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Abstract

This research focuses on body augmentation technology, aiming to develop body aug-
mentation interfaces utilizing biological signals. We define body augmentation as “tech-
nology that enhances, supplements, or extends the human body and senses through tech-
nology,” exploring ways to supplement bodily functions and unlock new possibilities.
While prosthetic hands fall into three categories—decorative prostheses, active prosthe-
ses, While three types of prosthetic hands exist—decorative, active, and myopotential —
this research focuses on designing myoelectric prosthetic hands. The goal is to develop
a prosthetic hand capable of flexibly grasping objects of various shapes and allowing
the user to recognize the grasp even when the object is out of sight. Conventional myo-
electric prosthetic hands using servo motors struggle with flexible grasping adapted to
object shapes. Therefore, a new myoelectric prosthetic hand utilizing McKibben-type
artificial muscles was developed. McKibben-type artificial muscles bend fingers using
pneumatic pressure, enabling object-contouring grasping without complex control. Ad-
ditionally, pressure on sensory receptors attached to the palm causes internal air to
move into a container attached to the upper arm, causing it to expand. This allows
the wearer to sense pressure, enabling recognition of a grasp even when the object is
out of sight. In experiments, the grip capability and feedback function of the developed
myoelectric prosthetic hand were verified using various shaped objects such as bottles,
tennis balls, and wine glasses. The results showed successful gripping of different objects
using different hand regions. Although pressure differences on the wearer’s arm occurred
depending on the object’s shape and hardness, the wearer successfully recognized the
grasp even out of sight. Therefore, it was concluded that the objectives of this study
were achieved.

Keyword Body Augmentation, Myopotential, McKibben Type Artificial Muscle
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Body augmentation interface using biologic signals ~ASHURA~
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3D PV RYIX, TORNTHA Y F—RERICER0A 7Y = 7+ 2 YHEINCER T 2208
TH3. ZOHMIBEEE (Additive Manufacturing) & dMEEH, MEZEZ L ICHEAERT
R EMRT 25N TH 2. A-ETIE, 3D TV V7 %fT- 7% 3D 7V v 2EHWT, #
TEVI DR AL TSRS 2 & A=Y DEHE 21T o 7-.

2.6.3 HEFDEFVVY

FTFOET/N% Fusion 360 Z FHWTIER L7z, SFMOTEER 2.1 1R-7. K 2.15 X500+
FATHY, MEEEOFRELAHCT 20, TEHNCEBOER 2 mm ORERITTNE. X
2.16 1%, fEEWD T 2 7-DOIEXFFG L, RERHI L2 LFHBMTH 2. SEHORITT I
HHEZIZDATHELZRT, RCEZHIHEB I DEONATR 2 KOG L. kB, HHIKX
X 2.17 O NT #FHOFHEEZFHA L. K218 ZFOULHMATDETFTLTHS. EfhicX, X
2.16 OEBEZ NERICIND 5 Z & T, ZEEZMRANTTER L EE L 2o TWwad. REANZIZHAT 3
BEZEL L 2 2 KRB IDALDDZEMEH T 2. £, TORMIOBRNZF 2 —T%2F0D
HANE T 729, FEHICER 15 mm OREFIFTWE. ZLT, SHMICITETY V7 OEBET
EfE 4.5mm OREHF, M4 ¥4 XN EHAWTEE - BELTVS.
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2.15 f5HERAH

2.16 4E3CRHRAL (F2), 7 A YRR

()

2.18 FOUSE

%21 HBEREOIER

217 R L R

HISES it [mm] # [mm] 51T [mm)]

T 124 15 15

TESCFFHR i 30 17.5 30

ZE - 15 15 26

L 5 15 15

FO U S HBH 133 125 33
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2.6.4 HFOHIR|ZHEAIIT

BEkim% 3D V) X TEKT 5729, %F Fusion 360 TEM L =& —v % STL 7 7 A
L LTHALE ki, ZhedD STL 774 4% 3D PV b R—FY 7727 TH3
Z-SUITE ICHUD AR, R—Y OREBEAESCEH SO, BLXUOYR—- MMOREETo 7. FE
58T, 7—2&% Z-SUITE K@t In/za— K77 A e LTRIFL, 3D 7V ¥ & [Zortrax
M300 Plus V21 ZHWTHIZ1T o 7. HIRZE T, HOhIN7& =Y ZHALT, ‘BFOIH
SERVERE L.

2.7 [EHR - FREROBM

HTFOEEEM - MBI B 22008 hFHE L TRKEE AW, R Ehx827200RMIC
X, SIRMENE L, BRI OEMETH 2 PE 54 Y 2HMA L. PE 54 Y3k ERNE
EEh, FROMEMANCH-> THTFHNHEZEL, FOULNEOBHEEZERLT, TFoRM» S L
e~y FRUBANTHAOSICER L TWa. EIIFICE, =72y 706~y IXNVAAT
AC L% SR, NTHABNEST 2. Z0E, NIHRICERSNE PE 54 ¥H55
N, FEYEET 2 ko TWa. —7, EHiLEEMREIE2-00H#EMIE, 2 A MHB
XU T XIENE 7 mm DT LR W, FTAIFIELOMEHNC 2.4 mm OARRT
THEEXN, MELRETHEOEHL LHTFOFE 3 EEHHCHr I TR FFohTns. 5
JEHRERIC D BB, =7 R 7 bDZERMBRT 5 8, FI L0HMEINC X - TR HEIRNHE
THHAAATH 3.

2.19  Julih - RO 220 {EHEZHAAATRE

2.8 TJa4—RFNYIKE

2.8.1 NRABDILOEREEFRALERES

X221, X222 XAYRT LOHEAEEEZRT. ZOORMIF A 0V F 2 — 71k - THH
XN, WEIZER TSN EHREHR L TWS. —HORGBHEANICI > THEMENS &,
WERZZGDENB LR L, F2a—T2N LTI —HORBANCINESNS. ZOFHE, KoHElo

BaDPIRT 2. ZOX5C, W REPMTOLIL L LTHAHEL X>TWVWa. 20
JEfiE N2 Fa 2 REZAER, AKX DR 2BGEZEEIIRNBE LT 1 — PNy Z3EI
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JOH U 7=,
LD, ERTURZIER L CLwaERERE XN, FHFEIVIEROEMIKELIER T2 2
EDAREL T2 5.

X 2.21 YK HEEH]

X 2.22 Yk HuEHL

2.8.2 ZEXEERE, BREXEM

BEZAEEBICE, K223 ORYZF L VYHEAREHOE., ARERTFOFOULDORICHEX
N, VREIEE LBk e 0BT X > TS 3. 2RI K D BBRNOELRMIME X
N, FAarFa—7%@EU URERREANES NS HMA L R TWDE. AEMEIE, U3 E
R REy &3, W2 OZBINCENEREXE 2 Z L AJRETH 3.

X 2.23 KYZTFLrHes
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2.8.3 RUEIRTRER

BETRRENICIE, BEZEME LTHA LA e A—BEoRRZ V. K224 1IR3 X
12, RHFETIEAERZ MM Y FICHD U, BHEO EBEAADE TESE T 2/MEE L
7o, TOBRSHFIEE, ERRICECER T 4 — RNy 272 X DEEICHEIE2 2 ZHE L
TW3. REORHOAZEBT 258 R, Bzt k5 ICiET 2 2T, ARk X
BIENDEFLUTERL, EAREERLRT k5.

7B, BEREE LT, MiuERoEic &b EhiE BN ENZmz 2 75X & ME L 7.
LA L, FREED NS WD ENOFEEEZ AR LI W e, BXUBREEDBEIM X
B EEMESEMET 2 2805, A TIEIRES BT, ORI X 2 28
U7z FEEAR R AT RE AR 22U 7 R BRF L 7z

224 REESDRAR

2.8.4 *T&

£BF, Yy IRXUVBANTHN, 74—y 7EBZ—KMELEEL LTS 20, FHAl3fE
RBICEARERKIOD & 5 REBULEEZHELL. LHEOFEME LTIE MDF ZHWT, T
FL—F—h v - A L. EEROERM EZENE LT, e #Zis 2508580 A% H
B LEAZRE, EEIIHEHEAY FEHVE. BT EAOMAIIE, A7 —¥ 2.5 mm DK
ACZHVE. £/, K225 O X5 REESMSZ 3D 7V X TEIEL, tHHAALZET
T IFNVRANLHRE 7 4 — RNy VEEDOF 2 — T REEL 7.

RFANAL Z2EOBERPLERKICOWTOERMNBRFMEIIIT > TRV, UL, EERT AL
2BV TEBYLEHANCR 2 &, EEROZEWMETL, HHEIGEMRE S5 2 2[Rl
HBIEEE L. 22T, HEEOHZDODDDOEEILTIERL, EEANY FOREICEH L
FEtEITo 7. BRIICIE, BFEBIUOS y FRNVRATHAZEOEERREZLE L THRFTE
2 &5, MfE Y KOOI ELZFHEL, FiBERcr2» 2 MEE RS 5MEE L.

Zhuc kb, EEYPEHRAINREIHRTH - T, EEROThLEELZIH L, EEHICE
IR REEERHEL TV S,
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225 [EEHRE

226 —LLEE
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FE3IE BR

3.1 =REY

SEWER L 2HIEI D> 27 A EZ L ROK 3. 112RT. RAZEFOEZELTEHFEE L
TZEKJEEH V. ZORFCEIHEMHIEE TR LMENMES %2 Arduino TUHEL, V1L —
EV 2N LTERFZHIEL TS, ZLTEBADLHL T T XY I 0B~ Y
FRVBANTHAICE SN, NTHRPIET 2. X512, NTHRICED 3 shika35] 5
n, fErExEs. BITL, WREZIER L &, BRI M -EEZESESEEIN 5.
Z ORI, OB EBUCED S 5N TWAEBABEH LT, WiRT 2. X hEEER
FEZECHS Z e HKS. Lo L, MEOBEERIFIRIC X o T EBUT0 2 105 H571245 5
NIRWGEDD o 7.

3.1 PRAT7AREF

3.2 HFlEMEBUVWIRELDER

RIFZED HINC, ThEA RPIRERIRICIR > TIER T2 22 ) & MR EOPATVWE Z L 2 E
BB CTEZ 22 B 5. ZOHMPERI N TV S0 ZHWTT 3 72D HIfEY % F VTR
AEEfTo 72, MIDICHMO—2HIZH 2 THABRWIRERIRICH > T T 2 221 oW TI,
vy, 7ZRAR=I, VA VT IRAREDOIRIES bOEHEL, FEMTINRT 22T
20D Z AT o 7z, BE I ERE OFIBICE D AT, WIICHIEY) %3503 7= IR OB
ZRHIIL, MAZIEETE 208 3 kD2, ZOK, LURIEHLEZ 20T EN 3. 2,
ToAR—NEERE LI ZOKTFEX 3. 3, VAV I AZER L EOTEK 3. 411
T, ZRHDOMD X5 IIRICI o THEXZEINCEI U, TR AEETH 5 2 & HHERT
iz RO HOBEIIEMREEEZDEY LTWARWL. 202 25 b EMERHIEZ v
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WCERMRBREFEDARETH 5. RICHNOZ2HIZH 2 MEEOPATWS Z & ZEERAINCEEFT
EHZL ) I2o0nTE, —DHORGEEOBICHE L WK ZitR Lt 2ICEEEPENZEL %
D TELZDOMEERITo . 74 — KNy ZAEE © BE [ HERE ORIBUCED (11, Pk
WCHIEY) &3 LD 72 RRE TR ZEHI L, WADIEFRITo 72, ZOBICEBEHEIE T 4 — F Ny
ZIEBICE D EHIADENEKL 2 Z e BT ELLERET-o 7. ZOMR, BEH I E2{T-
BRI EBCHE N 2K T 2 2 e TE . AL OMGEED S, NRYDFIRIZIE U TRRIHET
X5 Z eI N, FERE LRRIC, EhzEUohs Zers, HFMIBWTHIER
AT E 5 Z e MR I N,

32 ErZiERLLL 2OT 3.3 TERAR—NAEHF L 20T

X34 VAT IREBEFE L 20T
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FA4E ER

4.1 RRRBIARDOIEFFICDOWVWT

MEEAS SR &, BRA RIGIROYIRZ, HEFFRIRETH 2 Z e 2R L. AT, fEofiFRIcE
HEPEATEIET, REGloRoLBIEEZHO T ZeDAlgE Ro . v FXNVAANTH
WZEMHT 22T, ZRETALHRZZR, IHESE2 28 Th2aMLgdsoikzsts
5 ZEDA[REL IR o Tz

4.2 FFERROEREA

REBRTIIICLIENTE T WD, FRIERORETIEIMHENSTDRL oz, ZHUDOWN
TIRANE, BHTHARZHEOIC 4 AHF->T W2 Z %, [ UEIHETEBOHES 2 FIR I
H3 2, iF8 4 XPRELUHEMULIRLEICR s R DBITFoND. 2O, MiEMT
HERORBEL L, /A XZ2ESHTDIC, REGRTOEEHEEZEZT, HREHFTOTHLERES
L7ce ZAEHIT 2 2 2Lz, AT, EBREMIIEHFE/ A X 2R ELRVESICL
7z. %7z Aruduino ® a2 — FEPICDEHEZMATED, ELWHEMICE2EEN /4 XL 3
RIEMREEPE BT 272012, ERHEEZRLZOMEE AMBEPRE TV EEHEN, &
LR IUEZDEZEEHEE A% L, ZEAHIIZD%RHANS S5EDOES LKL THET
HIUIEHMEE AT a— FEEAT 2 Z ¢ TEEMHIC X 2UEBZ S THEITHN L

4.3 T4—KNvIEBIZDOWT

MEEAS SR &, R ZIER 3 5 2 & T EBICE 23000 D, RIS T2k 2> TWn 25
EO 0l CE S IR I N, L L, WEROEESIEIRIC X o T Eilch 5 2 53+
DIFONBNGEDRD 2 Z e BHLLE o Tz FoHLWIIRSY, HEAMHERED/N X Wk
WBEZDDPBENDTHL 125720, R LTEMICO22ENBH o7z, ZDT7 4 — KNy
7 DI, HEEDIRE EHEICERR T 220X RAIRTH 5. ENDBTHWVGE, EEEI TR
LTW3IZH220bbd, L TVRVERELTLES AR, DH 2. CoRZH%TZ 5L,
RIAFLOHIERIGER L TW2 DD, FEHEHICL o TIRVPLTVERTF & L TIENEORHIDTE
eFEZHNS. ZOMEL, BREZEROMENENZ &, BEZAROID 1) 2 (0 E35H
YTRVWIEAERE LTEZONS. Lo T, BREZEROMEOLESLID (I EOH
Mtk y, EBCTORENEZEETELZ LS 74— Ny JEBOMELZNET 2XELD 5.
¥/, BEEPENEREC S Z LD TE 3 02OMEFCB VT O, RFREHE O BN RER
WKHKTF L TV 2 RICHERED H 5. AROFHIIZES OB ZHL L7225 2T, KD X Oisric
JEND Dol BBINRIDELDH L. LrL, AT EHEREKLE) 2w EEW
HIWHCHESWTFI L TB D, BBNET —X e LTOREEL TR, Led-> T, 7
Fiikk BB REHIITFIRCEZ 2B DH 5.
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4.4 EERRIZDOWT

BEL-HERTIE, BEAKIATETHS. LrLEAEOB LA, S “ODRENH S,
o, —OHX, KEWTHZ. EROBFTIE, ROICETET 2MEZRALT 2720 2 A
IR BH, TRLFEIN— X ZADEBMDAT, RFEOEBDAEETHD, ~ATHRTFOEED
BATHS. LrL, AERTERLEEZTFTE, ~P v 77— EHVCTEEL TV S 2D, —
ANTHREBCEET 2 Z L INEETH 2. Lieho>T, —ATEEZITO LEET 20 +59T
V. FORER, LEMSMEL 2D, #AMICHERETLTLES. 2oZehb— ATOHEE
PEZTERVEVWSHEEELTWS., Z2HIE, RFEMRDPEVRTHS. vy FNVEANT
BNZERET 2720, TARKKVHAMBELE Y LR, BF2RPEL LD, ERMOMHATE
EEECABEMEC RN D 5. I o 0B, BFOMVP T IICEELE T 2 ERNTH
3. AWZFEOHINGER I N2d 00, EEEDPHEMCHEAT 2 2 2E LGS, BIEES
POEME DI CHEDORMAE S . SHRITEEN LT EETE 2 HROFEM, LAEMORE
1t, MEOHI MR ERHETOWEDDETDH 5.
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E5% 0

ARIFED HENZ, BkA RPMEZ IR IR > THIR T, o7k Z b 2B T LM T
ZLHRTFOMRTHS. vy FAVRATHAZANCT, HEZRFEHIEL, SEERIIXE2.
F72, 74 =N I RA702HWT, VRZHER LRI, RFOEEEIERFLLZ 2R
WMTHIEDNTEL. ZOZehb, BFORFELZHEINTLERML ALY OMHT LI N TE
oo THREFEZR-LT 4 DEFIIBWT, BRFOEEZHBENTHRL, FROFITEDO W
BEDHIRETH 2. Lo T, AMKDOBMNIERTE Lz @Iz, LaL, BEEoLIic 3%
RFOERBIZOVWTOMEERT 22T, XV FEHANREMANLREZEONIEZD.
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