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TOM TAT

Bé xwong ngoai chi dwéi déng vai tro quan trong trong qud trinh phuc hoi chire nang va hé
tro van déng, doi hoi sw can bang toi wu giita thiét ké co khi, chién lwoc kiém sodt va hiéu sudt dong.
Nghlen cwu nay tdp trung vao thiét ké co khi cua bo xwong ngoai chi dudi, dam bao tinh toan ven
Vvé mdt cau triic, kha nang thich iing vé mdt céng thdi hoc va truyén chuyen dong hiéu qua. Khung
duoc thiét ké bang Autodesk Inventor va két hop cdc vt lzeu nhe nhu"ng bén dé tang cuong sw thodi
mdi va kha nang van dong cua ngu’m diing. Hé thong truyen dong két hop dong co DC khong choi
than (BLDC) voi bo gmm toc truyén dong hai, cung cap mdt d¢ mé-men xodn cao, chuyén dong
mugt ma va kha nang kiém sodt chinh xdc. Ngodi hé théng co hoc, bo xwong ngodai tich hop xir Iy
tin hiéu sinh hoc, bao gom dién co do (EMG), cong nghé cam bién cdn bang IMU va cam bién 16t
giay do mdt dé g sudt ban chan dé cho phép kiém sodt triec quan va thich iing. Cdc tin hiéu ndy
dege thu thdp théng qua cdc cam bién khéng xam lan, dwoe xit Iy truée theo thoi gian thue va dwa
vdo thudt todn diéu khién lai dé dién gidi y dinh van dong ciia nguoi ding. Bang cdach tan dung cdc
tin hiéu sinh hoc, hé thong tiang cuong twong tac gitta ngwoi ding va thiét bi, cho phép hé tro ding
di t nhién hon va cdi thién két qua phuc héi chire ndng. Suw két hop giita thiét ké co' y sinh hoc va
diéu khién bdng tin hiéu sinh hoc mo dwong cho mot thé hé bé xwong ngoai thong minh moi dwoc
thiét ké riéng theo nhu cau ciia timg cd nhdn trong boi canh lam sang va ho tro-

T khéa: Khung xwong ngodi; Phuc héi chire ndng; Chi dwéi; dot quy, Tin hiéu sinh hoc.
ABSTRACT
The exoskeleton plays a key role in rehabilitation and mobility support, requiring an optimal

balance between mechanical design, control strategy, and performance. This is the focus of the design of
the lower limb exoskeleton, ensuring structural integrity, ergonomic adaptability, and efficient motion
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transfer. The frame was designed using Autodesk Inventor and incorporates lightweight yet durable
materials to enhance user comfort and mobility. The drive system combines a BLDC motor with a
harmonic drive reducer, providing high torque, smooth motion, and precise control. In addition to the
mechanical system, the exoskeleton processes biosignals, including an Electromyography (EMG),
IMU balance sensor technology and shoe sensors that measure foot speed envelope, to enable intuitive
and adaptive control. This signal is collected through the orthogonal variables, pre-processed in real
time, and fed into the hybrid algorithm control to solve the user's defined movement. By leveraging
biological signals, the system enhances the interaction between the user and the device, allowing for
more natural support and improved rehabilitation outcomes. The combination of machine learning
and biosignal control paves the way for a new information-based exoskeleton system tailored to the

needs of each individual in the context of readiness and support.

Keywords: Exoskeleton; Rehabilitation; Lower limb, Stroke; Biosignal.

1. TONG QUAN

Bo xwong ngodi chi dudi 1a thiét bi
robot deo duoc, duoc thiét ké dé hd tro, tang
cuong hodc phuc hoi kha ning van dong ciia
con ngu:o1 bang cach hd tro hodc mo phong cac
chuyén dong cia khop héng, dau g01 va mit ca
chan. Chang chu yéu dugc phat trién dé phuc
hoi chirc nang, h trg van dong cho nhitng nguoi
bi suy giam than kinh hodc co xuong khép (vi
du: dot quy, chin thuong tay sdng), hoic dé
nang cao hiéu suat ¢ nhitng nguoi khoe manh
nhu binh linh hodc cong nhan cong nghiép.

Qua trinh thiét ké str dung mét phuong
phap da nganh, két hop co sinh hoc, co-dién
tir, diéu khién va giao dién nguoi-may. Cac yéu
t6 chinh bao gdm: mé hinh hoa co sinh hoc dé
hiéu dong hoc, dong luc hoc va chu ky dang di,
nham dong bd chuyén dong voi co thé ngudi;
thiét ké co khi dung vat liéu nhe nhu hop kim
nhoém dé dam bao thoai mai va giam mét moi;
hé thong truyen dong BLDC tich hop hop giam
tdc dé cung cap mo-men xodn va phan hoi phu
hop; cam bién nhu luc, EMG/ IMU hoic dé
gidy dé phat hién chuyén dong va phan hoi;
thuat toan diéu khién (PID, Fuzzy hoic Al) dé
dam bao chuyén dong 6n dinh, an toan va muot
ma; va cudi cung 1a hé théng ngudn, can d6i
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giita dung luong pin va trong luong dé giit tinh
di dong va thoi luong hoat dong.

Cac xu hudng gan day tap trung vio
giao dién diéu khién than kinh, dy doan dang
di dua trén hoc may va thiét ké tiét kiém nang
lugng, cho phép hd tro tw nhién va ca nhan héa
hon. Muc tiéu cudi cung 1a tich hop lién mach
v6i y dinh van dong cua nguoi dung, cai thién
ca két qua phuc hdi chirc niang va kha ning ty
chu van dong.

Bo Y € dé xuét dén ndm 2030, ¢6 t6i
80% bénh nhan s& duogc tiép can cac dich vu
phuc héi chirc ning. Diéu nay s¢ gay ra ganh
nang rat 16n cho d6i ngil y té, vi viy nhu cau vé
nhiéu may phuc hdi chic nang hon 14 vo cing
can thiét. Ngoai ra, viéc két hop cac may phuc
hoi chirc nang trong diéu tri mang lai hiéu qua
cao hon [5].

2. THIET KE KHUNG XUONG NGOAI
CHO CHI DUOI

2.1. Tong quan vé thiét bi

Thiét bi nay duogc thiét ké dua trén bo
khung xuong ngoai va phu hop véi nhiing bénh

nhan tap luyén thu dong. May c6 tong cong 2 &
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bac tu do, duoc chia thanh ba phﬁn chinh: Cym lung, cum chéan va cum mét ca chan. Cum lung co
0 béc tu do, cum chan c6 2 bac tu do, cho phép chuyén dong gép/duéi va xoay. Cum mét ca chan
c6 0 bac tu do [4].

Hinh 1. Thiét bi khung xwong ngodi

2.1.1. Cum lung
Bdng 1. Pham vi chuyén dong gidi han ciia con nguoi [2, 3]

Hoc vién Phiu . A 1Al
Khép Dong tac thuit Chinh hinh Kendall va | Hi¢p hoi Y}( hoa Kunz
: : . McCarry Hoa Ky
Hoa Ky
Gap (Flexion) 0-120° 0-125° 0-100° 0-130°
Dubdi (Extension) 0-30° 0-10° 0-30° 0-30°
Vet (Abduction) 0-45° 0-45° 0-40° 0-50°
Héng Khép (Adduction) 0-30° 0-10° 0-20° 0-30°
Xoay trong (Internal 0-45° 0-45° 0-40° 0-40°
rotation)
Xoay ngoai (External 0-45° 0-45° 0-50° 0-45°
rotation)
Gap (Flexion) 0-135° 0-140° 0-150° 0-130°
Dudi (Extension) - - - 0-15°
Géi Xoay trong (Internal i i i 0-10°
rotation)
Xoay ngoai (External i i i 0°
rotation)
Gap mu (Dorsiflexion) 0-20° 0-20° 0-20° 0-20°
cé Gap long ban chin 0-50° 0-45° 0-40° 0-45°
n (Plantar flexion)
chan - .
Nga trong (Ipverswn/ 0-35° 0-35° 0-30° 0-30°
Pronation)
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Cum mat ca chan co6 0 bac tu do.

Chuing t6i phan tich cau tric may thanh
cac lién két va khop noi. Sau do, xac dinh cac
gia tri Denavit — Hartenberg.

i a Q. d 0.
1 0 0 0 0,

-
Hinh 2. Cum lung 2 L, 2 0 0,

Cum lung c6 0 bac tu do. e
3 L, 2 0 0,

2.1.2. Cum chdn

4 L, 0 0 0

Goc cua cac khop (0): Goc gitta X, | va
X, dugc do xung quanh truc Z. .

Goc xodn cua lién két (a): GocgitaZ, |
va Z, duge do xung quanh truc X, .

Khoang bu cua lién két (d): Khoang
cach gitra X, va X, dugc do doc truc Z._.

Chiéu dai lién két (a): Khoang cich
gitta Z_ va Z_dugc do doc truc X_ .
Hinh 3. Cum chan
. 3.NHUNG VAN PE THUC TE VA HUONG
» Cum ché}n co 2~béc tu do, bao gom céc GIAI QUYET
chuyén dong: gap — duoi, xoay.
i 3.1. Cac giai doan dang di & nguoi
2.1.3. Cum mdt ca chan
Dang di duoc hiéu 1a chudi nhip nhang
gdém cac pha du dua (swing) va tua (support)
cua hai chan, khi ban chan hodc dang nang khai
mit dat hodc tiép xtc v6i dat. Trong qua trinh
di, luon ton tai cac pha tua kép khi ca hai chan
cung cham dat, xen ké véi céc pha tua don khi
mot chan roi dat dé dua ra trude; khong ¢ pha
ma c4 hai chan déu roi dat nhu trong chay. Déng
Hinh 4. Cum mdt cd chén di gém hai giai doan chinh: giai doan tya — tir &~
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lic ban chan cham dat dén khi roi dat, bao gom
cham got, dap tng tai, giita tua, cudi tya va tién
du dua; va giai doan du dua — tur khi chan roi
dat dén khi tiép dat lai, gdbm dau, giira va cudi
du dua. Ty 1€ thoi gian gitra hai giai doan thay
d6i theo téc do: khi di binh thudng, tya chiém
khoang 60% va du dua 40%, con khi di nhanh
hoic chay, thoi gian tua giam xubng, vi du chay
vitra khodng 55% va chay nhanh khoang 50%.

3.2. Cac rbi loan dang di

- Réi loan dang di kiéu liét nira ngudi 1 bén;

- Dang di liét ntra nguoi dudi;

- Déang di yéu liét than kinh chi duéi;
-Réiloan dang dido yéu liét co viing xuong chau;
- R6i loan dang di kiéu Parkinson;

- Réi loan dang di kiéu tang dong;

- Réi loan dang di kiéu tiéu ndo;

- Réi loan dang di kiéu do mit cam giac [7].

3.3. Giai phap

Giai phap téng thé cho hé thdng
exoskeleton dugc xdy dung dua trén su két
hop giita thiét ké co khi, cam bién da phuong
thirc va thuat toan diéu khién — Al nham dap
g dic thu cua timg dang rdi loan dang di. Vé
mit co hoc, cu tric khép duoc tdi uu hoa dé
mo phong mo-men sinh 1y trong chu ky bude,
d6ng thoi bo sung module hd trg ving thét lung
nham 6n dinh khung chau va duy tri truc co thé,
dac biét quan trong voi cac r6i loan mat phéi
hop hoac yéu co vung chau. Trong thu thap tin
hiéu, hé¢ théng st dung dong thoi EMG, IMU,
luc dé ban chan va cam bién luc — mo-men tai
khép nham tai tao chinh xac ¥ dinh van dong
va ghi nhan bién thién phi tuyén trong thoi gian
thue. T6 hop tin hiéu nay cho phép nhan dang
pha budce, do ddi xtrng, muc yéu liét va kha
nang chiu luc cua bénh nhan.

Vé diéu khién, hé thng ap dung céc

thudt toan thich nghi két hop mé hinh tri tué
nhan tao dé du doan chuyén dong, diéu chinh
mod-men hd tro va duy tri on dinh dong hoc —
dong luc hoc. Cac moé hinh CNN-LSTM hoac
Transformer gitp phan tich chudi tin higu phi
tuyén, tir d6 u6c luong ¥ dinh van dong va phat
hién sém nguy co mat thing bang. Piéu khién
mo-men dugc thuc hi¢n theo hudng “assist-as-
needed”, nghia la thiét bi chi bu luc trong muc
bénh nhan khong tu thyc hién duoc, gitp t6i uu
hoa phuc hdi chirc ning. Ngoai ra, cac mo hinh
du doan nhu MPC va cac thuat toan tang cudong
duge sir dung dé t6i wu héa quy dao va mirc
hd tro theo ting bénh nhan. D lidu thu dugc
tir qua trinh st dung duoc luu trir dé theo doi
tién trinh phuc hdi va hiéu chinh thong s6 diéu
tri theo thoi gian, ddm bao tinh ¢4 nhan hoa va
hiéu qua 1am sang cta hé thong.

4.XU LY DU LIEU

Pién co d6 (EMG), hay dién co do, 1a
mot k¥ thuat y khoa dugc st dung dé do hoat
dong dién cua co va ddy than kinh. K¥ thuat
nay gitip chan doan cac rdi loan lién quan dén
co va day than kinh, déng thoi cung cap thong
tin quan trong cho béc si trong viéc danh gia
stc khoe cua hé than kinh co. Ba dbi tuong
nam va mot ddi twong nir (tudi tir 25 dén 30),
nhitng nguoi da tung bi tac dong trong céc tinh
huéng nhu bi tac dong vat ly, da tham gia vao
thi nghiém. Trong sudt 20 thi nghiém riéng 1¢,
mdi dbi twong phai thuc hién muoi hoat dong
binh thuong va mudi hoat dong tac dong. Vé
quyén cua cac ddi tugng tham gia, cac quy dinh
dao durc va bién phdp phong ngura an toan da
dugc tuan thi dua trén bo quy tic dao duc cua
Hi¢p hoi Tam 1y hoc Anh. Cac quy dinh nay
giai thich cac quy dinh dao durc can ap dung khi
tién hanh cac thi nghiém trén nguoi. Theo thiét
1ap thi nghi¢m va cac bién phap phong ngtra da
dugc thuc hién, nguy co chan thuong nghiém
trong la rat nho. Cac doi tuong nhan thuc dugc
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réng vi sy tham gia cua ho vao loat thi nghiém
nay la ty nguyén, nén ho c6 thé rat khdi nghién
cuu bat cur Iuc nao.

Trong bai bdo nay, ching to6i su dung
dir liéu EMG tai [1] dé phan tich tin hiéu EMG
cho bénh nhén sau dot quy. Toéng sb dién cuc
1a 8, twong tng véi 8 chudi thoi gian dau vao,
mdi chudi cho mot kénh co (ch1-8). Mdi chudi
thoi gian chira ~10000 mau (~15 hanh dong
cho mdi phién thir nghiém cho mdi ddi tuong).

S6 lugng truong hop: ~10.000.

So luong thudc tinh: 8.

Thong tin thudc tinh:

MG&i tép trong tap dif liéu chtra tong cong 8 cot
va duoc sap xép nhu sau:

Phan doan: Mot phan doan xac dinh mét phan
doan co thé hodc chi.

- Tay phai (Céanh tay phai);

- Tay trai (Canh tay trai);

- Chan phai;

- Chan trai.

Kénh: Mot kénh tuwong tng véi mot dién cuc
dugc gin trén co.

Co: Mot cdp co tuong ung voi mot phan doan.
- R-Bic: Co nhi dau phai (C1);

- R-Tri: Co tam dau phai (C2);

- L-Bic: Co nhj dau trai (C3);

- L-Tri: Co tam dau trai (C4);

- R-Thi: bui phai (C5);

- R-Ham: Géan kheo phai (C6);

- L-Thi: bui trai (C7);

- L-Ham: Gan kheo trai (C8).

S 16p: 20.

B6 dit liéu bao gébm 10 hanh dong thé
chat binh thuong va 10 hanh dong thé chat tang
dong.

Binh thudng: Cui chao, V§ tay, Bit tay,
Om, Nhay, Chay, Ngoi, Pung, Di bo, Vay tay.
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Tang dong: Cho, ba vé phia trude, Pap,
Vong dau, Quy gdi, Kéo, Dam, Pay, P4 ngang,
Tat.
Khac:

Thu muc nhat ky chira cac t¢p dir liéu
da dinh dang c6 thé dugc tai bang phan mém
Delays thuong mai dé truc quan hoa.

Thu muc txt chtra dit liéu EMG thuc té.

Luu ¥ rang dit liéu thu thap duoc tir dbi
tuong thir 2 chua dugc loc nén chudi thoi gian
bi nhiéu.

5. CAM BIEN VA HE THONG PIEN

Bt b
Thu nhdn tin Ridu EMG, THU

Wir Iy 80 hada: U92, chudn
héa, trich dic trung

Nhdn dang pha

Bidiu chinh gic khip

{H-

Cilp mhiit trong 54 £ wu
bding APSD

Kidm tra cin bing

Backtest tin hidu

JHr

!

Feedback yilu chu do Ld
hode kidm tra cdm bibn

®dt thae

in hidhs 18 hoe ki
4 tin Mgy Tin higa ﬂl. o khding dd
ol Hidu
r

.

Tur dibng retry Bobe thiing
b elinician

Hinh 5. Luu do gidi thudt
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Bat dau: Khoi dong h¢ thong va chuan
bi cac cam bién, MCU va phan mém diéu khién.

Thu nhén tin hiéu EMG/IMU: Hé théng
lay dix liu tir cac cam bién:

* EMG (Electromyography): Tin hi¢u
dién co, phan anh hoat dong co bap.

* IMU (Inertial Measurement Unit):
Gia toc va goc quay cac segment chi dudi.

Xu 1y tin hi¢u: D@ li¢u raw duoc loc,
chuén hoa, trich dic trung (envelope EMG, tich
phan lyc, goc joint, FFT...), chuan bi cho viéc
phéan loai pha budc.

Nhan dang pha budc: Xac dinh giai
doan budc di cua bénh nhan (stance phase,
swing phase, heel strike...). Day 1a thong tin
quyét dinh cach diéu chinh khép.

Piéu chinh goc khép: Duya trén pha
budc va dir liéu cam bién, hé thdng diéu khién
khép hong, gbi va co chan dé dat tu thé mong
muén.

Cap nhat trong sd t6i uu bang APSO
(Adaptive Particle Swarm Optimization):
Thuat toan APSO dugc dung dé tdi uu cac tham
s6 diéu khién (vi du do ctng, giam chin, gain
PID) theo thoi gian thyc, nham diéu chinh phu
hop voi dac diém co thé va trang thai co bénh
nhan.

Kiém tra cin bang: Dya trén dir lidu
luc nén tang (GRF), cam bién ap luc ban chan,
IMU va EMG, hé théng d4nh gia can bang bénh
nhan, phat hién r6i loan hodc bat d6i xung.

Backtest tin hiéu: Kiém tra dir liéu thu
dugc xem c6 day du va hop 1€ khong:

« Néu du tin hiéu, vong lap két thic
hodc tiép tuc budc di ti€p theo;

« Néu tin hiéu 16i, khong du dir liéu, hé
thong phat feedback, yéu cau tai do, kiém tra
cam bién va tu dong retry, quay lai budc thu
nhan tin hiéu.

Tom tit nguyén ly: Luu do thé hién
vong lap diéu khién kin dya trén dit liéu sinh
hoc, véi hai nhanh chinh: ludng diéu khién binh
thuong va ludng xur 1y 13i tin hiéu. APSO duoc
dung dé t6i wu tham s6 diéu khién theo thoi
gian thyce, giup exoskeleton thich rng linh hoat
v6i timg bénh nhan, dam bao can bang va dang
di gan véi binh thudng.

©0 CAU CHAP HANH CAM BIEN
Phin hdi Lt gidy Nl Encoder khip Cilm bidn lye | EMG
Encoder :( RE) (CA ehdn) (SEA) Ty chon)
e i —

\ STM3ZHT - BO PIEU KHIEN

by miu s || Gidmst Lge tin hig tidp
AD( Encoder Impedance k m tra gidi h; (Windowing) umui u\ UART

Driver / BY khvéch dai dng co

Diéu khién PWM

(CNN/LSTM)
B Ljp ké hagch quy dgo

Chinh sich thich nghi HRI

L]
l Trich xult dd¢ tumg nhanh Thujt todn odi vu chi phi

EMG envelope / FFT

PSO/APSO | GWO

Hinh 6. Hé thong xit Iy tin hiéu va 1/0O

Khéi Motor Drivers/Amplifiers nhan
Iénh mo-men hodc dong tir bo diéu khién cép
cao nhu STM32 hoic FPGA va chuyén ching
thanh tin hiéu diéu khién dién cho dong co.
Driver tao PWM tan s6 cao (10-40 kHz) dé
diéu khién dong cudn ddy dong co va khuéch
dai tin hiéu mirc logic tir bo diéu khién thanh
cong sudt du 16n dé van hanh cac dong co
BLDC hodc DC. Driver thuc hién vong diéu
khién dong rat nhanh, trong khi cac vong diéu
khién muc cao hon nhu PID vi tri, toc do hodc
impedance dugc thuc hién trén bd diéu khién
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trung tam. Ngoai ra, driver con tich hgp cac co
ché bao v¢ nhu qué dong, qua nhiét, qué/thiéu
ap, ngan mach va ket truc dé dam bdo an toan

cho hé thng truyén dong.

6. PHAN TiCH DU LIEU

in lbse K0 i Mhas therl phas
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Hinh 7. Tin hiéu EMG theo thoi gian thuc

Tin higu EEG swu khi kg nhilbs
[~ - - -

By ) EMG

L . .| . 1
SODD 000 MDD B0 MDD ROBD TOOD G000 G SOEN)
Wy

Hinh 8. Tin hiéu EMG sau khi loc dir liéu

Trong Hinh 7, ta c6 thé thay bién d6 dao
dong kha cao, khoang + 4000, tin hi¢u duong
nhu bi nhidu hodc ¢ nhiéu dao dong dot ngot.
Mot s6 diém c6 bién do rat 1on, co thé do nhiéu
hoac co co manh. Sau khi loc Hinh 8, bién do tin
hiéu nhé hon mét chut so voi do thi trong Hinh
7, tin hidu duong nhu it nhiéu hon hoic da duoc
xtr 1y qua bo loc dé giam nhidu. Van con mot s6
dao dong manh nhung it hon trong Hinh 7.
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Hinh 9. RMS, Trung binh, Var cua tin hieu EMG

Hinh 9 thé hién phan b6 ba dic trung
cta tin hiéu EMG gdm RMS, Trung binh va
Phuong sai. RMS trai tir khoang 1000 dén hon
2000 va phan tan manh véi vai cum gia tri cao.
Gia tri trung binh dao dong tir -20 dén trén
40, cho thdy phan bd khong theo dang chuan.
Phuong sai trai rong tir gan 0 dén gan 10, thé
hién mirc d6 phan tan rat 16n va xuat hién nhiéu
diém c6 gia tri vuot tri.

Philn kb dir Iy EWG

Hinh 10. Phén b6 tin hiéu EMG

Hinh 10 minh hoa phan b6 dit liéu EMG
trong khong gian 3D theo ba dic trung: Trung
binh, RMS va Phuong sai. Cac diém dir liéu
tao thanh hai cum rd rét: cum mau vang nam
& vung trung binh thap, RMS thap va phuong &
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sai thap; cum mau xanh lam tip trung tai ving
RMS cao va phuong sai 16n, phan anh 1o su
khac bi¢t gitra hai trang thai co (vi du co —
gidin). Phan b dit liéu khong déu, xuit hién cac
cum 101 rac do sb luong mau han ché hodc bién
thién 16n gitta cac 1an do. Mot s6 gia tri trung
binh 4m cho thay kha ning c6 nhidu hodc tin
hiéu bi 1éch khi Iy trung binh.
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Hinh 11. Phan tan RMS, Mean, Var gitta cdac
trang thai

Hinh 11 cho thay su khac biét rd rét
giita hai trang thai “Di chuyén” va “Dimg” qua
ba dac trung RMS, Trung binh va Phuong sai.
RMS cua trang thai “Di chuyén” luén cao hon
do co hoat dong manh, trong khi “Pung” co
RMS thép vi tin hiéu on dinh hon. Gia tri Trung
binh ciia tin hiéu ciing thip hon & trang thai
“DPung”, doi khi am do d¢ 1éch DC hoac dac
tinh thiét bi. Twong tu, phuong sai ¢ trang thai
“Di chuyén” 16n hon vi bién d¢ tin hiéu thay
ddi manh, con trang thai “Pting” cé bién thién
nhé nén phuong sai thap. Hinh 11 cho thiy su
khac biét rd rét giita hai trang thai “Di chuyén”
va “Dung” qua ba dac trung RMS, Trung binh
va Phuong sai. RMS cua trang thai “Di chuyén”
luén cao hon do co hoat dong manh, trong khi
“Ptng” ¢6 RMS thép vi tin hiéu 6n dinh hon.
Gia tri Trung binh cta tin hiéu ciing thap hon
o0 trang thai “Pung”, d6i khi am do d¢ 1éch DC

hodc dic tinh thiét bi. Twong tw, phuong sai &
trang thai “Di chuyén” 16n hon vi bién do tin
hi¢u thay ddi manh, con trang thai “Pung” co
bién thién nho nén phuwong sai thap.

g i el i

WA 1 S pivatin A ek
Hinh 12. Hudn luyén LSTM (Hoc sdu)

Hinh 12 cho thdy cac van dé chinh anh
hudéng dén mé hinh. Dt liéu EMG va chudi
thoi gian thudng chira nhiéu nhidu nén can loc
va chuin hoa ky; néu dit liéu it, dan nhan kém
hodc mét cin bang giita cac 16p, md hinh s&
kho hoc. Viéc khong tach tap xéac thuc khién
kho phat hi¢n dudi khdp/qua khdp va khong
thé dung dirmg sém hay diéu chinh siéu tham s6
dung luc. Cac siéu tham s6 nhu toc d6 hoc, kich
thudc 16 va cau tric LSTM (s6 16p, s6 no-ron
an) néu khong phu hop ciing gdy mat on dinh
hodc hoc kém. Thiéu cac co ché chuan hoa hoic
dropout dé dan dén mé hinh bi ket hodc hoc
khong hiéu qua. Dé cai thién, can tach rd train/
validation/test, theo doi déng thoi d6 chinh xéac
va mat mat xac thuc, loc nhiéu va chuén hoéa tin
higu, tang thém dac trung néu can, can béng dir
liéu, tinh chinh téc d6 hoc va batch size, ding
early stopping, diéu chinh lai kién trac LSTM,
thém Dense va dropout, va kiém tra tinh ding
dan cua nhan hodc nhu cau gom 16p néu bod
nhan qua phuc tap.

7. KET LUAN
Bai bao nay di trinh bay cac van d¢é thiét

ké co khi, tich hop tin hiéu Electromyography
(EMG) vao thiét bi khung xwong ngoai cho chi
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dudi, tmg dung thudt toan CNN — LSTM dé
phan tich tin hi¢u Electromyography (EMQ).
Vi nhu’ng két qua trén, thiét bi c6 kha ning
hd tro diéu tri cho nhiing bénh nhan bi dot quy
hodc chin thuong tuy sdng.
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