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Abstract. Exoskeleton a kind of Bio-Robot, is considered as a typical investigative object of Bio-
Mechatronics. Robots of this kind have particularities in structure and control. This paper presents
key structure and control solutions in design of an exoskeleton to augment load carrying and walking
in Military Technical Academy.

Tém tat. Bo xwong ngoai (BXN), hay Exoskeleton (Exo) 14 mot loai robot sinh hoc (Bio-robot),
dwoc coi 1a d6i twgng nghién citu dién hinh ciia nganh co - sinh dién tit (Bio-Mechatronics). Chiing
c6 nhirng nét dic biét vé két cau va dieu khién. Bai bdo trinh bay nhitng van dé trong két cau va
diéu khién Exo; phan tich lra chon gidi phép thirc hién va két qud ng dung trong thiét ké robot
trg gitup nguoi di bo tai Hoc vién Ky thuat quan su.
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1. EXOSKELETON, MOT THIET BI CO SINH PIEN TU

Bo xwrong ngoai 1a vi du vé con ngudi bat chwée mot s lodi dong vat, nhwr loai gidp xAc,
con trung,... ding bo xwong, vd citng bén ngoai dé ting kha ning tw vé hay van dong,...
Thién nhién ban cho cac sinh vat cdic BXN twr nhién (Natural Exo), con con nguoi thi tw
trang bi cho minh cdc BXN nhan tao (Artificial Exo). Do lich st phat trién va cong dung,
cidc BXN dwoc goi bang céc tén khac nhau: Powed Exo, Robot Exo, Human Robot, Wearable
Robot (WR), Bio-Robot,...

Exo 1a loai robot dac biét, khic vé ban chat véi cdc loai robot cong nghiép va robot di
dong thong thwong nhu:

- Khong lam viée doc 1ap ma dwge "méac” vao nguoi, hoat dong nhu mot bo phan cuia co
thé ngudi. Hé thong luon luon gom robot va ngudi mang;

- Mé rong, ting cirong, hoan thién kha ning cia cdc bo phan cia co thé hodc thay thé
cédc bo phan do trong trurdomg hop chiing bi hong;

- Khong lam viéc trong moi trueomg ¢6 cau triic dinh triwrée ma c¢é thé phan ng linh hoat
trong moi trirdmg bién dong.

Exo két hop dwoc nang hre tri tué (kha nang xir 1y tinh huéng mot cdch thong minh, linh
hoat) ctia ngurdi mang va nang e vat Iy (sttc manh, tam hoat dong, téc do, chiu sw khac
nghiét cia moi treomg, nhw néng, doc,...) cua robot. Truwde day, Exo dwoc coi 1a mot doi
tirong nghién citu dién hinh ctia nganh co - sinh hoc (Bio-Mechanics) thi nay né mang thém
mot khéi niém mdéi co - sinh - dién tr (Bio-Mechatronics).

*Nghién ctru dwge hoan thanh dwéi sy hd tro tir dé tai KHCN c&p Nha nwée, ma s§ KC.03.13/06-10.
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Trong Hinh 1 1a mot vi du vé Exo. Bén trai 14 mau mang tén Berkeley Lower Extremity
Exoskeleton - BLEEX, do PTN Human Engineering and Robotics, PHTH California, Berkeley
nghién citu theo yéu cau cia U. S. Defense Advanced Research Projects Agency - DARPA;
bén phai 14 m6 hinh co ban cia Exo, trong dé két cau co khi ciia Exo durge dit song song véi
co cau van dong cia co thé, dé hau hét tai trong cho co thé va hoat dong theo tin hiéu dieu
khién tir co thé. Két cau co khi ciia Exo diroc ché tao tai Hoc vien KTQS (Hinh 4) dwoc
thiét ké theo nguyén tac trén.

Tai trong

Exosleleton

Banchin
Exoskeleton

"BERKELET LOWER EXT ] 7Y EXOSKELETON,

BLEEX Mo hinh

Hinh 1. Mau BLEEX va m6 hinh Exo

2. CO SO CHON PHUONG AN PIEU KHIEN EXO

2.1. Giao dién nguoi - robot trong Exo

Y twdng, dong thoi ciing 1a yéu cau co ban déi véi Exo 1a: robot va ngudi mang dwoc
tich hop thanh mot hé théng nhat, hoat dong dong b véi nhau. Mudn vay, gitta nguwdi mang
va Exo phai song song ton tai 2 loai twrong tac: twong tdc thong tin va twong téc co hoc,
thong qua mot giao dién dac biét nguoi - robot (Human - Robot Interface - HRi). Robot phai
nhan dwoc tin hiéu dieu khién tir co thé, dong thoi nguwdi mang phai cdm nhan dwoc trang
théi va hoat dong cia robot. Twong tdc thong tin gitra nguoi va robot phan 16n 14 vo thitce,
nghia 13 con ngwoi hoat dong véi robot nhiwr véi mot bo phan ciia co thé, diéu khién robot va
cdm nhan vé robot mot cdch ban nang, khong can c¢é chi dinh trwde. Phwong tién cdm nhan
c6 thé 1a tur nhién, thong qua céc gidc quan; ¢ thé 1a nhan tao, diing céc thiét bi do thong
s6 dong hoc (géc, van toc, gia toc), dong lirc hoc (lire, mé men) sinh ra do chuyén dong cia
cac khép hodc cce thiét bi chuyen dimg: dién nao do (ElectroencephaloGraphy - EEG), dién
nhan d6 (ElectronystagmoGraphy - ENG), dién co do (ElectromyoGraphy - EMG), (Hinh 2).

O day khong ton tai dang giao dién nguoi - may (HMI) theo quan niém thong thuong,
nh¢ d6 ngudi tdc ddong vao hé thong (mdy) tir bén ngoai. Véi Exo, ngudi 1a mot khau trong
hé thong ngudi - méy (robot); téc dong diéu khién 14 tdc dong noi tai va thong qua céc tirong
tac vat 1y, nhw chuyén dong, liwc, xung dién,... M&i quan hé cong sinh giita nguoi va robot
virot qud gigi han cla céc twong téc vat 1y don gidn. Hé thong tirong tdc nguoi - robot gom



MOT GIAI PHAP BIEU KHIEN EXOSKELETON 235

cac sensor, actuator, céc thuat todn va luat diéu khién cho phép robot thu nhan, gidi ma cic
thong tin vé tam, sinh 1y ciia ngudi. Dwa vao cdc thong tin d6, robot dép tng, hoc va t6i wru
ho4 céc hoat dong ctia né; mat khac ngudi nhan tin hiéu phan hoi tir hoat dong ciia robot.

Cam phin arnhién
(cic gidc quan)
Tirtng ¢
Pong hec théng tin
Béng hrc hoc
EMG, ENG, EEG
Tuong @c
¢ hoc
Tuting t&c oo hoc
i ST
Robot - Exoskeleton

Hinh 2. Tuwong tac thong tin va twong tac co hoc nguoi - robot

Trong trwomg hop Exo, twrong tdc nguoi - robot 14 twong tdc 2 chiéu. Bén canh giao dién
tir nhién (Natural Interface), con c¢é thé thiy céc loai giao dién nhan tao khac nhau: giao dién
co hoc, giao dién nguwdi - mdy tinh (Human - Computer Interface - HCI), giao dién than kinh
- mdy tinh (Brain - Computer Interface - BCI). Xu hwéng nhan thdy ro hién nay 1a thong
minh hoé céc giao dién nhan tao. Tuy nhién, giao dién twr nhién van déng vai tro chu chét,
va dé 1a Iy do chinh dé phét trién Exo. Dieu dé cé 2 nguyén nhan:

- Vé nguyén tic, Exo phai tan dung kha nang suy dién, nhay cam ctia ngwdi - thit ma cho
dén nay (va c6 1é mai mai) khong mot loai mdy mée nao thay thé dwge. Hon nira, thong tin
truyén tir nguroi dén giao dién nhan tao khong thé tranh khéi suy gidm, sai léch va cham tré;

- Ve thue té, khi da c6 giao dién nhan tao thi dé ngudi va robot ¢ thé lam viéc dong
bo véi nhau can phai ¢6 qué trinh luyén tap, qua dé thich nghi véi nhau. Khi lam viée véi
robot, ngudi phai chiu dp lwe vé tam, sinh Iy. Ap lwe d6 6 thé han ché dwoc néu ngudi déng
vai tro chi dong.

Can cir vao tinh chat hoat dong ciia ngurdi mang, nguwdi ta phan biét 3 mire giao dién: mirc
1 lién quan dén céc hoat dong than kinh, nhwr suy luan (Reasoning) va hoach dinh (Planning);
mitc 2 lién quan dén hoat dong co bap; mirc 3 lién quan dén chuyén dong (Motion). Thong
tin ve hoat dong than kinh (mitc 1) c¢6 thé nhan dirge nho cac loai sensor dién nao do (EEG)
ho#c cdc dién cue cdy vao than kinh (Brain-Implanted Electrode). Thong tin vé hoat dong
co bap (mitc 2) thu dirge nho sensor dién - co d6 (EMG). Théng tin vé chuyén dong (mitc 3)
dugce thu nhan nho cdce thiét bi do thong sé dong hoc, dong lire hoc van dong, nhu géc khép,
lire, m6 men, van toc, gia toc,... Su phdi hop céc loai giao dién ddm bao thong tin xdc thue,
on dinh, kip thoi. Vi du, EEG cho thong tin vé hoat dong ngay tir trong y dinh, EMG cho
thong tin ve hoat dong ciia co tir khi chira xay ra chuyén dong, con thong tin mitc 3 chi c6
dwoce sau khi ¢é chuyén dong. Hinh 3 cho mot s6 vi du vé céc loai sensor ¢é thé dung trong
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nghién ctru co sinh hoc va HRi.

ANG A j
Do géc (mire 3) Gia toc ké (mitc 3) Do lrc (mite 3)
Hinh 3. Céc loai sensor dung trong Exo

2.2. Chirc nang va yéu cau déi véi hé dieu khién cho Exo

P& Exo hoan thanh chitc ning nhir mot bo phan mé rong cia co thé, b diéu khién can
phai hoat dong nhwr 14 bo phan md rong cia hé than kinh, ciing nhw co cdu cia Exo can phai
hoat dong nhwr 14 phan mé rong cia hé xwong, co nguwdi. D6 14 1y do phai 4p dung nguyén
tdc phong sinh (Biomimetic) trong thiét ké Exo, cd phan co khi 1an phan diéu khién. Con
ngudi 1 mot loai dong vat bac cao, co thé dwroc chon loc, hoan thién qua nhiéu thé hé dé
thich tng t6t nhat véi cédc hoat dong va méi trueong séng va luon luén cé thé thay doi dé
thich nghi v&i hoan cdnh méi. Bat chude y hét két cdu va chire nang cia céc bo phan cia co
thé 1a diéu khong thé; cang khong thé xac dinh diroc mot gidi phap toi wu chung theo moi
ham muc tiéu. DSi véi Exo, nhitng yéu cau quan trong nhat 1a ddm bao kha nang di chuyén,
chiu tai trong 16n va tiéu thu it ning lwong. Trach nhiém chinh, ddm bao kha nang di chuyén
va chiu tai trong, thuéc vé phan co khi. Phan dieu khién ¢6 dnh hwdng 1én dén van dé ning
lwong va gép mot phan vao kha nang di chuyén cia robot. Tuy theo muc dich st dung, khi
thiét ké Exo phai dung hoa mot cich hop Iy céc yéu cau trén.

Hoat dong co ban nhéat cia dong vat 1a di chuyén, dé tim kiém, sin dudi con mdi hosc
dé chay tron ké thii. Moi loai vat dwoc thién nhién ban cho mot hé van dong phit hop nhét
véi hoat dong ciia né, dong thoi bai todn nang lrong cling diroc thién nhién giadi quyét thoa
déng cho tirng truwomg hop cu thé. Mot trong nhitng vi du dién hinh vé st dung t6i wu nang
lwrgng duwge thay & qué trinh van dong cia ngudi (Human Gait - HG). HG dwgc dinh nghia
la su di chuyén ctia trong tam nguoi (Center of Mass - CoM) véi sy tiéu ton nang lwong it
nhat (Koopman, 1989). Hé van dong cia ngudi 1a hé co, xwong va khép hét stre phire tap.
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Nhiéu mo6 hinh da dwoc dé xuat, nhung mo hinh chi dwéi duwgce coi 1a tiét kiem ning lwong
gom 6 bac twr do: 3 tai khép hong, 1 tai khép gdi va 2 tai khép c6 chan. Mit khéc, céc co
chi hoat dong & nhirng thoi diém nhat dinh cia chu ky. Nhurng ngay ca & ngudi, nang lirong
cling chura dwoc st dung tiét kiém nhat [2]. Gidi phdp két cau va diéu khién cé xét dén van
dé nang lrgng dwoc phéan tich & muc sau.

2.3. Chon phwong 4n diéu khién

Lira chon phuwong an diéu khién trén cic co s& sau:

+ Muc tiéu cia dé tai: tiép can nhimg co s& khoa hoc va cong nghé khéi dau cho thiét ké
Exo ho tro nguwdoi di bo ¢6 mang tai.

+ Tham khdo cdc gidi phdp hién cé: Hang loat céc cong trinh cong bd ve két cau, dieu khién
Exo [1,3,5,6,7] da dwa ra mot phd rat rong cic gidi phap diéu khién c6 thé tham khao va
van dung. Céc gidi phép nay phu thuoc vao dic diém két cdu va chirc niang cia Exo ma hé
diéu khién phai phuc vu, gom:

(1) Exo tang cwong site e cho ngudi mang (Empowering robotic Exo). Dé 1a loai robot
diing dé m& rong kha nang (thwomg 14 sitc manh, bo sung nang lwrong, tang stre chiu dung,...)
cho céc hoat dong co bap cila ngudi. Loai robot nay con dwoc goi 1a Extender. Céc bo phan
dwroc ho tro 1a chi trén, chi durdi hodic toan bo phan cot song va chi dwdi khi mang nang;

(2) Exo tro gitip nguoi khuyét tat dé ho c6 thé hoat dong nhwr ngudi binh thwomg, dwoc goi
la Orthotic Robot;

(3) Exo dung trong vat ly tri liu va phuc hoi chitc nang. Trong triromg hop nay, robot hoat
dong theo chirong trinh (tuy theo hoat dong), bo phan co thé can phuc hodi chirc ning phai
bam theo. Nhur vay robot déng vai trd cia mot “mdy tap”;

(4) Exo dung dé thay thé bo phan hong ciia nguoi (Prosthetic Robot). Robot ho trg di b
thuoc nhém (1). Do chitc niang va tinh chat hoat dong, loai nay phirc tap nhat ca vé két cau
lan diéu khién so véi 3 loai kia. Yéu cau vé két cau cia né 1a dit song song, tring khép véi
cac chi ngudoi sao cho khong (thiye ra la it) can tré hoat dong cia cdc chi. Vé lwce va nang
lrgng, né phai ho trg dirge cho hoat dong cia céc chi. Vi vay, mot mat Exo phéi c6 kha nang
tich luy, chuyén doi nang lrong clia ngudi khi di bo, hofic cung cap bo sung nang lrong tir
nguon niang lrong ngoai. Vé mit dieu khién, hoat dong ciia robot phai bam sét hoat dong
cla cdc chi. Néu quan niém hé ngudi - robot 14 hé Master - Slave thi ngudi 14 Master, robot
la Slaver.

Vé mit nang lwong, ¢ 2 gidi phép cho Extender:

- Loai dwroc cung cadp hoan toan nang lrong tir nguon rieng (Powered Exo ho#c Active Exo).
BLEEX [1] 1 truomg hop dién hinh cia loai nay.

- Loai khong diroc cung cAp thém nang lirong ma chi tich luy nang lrong vo ich tai thoi diem
hay tir bo phan nay, chuyén d6i thanh nang lrong c¢é ich dé€ cung cap trd lai tai thoi diém
hay cho b6 phan khac. Loai nay duge goi 1a Quasi Passive Exo [3, 4, 5].

Dé so sanh hiéu qud st dung nang lrong cia cdc mau Exo khac nhau, [7] dan ra 3 trirong
hop. Vi 4 khép dwoc cung cap nang lwong, BLEEX tiéu thu 1143W cho céc xilanh thuy
lirc khi di dirong bang, cong véi 200W dién nang cho hé dieu khién. Dé hoat dong tirong tur,
mot nguwoi ndng 75kg yéu cau c¢6 165W va mau Quasi-Passive cia MIT chi tiéu thu 2W.

Active Exo ¢6 phan don gidn ve két cdu, nhung khé vé dieu khién va nguon ning hrong.
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Ngwoc lai, Quasi Passive Exo dat ra nhiéu thir thach vé két cau. Mdéi tiép can véi linh vire
Exo, bi han ché rat nhiéu vé kinh phi va nguon vat tiwr, chiing téi chon phwong an lai, trong
d6 ¢6 cde khép chu dong (active) va cde khép bi dong (passive) cho phut hgp véi muce tiéu,
yéu cau va diéu kién thire hién.

3. GIAI PHAP KET CAU VA PIEU KHIEN EXO
3.1. Giai phap két ciu

Tir nhitng phan tich & trén, trong phin nay xin dwoc trinh bay tong hop cac giai phap
chinh vé két cdu va dieu khién Exo da dwoc thie hién. Chi tiét vé két cdu dwoc trinh bay ki
trong cac tai litu chuyén de, & day chi dwa ra so do bé tri cdc khép va hé thong chap hanh.

Cho dén nay, 3 mau robot da dwgc ché tao.

Mau 1 nham thir nghiém két cau co khi va 1ay tin hiéu gdc tir céc khép, khao sat ve dong
hoc (quy luat bién thién cic géc khép khi dap xe va di bo). Vi vay hé diéu khién chi 1a bo
thu nhan két qua do va hién thi két qua trén may tinh.

Mau 2 diroc thiét ké gdm c¢é 6 khép: 3 khép hong, 1 khép goi, 2 khép ¢6 chan. N6 dwroc
hoan thién so véi mau 1 & chd c6 dong co dan dong céc khép (Hinh 4). Heé diéu khién cé
thém chitc ning dieu khién cdc dong co bam theo dong hoc cac khép (diroc ldy tir cic sensor
do géc tai cac khép). He dan dong khép hong 1a dong co dién servo, c6 gan gidm toc va vit
me dai ¢ d€ bién chuyén dong quay cia rotor dong co thanh chuyén dong tinh tién, thay
cho st co, gian cia co dui. Pong co dan dong khép goi va khép ¢d chan la céc xi lanh khi
nén. Nhw vay, trong mau 2, néu diing tit ca cdc dong co thi robot dwoc dan dong hoan toan

Gid da tai

Khdp héng 9 7 = Déng cd
\ khdp hong
wdng dui
Khdp géi
2 Xi lanh_
khdp gbi
Khé 2
8 cEz‘m ; Kuong chay
o
Xi lanh_
Bom khi khdp co chin

Hinh 4. So db két ciu cia Exo (mau 2)

Thit nghiém thirc t& cho thay truyén dong dién - co ¢6 nhiroe diém 1a ciing, bat budc phai
dan dong lién tuc véi quy luat khat khe.

Trong mau 3, hé truyén dong dién - co ciia khép héng dwoc thay bang xi lanh khi nén.
Ve diéu khién, ngoai céc sensor do géc cac khép, mau 3 dwoce trang bi thém hé sensor EMG
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cia hang Densys (My). DPay 1a hé sensor hoan chinh, chuyén dung cho nghién citu co sinh hoc
va Bio-Robot, ¢é thé thiwe hién dong bo cac giai doan thu nhan va xir Iy tin hiéu tir sensor
EMG, dwa ra tin hiéu Anolog va tin hiéu s6, dwa vao PC dé xit Iy va diéu khién.

3.2. M6 hinh diéu khién

Hai dang co ban ctia hé diéu khién Exo 1a Feedforward va Feedback (Hinh 5). Diéu khién
Feedforward cung cdp thong tin dir dodn vé hanh dong siap xdy ra, sit dung ky thuat dieu
khién theo mo6 hinh (Model-based). Diéu khién cé phan hoi nham gidm sai s6 van dong va
chong nhiéu loan, thwomg st dung ky thuat tré khéang (Impedance).

Céc hé diéu khién Exo gan day da phét trién tir dang dieu khién theo vi trf don thuin
lén cac hé dieu khién tich hop gitta cdc mach diéu khién cdp thap véi dieu khién theo lirc.
Mot s6 so do diéu khién da dwge phat trién trén co s dieu khién lai (e - vi trf) va dieu
khién theo trd khang. Trong céc hé lai, I tai co cdu cong tac dwgce dieu khién doc 1ap theo
mot phirong xac dinh, con vi trf dirge diéu khién theo cdc phwong con lai. Trong so d6 dieu
khién theo trd khang, mdi quan hé tinh hoac dong giita lirc va vi trf dwroc duy tri. Hé nay
dwoce phat trién tir cac hé dieu khién theo gidm chan va diéu khién theo do ciing.

Robot Feedforward

Input Maodel-based
Cantroller
v

Feedback \

Reference L
Error minimization Ngwdi
Controller

Hinh 5. M6 hinh diéu khién theo pHRI

Trong WR, diéu khién theo trd khang 14 dang pho bién nhit dé diéu khién lirc tirong tac
gitta ngudi va robot (Vukobratovic, 1997). Mot trong nhitng wu diém cia diéu khién theo
trd khang 14 dé dam bdo su phuc ting cia robot, khién cho twrong tdc co hoc gitra nguoi va
robot dwoc tir nhién, gidm nguy hiém. Nhirng nguyén tac co ban trong diéu khién theo trd
khéng da dwoc Hogan (1995) thiét lap. Ong da dwa ra khéi niém trd khang co hoc dé mo ta
vé mit co hoc hé xwong - co va chi ra cdch chon trd khéng thich hop cho cdc triromg hop cu
thé.

3.3. Giai phap diéu khién

Mo hinh co sinh hoc moé ta twong tdc co hoc gitra ngudi va robot. Nghién citu mo6 hinh
co sinh hoc tao ra co s& dé xay dung mo hinh diéu khién va thiét ké hé dieu khién, ddm bao
cho ngurdi va robot hoat dong dong bo véi nhau. Trong nhiéu trng dung, dac biét 1 trong
Exo hé tro I, robot phai bam theo van dong cia ngudi. Cu thé véi dé tai thiét ké, ché tao
robot ho trg nguwoi di bo, mo hinh dieu khién trirde hét phai dya trén moé hinh co sinh hoc
cia nguoi di bo. Ciling xudt phét tir muc tiéu va ddi twong nghién ciru cua dé tai, noi dung
ctia phan nay chi tap trung vao moé hinh co sinh hoc ctia chi dwéi. M6 hinh diéu khién dwoc
chon két hop dieu khién dong hoc va dong lire hoc.
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3.3.1. Diéu khién dong hoc

Mot trong nhirng chi tiét quan trong ciia moé hinh co sinh hoc cia chi dwdi 1a chu ky buée
(Human Gait - HG). Nghién citu HG tao co s& cho thiét ké hé thdng sensor (gidm sat hoat
dong cia cdc khép va nam bat céc s kién) cling nhwr thiét ké co cau chap hanh va truyen
dong co khi. HG mo6 ta hoat dong c6 chu ky ciia moi chan, gom pha tru (Stance Phase) va
pha buée (Swing Phase) nhw trong Hinh 6.

0% 10% 20% 30% 40% 350% 60% 70% 80% 90% 100%
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Hinh 6. Chu ky budc cia nguoi di bo

Pha tru dwge chia thanh 4 giai doan: bat dau - nhan tai (Loading Response Period - LRP),
gitta (Midstance - MST), két thic (Terminal Stance - TST) va chuan bi buwéc (Preswing -
PSW). Pha buéc dwge chia thanh 3 giai doan: bat dau (Initial Swing - ISW), gitta (Midswing
- MSW) va két thic (Terminal Swing - TSW). Sur bat dau va két thiic moi giai doan dwge
goi 14 cac su kién (Events). Diéu khién theo HG dwoc goi 1a diéu khién theo s kién va dwoc
chon 1a phirong phép co ban trong diéu khién Exo.

3.8.2. Pieu khién dong lec hoc

—~ 150
g
Z 100 1 aauns Normal Ankle
& Diimzes Normal Knee
= 40 3 N i
2 | LNy | S lormal Hip
% 0 4] e 4Tkg Backpack
E . i 0 Ankle
g ) 5w 47kg Backpack
-100 Knee
6 = 47kg Backpack
-150 \ L Hip
-200 21 :

% chu k¥ budc

Hinh 7. D6 thi momen tai céc khép trong chu ky bude
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So do momen ctia cic khép khi di binh thuomg va khi mang tai (H mh 7) cho thatrong
chu ky bwrée, khong phai lic nao cling can cap nang lirong, tham chi ¢6 nhirng lic nang lwong
bi tiéu ton vo ich (gid tri am). Moi khép cé nhitng thoi diém hoan toan tw do tha 1dng,
chuyén dong theo quén tinh hoiic theo luc trong trwdmg. Do vay ta chi can cap lwc cho mdi
khép vao cac thoi diém can thiét, vao thoi diém khic ¢ thé tan dung quan tinh, nang lirong
tai sinh. Thoi diém va do dai cdp nang lwong dwoc chon theo HG (Hinh 6), theo bidu do
moémen (Hinh 7), ¢é diéu chinh theo thiye té cho ém diu.

3.8.3. Phin citng va phin meém dicu khién

Theo céc phan tich & trén va dieu kién thire t&, chiing t6i da chon phirong phap diéu khién
theo kiéu tro lwe gidn doan cho céc khép & thoi diém can sinh luce dé di chuyén, sau dé tha
1ong dé cho robot hoat dong theo chu trinh tir nhién (chu trinh nay khong can trg lic). Thoi
diém tro lire dira vao géc quay va chu trinh dong lire hoc ciia robot. Hinh 8 14 d6 thi ghi géc
chuyén dong cia cic khép.

| | | | | |
0 20 40 [=11] a0 100

Hinh 8. Do thi ghi sir bién thién cia géc khép theo thoi gian

Thay cho mémen tai cdc khép, trirong lue co da dwoe do nhe sensor EMG. Cau hinh hé
théng EMG nhw trong Hinh 9, gom:

- Hai sensor EMG kiéu SP-E09;

- Bo khuyéch dai chinh (Bagnoli-2 Main Amplifier Unit) kiéu SP-B02;

- Bo6 chuyén doi tin hiéu tir cong Analog sang USB, kem theo phan mém xit 1y tin hiéu
EMG chay trén PC;

- Phan mém EMGwork, thu nhan va xi Iy tin hiéu.

Céc thong s6 ky thuat cia bo khuyéch dai chinh nhw sau:

- S6 kénh: 2 Analog EMG;

- Hé s6 khuyéch dai 3 cap: 100, 1000, 10 000;

- Tin hiéu ra: Pién ap max +5V;

- Tan s6 dap ing: 2045 dén 450450 Hz, 80dB/decade;

- Do on: dudi 1,2uV (rms) trong dii quy dinh.

Phan mém EMGwork va National Instruments USB-6009 c6 céc thong so:

- Téc Ao 1dy mau: 48 kS/s;

- Bo6 phan gidi: 14 bit;
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- PC Interface: USB 2.0.
Céc sensor, dién cire va cac phu kién khdc di kem déu do chinh hang cung cap.
CD phin mém B6 khuyéch
EMGworks dai chinh
USB interface

P =VE .
- .

—3 "

e /
= CapUSB

Sensor EMG
Hinh 9. Cau hinh bd Bagnoli 2-Channel AMGworks
Tin hicu EMG dang nguyén thuy nhw trong Hinh 10, sau khi xir ly theo phwong phép
Root Mean Square - RMS nhw Hinh 11.
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Hinh 10. Tin hiéu EMG dang nguyén thuy
So d6 dieu khién hé thong chap hanh khi nén theo tin hiéu EMG cé dang nhir trong Hinh
12.
Hé gom cac modul:
- Thu nhan va xit Iy tin hieu EMG (gom khuyéch dai, loc, A/D);
- Giao dién ndéi ghép véi may tinh;
- Modul phan mém xit Iy tin hiéu (vi du D/A) va dwa ra tin hiéu diéu khién;

- Modul diéu khién hé théng chap hanh (vi du Driver cho dong co dién, diéu khién van
cho dong co khi nén, thuy luc).



MOT GIAI PHAP BIEU KHIEN EXOSKELETON 243

0.001

kenhl

00008

0.0006!

0.0004

0.0002

v
)

-0.0002

-0.0004:

-0.0006

-0.0008

-0.001

Hinh 11. Tin hicu EMG da xit Iy theo phuwong phdp RMS

Phan mém diéu khién thie hién cdc chitc ning:
- Thu nhan va xir 1y dir tin hiéu tir cdc sensor do géc céc khép, xung dién tir hoat dong
cua co (EMG).

Khi nén

Tin hiéu d.khién

Giao dién__
mdy tinh

EMG

Hinh 12. So d6 diéu khién véi EMG

- Hién thi tin hiéu dwéi dang d6 thi dé phuc vu cho viéc phan tich, danh gid, dong thoi
gidm sat va dieu khién qué trinh.
- Dieu khién hé chap hanh, thyce hién di chuyén theo tin hiéu dong hoc va dong Iwe hoc.

4. KET LUAN

Véi gidi phap két cdu va dieu khién néu trén, Exo dang dwoce thire hién, theo nhir phan
loai ctia cdc chuyén gia, da thuoc thé hé thit 3 (thé hé 1 dwoe diéu khién theo dong hoc (géc,
van toc, gia téc); thé hé 2 theo dong lwe hoc (md men, lre); thé hé thir 3 theo tin hiéu co
sinh hoc (EMG, EEG, EKG,...). Tuy da sém nhan ra rang, thé gi¢i da tiép can thé hé thit
3 tir hang chuc ndm nay, nhung vi chwa du kinh nghiém va diéu kién vat chat, dé tai khong
thé “d6t chéy giai doan”. DE tir tich luy kinh nghiém, ching t6i da chon con dwong tiép can
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dan, di tirng buéce, thue hién cdc mau robot ké tuc nhau, tir thip dén cao, tir don gidn dén
phitc tap; m6i mau nham gidi quyét nhiém cu thé. Mau thit 3 da gidi quyét diroc nhitng van
dé co ban, manh dan tng dung ky thuat mdi. Véi gidi phap két cdu va dieu khién néi trén,
Exo da thire hién dwoce cdce chite nang thiét ké, tac dung tro e dwoce thé hién rit 1o rang.
Robot da dwoc thit nghiém véi cdc ché do lam viée khac nhau: khong va cé mang tai (tong
tai trong 1a 20kg), c6 ho tro (cAp khi nén) va khong ho tro, di trén bang thir va di trén mat
bang, leo cau thang,... Khi thitr nghiém, tin hiéu EMG dwoc ghi lai dé danh gid luc co. Két
qué thir nghiém cho thay hiéu qua ho tro rat ro rang: tai trong cong trén lung robot khong
de 1én nguoi, e tai co bap chan khi mang tai khong ting so véi khi khong tai va con nho
hon khi khong tdi ma khong c¢6 ho tro. Tuy nhién, day mdi chi 14 két qua nghién ciru buée
dau. Ca két cdu co khi 1an thuat toan diéu khién con nhitng han ché ma mudén khic phuc
dugce ching con phai tiép tuc dao tao doi ngl, xay dung co s& vat chat ky thuat va tién hanh
cac nghién ctru sau hon.
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