| N VAT 1B

a XN H O EE
kO
witi S 2 EL i e D B H

a7 HEIARE

[ B N S N S
=¥ L YR a bR



AR (BRI284E4AH L H G A D HBIE) HBIFRD
BEICEDE, FM7THEIAICHLO%MN2EZEL -
i XNBEDER RV BEEROERENET S,




o () & 5 % & F ()

R WO AR S
W ot TS - BRARE (G35 4 LEE S LHEHER
K4 o
o AT oas 2 | e (otbz  XLpd) - FEETFRATITER  |[MA b VABRBEICET 4 A ADOEF LARKIEE SEA T =X L .
e ses W (12 | RS LR . B TERATIR [ ERiIC ) 2 0 KR B T D IR R E OB | g 0 :
BTS00 (ML (T |G HER (BEIRBBTRE ) | IS & A D UM PR
(ZFmET 2500 A Development of an EMG-Based Control System for Flexible Active Ankle

PN : o KOSGAMAGE PRAVEEN 5 NPT B LR EHIEE | Joint Orthosis Devices e
LA 25267 Bl (T . ! ESEatBIS il
RCRIRTRTS ML (L) | o |07 PRERETRIR | gy i D000 | Crpomiem e bint Lo b e (0 2B ems <7 |00 A8

LDFZE)

Lo 27 puren L Mf%\\/\ ZeR 5 I b e YA Nz - A Y

BTRIETE68E (0L (T (g I R e LERS ) it 357 5 SEAITHHE o)1 & DSAIROIEBRIC BT 5P |86 FEIS




FDESR

FURSFRB

SRRSO

B3R

g K’

HEI—X

Ssm A

i
B3
S
)
=Y

0}
yt
o

RLIREEPR2665

FL(RF)

SHATEFE9R108

FNIARA B4R FBZS

(BF128 F X B EHHIS)

ERRERZEN

FnEERSZHBE IR

BANVURBICHRIFBIY T XDEBERABESIEADZT
([CRET BIAR

FE HE B m—
gl EEER W BF
Bl T SHB EA
BlE HEHER KX B

Bl HEHER B0 Em

#E B M




HIREERAC 3

FALER L DB E

7 VT 4% ENVYS
K v “HF Ff
” ” B IR KT KB e Tk S R e R i 14 B R
N EIRERGE R R

AR :

(FEIE) 2015 4EFE (4 H) N

EATD'S WA NV ABEIIBITAE A XOEE LR EE 5B =X A
A H \ZBE3 DAt

GRscoZEE]  (XOHE 1,200 FFREE, FCOHA 800 FEFLHE)

HARVE, Bk, SR BRI AW O T~ AR Th D, R ITEE OB RIZ L > THk
BEm B IER LTI, L TR B T 2B HAT O TODA | AR RBREE N COAEFEME TR
U, Z AR EHRLEE DA 2 [ B VT PEME DO BLR THH A3 HEARL ABREE T COARAPE M AR B
AERED BN IR TH D, A0 Tk, Bl DRI B A X EEEOR F2ERIEL T, 153
B ARDEE AR ARG ~ OO B B3 2058 51T o7,

B ETIE, T ARSI 24 A X3 ES IR HHEIC 31T 2 R A3 JOMRARLE B
FEOBURA T LT, I, A REARRLE O A2 R~ DM AN AD B2 3 572012 ST
THARRIERR O A REZ el U, 8L TSI\ T Sinorhizobium fredii 738 564 %L R8%
(AT =X LOfEE B3 D2 2R LT,

52 TETIX, F70D NaCl IR S fF F ORI A B E7- TR G HEFEL | ARKIE I L DARRI T L4 A
A EEOEE | RN E RELOBR, 2L URAHRE COMRRBE OARKL 5 A R OBFRG, A4
INEREH A RO A FM L 7=, Z Dk 8, 0-50mM NaCl QLB F T3, M ERIC L0 R %78, ks
R OB AEBEREEICLD N 4G 71305 B4 A XD E LT 52 LAVRIBS T, AR A
T COEERE ERBITARBLER CRARY | DAL Bradyrhizobium J& T&<., Sinorhizobium J&T
<, FFIZ USDAL9L BECIXE B EENGRO DR —J7 | AL T TR RbL 5 $ 52 R U,

5 3 B, ARKIE RO YT B C O D B A WERHI T~ MBLO BRI, FRCMIRO
HEERLEICAE B LT LT, £72. Nod 7727 % —DARRIZBE5-9% nodC i F- I BATRIELL T AR
BLEE D> 7T MRS G- 2 DR DO R BA RN LT, ZORER, S, fredii USDA191 #k1%, fthoFRAL
BRI HB URRTE RS K0 X | RIS = AT AL T C nodC i1 IBIA m <R, HikEsE
FE O BRI U AR A > T B L322 e B e o T,

o4 = TIE AR TEOLNIRE RS XA RD AT LA R S~ DRI LT, R
BENTEREIT, S, fredii DEESACIE, 16 EXARXDA Y7 TR 18 IR LR ORI K
FHBLOBUFNMEIC DAL A RO MBI EREFR LI, SBIT, S fredi DIAEZNRORIIZfid,
ML BN T Bradyrhizobium JEARRLFIZ 31T DI RS LO BB A TR U7,




(E1) X LoGAIE, THR, AFHEE] OMICIIEEZZ T 2HEROAEZFTLA L, ANFFEEDFLA
IIAREET 5,

(E2) T4y MIFMXOEHE 10.5 KA > FOBFR, EXDOLGHE 12 KA 2 O times R &7 %,

(FE3) A CEH PINEREOSG AT B AGEZ LT 5 2 &,

(FE4)  FsCUIELET D,



MR 7

(P 20254F 7H 29H

i #w A MR 0 HEF

X HhEREAYE B W

® —~ Wi =
aEE | w201t (49 A Z‘ (SELAE D

i 3¢ H YA RBRERIC IS 1T 24 A ADEE LARKL M S b A = X LB D58

FHEER WA OBA T & Htx AR kE—
Bl A& W IIARIEEE
1] 5 Hiz W HEA
Bl A& WP R K
il A =S IS IS o

FAEME R o B 5 (800FUN)
ARZE T, MR L BRI D2 A RAEFEND) B2 BIE LT, 5 EX A RADER LR S~
DIEDFE BT DA o7,

BT ClE, Z AR MR IA R~ DI O FBAARITT D723 | HAPE R CHRIEERO H/EREA HofL |
b33\ T Sinorhizobium fredii H38 b3 D EREFHIBEREDOMRIZ B3 D2 LAl 7o, Hi2F T,
P DYRIRESAE T ORI A BAEL | ARG A | EREEFLOMR, IRAHF K
D BEORRL A RO BN D, FAZNRES A XD AFURL 7=, ZOFER, HAIZI A BTSRRI
AR DM T DT EDT RS T, Fo, EHREERRAE KT WAL Bradyrhizobiumg CiaK . Sihorhizo
biumf& RN & Fe SinorhizobiumBO ARSI GV MR S AR~ ZEA LML, ZOA=
R IR D720 538 Tl AT AR CORD SEAART LT~ FOFER. 7 AR WEIAA
VTTRL DG T ZAT A AT TN B ST AR AR 3 = A7 A L FRE AR R T RGE S 1388
DAEHERFS I, M L R i S U - B A Lo T S LT D 2L A IR LT, ATl X AR
B AR EA~ OO B TRAETNIEZZAIT, S fediDBEHUIE, 1E8FAY 7 TR DB
FHEAARRIEE ORI GRS T 3B BRI LD RRL S AR FIRE R 7=, SO, Ml -6
adyrhizobium|E BRI 23V T DA T D EEM A FR T,

ARFZE L HEARN ABRBE COMREREERRED I LE L DA =R LE LN LT S d - a5
RV A R AFEM DI HIE D0 DERIFES LD,

NS TORFRB LOEEE b Th Y | AREZL BRI TGRS LUK RCERE Lz L HET
Do

(FE1) FSCGERAAYNEREOS AT HAGER DRET D Z L,

(1E2) Bkl B CORFSLOERINE billd) Th ) | ARAZEIHICRES LORMHI A
LIz EHET D) VI EEM - L Coild 52 L,

(E3) %%fiﬂ;@%m (R, NFEEE) OMIFEEST DHROHAFLA L, NHFEOTAL
R 2



FNIDIESE

FURSTFRB

FNRSHBIF

bR

g W

HEI—R

FNIHXES

'\:
B

3
RITIRIEPE266S

BT (IT%)
SATFI/108
FNIRBIEAZFIBZE  (BA28FEEETFIS)
EFTZRSHAR

ERIRENFEN

IRIBHERFHE I -

HEIRMCHT DB/RKEREERICEIOEEZRHNERTED
BERECIIRHIED T AR

FE I ik ME
sBlE  HEFR TTF fB—
BlE HEER BR BR
Bl FE NE BT
BlE EIER BHm
e Sk HiE




BAEEES 3
AL SLDOEE

ZVAF Zhy hibn
K 4 ik R

” ” B IR KRB 2 T e B R Ze R 1% HA R R
e SRR
T (FJEE) 2020 45 (4 ) A%
EX A5 H R C BT A Y KB ERICE T A R B EE T ORE M L
& H B P I O FIEM ST

[GRistoZEE] (FSCOBA 1,200 FFEE, HLOBA 800 FEFLE)

PREBEHI AL T 5 R EEICRB W T, AKFIHO 8 EIfRE 2 R EICHA L T 5356
M%< — T CATEHKEZOMOKFAEORIAEB L TWDIIGER D D, 2D & 5 72 EH%x Oft
TR R LK ETROFHGE FTREMEMECR DO 72 DITITE U 2 K EJROEBNEHE TH D . Ik OKFFRE
NI A ZWUNIRIES 5 2 LIIRFERBOFE B L F 2 D, EEMKEHE &K OVEREEHE 2B W
T, FEYEREHEICEWE A OREE T 5 2 & TEYWKREENIRE SN D, EEKEE
BT e IR - USRI 2 IR U CHEREEK B NRE S D BRYEARRBEOFEERE O
M i, X0 RS KRI R E A ATRE & T 5,

HERRBBIIZRET I NORESND T A—F—Th DN, G~ oV

ILAIC K VKRG T — X THEEMIE] EMENAMIEZ i L7729 2 TTF — X FHAT 20 E R H
Do L LHEBEIZ DWW CIRBUR T RNZ L, ML - EEME CIEE A EOHE, REED
FFEEERBE DN EE SN TN D, £ 2 CARIFIE T, ik 17 5 AR B E O RE
FEEE DM &) B2 BRI, RIS CTH DA T v DAL I iR 2 AP SRR S SRR E L, i
TEAHIE OREMES L OWEME A BT L7c, £ 913 RmIRN o EEXGBRITT 5 H i CEllll S
KRBT — XA L, BT %2 8 U CHLH Cw FH TRE e il E AR Lz, ZOMERZ 6
o CHLIRAHIE 2 it U 7256k S, HEIRA I O SR EE SR\ VR GHBIINET & 539V R GBI 3 FAE LT, 72
REIRA IE O IR EE I X RGBT R P oo H ORI . o C LR O F IR & R A ZT
TWD Z EDRRBE T,

N LRI K o THUIA U 7oA e 2 5 & [RGB R ORE AR FE 2 4R U, REAERE &
WLRIIE DR E & L OREMREMNT L2 & 2 A, Wl LTV 5 BRI T, A B A LR IR 0D
RKEZICKREREELBZXDZ ENHLMNI o7, B THEMEENMTOIL TOWRWRGEN
FTORET — X IR E R ENVIET > 7202 xf L, B CREMEENEAITbR TV DR
SGENFTORET — X I EOMLENT E A ERho Tz, BRIFTCEH S N7-KIR & KER

JEIZ, BB CBIRIFTE L ORARE LM< L TR Y | ZHTEMREIC L > TRERF D
K DMEE S, BIENERI SN TRIEN TR0 B2 b5,

AHFFE T IR GRBLURIFTE PH O 3B BE & RR T — Z T~ & LA 1E O 38 0 BAR % I 5
B ENTERE, ORI, ATHR CBIR S DA, H4 OK[REBIFT TR IED
VEVEE GBI 2720 DfIE L 720 5 D5 Z &R L TWD, SHFERDHFIENNETIESH DA%,
ABFFER BIE, KGR OE T 5 i C 3\ T Y 2R B IE A0 L 72 R R o5 E




FEEEH B, OW T L W BEERKEFRFEOREICRELS FHETH LDEEZ LD,

(FE1)  FwtE oA, (R, AFRFEE] OMICIIEEEZ T 5HFROAEZTLA L, AFFEEOFTEA
IARE LT 5,

(E2) T4 Y MIFXOEAE 10.5 KA > FOWER, HXOHE 12 KA > RO times 5k &5,

(FE3) s SCEE PN EFEOSAIT A AREE L5 2 &,

(FE4) FsgidsEsct 45,



MR 7

200564 7 H 28 H

oL R A MR HE

B G ER 5 R o B
NZFARJE 2020 A% (4 A) A
Hepp i 2 81 23 U] 2 K G TR BRI G 3 B SR VEAR R H B R E O RS FE Rk & sl B o
i S E B | FiERE

N

K 4

3

M

i

b

FHEER WA OBA + & Hiz EJ i
Bl & R T
Bl A& HEHdE  EE B
Al & Hi b S
Bl A& w2 B fa

#FE M R o B F (800FLN

PR C IR E IR O E Y 2 REME R IR D L TV AHE L2 <. BERAKOERLHE
HONFFCEE LS, AR CTHER LI EEREHEIT, #EMAKEELZ RO LML 2D
XT A —H— T, W~ PEBEHIRIC S W IR EOBRICRR T —#I12 [RuEMIE] &M
LEERII E AT HEN DD, L L Z OB IEIZE RN D2 < HFZE - EFEm TIE L
NEDEE, RMIEOE FRERBHMENEE SN TODONRBURTH D, AWFITIL -5
IS ds 1) B MR R EOEERE M 2 B, Pr@ikicfii@E 54 7 o410 I i
Uik A ST R AT R E L, R E O AR, FRMEER, B X O EMOMF 21T o 72,

ABFIE T, ETIIRRIMIBANO FEQGBRPT CHHI SN TXET —Z A L., BEES
MA@ L CRIE AR EREZRE L, FERBREEEZITORNTHE. KRBT —ZI12 &
o TITFEFERAE TL5%LL b, RO K E W E NI BRAVIE20%F B & FEEZR IS & 2 RIS
fEH D Z AW LI L, SR E O E K GBI E O AR K& < R E 2T
TEO ., NTHEEBHOMAREZE > TR LR, BB CHEBEENMTDRL TV RN
GBI OR ST — X IIIRERMIEN L EE > 7-D2xt L, A CHEBEENE AT
TWARBBRFTORRT — X TR IEOMLERE E A E/h o T2,

ZO—EHOMREEBL T, INETCHEEZFRINLDL LIFERAL O OEE L S
LT 2o I EEARR M ERE OO EIZ OV T, MR IETFIEORE R X OH#LE
DHDHMEE & FEFREZRAMNICIR IR TE TEB Y, AT~ i IR Ic 10 % &
¥KGWHEHB DM FICET 2MMESH DO LRD LN, NS TOREL L OWERISE b il
UITh Y, KREEZEDILH GEREL LORKRBRICAK L L HET D,

(k1) FoCEAINEREOS S I AAEEIRLT D 2 &,

(E2) F&l TS TORER LOEREIVE bl Th V) | AFAZER TG AT L ORI EHs
LIZEHEST D) W) Ezm — L GoRd D2 &,

(E3) gﬁ%%@@jf@%m [RiE, NP ORI 22T DHEOHATLA L, NFFEEOFLAL
RELT D,



FDESR

FURSFRB

SRRSO

B3R

g K’

FHNXES

L Wy

AZVHRERAEZEZHIE
RLIREPR20TS

B (IF)
SHTFI/108
FARRAB4RFNBZS (BA28EFEXSETFEIS)
EFTFRSHRR

NE-IBRIFEN

HBB/WIFHABE I

Development of an EMG-Based Control System for
Flexible Active Ankle Joint Orthosis Devices
(RERBLEERNERIBNKEDIZHDENER (EMG) ZA LN
A 27 LDFRF)

FE HE B &
Bl HE e —%
Bl HEHER a8 BB
BlE HEHR S8 &S
BlE R RE N—
wE BN B8




HIREERAC 3

TG L DEE
7V HF AT TITEAL Y KUK TV T
K 4 KOSGAMAGE PRAVEEN NUWANTHA GUNARATNE
I B IR RF KT BT L G i oS 1% 1R
. WHE - RS
N .
(PE &) 2022 FFHE (04 H) A%
iy Development of an EMG-Based Control System for Flexible Active Ankle Joint
FHNL i
" Orthosis Devices
7 H

(GRWUREBN 2 B R D=0 O EN (EMG) Z MW7 filffl S 2 7 L DB %)

RcnEE]  (FnstoBA 1, 200 FHRE, FCOBA 800 FEFLE)
This dissertation presents the development and evaluation of a surface electromyography
(EMG)-driven control system for a flexible active ankle joint orthosis. In response to the
increasing prevalence of age-related mobility impairments and neuromuscular disorders, the
study aims to advance assistive technologies that support more natural and adaptive locomotion.
While many existing orthotic systems provide passive assistance and limited motion control, the
proposed system offers dynamic support across multiple anatomical planes.

Chapter 1: Introduction

This chapter outlines the background and motivation for the study, emphasizing demographic
shifts and clinical challenges associated with lower-limb mobility. The biomechanical
complexity of the ankle joint is examined, highlighting the need for orthotic solutions capable
of supporting multiplanar motion. The central hypothesis is introduced: that EMG signals can
be effectively harnessed to enable real-time, intention-driven control of ankle joint orthosis
systems, thereby improving gait efficiency and user adaptability.

Chapter 2: Literature Review

A comprehensive review of related research is presented, focusing on mechanical architecture,
actuation mechanisms, and control strategies for active orthoses. Particular emphasis is placed
on EMG-based and adaptive control methodologies, as well as the challenges posed by signal
variability, anatomical alignment, and user-specific dynamics. The chapter identifies gaps in
existing solutions and justifies the need for a flexible, user-centered orthotic framework.

Chapter 3: Mechanical Design and Development of the Flexible Active Ankle Joint Orthosis
This chapter details the engineering design and fabrication of the proposed orthosis. Based on
anthropometric data, a CAD-modeled structure was developed to replicate human ankle
biomechanics. The orthosis incorporates independently actuated modules that allow for sagittal
and frontal plane movements. The structural design prioritizes ergonomic compatibility,
mechanical compliance, and ease of integration with wearable sensor systems.




Chapter 4: Sensor-Integrated Biomechanical Evaluation of Ankle Joint Movements

This chapter describes the experimental setup and data acquisition methodology used to analyze
ankle joint biomechanics during gait. Wireless EMG sensors and force-sensitive resistors
(FSRs) were used to simultaneously record muscle activation patterns and plantar pressure
distributions from healthy subjects. The collected data provided insights into the temporal
coordination of muscular activity and joint kinematics, forming the basis for developing a
predictive control model.

Chapter 5: Development and Implementation of an EMG-FSR Based Predictive Control Model
A gated recurrent unit (GRU)-based deep learning model was developed to estimate plantar
pressure distributions from EMG and FSR inputs. Root mean square (RMS) features were
extracted from preprocessed EMG signals, and the model was trained to predict key gait events
such as heel strike, mid-stance, and toe-off. The model demonstrated robust performance across
subjects and successfully accounted for individual variability in electromechanical delays. This
predictive framework enables real-time, phase-specific actuation for active ankle orthoses.

Chapter 6: Comparative Evaluation and Discussion

The final chapter integrates findings across experimental and computational stages. It evaluates
the practical implications of combining neuromuscular signals with mechanical actuation and
highlights the strengths and limitations of the proposed system. Limitations include sensor
placement variability, real-time processing demands, and hardware portability. Future research
directions are proposed, including adaptive signal alignment techniques, miniaturization of
actuator units, and clinical validation with target user populations.

Chapter 7: Conclusions and Future Work

This study proposes a novel, EMG-driven control approach for active ankle orthosis systems,
advancing the field of wearable robotics for rehabilitation and mobility support. The integration
of biomechanical analysis, flexible hardware design, and data-driven predictive modeling offers
a promising foundation for user-specific, intention-adaptive assistance. The results support the
feasibility of implementing intelligent, real-time control in multi-DOF orthotic devices aimed at
restoring functional gait in individuals with lower-limb impairments.
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