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Development of Artificial Leg synchronizing with A Healthy One
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Several million people around the world live with limb loss. Prosthetics are
useful to improve their quality of life, and some powered prosthetics enable them to walk
naturally. However, most are too expensive for most amputees to afford. We develop a low-cost one
that adopts the instep push/pull module to move the foot part of prosthesis and the heel raising
unit (HRU) to assist raising the heel part. Experimental results of HRU demonstrate that the optimal
spring stiffness of such devices linearly correlates with the body weight, and controlling release
timing of the spring improves its assistance effect.

However, in experimenting of the instep push/pull module, we had two problems, one was power
shortage of an initial version of cylinder motor, the other was that the motor driver of higher
power motor was broken because of regenerative energy. After solving such problems, we have
evaluated a new module by prosthetic user to improve its control algorithms.

SACH



¥ X C—19,. F—19—1, 2—19 (58

1. WFZEBRME Y IO &

JEAEGTBA O TRk 18 AR R I - B EAEFIAAE R Tl B UIWrE 23 Ak 13 4F 98,000
AP BAERL 18 AR 82,000 A (HEIN3-16.8%) . TROIWTE 23 Fhk 18 4F 49,000 A72> 6 Ak 18
60,000 A (HEINFE+22.4%) LleoTn5d, ENVEEEY AEY T —v a2 —0fik
(F7efc 2 2 8 B, H19) Tid, BEBUEDOKRI G & 72 5 72Ul O EHERMIT EAO—& &2 72 &
0. ERBIWTE I TR RIS O EERR O B L, FRC, IR EZRIR E 95 FEY)
Wi 3@l E ML TR Y, UIrEORMDBRKRELS BN L TWD, FililBEasnELETHA
LEH - T A NEAbE D LEMIZ 10,000 AFREDOEENEE SN D, FICHIMNC H 2z
U % &, Maurice Le Blanc 2 UIWiE OHEE NI 2 HEF L TWD (2008 FDFT—#), HHDA
M 67 fmAZxt L, I3 21X 1.5,71000 A, A OEIWEHIIH 1000 77 A L ST
5, EREUIMNEZD 95 30% TH Y. 70%I2H 7= 5K 700 7 ANDFEIE A4 O HER « TREME « 44
ERHDHEEZLND,

%< O FREINEZFIH L TV D BT E LB RN, BITERENRSAR LEE
R0 BRIF LI KBRS D ) THATT D720, BHNBREWVWE WS END 5,

LR E N AR EN X 29 5 AR 1T, FERITEM T H AR TIXARBEIZ /2 > Tuen
ZEMD, RENSWNEDEEA - I T D ORREERICH D, IR D UEFICE -
RS O L 902, RITRIZEI OGN E 23 RIS CHEA T | [lE 2B T2 AlRRIC T 2 R %
BT 5 Z Lid, HENERNPRKREIVEVZ D,

2. WHEOHB

WSz IS TR AR S TENWEE~OEL IR 2 DB N L L IThL TV 5,
TR L TV 5 @S RER £ © —1Z Ottobock £ED =12 v = — # HilfHllC & 2k F Genium
2R3 H 5, EFICEMERE CREE T WAITAIRETH S, LrLans, EFICEMTHD
LR ABE ORI E LY TEE I AZLERH Y | TN NS E b5, #f
TEBETH DN, HIEMOMHENMIZ L > THREZHET 5 DIZ, Levid. Hargrove D587 &
NdB2], XA 7L, EMAZFRT 2080, HRAZEKICHE T2 L2025 %T
ZIRFRI 23 3202 2 & IS EEAL O FHAI D HHIFE A 2 — MIBIER & 5 & Fhit T 5,

ARFZEE R TlE, Q) F8 O FRILHIFIELEA 220, (1) R IV ART N AT BE, - U 22k
ZROT L EHEREORBEOIT, 2k, SR RO OBREZRRE L, 2E01D TO
SRR > TR 5.,

3. Mo HiE

3. 1 K=xHMk

REHORO EF TS (FE., EE) 13, BEOKEICED Hi7= 1AM A7y B s
& — 4 (Instep Push/Pull) & #EIZfJ1F 7227 VU > 7 (Heel-Raising Unit HRU) % BEA7 25 /& 123
AL, I Ea—2HliEd 5,

BEfFEFE L O & Heel-Raising Unit (HRU)DBREIERIC T DO ) v X —F—H %
FIHT25Z2ETRaX MEERD, £, 2RODOEY 22—V EH IR BITICABEER
A~B#EHTHZ & T, BEDRICEDE =X MEEH S,

3. 2 FHOMLBEORWARRBITOED
BRENZE RN ORI N 2 T, BEMNCHSE L2 o CTBRS L-T — % 2 BREh s 2 o HlEc
WHT2Z ET, EADROBITNT VAR ENT-BRBITE2FEET D,

4. WFFERRR
4. 1 Heel-Raising Unit (HRU)

WERTOIIFE T, RICEMBOE FIF 2T VA M2 A7) 798D RiEE & Fl & oK E
EDOMICHBRGEA S L EHESNTZZ LD, TOMBBMRZFEMARERICE VLML
Too FEF L72 HRU O 310X, X 1 IZRT X 9 IZJERERFDIEZ N D7 72D X O MO 2 A4 LA
TV TEREAL VFROT X v F A MR LT, A7V > 7 58EI1L 3 Kg~11 Kg D 5 il
HOaANAT Y 7 EABE Lz, K277 X912, HRU 2 A=— D OIS LT,

R H 1,

(1) BITICE L= ORI : ¥ 3 1R T L 912, RIS EN o [3]1 280 fHid, 37
REOFHFENL iEMG DfEZ ATV T LEF L K AT Y TREIZOWTHIET 5, &b
FBNLMEVMEZ RT AT Y o T8 E A i (Spring Power at lowest iEMG) & L7z,

(ii) ZBBOIL : K4 1R-T X 912, B FIZ MS-KINECT [4] Z5% & L. 5 mDEfEE 41T L
T-IRF DA L O LT O EE & EAOEEEEZIET 5, ZEMEIL, 2 BT A 71
BT DI KIENIED FEHE L 95,

PR E L, 1624, T8 7%, 79 k. 84 7%, 87Tk, SO MK 1 LD TA4THDH, HANITHL

T VTR OREMEZRD, KEEOBKRE 7o v b LERBREZK 518 T, o7 i



X 1.V =% HRU B 2. V5 HRU %4555 X 3. AL %
L7 A=— T LT

T EIEE 2RV, (KEE AT TRE A ol & O =
TIRBRNH D LR s D,

FTo, BRI L CEEE & B O BT O B & oA DA B
ZHE LR AE LIRS, £1LIZBWT, 4. AT RBGHABR
AT Y TEEE =01 HRU &L
OUEMTH 5, #iREMIBL LD F1. 2T A I NVICBITAHEEED ETEA~D

AT TR TTEWEH B3, B RIEAUIE O EIME  (mm)

ZTNET X LATHY, HRU L

REORPEME E R T L/ Toh % Z | Spring power [ke] 0 3 5 7 9 1

LG HRU SBATICH BE 52 5 -

R R - Participant | Head | LR | 60.62 | 69.26 | 91.38 | 79.01 7542 | 76.53
1 OVFH HRU X, EEARIZ | A s, UD | 1944 | 2361 | 1356 | 2283 | 2001 | 13.70

FHLL 7R S B A L B K :
5L ARNNIAEL. Hiow 56 Kg) Mid- | LR | 51.08 | 61.32 | 66.90 | 59.02 | 47.74 | 58.85
L AAET 5, HARRYIZIL, BEDNR hip | UD | 3225 | 31.89 | 2330 | 28.10 | 2678 | 27.75
(AL 72, RS KV AT AT
W72 A I v 7 TR ;&,ﬁgm Participant | Head | LR | 30.45 | 30.99 | 52.27 | 4535 41.29 | 40.08
l}/\ %%fkéz/éé;%;égé B (76), UD | 1528 | 2030 | 17.85 | 2030 | 11.63 | 10.23
\o _ ~F e, XU iy
Vo R %;@zﬁg%ﬂ;@%}:; . HA3I | 48Keg Mid- | LR | 31.10 | 37.87 | 46.90 | 3401 | 3890 | 32.52
> 7B RE & FE L L 72k B HRU
ZBA%E L7z, BB HRU (X, X 612
LT X912, FELl FTE & HRU & | Participant | Head | LR | 41.25 | 59.01 | 4244 | 5636 | 54.62 | 50.98
[ CHERA 7Y o 7afn #
A X T HIEEB O O S LD,
EESAMOCEICEEE SN D, ¥ A | 60Ky Mid- | LR | 5850 | 58.97 | 55.10 | 58.71 | 62.14 | 77.81
TR RE A TR T, A
B 48 3D 7Y ¥ & flio Tk

hip UD | 2456 | 23.84 | 2221 | 23.24 14.79 | 17.67

C (78, UD | 15.82 | 25.08 | 19.39 | 15.36 1453 | 18.56

hip UD | 2625 | 2636 | 25.53 | 26.58 24.64 | 26.05

B HRU #8EL 7=, Participant | Head | LR | 66.88 | 60.40 | 57.97 | 6829 | 7561 | 65.40
KR HRU #2555 L7t @iz

HIHE R EA RIS 5 . L PO UD | 2068 | 10.13 | 2221 | 759 | 13.89 | 11.83

HANTFIZTFENRD %Buﬁ':p B EIZ | 60Ky Mid- | LR | 6242 | 59.12 | 51.13 | 53.55 | 63.88 | 57.20

ATA R, #dhD 2 RFRFE D 1 _

5. 5 E S Y | s hip | UD | 1938 | 1687 | 21.83 | 1563 | 13.02 | 19.04

HIET, JyTFNT Y FIRIEIS | paricipant | Head | LR | 7167 | 9123 | 7808 | 7168 | 8236 | 7321
72 %, e T FIHE OREAER L Y

B & FEASEN S L Ay | BG4, UD | 1332 | 830 | 1674 | 2626 | 1041 | 21.85
& O*% 0)33 éia: L9 N %B'jp"] CATIZ | gokg) Mid- | LR | 5325 | 44.67 | 43.69 | 4730 | 6553 | 47.34
AT A R, ED AKRFHE Y (2 [E]

iz EEL E AN R Y |2 e]ERd hip | UD | 2449 | 1828 | 24.93 | 30.66 | 27.17 | 3138

HZ LT, )y TSNS,
& 22748 4 NIZxE L CUHRU &
B HRU OFZ 17 > A DO ERE | F©67. UD | 22.64 | 20.76 | 2587 | 19.07 | 1552 | 16.06
IR % EBRAR D T fER 2K 8 12
R, IRIFLLTFOXTRD -,

IR = 100 x (B — A)/B; hip | UD | 20.15 | 25.16 | 18.78 | 21.16 | 14.14 | 16.19

Participant | Head | LR | 41.99 | 36.83 | 36.95 | 37.61 38.90 | 22.61

38Kg) Mid- | LR | 25.74 | 33.13 | 2526 | 226.78 | 30.39 | 21.17

A B2 T X FAES A F (> | Participant | Head | LR | 4655 | 4894 | 41.17 | 4500 | 34.58 | 39.54

D iIEMG G (89, UD | 28.18 | 14.10 | 1561 | 18.09 | 14.29 | 14.01

B HRU Xk P'e¢ R HRU #{#} | 575Ke) Mid- | LR | 4329 | 31.80 | 31.61 | 40.55 | 2828 | 3291

Ltﬂ%@ 1EMG hip UD | 2993 | 29.63 | 23.97 | 24.95 13.19 | 19.95




Spring power at lowest
IEMG [kel

Lo T S & L~ I = B v +]

L
w

40 45 50 55 60 65
Body Weightlkg]

X 5. HRUGBEHBFOKE L 7 VA MNP K ERD ATV o JiRE O R%

U shaped rod (D)
L shaped ]
rod (E) j
L %
Bottom part (B
nner spring prA
P
e Slider (C)  This pinis fixed to
Release timing the bottom part.
control part
4 6. R HRU B 7. ZA 2Tl

90
80
70
__ 60
€ 50
g 40
§ 30
S 20
E 10
0

-10 ParticipantA ParticipantB ParticipantC ParticipantD

-20 B.W.=72kg B.W.=61kg B.W.=49 kg B.W.=55kg

® Improvement of the simple u. (%) m Improvement of the evolved u. (%)

X/ 8. HRU & 2B HRU O J1T7 ¥ A b DBk B E Ll

W7 o A MBI E I L > TERLN, WIS WE HRU OFR, i 7 v A FERE
W ENGND, AENTAEED 7V X EZFALCEELTCZ L H Y  EHEN 210 g LEL
HEALSLTWE S OMENBAE L, BEOEMISEREZEXD LV TN VFH HRU OFF
NEAMEITE W EHBTL TV B,

AR EZ M L Ema T 2 — b5 0TI Y v a— X0 b2 8Dy =
— XA =B E DT =D, BRE SN Do T,

4.2 Instep Push/Pull ft& e (BrEhzEL)

WHNEA Y = ZE—Z O/ ) o B —F—#[5] % Instep Push/Pull % #L75A A CERE)
FREAZBUWELTZN, MV ARENLEEEHE 070 B E CERENH R 2o Te, 2D, Uy
TV Al A —F VDOV U E == IR, EREITo T, PREIIR SRS
Thb, EBREZEZXIITRT, ZOEBRTIH, BT TiEel, [EEA2E1E 28 LT,

T L TY XA, FEOEIZ 6 iz ONEHEE : 3#h, v Ao : 3k ZIFL, &
SEDONMEE Y V2> CEEDHEDIK~DEME ZDOHOBENREWZ7-Z L A2RE L%
BICEHERHBEN L FTF2 2 ETREZWMD X HIC Lz, ZOREZBDENMEICL D, |EIIHKRAIZ
o EFonsZEND, FRICH S BEDOHI~OIREY HLEZ BRI LIzGAIc e R Z 5] &
EFBZETNEEHITD LI LT, 2OV EIF X, BEERNTEY H L7BITER RIC
MPEDZ L ERT DD TH D, 6 ISt —T7 — 7 4 [6llc il L=,



9. 2WETFTNOEEHE 10. 3WET N O EER

AREBRICBNT, WRE N ERE L2 FZEICEREZ DT BRI — 2 ORI ERIZSH 5 )Y
—IC R L7o, FHE LR, KR~OEOEMIZHRON TREZBABRICEE RN U U
—T— DD TR R —IC IZEETE 60 V 22 2 EENFEAEL, /XU —IC niE
L2 &AL, ZOXRE LT,

G) =% RT7A 7HRICE—FWRENC LD T=xrX—mALREE] 22BN 5,

G) YV H—F—HLBROBMEECT DRV X%, WEREBNEIELHIET2 4D

V) EET D,
D2o%A LI, MEITHOWTEME LZAER, WTFhOMEREICBNTH /T —IC HEET 5
ZERELS o, TR X VNIOWNWTIE, VY A —F— XL EREDEEITHND MV T R
BT 5 End, =X —AEREKE > TR REOHE T LY X LD E DT,

SWET IV CTOEBEFZ X 10 17T, 3WET /AT, BV O I OLE & 28 2 1
MOIEEICEE Lz, 73 XALE L TR, BEDR~OEMIHELS . THRBBREZEZ -2 &
OB Z TEPRBIEONE 2B % 72 2 L ICHERE ) ICAEE Lz, Tt @EENSbRE~DRE
BEIZMHIEE L, BERICITTEDHLICTHRDTHD,

FORER, Vi EHUUT D2 HERRT XX ENHBALE,

Q) PR A D BRo i E O EAL

(i) HZRICEWTZROBEZRNIE> TOLSEME~D T > 2 MEN

ST, RSt =T =T A [l B LOKRASHEFT 7 / [T OWE 2 LR &3 2 BRE)
FEOFAEICHIIE « BIREY = —XEBATT %,

<BELWR, F>

[1] Ottobock, /& DFEFE & #51% ; https://www.ottobock.co.jp/prosthetic_le/info/structure/

[2] Levi J. Hargrove et al., “Intuitive Control of a Powered Prosthetic Leg During Ambulation: A

Randomized Clinical Trial,” American Medical Association, JAMA, Volume 313, Number 222015, pp.

2244 — 2252,

[3] Wireless EMG logger, Logical Product Corporation, [Online]
http://www.lp-d.co.jp/EMGSensor.html, [retrieved: June, 2024].

[4] Meet Kinect for Windows, [Online]

https://learn.microsoft.com/ja-jp/windows/apps/design/devices/kinect-for-windows, [retrieved: June,

2024].

[5] Single motor cylinder, DR series, Oriental Motor Ltd., [Online],

https://www.orientalmotor.co.jp/products/new/180611341135dr/

[retrieved: June, 2024].

[6] B EtEA —T —/L T A | https://www.erii.co.jp/products/bluetus/,

[retrieved: June, 2024].

[7] ¥ SAEFT 7 /), https://iwate-tech.wixsite.com/mysite,

[retrieved: June, 2024].



1 0 0

Haruki Baba, Akimasa Suzuki, Yoshitoshi Murata

vol 12 no 3 & 4

Spring Assist Unit for Individuals with Walking Disabilities

2020

IARIA, International Journal on Advances in Life Sciences

102-113

DOl

4 0 4

Haruki Baba, Akimasa Suzuki, Yoshitoshi Murata

Assistance Effect of an Evolved Heel-Raising Unit for Walking Disabilities

IARIA, eTELEMED 2022

2022

Yoshitoshi Murata, Haruki Baba, Yukihide Nishimura

Proposal of Powered Foot Prosthesis Emulating Motion of Healthy Foot (PEHF)

IARIA, eTELEMED 2020

2020

Haruki Baba, Yoshitoshi Murata, Tomoki Yamato

Proposal of Spring Assist Unit for Walking Disabilities

IARIA, eTELEMED 2020

2020




Yoshitoshi Murata, Tomoki Yamato

Module Structure for Foot Prosthetic and

Interface Standardization

ITU, 2019 ITU Kaleidoscope Academic Conference

2019

2021

(Nishimura Yukihide)

(20464117)

(31201)




