoang. Tai mbi diém, do va ghi goc khop gbi (Angle),
tin hiéu EMG tai co t&r dau dui (Quadriceps- QUA)
EMG, va tai co khoeo (Hamstrigs - HAM) EMG,,
mo men khop dé huan luyén (T _tr) va md men khorp
dé kiém tra (T _chk). Bang dir liéu va dd thi duoc ghi
trong Excel nhu hinh 8. Ta thay theo huéng chuyén
dong gap gbi, tin hiéu EMG cuia 2 co bién thién nguoc
chiéu nhau, HAM co, con QUA dubi. DPé biéu dién
duogc trén cung mot dd thi, cac gia tri dugc chuén hoa
theo , trongdo T tr =85 Nm, T chk _=86,6 Nm.

max

Angle [ QUA | HAM | T tr | T chk | T out Difliéu huan luyén ANFIS

000 | 100 ] 074 ] 038 ] 039 04l
750 | 095 082 | 049 050 030
1500 [ 089 T 090 [ 060 [ 064 [ 061
250 081 094 | 070 o7 ] om
3000 070 [ 098 | o080 [ 081 08
3750 | 062 [ 099 | 087 ] 087 089
4500 055 [ 100 | 094 095 095
5250 052 096 | 098] 098] 097
6000 | 051 [ 090 | 100 099 100
6750 | 056 [ 082 | 100 [ 099 100
75.00 | 060 [ 073 T 099 [ 100 099 0
5250 [ 070 [ 068 [ 098 [ 098] 099
9000 093] 063 ] 096 [ 096] 098

ZS oo |w]a|o|elw |3

=)

00 7,0 140 210 280 350 420 490 560 630 700 77,0 840
G6ckhop (d0)
—A—QUA -4 HAM ——T_tr

=

Hinh 8: dir liéu aé hudn luyén mang

Buée 2: khoi tao va huan luyén ANFIS duoc thyuc
hién bdi mot chuong trinh trong Matlab, c6 nhiém vu:
doc dit liéu tir Excel; tao cu truc cho FL, gém sb va
loai ham thudc dau vao va dau ra; huan luyén (tdi vu
ho4 cac tham s6 cua FL bang thuat toan hoc két hop
lan truyén ngugc voi binh phuong tdi thiéu); kiém tra
danh gia sai sb; hién thi va xuat két qua ra bién trong
workspace dé chuyén giao cho giai doan 3 - diéu khién
dong co.
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Hinh 9: ciu triic ciia ANN (a) va hé FIS (b)

Céu tric ciia hé thong nhu trong hinh 9. Lép input
clia mang no ron c6 3 dau vao tuong tng véi 3 tin hicu
(1 goc khop va 2 EMG), 16p an c6 9 no ron twong ting
v6i 9 ham thudc (inputmf), 27 ménh dé suy ludn mo
(rule) cho ra 27 ham thudc dau ra (outputmf), sau khi
hop thanh va giai mo dugc gia tri dau ra (outpuz) 1a mod
men khop.

D6 thi 3D trong hinh 10 cho hinh anh khéi quat vé
quan h¢ giira cac bién dau vao va dap ing dau ra, trong
do inputl tuong ing goc khop, input2 - EMG,, input3
- EMG,,, output - mé men T .

Hinh 10: hién thi 3D quan hé vao - ra

Céc d6 thi trong hinh 11 cho phép danh gia mot
cach dinh lugng két qua tinh toan, trong dé (a) 1a dd
thi v& lai (d¢ kiém tra) bo dir liéu dau vao (gidng hinh
8); (b) 1a d6 thi m6 men khdp ban dau (data) va kiém
tra (output). Sai sb gitra ddu vao va dau ra (Error) dudi
5% la chép nhan duoc.

ANFIS Training Deta
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Hinh 11: théng tin dau vio (a) va két qua tinh todn (b)
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Buée 3: xuat két qua cho bo diéu khién dong co. Bo
ANFIS cho ra m6 men khép T, . (xem lai hinh Sa yél
hinh 6). Do 1a 100% gia tri m6 men ma dong co can
phai hd tro néu mudn tin hiéu EMG bang 0. Tuy nhién,
trén thuc té, viéc diéu khién co thé khong dam bao su
ddng nhip gitra robot v6i ngudi. Vi vay, can cho phép
nguoi mang diéu chinh murc d6 hd tro cho phu hop. H¢
s6 hd trg (support ratio) G quy dinh ty 1& gitra gié tri
mo men hd trg thuc (T) va nhu cau T (do duoc tir
sensor EMG).

EMG

T, =G Ty )

B diéu khién dong co c6 nhiém vu dua ra dap ung
yéu cau (I, cua dong co, dé no6 cho ra mdé men khép
T, bém theo T. Ngoai dong co dién, d(f)ng~00’ khi nén
c6 thé dugc dung, nhung chi cho robot ho tr¢g nguoi
lanh [1].

Két qua irng dung

Hé théng sensor EMG va thuat toan tinh moé men
khép dua trén tin hi¢u EMG da dugc thyc hién trén
robot hd tro ngudi lanh, di bo mang ning 1a két qua cua
2 dé tai cap nha nudc ma nhom tac gia trién khai thuc
hién. Két qua thir nghiém cho thay tac dung hd tro la
ro rét [1]. Hinh 12 cho vi du so sanh tin hiéu EMG khi
ngudi di bo mang tai 15 kg trén lung, c6 hd tro (G=0,6)
va khong c6 hd tro (G=0). Ta thiy, khi dugc robot hd
trg, co ngudi gan nhu khong phai sinh lyc di c6 mang
vat nang 15 kg trén lung.
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Hinh 12: so sanh hiéu qud hé tro cia Exo
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Két luan

Trong bai bao nay, nhiing van dé co ban vé co sinh
hoc lién quan dén diéu khién robot - bd xwong ngoai
da dugc trinh bay mot cach khai quat. Giai phap k¥
thuat duoc tap trung vao tng dung cong cu no ron
mo (ANFIS) dé xac dinh m6 men khép trén co so céc
thong tin vé goc khép va tin hiéu kich hoat co tir dau
dui va co khoeo. Két qua mo phong va thir nghiém trén
robot cho thdy giai phap k¥ thuat 1a kha thi.

Tuy wu diém cua EMG la rd rang, nhung ciing can
phai chu thich thém:

Thir nhat, mot dién cuc chi c6 thé thu dugc tin hiéu
0 mot ph::fm co gén n6 nht, d(‘A)ng thoi lai bi nhiéu bai
cac co lan can (hién tuong cross-talking). Vi vdy, can
nhiéu dién cuc dé c6 tin hiéu tin cay hon. Chung t6i
méi chi sam duge bo ti thiéu co 2 dién cuc nén két
qua chi c6 y nghia phuong phap luén.

Thir hai, cic sensor sinh hoc, ké ca sensor dién ndo
(EEG), dién nhan (ENG) hay dién co (EMG) déu c6
nhuoc diém 13 gdy vudng viu boi dy ro va hé xur ly.
Tuy ngay nay dé xudt hién k¥ thuat khong day, nhung
dung thuong xuyén van gy nhiéu phién phirc.

Thit ba, céac sensor dién sinh hoc st dung tin hiu tir
hé than kinh, nén chi tin cdy voi nguoi co hé than kinh
lanh manh (nguoi lanh, cyt chan). Chung khong dugc
khuyén khich ap dung cho Exo hd trg nguoi thiéu ning
van dong c6 ngudn gdc tir hé than kinh, nhu dot quy,
chan thuong tay sbng, bai ndo... Diéu nay 1a d& hiéu
va da duoc khuyén céo, vi du trong [10].
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