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Fig. 1.1 Calculation of ground reaction force using gravitational acceleration.
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Fig. 2.3 Pseudo-prosthesis for trans-tibial.
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Fig. 2.4 The sensor coordinates system and the global coordinates system.

T—va b OUBIAKIE, AX— MEATOFIREE 1.0 s B2 L, &R ONNE
EnbESmeHEHT5 (L2, 22).

G(n)= \/Xaccs (1) + Y, (M + Zgee () (2.1)

(2.2)




B2H BREITICRT D= 3 Y E AR IREHEE H
TIT, X ld, FRY 7y MCRERE LIZT—Y 2 e PIEE X koo ETH Y,
Yoces V&, WU E—2 9 2 IR Y 85y D IME, Zaee 13, IMEEE Z filpk sy ot fE
ThD. Gmx, i L= —ya v HHENSHEE Uz n & B OE )T HONLEE T
5. OXgee 12, A4 — NERIOFIEREE 1.0 s BT L XY GRRE) OE— =
CRUOYHIMIAETHD. BT, ETTOMAERMIE, B a ot A X #hE D O
ez Ry LiciEE e (R(Q23)).

OX yyyo (1) = (X () + Xy (n=D))(A1/2) 46k (n-1) (2.3)
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Fig. 2.5 The model of trans-tibial prosthesis for sprint.
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F=—kx (2.6)
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vo = [ ;12 Zacey didt! (12 ~11) (2.9)
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NEFE Z SRS Zaees VX, BAIFI% 1.0 G & LTHA SN D280, BT ONEE % #i 1
LTEBRICHAI B AT > TS, r IIRENOEEY 7y MCRE LIZE—Ya 2P ET
DO ERFDORETH Y, X iE, FILKERY 7y MIRELICE—Ya bl
SV AL X WhE Y oy T D, 6 1T (Initial contact, IC) DR, 5 13D JepfiHh
(Toe Off, TO) DI THD. wlE ICEHAOYHETHY, K (2.9 LVRD5.

k=pr3/py (2.10)
pL3 =f;12 Zaceg 4 “mdt (2.11)
Px= ilzxdt (2.12)

NRES k1, RQ10) LVEHTD. 22T, puldttkiEadE A UK D8nE 7 bRy #E
DO NFETH Y, plITR LT ENBEDOFEDETH D . Zueews 1355 3 NEHETBIC R E
a e Y INEE Z S TH Y, mIIRE DT REETHD.
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241 EEBEE

AFHAERR O BHNE, ZIROCEWMEMNTEEE & IRSCORH 2 R L L, AEMEEZ AW E
BN ROHEM L, Tiva BIE M U7 RO IERE T MR 5 OHEEME ORI Ch 5.
ERIHER LB 25, BIRORIED R 2 3FEE Lz, 7eds, ARFHIZFERR Tl
B (B2300) ZRWCER L. iUk, D RngREE ORIV T, #
Falng & LT, e RRERMTADE VS FEAnH 5. SHIg, UIMRICHWS Y 7y
k&S T D ESENITH D OO0, FREHONSFEEOFEIZFEECTH D720
Th2. FHUREOHIBRIZ L 0 L3 L BERETIERVD, BT — 2 B0, fkxaiz
BEHRRBIZ B C b ARG A U HEE FTREDMRR 5.

242 EBRAE

WAL, FRNCEBRNBIZ OO THACHRAZITY, RENMFONEFESE 14 L
7o, 61T, HREREALRHREEAZ B OKGE OKRE T  17808-170517) D% F i
L.

FHAIEBR CHIW DR R 1T, A DR ZHiZ 2 72D WA esE Lz, R W&
THZER L, IRCHIPED 725 3 (1E90, ottobock. Genesis, Xiborg. JJ B, AiliF
WHIFZERT.) THD. BHRBE DT T4 A2 ME, WA PN LETEE Lk bED T Ve
HRREE L, FERANIIH MR 2T o 7o %ICFE i Lz, E— a3 e o FRREMEE, 6
3 MEHEET (Third lumbar vertebra) , #8/& ¥ 77~ kTl (Under the socket) , 2 /& & #-2 % 5 (Prosthetic
foottoe) & L, a3 HA&HAWE. KE— g v POMEERITL, K7 A MIxL
TETHmE zd (FA+), aighmae Y @ [ihr+), A5 mE X (E+) &Lk,
AL, IR S IES ISR L CTREIY AIETH D (X2.6). HFE—va o
DOEEFEE, L3 TlE, 3D 7V o2 —TEWELEHEAE Ry 7 A2 BHER Y AR— & —12
WA, Bo PRy 7 ANICE— a o P2 A L CREE LI RICHERE) R — % — % Bk
BB 3575 Uiz (M2.7). Socket 8L OV Foot 13, FEMEE—T 3 v HUlIZH Y 7 A —
ZALAT L, MG ERD GOETRICIHEMHET —7 12T Lomh EEE Lz, = IRJCENEMRITEE

i& (Three dimensional motion analysis device, VICON MX, Oxford Metrics Inc.) 1%, 13 5 DR+
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WA AT LRI ITEE 6 K¢ (Force plate, OR6-6-2000, Advanced Mechanical Technology Inc.) 7% [F]
MU CRHAI L 72, A, $hiE A Z ®h (B5+), #175ma Y # (5 +), £AF
%z Xfh (F+) THoH. sHUAKK~—7—I3EZ Imm % AV, REBIOBHRE, €
—va Yo 45 FETCAEA Lz (1 2.8). &0 EE O%FHICIE, #/H Y 7 b NEXSUS

(VICON Motion System f1:) & VISUAL3D (C-Motion #1:) % 7=, FHHEER OV 7V > 7
JABENT 200Hz THDH. KT — 3 VR E R OV AREALEE (LP-WSDSY02-0A, &
ThnTaR s Mt BIAR=Y v T) 1%, STV r—vary (mYALT R
7 Ml BIAR—Y 2o 7)) ICTCRMILZ. B—a oY & SRonE RIS E O
FIENE, SHT 77— a ORI & RRAIS, RSOV AFRALEE D SOV A EER =
OCEN AT AL EICIME S D . = IRCE R L E O FHRIBA AR I LV A E B A STz
T L H MR LT RICEEENE A BRAA Lo, RED T AT AERA X 2.9 1R

ERIIFHIEEAOBR |, BERET (KH) L, 3 AT RoBEDER, AMNKKS
FHCBEH T 2 REENEA % 10 B THEM L7=. IC & TO OHHNE, E— 3 & ¥ Foot DN
W 7 BhpR Sy OBEERANEE ) HIRET 5. IC & TO BRI, ML W U B EER
L, IC & TO L, ZOEAID0G 273 mERDH[17][18]. |RERBHMOEMEIT, T— =
> Socket [ ZHEFF L7zt~ — A —@ RSKT & RSKT2 D H L RprosFTMPS &
RprosFTMP1 DOH iz JEHE L L7 IEN BRI 2 R L7z, E—Ya e EIRRODEE, £
—a kY & SROTEMERRITEE O AR RO ENIE, P8 IR (Root mean square
error : RMSE) (2 TRl L 7z.



Sensor (Socket)
Sensor (Socket)

Acceleration Zaxis

Acceleration Yaxis

Acceleration Zaxis Acceleration Zaxis

Acceleration Zaxis

N —

Fig. 2.6 Sensors installation point and sensor axes. There are three points where sensors are installed the L3,
Socket, and Foot. It is the axial direction of each acceleration sensor and around the gyro sensor’s axes.
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Sensor Box

lMotion sensor:L3

Fig. 2.7 Installing the L3 motion sensor . Fix sensor box made with 3D printer to the supporter. The motion
sensor is inserted into the sensor box and fixed with a screwed.

head Sensor Box

Sensor (L3) \\ ‘‘‘‘‘‘‘‘‘‘‘‘‘‘

- s - - - -

_______________________________

Sensor (L3)
Sensor Box

Posterior

Fig. 2.8 Markers and Sensors posting point.
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Fig.2.9 System configuration.



BoE BREEMCHTAE—V 3 b ANERR DM EE 19

243 SEERIER

ek U7z 30 BATOFLEE L, 385 mis+042 ThdH. £ 2.11%, IRKIFHO M a2z FEiE
L, B—var vl HNENDAE R (Proposed method) %) L CHH L7 Ik
B &, BB & B ARE R SR LRI HEEME (€375, Conventional method)
DPL “FFRAEDFERTH S, MAT, ZWRrBWEITEE O L L L, £—va v
T IED DA EA S L TR L2 RO E DN READHER TH 5.
%] 2.10 (ZSZHIAD IR G HETIE & A, FERIEIC & - TRV SO A~ T . &
7o, ARFHANZAER U7c R R 2 FEIZ /01T ¢, #iR a3 2.10.(@), (), (IR T. 22T,
TERIEDOR I HE T — a e ot L3 HMEIE, SR EBRICEET D 2 &5 Tt
L, BEORXLR ) A XL LTEEND. ZD7=%, FFT (Fast fourier transform) & 7727047
OFER A FIZ, HEWTEIE (Cutoff frequency) % 12 Hz & LC, IIR (Infinite impulse response)
T ANE =D /XA T )V H — L@ S BTSRRI RS, AR EhE T RSy
(N) THY, BElIEIEERERICHH L TSN ORERE] (5) Th o, ASEHEZ 5 A
UTSIRICDHEENELE, FEVEME & 3 D IR )T Ol S R FREEORE R AR L T\ b, £Te,
TERIEL T 2 L, £ 2.1 OFED S bARBENEZ WIS LT ROIHEEREII@m N &S
2 5. X211 T DN & D FHEN T b D = IR STBIERATIE & 0 HH i & A Yk % 5
M UTER AR T. fithiE, BEMOENMNE (em) THY, EEFEEHBHELEZES,
BUTMEATER S Th 2. BT O (s) Th2. #REY, HEL-REROENL
PP — L, ZIRTCEMERRATREE O H B & BERIRIERO#E R T do - 2. TERIED IR HEE 1%
GRESY 7 ORE 2 UCENT S, L LR b, WMEERAE S BEETOHAT
1T, HEERSEICEE 5252 LD, D), #EBHOEMEL AW -AE AL
TERIEL Y BREO®WIRK I HEEE 2155 Z LR WRETH > 7

ﬁ

Table 2.1 Root mean square error result of 3D motion analysis system and motion sensor.

(n=10)

GREF vertical component [N] GREF vertical component [N]

Proposed method Conventional method (Lowpass filter,cf=12Hz) Foot displacement amount [cm]

1E90 142.23 +£13.99 270.38 + 34.64 1.03£0.77
Genesis 88.18 + 19.68 218.12+39.71 0.67+0.16
Katana f 88.86 +22.11 205.03 +45.42 1.10+0.77
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------- Conventional method (Raw value) -=====- Conventional method (Raw value) -=====- Conventional method (Raw value)
~—— Conventional method (Lowpass filter,cf=12Hz) Conventional method (Lowpass filter,cf=12Hz) ~——— Conventional method (Lowpass filter,cf=12Hz)
Proposed method ~— Proposed method ~——— Proposed method
....... Force plate --==-=- Force plate -===-=- Force plate
i T T — 2500 — 2500
i z z
' g ; g A
5 2000 AN S 2000 H
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8- 8- 1500
l&- € 1500 & £
(] S () S
— 1000 — 1000
© ©
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> > 3
0 , o ¥
0 0.05 0.1 0.15 0.2 0.25 0 0.05 0.1 0.15 0.2 0.25 0 0.05 0.1 0.15 0.2 0.25
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(a) otto bock : 1E90 (b) Xiborg : Genesis (c) IMASEN : KatanaP

Fig.2.10 Ground reaction force (GRF) result. The vertical axis shows the GRF (N), and the horizontal axis is the time

~———— Proposed method

(s) of the stance phase. The black dashed line is the reference value output from the force plate. The red solid line
is the estimated GRF calculated using the derivation method. The green dashed line is the conventional method
(raw data), and the green solid line is the conventional method (cf = 12 Hz) calculated from the output value of
motion sensor L3.

Proposed method Proposed method

"""" 3D motion analysis system ======+ 3D motion analysis system -=====- 3D motion analysis system
£ E_ 3 £
EE o : A EE o EE
g2 7 g2 0N g
sE 2 AN - %_ € -2 N\ T I & 2
%3 4 TN 232 4 S 1 =~ ! o
E%-B N ;EEG ‘\......--/ %E
g 8 8 8 ’ g7
0 =10 =

0 0.05 0.1 0.15 0.2 0.25 0 0.05 0.1 0.15 0.2 0.25 0 0.05 0.1 0.15 0.2 0.25
Time [s] Time [s] Time [s]
(a) otto bock : 1IE90 (b) Xiborg : Genesis (c) TMASEN : KatanaP
Fig.2.11 Foot displacement amount result. The vertical axis is the GRF (N), and the horizontal axis is the time (s) of the

stance phase. The black dashed line is a reference value the output value of the 3D motion analysis system is, the
blue solid is the foot displacement amount value estimated from the motion sensor.
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244 ETRABRRHBOFELEEALAABEICETHIER
FATTHOWONDRRERIIT, "L A L, EFOKRELLICEAEYNRESND.
Z DT, FEREHOEAEY LEEIAB DL A I TG 2 EITMAT, BAiAte))
DR E SHEITREO RHNRZRET D, X 2.121F, KHE 60 kg DHEERE D, S 30cm DFE
16 HHE T LR ORKIE G MRS DGR TH 5. HthhE, IRECIEnE S (N)
THY, BIREHE () THo. BT, BBIE 2R LIREETE L, e ZE OBk
R Y DI FERANAT S TR TH L. #RFERIL, FHRIAE KO TR/ 2 @8 7T,
FHERS AL BNE AN TR DORIR TH H. B2 IEUERE L L, RB Y fPHE, #ER2
HOEAEME 9%, REERZBIERIE U, T8 Y FEIRII AR K OF B /) 27 -E 7o 2
ABEEZR LTV D, FRILTORTEANT, R REOEA IR 2RI EETT MRSy
DERNETH S, ZOR, FEEHITRbER, TOK, FEEMITETT 5. 012 s #AE
TIE, FEMEERE &OBUIERNIFREROBEMIZH Y, Z ORI G T, Kk KOF B ) 2 @)
INETESIRARZAT D ZEDNROBNWZ A I 7 Lied. Lnl, ZOEMNTEZALENE
VL DX A I T BR=HLRWGAITE, ROBMICEOE THERZAAL, TRLF
—HEAD T LD, ZOM, FEBEIIHIEICHM LIRIETH Y, RERAVS LI T
M5, SF0, FERTORTIERLL 2%, FERICRT 2oL, vy FoRd
LRV EREDRTZH. BRERHONREET T +—~ 200 EIZIE, EEEETH
L FEBEOEA TN GO T, KL TR & DEEZAZEIEC L - TERE R &2 3
RSEDLZLTHD. MAT, BHRALDNEIERL L, IRKIENET Ry 2@ D 2 & 1338
RETTIHERETHL LEZALND.



=====The waveform of basic type

The waveform of double type
3000

Impact

2500

GRF
Vertical component [N]
(I
o
o
o

[ Ay
of prosthetic fook
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Fig.2.12 Basic waveform and double waveform. This is the output value of the GRF vertical component when a
subject with a body mass of 60 kg freely falls from a table with a height of 30 cm. The vertical axis is the
GRF vertical component (N), and the horizontal axis is time (s). The black dashed line is the result of
experimentally performing only the rebound of the prosthetic foot by extending the knee joint and landing.
The solid green line is the result of the trial that added a stepping action again after landing. The point
indicated by the red circle is the maximum value of the GRF vertical component.
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245 KRABEEETREICET IER

FHAIZEBROFER LV, IR B ) SITIRRISRE T MRS IZIE, 4 FEORHE® 5
fEDVR STz, BiNd U722 R RSO E A JE ] & WA D Z A X0 7 H AT ELET 5. AT,
R EHE B ORI 7 18R ~DFEBIZ DN TR L, Rl U7 NP O PR D $RTE J5 1815 5y
DEFMZ AT, K213 1%, IR B ) SRR ISRE T 10y & R IR 75 101 A%
Sy ORSHAIHRE &, 22O EAJEH & B ZHAL B EOBRZ A A —VHIOR LK TH S.
fesniL, IR (N) ToH Y, MEISEORRE () ThD. RERIL, IKREIIENHHA
SNTCRBISNET D T Y, FEBIIRKAFR T RS TH 5. 728, IR
ARSI IV THRESIE Sy, ADEIER S CTh L. RITRIILEE, FeHOEA
HLEBZONDHEKIETHY, FRAEHRE, KRR ITIA OIEAE DS IEITE D % )ROKE
WThDH. FREYFHHEZRZEEMOEEEME L, FBYE@HELZEALEBEL LTS, G
PIFEEFHOBIR b, EHETIE R, MEREICSH 285 TEd 503, RETRRICA LD
Jf (AZ—bEy o, IGE, EdE, BEE) (CEET 5 3HOpES, MTTHRLN
5 1 FEDOREAS. M2.13@~ (D ZUTOLIITERT .

(a) Fore® D IR 18R
(b) Mid & s IRC)8h
(¢) Terminal B : KX /180

(d Double & R S1éh

TSy D e — 7 ISR G D e
TSy O =27 D3I AT I 2R S TERE.
TGy D & — 7 NI I3 5 T RE.
TR Gy 3 BRI E DT RE.

0

\

IR
IR
IR
IR

IRBCI8RE T A1y D e e T E A I O ERE &, AL ENED 2 A I 7L 2D T)D
K& ZIWTEY, RKNERE ST DENTEREIT L2 5. Fore B Cl, HEHIE % OEEEN KX
<, WEBHOEAEMNENTEEAARZIT> TS, S BIT, BERABTID/NS W)
PRI TR 53 OWGERD HALRIZAT S 2 A80E, SR LTI 0 udfEm T 5. Mid
BClE, REBHOEAEINCK U TEAIALDZ A I ZI3EN TN D b O D, BEARIAL
DINTHEEITHD EZEZBND. BAHIALDEA I T —HIE5H T &C, ST L
vy FO ERAHFFTE 5. Terminal B\ T, #RERI OB OERE N DR, Z0
BICH IR X DEEAHAB DTN T Y, IR TR R RIS 1 bl U CIms Ry
DIFFITIE S 8> TWD. 2, BREMICTALF—DEEINTVRNWAL— Ty &
aFFIZHABNDIERETH DL Z ENEZLND.
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Fig.2.13  The relationship between the waveform of the vertical component of GRF and the anteroposterior

component of GRF. The red solid line is the GRF vertical component, and the blue solid line is the GRF
anteroposterior component output from the force plate. The green dashed line is the time at which the
value of the GRF anteroposterior component is zero.
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ZIT, K214 2 =RTCEM AT EE ORI LD, Fore B & Terminal BY DR )~ F v
ERELOBRERT. X 2.14@) 1%, Fore B K ISRE T RSy 23 e KA 2 7= 9 IR I T
7 MVEFRELOBREZRLTEY, X2.14(0b) 1 Terminal B 27R LT 5. #R KLY, Fore
B DRI ISR T 1Ry B KAE & REL L O BRI, IREL ORI &R~ 7 RV isidih LI
HRAETH V', Terminal B DK IERE T IR GT B R A & AR ELD OBIRIT, A2 AifE LT,
RELOHR T IR bvdi@iE UMK Ch 5 2 L WBRCE 5. FEREHOEAE
M EEEIABENEORMR LY, AZ— v v 2 TIEEERBOBEA R OFMILTE 20
W, FITRER & TR AZFA LT, BRI R F—2 S8 LHEEN 2150 2 LI 5.
Z DEFO R IENE T RSy OTEHENE, Terminal B L 72 0 SEPIIOBERTIIE < 72 5. INEE &
EHAETIE, BRRBBICZ RV —NEHIN, RELHOEAFEM & BAABDEA I T
ENB—EL Mid BUZRBATT 5. & 61, MHBIORRIIES 225 Z LA TSN, FERIC
vy F Ol EICER3 D, FEEERER OIROSE T Ay OTGREIE, A% — ¥y 2Tl
Terminal B 2 R U, i & EHdETIEIMId B 283, 512, BlXEE S b 80 m LIk
TIL, Fore Bl Z R Z ENTRREND. ZOZ 0D, EEFREIR, BEHIERTOME & HRH
BICRVRESN, MATHEBIOTKROBIIABLDZ A I 7L ZDINTL-T, KK
SRE TR Sy DICREIIE LT 5. D728, FRBIMOEF NS AL D A I T 5 —
BEsE2—FH T, BRABNORE SIZEY, RKEH S ORKEZRETH. S5
2, BEBIBOMIMEIT, Z DI AL )N EE L 72 % . Double B (X, hDJERE & 1THE2 Y,

1 EEHOE— 7 (HIZYEHIF OBECTH Y, ZOBBEEZWILL, FERE S FREZFIA LT
BEIRATZATYY, TRNAF—ZHEHE L CTHEE ) 215 T\ 5. DF D, BTICHALNDHIZEET
HY, ETICBOTIRE 2BHER L7 5.
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Fig. 2.14 Results of 3D motion analysis system. The relationship between the center of gravity and the GRF
vector at the time of GRF peak value. The blue solid arrow is the GRF vector, and the green circle is the
center of gravity. The leg indicated by yellow is the measuring side, that is, the right foot. The red circle is
the position of the marker label, and the line connecting the markers is the prosthetic foot.
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BRICRE LT —V 3 e T OMEERE T & SRR O AEEN D, R IPRIE
TGy & R B OB BOWETE 21T o 7. HEERE ORI AT O 72, 3 FEORIRE X
OV B 70 2 AT A ZE R B ISR LT, SR ERENTEEE & IR 3HE -V CRilids LY
BRtE{To 7. ZOMmELLTICRT.

o BFEIRIOLNE & IRIIENETT MRSy OHEEIEIE, FYEIE & 92 ZIROTE AT IS E
B L ORI RO B & BRI DS R 21572,

o BRETICHET DIRKIENETRIITIE, ARSI 5 A% — My =, INEGE,
EHE, WORREICEET D 4 OEENH Y, TOER IOV TRLEZ.

o AXREMEATLRERMTIE, BARSICEDETEZAR LY LI K > THRIRS
BLIENHEETHLHZ LRI
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3.1 &

FREITTE, UIRTACOWNRER, BEHOR SN, HEREINICKRESEBL 525, T0
o, ARFENTFIEL, h#F L OHIEZE 1IZBE LI b0 TIdR<, EHMEL OEBIFICH L
Tl T2 2221 OHKE LTS, TDTD, BEDT T4 AV b=V &R ED
FRAECHEDOLIEE L Y, SOICITESEEO—FEL L UEARERV AT LA THD. K
B, AMHTEONR O ORI RETT 2 720, Bk LV O R 5 THROIEE 2
% LEATIRE A BAE U ORI 1 4R & 72 2 REREIETE 1 4 12xE LT, 2B TR (60m) Z xR
Eelkds L ORHImS 5.
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32 THUIE 3 B2Z2xRE LE-EITEER
321 SEEREIE

WEREIE, TV Uy 7 WGRRO B 5 M TRREIEE (T44 7 7 R), BtE14 &, Ux
T WG D B 5 TR T ERUINTE (T44 7 5 2), BIE 1 4, FEEITHE 206 L TR
11T 70 D AR IR OIETE O 2ctE 1 44 DFF 3 44 & Uiz, B O a 3 3.1 1. R
1%, FRNCEBRAFIZOWTHSICHHZITOREZST-. S 612, FBEREER FHmERE
BERESOKE UKRE S 1 17808-170517) %I Fh L 7=.

Table 3.1 Subject information.

Subject A Subject B Subject C
Height [cm] 173.0 165.0 167.0
Weight [kg ] 62.0 63.0 58.0
Best Time [s] (100m) 11.94 13.07 15.88 (50m)
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FHHSEBR W ETHZREE, HREDEEOMESCRKETHEAL T b0 L Lz, K
BT, FEHEHEZEEL, RANROET—T g e CEITRMEZTT O 728, A FEREIWT
FHOE— a e PRENME, L3, Socket D7t 2 A& Lz (X3.1). E—varkry
Socket 7> 515 BV D NREE Z @il & T—3 3 > & Y Foot DI Z #lipksyiE, LI L7
MY RTHY, RETIEE—T 3 % Socket ONIHEE Z #lipk /o OHMEN D, IC 8K
W TO DY EATo T, KE—v a e FOIEE# L, ' 27 20 MIxtLTETH
% Z®h (FH5+), sitgAma Y @ (A5 +), A mE X (E+) & Uiz, ML,
IEEEF S G ERF AR LTAHEIY Z1EE LTS (K3.1). £, FAKEREIETE OE
—va U YERENEIY, L3, Below-knee, Foot ®it3 H& L7z (K33). o7V 7
JEWEE 200Hz TH S, 5T — a3 e UV OEESIEE, L3 TiE, 3D 7V ¥ —TCRYEL
TR YRy 7 ZAZ MR AR —2 =2l T, B Ry 7 2ARICE—va et
AU CREE L7 I ERE Y R — 2 — 2 SRR S35 L7z, Socket 18, REMEE— 3
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BUHNCE T 7 AT =% L, WFERY GO TBICHENTET — 71T T Lo EEE
L, ZOE»rH=—2 ) —7CEHE L7, Below-knee (X, FEEH D LHHICE—T 3 U
ZEkE L, HMHET —7IC T LoD L[EE LIz, Foot 1%, FRMlEE— a VNI
Ty AT =&ML, W ERD GDERICIHPHET — 71T Lom0 LEE L.
AVEENEI, A OB EBE L, THROIWE CIXER 60 m O LT v 7 ITTRARES
D17 3FITE L, KERGINEE CIXEAR 60 m Ok b7 v 7 I TRAREhE 2R ITE Lz, £
7o, BRHARNZIZ 0720 A v X — VB RBWW, AR — NEBNIAZ T 47 Uiz, #H
WL, E—va B OMICA Sy Tk v F1IHEENA A — RT 4 X7 AT (300Hz,
EXILIM EX-FI, CASIO) 1 A&\, NA AE—RT 4 DX VA A T1E, AX— MHLEND
35Sm e DAMFITERE L, RETEENNED L) Nv= 7 LTREZITo72 (3.2). K
BREIETE CTlL, "AAE—=RT 4 PENAVTATORDVIZA~Y— T 4 —NEROBE T A Z
(240Hz) 1 BZHWT, AF— MiENG T—/LE TEhWAE L TR L7z,
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Fig. 3.1 Sensor posting points and each axis direction for trans-tibial. The motion sensor installation positions are
L3 and Socket. The acceleration axis direction of each motion sensor is the Z axis in the vertical direction
with respect to the segment (downward direction positive), the Y axis is the anteroposterior direction
(forward direction positive), the X axis is the mediolateral direction (left direction positive). The angular
velocity is positive clockwise with respect to the positive direction from the origin of the acceleration

axis.
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Fig. 3.2 Device arrangement.
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Fig. 3.3 Sensor posting points and each axis direction for trans-femoral. The motion sensor installation positions
are L3, Below-knee and Foot. The acceleration axis direction of each motion sensor is the Z axis in the
vertical direction with respect to the segment (downward direction positive), the Y axis is the
anteroposterior direction (forward direction positive), the X axis is the mediolateral direction (left
direction positive). The angular velocity is positive clockwise with respect to the positive direction from
the origin of the acceleration axis.
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Table 3.2  Subject result.

Subject A Subject B Subject C
Running distance [m] 60 60 60
Total number of steps [step] 33 38 59
Number of steps on the prosthesis side [step] 16 19 29
Lap time [s] 7.72 8.87 21.55
Average stride [m] 1.82 1.58 1.02
Average pitch [step/s] 4.27 4.28 2.74

Average speed [m/s] 7.77 6.76 2.78
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Fig. 3.4 Results of the entire sprint process (60m). The vertical axis is the GRF (%BW). The horizontal axis is the

time (s) from the start to the goal. The red solid line is the estimated GRF vertical component (Porposed
method).
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Fig. 3.5 Result of the GRF vertical component of each runner at 1 step, 2 step, 3 step, 20 m, 40 m, and 60 m from
the start. The vertical axis is the GRF vertical component, and the horizontal axis is time. The plotted line
is the result.
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Fig. 3.6 Results of the entire sprint process (60m). The main vertical axis represents the displacement of the
prosthetic foot (cm). The horizontal axis is the time (s) from the start to the goal. The blue solid line is the
foot displacement amount  (proposed method).
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Table 3.3 Comparison of GRF impulse.

Sum of impulse [N+s] Average impulse of one step [N =s]

p<0.01
Subject A 2485.07 155.32 +28.84 ] . x
Subject B 2127.14 111.95 +25.22 * %
% ¥
Subject C 6034.12 208.07 £35.55 ]
Table 3.4 Results of the momentum of each sensor (L3, Socket (Below-knee))
from the beginning of thelst step to the 11th step.
Sensor position 1 step 2 step 3 step 4 step 5 step 6 step 7 step 8 step 9 step 10 step 11 step
L3 [kg m/s] 831.30 2222.90 1240.65 398.28 833.04 592.33 1221.64 1289.72 1725.74 2115.56 2324.56
Subject A
Socket [kg m/s] 28763.25 29715.32 32653.38 21503.00 35534.34 31103.49 17300.74 17712.60 34577.23 38652.60 30111.52
L3 [kg m/s] 590.66 505.53 946.03 -110.11 -316.25 -412.30 -295.44 -817.14 -1022.23 -470.53 231.59
Subject B
Socket [kg m/s] 22958.49 23651.67 23095.87 25396.78 25583.88 25368.45 25119.86 21589.98 21005.23 19040.81 21670.74
L3 [kg m/s] -81.04 3614.47 5652.75 6111.86 6488.41 3802.26 4951.62 5566.40 5288.61 5332.66 3637.65
Subject C

Below-knee [kg m/s] 117.55 3935.20 4752.42 4600.46 4687.01 4669.17 4327.79 4251.86 4624.94 5375.54 4816.71
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Fig. 3.7 Result of wavelet transformation. The result of subject A is (a), (b) is the result of subject B, and (c) is the

result of subject C. The vertical axis is the frequency (Hz), and the horizontal axis is the time (s) when

running 60 m. Frequency intensity is indicated by color; red is shown as strongest and blue as weakest.
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Fig. 3.8 Result of angular velocity in the longitudinal direction of the prosthesis and GRF vertical direction
component. The result of subject A is (a), and (b) is the result of subject B. The main vertical axis is an
angular velocity (deg/s), the second vertical axis is the GRF vertical direction component (%BW). The
horizontal axis is the time (s) when running 60 m. The swing phase of the prosthetic side is shown in
yellow. The red solid line is the angular velocity in the longitudinal direction of the prosthesis. The black
dashed line is the GRF vertical direction component (proposed method) on the side of the prosthesis.
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Fig. 3.9 Velocity of Motion sensor L3.
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Fig.3.10 Velocity of Motion sensor Socket or Below-knee.
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Velocity of the error of motion sensor L3 and Socket.
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Velocity [m/s]

(c) Subject C (20th step)

Fig. 3.12

Table 3.5
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Relationship between vertical velocity and foot displacement amount.

Relationship between depression motion and kicking-out motion during running.
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47

Displacement amount [cm]

Position of the maximum
displacement of the foot
in the stance phase [%]

Switching point of the kick-out
and depression
in the stance phase [%]

Ratio of momentum of kicking

out motion in momentum of

depression motion

Subject A (n=11) 39.1+26 463+2.9 1.128 £ 0.163
Subject B (n=13) 443+438 46.1 £5.0 1.032 +0.432
Subject C  (n=24) 51.1+2.6 503+2.5 0.996 + 0.007
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Fig. 3.14 Result of the vertical velocity of the prosthetic limb of IC and TO.
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Fig. 3.13 Result of the vertical velocity of trunk of IC and TO.
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(a) Subject A

(b) Subject B

Fig. 3.15 The trajectory of the prosthesis side swing phase of each subject.
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(b) Subject B

Fig.3.16  Acceleration of prosthetic foot contact.

Table 3.6  Result of Acceleration of prosthetic foot contact. (30 m point~60 m point)

Acceleration Yaxis [G] Acceleration Zaxis [G]
Subject A (n=7) 19.87+13.73 59.25+6.79
Subject B (n=9) 31.62+9.33 4291 +15.76
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(b) Subject B

Fig. 3.17 Stick pictures of the prosthesis side stance phase of each subject.
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Fig. 4.1 Markers and EMG sensor posting point.
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Fig. 4.2 Result of the ground reaction force and EMG.
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Fig. 4.6 Result of forced vibration simulation with pulse signal.
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