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A Study of Proficiency in the Operation of Assistive Robotic Arms
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Abstract: Assistive robotic arms are expected to improve autonomy and independence of persons with severe physical
disability. From a viewpoint of installation of assistive robotic arms, duration times required for daily tasks by using
them may become an essential factor. The proficiency in the operation of assistive robotic arms is also important.
Seventeen participants with quadriplegia tried to complete three tasks such as, moving or pick-and-place objects by using
an assistive robotic arm. It took more time for participants with cerebral palsy and spinal cord injury to complete the tasks,
while some participants with muscular dystrophy could perform the operation quickly. Proficiency in the operation of an
assistive robotic arm was also examined. The result implied that the examined assistive robotic arm is relatively easy to
master.

Key Words: Clinical evaluations, Quadriplegia, Assistive technology, Learning curve, Experience curve, Learning effect

1. [ZL®Ic

A RAmER Ry N7 —22FEHT LIk,
SHRBERAE MR « BRI L AU E OERNBIEL T
TEXDZ LIRSS 5 Z e A/ ESN WD, 2D |
—J, ko R b EEE R b—=Z L TORM R LICIER z
Ry N7 —20EKIIRNETHY, EEIZOEIVAHSH
TWRVWORBIRTH D, EEaERII LT, RIFFES L
— 7 TCRBERREREA R Yy h T —LDa Ak « XX T
4w FEHLMNIT DI LT RO YK ORMEE fif ik
TAHOORMERET I EE2ANE LY 2 b
ZEM LY, RO —#% ABML 2011 TH4 L= @, AWF
ZECI 2 MR RS CRRRE & FEHE 3 2 IR E R & R R
HHEOBTSDOATEREICIWT 3 7 ARETENMT
5L EWFMEREZIT o TWA, EHEHMEERTIL, #H L

iARM &4 5. LICKRSL %=+ v b LCW5 STEF
L iARM OB Z 1”7,

Fig. 1 Assistive robotic arm (iIARM, Exact Dynamics) and

e e & ® (STEF: Simple Test for Evaluating Hand
Function, LA STEF &39) OKERIRE & RILFERE, &
WCHEEER ARV BT 2 BEE AR L LT, vy T
— L OIS D RFHSCERAE I A DMK EZ R T D
AH T, € ORI O BRI B4 5 AL & LT,
HBEKEAERFLBEEEN 2Ry b7 — A CHEREE
PAIT T DBROPTERE R 2 G L7, £z, FEE Ry
b7 — 5 TR & T D B OBRED EH BB 5
EET O THRET S.

2. A&k
2-1 EERATERELREERICEISORY b7 —LiRE
DOFMERMEICET X8R
(1) JHuRy 87— b &G
HouRy N7 — L% AT ¥ Exact Dynamics fLE D

STEF (SAKAI Medical Co., Ltd.)

STEF OFREED 5 B RKEK & RLH D 2 #EZ b N HEH
BIEARNPLRW LT T Eo s L—I2E L FEOAEF
3HEEZ R Y NT—ATEITT D, BRI 1ELaRy
N7 =27 b N STEF ED LA 70 M 42X 2, #HE
FERWETAHMEIZBIS LA T U FERZIZENAEN
/RT3, STEF O KERFRRE, Ko7, #EHESZ2HVvE
A RREONER THEIE L, TNENOPTEREE] 2 510 L7,
k¥, EBRICHEIL- T, HLo EICW <7~ STEF OS5 3
SRy T —LATBEISE3E, 2y bR rhnn
KEway 72 L THREHEE, Ko7 e )Ea 28
WHIT BRRED 3 SO IRE % S L 7.



Desk

STEF board

Approximately 15cm
distance from the
participant’ s knee .

Participant

Fig. 2 Layout of an assistive robotic arm and a participant
during the STEF tasks
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Fig. 3 Layout of an assistive robotic arm and a participant
during the task of pick-and-place a mobile phone

2) EBip & LnRy b7 —LOHEFERK
EERAANE B OERGNIFIZ 174 (FEHHEEGHE 6 4,
T2y YXMFHUA I r T 4 —6 4, EAMI AT —1
£, MEF0O34, vy ra—-~vU—- Fhy—R% 1 £)
Thote. iz, BEOLRWERGNFIZIL THT.
K ICEERERAHOERBHEO Ry b T —LDH
EHRZELT. 2k, BEORWERRG HEFITF— v R
THEAEL .

Table 1 Participants with severe physical disability and their

control elements of the assistive robotic arm

Duration time

Duration time [sec]

Participant | Disease Input device

SCI, C4 | Keypad, operated by a mouth stick

SCI, C4 | Joystick (chin-controlled)

SCI, C5 | Keypad, operated by fingers
SCI, C5 | Keypad, operated by a pointing device
SCI, C5 | Joystick (hand-controlled)

SCI, C6 | Keypad, operated by a finger

DMD Keypad, operated by a finger

DMD Keypad, operated by a finger

DMD Keypad, operated by a finger

DMD Keypad, operated by a finger

DMD Keypad, operated by a finger

DMD Keypad, operated by a finger

Joystick (hand-controlled) and a push

cp switch

CP Joystick (hand-controlled)
CP Keypad, operated by a finger
DM Keypad, operated by a finger

o9 |0|z| £ |C|R|—|=|z|a|=|m|g||w|>

CMT Keypad, operated by a finger

SCI: Spinal Cord Injury, DMD: Duchenne Muscular Dystrophy,
CP: Cerebral Palsy, DM: Distal Myopathy,
CMT: Charcot-Marie-Tooth disease
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Fig. 4 Duration time required for the moving big ball task of

STEF by using the assistive robotic arm
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Fig. 6 Duration time required for the task of pick-and-place a
mobile phone by using the assistive robotic arm
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Fig. 7 Duration time for the moving big ball task by using the
assistive robotic arm (a single participant without disability)
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Fig. 8 Learning curve for the moving big ball task by using the
assistive robotic arm (a single participant without disability)
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