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Operating Interfaces of
Electric Wheelchair Mounted Robotic Arm

Laijun Yang

The Division of Systems Engineering, Graduate School of Engineering, Mie University

ABSTRACT

There are currently many people with physical disabilities in Japan who face limita-
tions in their daily lives. Spinal cord injuries, cerebrovascular disease, cerebral palsy,
muscular dystrophy, and ALS are some of the diseases that cause physical disabilities.
Particularly, there are currently over 100,000 patients in Japan, with an estimated in-
crease of 5,000 patients (40 per 1 million people) each year.The spinal cord is injured
primarily when a strong external force is applied to the spinal column. The majority
of such injuries are caused by traffic accidents and falls from great heights. Meanwhile,
the majority of patients were injured at the C5 level.

The deltoid and biceps brachii muscles are the primary motion muscles of C5 patients.
These muscles are capable of shoulder joint flexion, abduction and extension, elbow
joint flexion, and forearm supination as motor functions. However, because paralysis
affects almost the entire body from the chest down, individuals need assistance with
many aspects of daily life. Mobility, for example, is provided by a motorized wheelchair
or a wheelchair with a hand-rim device. Because of trunk dysfunction, individuals have
difficulty sitting and require assistance grasping objects in front of them. Particularly,
the assistance of picking up objects from the floor is necessary. They also have difficulty
in such activities like opening and closing their hands, grasping, drinking, and opening
doors due to motor dysfunction in the upper limbs. The difficulty of these activities
not only reduces the individual’s quality of life, but also places a significant burden
on caregivers. For these reasons, it is critical to improve the quality of life of these
severely functionally impaired cervical cord injury patients.

Recently, Electric wheelchairs with robotic arms have gained popularity as a life
support system for people with cervical spinal cord injuries. A robot like this is attached
to an electric wheelchair and used in place of the arm of patients with C5-level cervical
spinal cord injury. It is possible to support a wide range of motions with a robot
arm, increasing the number of things that people with disabilities can do without
assistance, resulting in an improvement in their quality of life. This robot is controlled
by a variety of interfaces. Common joysticks and virtual joysticks on screen are two
examples. However, in some cases, these interfaces cannot be used due to symptoms

such as the subject’s finger contracture.



To address this issue, various electric wheelchairs and robot arm operation interfaces
have been proposed in recent years based on the symptoms of disabled people. In
terms of the electric wheelchair operation interface, we primarily use the automatic
driving method to reduce the operator’s burden. GPS signals, for example, have been
used to develop an automatic driving system for electric wheelchairs. Although this
interface significantly reduced the operator’s operational burden, it was difficult to
use in an indoor environment due to the accuracy of the GPS signal. There is also
a method for automatically creating a spatial map using 2D /3D LiDAR and driving.
When spatial mapping is generated in advance, such methods are limited in their
application. Furthermore, issues such as communication delays cannot be avoided
when producing real-time spatial mapping. Research on automatic and semi-automatic
operation interfaces for handicapped people has advanced in recent years. For example,
there is an interface that loads a depth sensor and multiple cameras onto a robot arm,
recognizes the target through image processing, and automatically grasps the target in
response to an operator command. However, due to the use of multiple cameras, the
situations in which it can be used are limited depending on the operation method. A
voice and gesture interface for manipulating the robot arm was also proposed. However,
because such an interface necessitates the registration of commands in advance, the
situations in which it can be used are limited.

In this study, we proposed the electric wheelchair and a robot arm operation inter-
faces to solve these problems, with the goal of making the cervical spinal cord injured
person independent. for the wheelchair operation, we first proposed a virtual joystick
operation interface on a screen that corresponds to the symptoms of people with cervi-
cal spinal cord injury in the proposed method. An input correction system is introduced
in the proposed method to prevent the meandering motion caused by the operator’s
shake. On the other hand, in order to reduce the operator’s burden, we also proposed
in this study an operation interface that recognizes the AR marker attached to the
target by one camera mounted on the electric wheelchair and runs automatically. Fur-
thermore, to address the issue of running errors that occur during autonomous driving,
we used regression analysis to create a model that predicts running errors based on
real-time positional data from electric wheelchairs. Following that, we introduced an
input correction system that can calculate the command value’s correction coefficient
based on the predicted error.

For the robotic arm operation, in this study, we proposed a virtual joystick on
a touch panel, a robot arm operation system based on 3D hand movements, and a
visual information-based operation interface for a robot arm equipped with an electric
wheelchair. The proposed virtual joystick can be easily connected to the robot arm

from a smartphone or tablet and operated using C5 level cervical spinal cord injury



patients’ residual arm function. We also introduced an erroneous operation prevention
filter to prevent erroneous touch panel operations. The proposed 3D hand motion
operation interface enables 3D arm operation by reading the operator’s hand motion
and can reduce the number of operations, which reduces the operation completion time.
In addition, we proposed a visual-based operation interface for the robot arm to pick
up an object that had fallen on the floor. One camera is mounted on the hand of the
robot arm, and the operator can search for and grasp objects on the floor by giving
visual instructions.

To verify the efficacy of the proposed method, we carried out an operation experi-
ment that mimicked the daily living environment of C5 level cervical spinal cord injury
patients. It was confirmed in an electric wheelchair running experiment that the pro-
posed on-screen manual interface improved operability in terms of operation completion
time. In addition, the effectiveness of the proposed running error correction system
in the electric wheelchair automatic driving system was demonstrated by comparing
the running track and the voltage command value. For the robotic arm operation ex-
periment, the effectiveness of the proposed on-screen manual interface and erroneous
operation prevention system was demonstrated in an experiment of operating a robot
arm by comparing the movement trajectory of the hand until task completion. Fur-
thermore, we performed a comparison experiment with a conventional joystick and
confirmed the improvement in operability by comparing operation time and number of
operations with the proposed 3D hand motion interface. Finally, it was demonstrated
that the vision-based robot arm operation interface reduces operation burden by re-
ducing operation completion time and the number of operations when compared to the
conventional method. Furthermore, high results were obtained in the questionnaire
evaluation, demonstrating that the proposed method can easily grasp objects on the

floor.
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goggobbbbboduoooooobobbobooboboodgboboooooooon
gbobooboobbooboobobuooboobbooboobbooboobobo
000000000000o0O0O0O00000o0oooooOOoDoooOoO (0)oooo
bobodbOdFie 1300000000008 UOOOODbDOODLDbDODbDODO
OO00000100000T1st cervical nerved OO0 O0O0CIOO000O0OOO00O0OODOO
Ococ3gnocspooosuopoooooooooon

000000000000000000000000000000 ®oooooo
gboobuoobuoobuoobuooboobobbobbobb Feg 14000000
gbooobooboobboobuooboobbooboobbooboobobo
gbogbougobogobooboobobbobo

Fig. 1.50 19970 4000 20000 300 000000000000 ObOOObDO0ODO
0000000000000000000 (RSCISC)0D0000O0O 4210 (00O 35600
006000000478+ 1730)000000000000O0OOOOOODODOO
gbbobeoboobobOos4tibeioboboboonoiroo 2000000
DooolMoFig 1.50000000000000000Cs00000000000
oooooobo0oooooboooo chopoboooooooooobooecuooDoo
gbboooboobboobuooboooboobbooboobuoobooboo
gogbbobobboogooobbobobbooooooobbobbbuoooooon
goobbbobbouooooobbobbbouooooobbobbooooonon
gbooobooboobboobuoobboobooboobbooboobobo



1.1 0000 3

T8 -

1
2
3
4
5
6
7
8
" ESERREE BRFT5T"2002(C K5 A

Fig. 1.3 Cervical spinal cord

% : EESHD /L FE (BEOEECESD) /0 FERL

HEEhiaE clL | c2 | c3 | 4 | C5 | 6 | C7 | C8
BEI<HD b ) ) i O O O e
BRI X X Ll ) 2 O O 0
iz tif3 % X X X I A O 0O
HEZETS % X x X ) A O 0
FEETENT b X x x » A A A
EEDIET X X X x X X A A
RZEOIET X X % * % X P A
BEEETFS X % ® ¥ % X ) A

Fig. 1.4 Having paralysis or not of the exercise function

gogobbbobbboougobuoooooobbboobbouooooooobon
gboobobooboobboobuooboboobbooboobboooboobon
goobbobboogoobbobboodoooobobooboboooooooooboon
gobbobbouooogobobobbbouooooobbobooooooooboo
ooboooobooooorLbobooboooooobooobooobooobooo
OoobooOo0obOoOooooQQoLobooooooooooooboboooooo



4 g1 00

(N) (N)

40

L EEER
B sy 30

50 20
40
30
10

0 0
Cl C3 C5 C7 Thl Th3 ThS Th7 Th9 Thil L1 L3 L5S1 S3
“HERICEIT2EHETHEEEOR R ICE Y sIA

Fig. 1.5 The number of patients according to the damage level

1.2 00000000000

000000000000 0000000000000000000000000
00000000000000000000000000000000O000000
000000000000000000000000000000000o0o0ooa
00000000000000000000000000000000o0ooooag
O0Fig. 1.600000000000000000000000O000O000O0O00O0
00000000000000000000000000000000000o0o0a
00000000000000000000000000000o000oooooa
000000000000000000000000000000

0000000000000000000000000000000000000
0o0ooDo0ooOoooo®¥ooooo0000000oo00O0D00ooooonooo
0000000000000 0000000000000000000000000a
00000000000000000Fig 1.70 00 Kinowa Robotics 0 0 O JACOO
0Fig. 1.80000000000000O0RAPUDADDDOOODOOODOOODODOOO
000000000000 00000000000000000000oooooag
00000000000000000000000000000000000o0oag
00000000000000000ON/OFF000000000D00000000
00000000000000000000000000000000000000
00000000000000000000000000000000000000
000000000 00000O0o0oOoooooM™Mpoooooooooooooa
00000000000000000000000000000000000000
00oo0oooooooooo Mg



1.2 00000000000
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Table 2.1 Configuration of electric wheelchair
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Table 2.2 Configuration of Bluetooth module
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Table 2.3 Configuration of Arduino Mega 2560
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Fig. 2.9 Operation screen of conventional method

Fig. 2.10 Operation screen of proposed method
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Table 2.5 Operation timels| of conventional method
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0000000000000000000000000000000000000
D0000000000000000000000000000000000000
00000000000000000000000000000000000000
00000000000000000000000000000000000000
0D0000000000000000000000000000000000 GUIO
00000000000000000000000000000000000000

100 (200 |300 |0O0O0
OO0 A | 46.5 35.8 45.0 424
Oob0dB| 624 58.7 50.8 o7.3
OoooC| 44.6 44.4 51.6 46.9

Table 2.6 Operation timels| of proposed method

100 (200 (300 (000
o000 A | 26.7 29.7 27.1 27.8
Oo0d B | 286 38.8 44.3 37.5
ooocC| 353 33.5 40.0 36.2
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Fig. 2.12 Input signal series for y coordinate in the comparative operation experiment
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Fig. 2.17 Working range of the robotic arm

R
\/xf,l+y?n—l—z,2n< 5 (25)



23 0000000000 000000

27

Fig. 2.18 Specified working range in the horizontal plane
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Table 2.7 Relationship between error and initial angle

Degrees | Error
Degrees 1.00 0.82
Error 0.82 1.00
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Fig. 2.24 Relationship between error and initial angle
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Table 2.8 Relationship between error and initial distance

Distance | Error
Distance 1.00 0.54
Error 0.54 1.00

71 {e=0194 x L .« »

[ ]
P~ 0.538 ::
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Fig. 2.25 Relationship between error and initial distance
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Fig. 2.32 Running course C
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Table 3.1 Specification of the robot arm Udero

DOF 4 (Arm) + 3 (Wrist) + 1 (Hand)
Max. Reach 88.5 cm
Max. Total weight 6.0 kg
Max. Payload 1.0 kg
Max. Movement speed 20.0 cm/s
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Fig. 3.1 7-DOF robot arm Udero
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Fig. 3.3 Folding state

Table 3.2 D-H paremeter of Udero

i | 0; [deg] | o; [deg] | d; [cm] | a; [em]
1 61 -90 di 0
2 6y 90 ds 0
3 05 —-90 ds 0
4 04 90 dy 0
) 05 -90 ds 0
6 6 90 dg 0
7 6; 0 dr 0

00o00do0oOobOdboOo0ooooooooOdboooooooooon.

00000000000 DOO0DOO0DOO0DO0DO0DoO0oDO0oDO0OD0OoDoooOooOon
O00000O0bO0bO0bO0obOO0oDOODO0oDOO0oDO0oDOOoDOO0oDOO0oDOOoDOoDOODOn
0000000000009 [deg) 0000000 OODODOOODOODOODOOOOOO
0000000o0DO0b00o0ooo0ooDoooooodoooooooog

Denavit-Hartenbreg 0 0 [0 Uderod D-HO OO O OO Table 3.20 000

god0oobooooooobboooboooOon Y Oooooobooobo ¥, 00000
00000000 00bO0bO0O00000bO0bO0oD0oDoooO0oDOoDOo0Dg xy70
000 Ry ,00000000000DO0O0DOO0O0ODOO0ODOO0ODOOOD
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Fig. 3.4 System configuration

.

&
-
r
B
-
.
’
b
-
P
’
’
.
v
‘
)
5
g
) -
JJ Vi
! g, =
i \, Y’
[} I i
i e, LN
v -
i ' \1
- H
! o \-._.""
[] \
1 i
1 L= s
acd
- ]

r

Fig. 3.5 Working range of Udero



50 030 0OD0000ooboogobnoooodn

To—7 = lo—ps + Ro—3[ls—se + Rs—a(ls—ew + Ra—rlz—wt)] (3.1)

Ro_7 = Ro_3R3_4R4_7 (3.2)
oooXx,,0000 X, 0000000 RUODUOOUOOOOOooooo

cosf; —sinb;coso; sinb;sinq;
R= sinf; cosf;cosqe; —cosb,;sinq;
0 sin oy COS o;

lo—bs, I3—ses la—ews l1—oy 000 0000000000000 O00O0CO0OO0OOOO
00000000000000000000000000000000000000
0000000000000 00000000000000000000002¢_, 0
Ry, 00000O0000Eq (33)0000000000000

To—sw = To—7 — lo—bs — Ro—7l7—wt = Ro—3(l3—se + R3—als—cw) (3.3)

000000000 0O0Eq. (33)000000000000D000000O0O00O0oODO

3.2.2 UderoODODOOO

Udero DO OOODOODODOOODO0ODOOOOOODDODOODOODOODDOOO
goobbobbooooobobbouoooobbbodug sgoooboboooon
gbogooobgoobobbibd 20,000 Ry, 000D0O0O0DOODLOODOOODO
gogobobboooobobobbooooobbooooooo

6,000

O00000000000000000 x9-sw 0 Eq. (34)0000000Eq. (3.5)0
D0000000000000Osing, = 1—cosf, 0000000000000
Eq. 37)0000000O0O0OODOO

To—sw = Ro—3(l3—se + R3—als—cw) (3.4)

|$O—sw|2 = |13—se|2 + |l4—ew|2 + 2(13—86TR3—4Z4—6’U)) (35)
fsw2_ lfseQ_ lfer

cosfy = [Z0-sul” = s—sel” = la-cul (3.6)

2“3786‘ |l4few‘

0, = arctan(sin 6y, cosfy) (3.7)
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Fig. 3.6 Calculation of 6,

6,000
;=00 Eq. (3.3)0000000OEq. (3.8) 0000
To—7 — lo—ps — Ro—7lr—wt = RiRoR3(9,—0)(I3—se + Rals—cw) (3.8)
Eq. (3.8) 00 0000D00OCODOO
( asinf,cosf; bsinf,sinf; ccos by >

Ooboo0o0od0OeObD cOOODOODOOOODOOODODOODOOOUODOODOD
gbobboooobbbuooobbboooobbboooobbbuooan

(an a12 a13>

goboboooobbbuoobobbod

CL112 + CL122 = CLZ(Sin 92)2 (39)
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cos Oy = a3 (3.10)
a

0000060 Eq. (311)000D000D0000006,000000000000000O

0, = arctan 2(sin 6y, cos 65) (3.11)

05, 6 ;000

Eq. (3.2)000Eq. (3.12) 000000000

Ry7=R3 4"Ro 3" Ry s (3.12)
Eq. 3. 120000000000
— — cos 05 sin 6g
R4,7 = — — sin 95 sin 96
— sin g cos 87 sin g cos 5 cos g
oo0ooooon -" 00ObO00000obOoO00o0o0bobOoooooooboooao

11 Ti2 T3

r= To1 T2 T3
31 T32 T33
ogoooooood
cos b = 133 (3.13)

(sin05)” = g1 + rap” (3.14)

00000060 Eq. (3.15) 0000000000006, 0 ;0000000000
ggoooogd

0s = arctan(sin g, cos ) (3.15)

3.23 UU0OOOOOOOOOOOOO

UderoOOOOOO0OOOOO0OOOOODOODOOOODOOODOOODODODOOO
goggobboboboooooobbbobbbooooooooboboobbooooonon
U0Fig 3700000000000 D0OO0OOODOOODOO0ODOODbLODbDOOn Js
00 J;,000000000000D006,,0000D000D0O00O0O00O0DOOODOAO
ooooé 00000000000 0000O0O0DDOO

01 = arctan E (3.16)
Y
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Vi (3.17)

0, = arccos
Va2 +y? + (z— Lo — Ly)?

® P(x,y,2)

Fig. 3.7 The specified coordinates exceed the movable range

3.24 U0O0OO0OOO

OO00000o0o0ooboob cobooooooOoOUnityD UdecoDO0OOO0OOO
gbobbbbdoogoobbbbtboddoooobuoooooooobbboboboo
goobboboboooooooobobboooooobobbboooooooooobooon
gbobbooogbbbuoooobbboogobobuooooboboogg.

goobooood

Unity J Udero0 0D 00000000000000000000 UderoOOOD
000000000000000000Udero000000000000000000
0000000000000000000000000000Fig. 380000000
04000000000000000000000000000000000000
00000000000000000

0o00000000000000O0000000o L0 L,000000000
0000000L,.0 L0000 Eq. (3.18) 0 Eq. (3.19) 0000000

Lue = \/(La + La)? + (Logguee)? (3.18)
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Fig. 3.8 Offset in the 4th Joint

Loy = \/(L4 + L5)2 + (Loffset)2 (319)

O000000b0o00b02000004000000000DO00O0O0ODODO 640
Eq. (32000 000000000000000040000060000000000
000000 6,0 Eq. (32) 000000000000

Loffset
054 = arctan ———— 3.20
2 L (3.20)
Loffset
046 = arctan ———— 3.21
10 Ly+ Ls ( )

000000000 6,0 6040 Eq. (3.22)0 Eq. (323) 000000000000
O2c = by — 024 (3.22)

Os = 04 + 04 + Os6 (3.23)
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OobooobodboOunity0OO0ooooooOoooboooobooobooobooon
gboogog

el70000D0O0O0DO

UderoOOODO 6007000000 Fig. 390 000000000000000O0O
gbooboobobobobbo2b00bboobooobooobooobnoeb7obOO
OUob0oobOob0obobooboobooboobooboeg7TOObOOODOODO 6O
0000000000000

SBEE—X—CHRENIT
HEWE

Fig. 3.9 Structure of 6th and 7th joint

000 Je0J7000000000000000 ¢¢0 ¢, 000000000000
00000600000000 600700000000 6¢,00000Eq. (3.24)0
Eq. (325)000000000000Eq. (3.24)0 Eq. (3.25)0000000¢0 ¢;0
Eq. (3.26)0 Eq. (327) 000000000000

O = M (3.24)
¢ = b6 + 07 (3.26)

b7 = 07 — O (3.27)
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ggbbooood

Unity UderoOOODOOO0O0O00OO0OO0ODOOOOOOODOOOOODODOOO
O000O0Table330 000000000000 (0,1,00000000 (0,0.5,0000
gooooOoOoOoOoOoOoOoOOOOOOOOOUOOOOOOO (o,1,0)0000od
(1,1,0)000000000000000000O0O0OO Table34000000 200
0000000000000 0000000O0000D00000DO0O0 8.8[deg/sj00O
goobbobbooooooobbobboooooobbobbobuooooon
gogobbbbboooooobobobbboooooobobbobbboooooon
gogbobbooogoboboodo

Table 3.3 Movement of .J, and J,

OO0 |0000 [deg) | OO [s] | OO0 [deg/s]
Jo 54.5 6.4 8.5
Ju 114.4 12.9 8.8

Table 3.4 Movement of J;
00 [0000 [deg] [ OO0 [s] [ 00D [deg/s]
J1 90.0 10.3 8.7

000000000000 00000000000000000000000000
60700000000000000000 102040000000000000000
00000000 4040 4,0000000000 634-0)0 Oa—0)0 044—00 00 0
000000000 6,306,060, 0000000000000000000000
0000000000 O0oooon

Ael - |91(t) - 91@:0)| (328)
Aby = |02y — Oo1—0)| (3.29)
Ay = |0s) — Oae=0)| (3.30)

gogbboboooobbobuoooobobuooooboboooooboo

Aby
h=" (3.31)
A
ty = .32
2= (3.32)
ty = 264 (3.33)
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wi;Owy, 0wy 000000000000000w, 00000000009[deg/s|O
0000t 0¢0000000000000000000000,0.,0 J,000
000w, 400000000000

Ab;
II]&X(AGLAGQ,A&O
gooobosa0J,0 4,00000000000000O0OD0000O0O

X wy(i=1,2,4) (3.34)

W; =

61(15) =w; Xt+ el(t:()) (335)
92@) =wy X t+ Hg(tzo) (336)
94@) =wy Xt+ 94(,5:0) (337)

3.3 UOoOon

gbbogobuoguoboobuoobboobbuoobbodoboobooboon
gbgoboobbobbgosooboobobboil1booboobooboobod
oboobdd Fig. 3100000000000 0DOO0ODODbDOO0bO0ObDOo0ODbDOn
goobo
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ELECOM

N2 REAES

X-YFEEEE

Fig. 3.10 Existing interface
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000000000000000000000000000000000000000
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00000 Fig. 3.110Fig. 3.1200000000000000000000000
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Fig. 3.11 Arrangement of preliminary experiment
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Fig. 3.12 Preliminary experiment
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Fig. 3.13 Structure of operate system

3.4 OO00O0OOOO0OOOOOOOOOUOOObLbOObOOn

goddooobbibobibiboboboooogbbbbbodooooooooooo
gobobbbbougogobbbbbuooooobbobbuoooooobboo
gbgobuoobboobooboboobobooboobbobbooboobbod
gobboooobbboooobbobbbooogbobobuooooboobod

3.4.1 OUUOO0OOOO4OO

OD0O000D0O0O00000D0 Fig. 313000000000 00000O 0O Raspber-
ryPi3BU Digispark 0 PCOOO0OOOO. 00000000 OOODOOO0OOOO0OO0
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dbobobogoobouoooobob. obbbobooboboboboboDooooobo
000000O00o0bObO0o0oDbOo0bOoOoo0bO0oobDboobOoOooDbOoOoooo
0o0obobob0oboob0ooobooooboooboboobobooooooooooo
goboobooboooboboooboobobooboooobDoooboobooo
gboodoobooboobboobooboboobobooboobobooobogobo
00o00oooobooobooon

0o0oooboobooobooooboobooobooboooboooboooo
oo oobobbooo.bogoobobobtboooobobbboooooo
0000000000 b0oD0o00ooOO0o0bOooDo0obOoDoOoDOOooDbOoDoOoOooDOon
00o00obooooooboobooobon

0000000000 D0OD0O0O RaspberryPil OO OO ORaspberryPiO OO OO
00000b00o0obOo0ob0o0ob0oUubUUnFig 3.14000 RaspberryPid 00O 0O
O WeblOPiDOODODODOODODODOODOODODOODODOO RaspberryPid 00O IoT
O00000000000obOooobooOoWeblOPiDOODODOOODOOODOOO
oooboobooboooobo GelOOODbDOODDOOO GPIODOODODOODDO
000000000000 0D0000Db0ODbOOWeblOPIiOOODOODO Fig. 3.1500
U0 000RaspberryPi3BO DO OOOOO Table 3.50 000

Table 3.5 Specification of RaspberryPi3B

CPU Broadcom BCM2837
ooo 1 GB
Bluetooth BluetoothRV4.1
oooo DC 5.0V
oooo 0 86.0(W) x 57.0(D) x 17.0(H) mm
oooood 0.0070.0 O
00 45.0 g
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Fig. 3.14 RaspberryPi3B
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OOOWeblOPiD R2COODOODOOOOODOOOOOOOOODOOOODOOODO
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Fig. 3.16 Digispark
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Fig. 3.17 Operate interface
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Fig. 3.18 Block diagram of control system

X,000000000000006, [degf 0000000000000000O0
w(t)mv]0000000000000006, [deg 0000000000000000
D00000000000006, [deg] 000000000000 00000000O0
000000000000000000000 w(t) mv]0 Eq. (3.38)0000000
D00KpO0O0O0O0O000K,0000000K,0000000000
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u(t) = ere(t) + KI /t 66(7')d7' + KDée(t) (338)

ggobbbbooboobbbbboootbudgoooooobbbbbbbbbbodo
ggbobobuoogobbooooooboooobbooooobobboooobo

Fig. 3.190 000000000000 bO0obuoboobobobobobobdbe
gobogbuodbboobbobboobuobuobbooobooobbudia
00000000000000000000000V,,,mv]000000000000
O00AX, em| 0000000000000 0OCODOOODODOOX, 00000000
oboobooooXx,booooobobooG,bobooobooobobOoooooon
goooooboboogoboG,0oobooooboobooooboobboooooDo
O00000000000000 Eq.(3.39)0000000000AXO00O0OODOOO
gboobuoobuoobRObODOODOODODOODOODOODOODO
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Fig. 3.19 Conversion of target position
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ERERE

rp=x; x (X, —1)x0.01+ X, (3.40)
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Fig. 3.20 Validation of operate
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3.4.5 UO0OO0OOOOOODOOO

O000000000000000000000000000000000000
0000000000000 0000000000000000000000000
0000000000 0000000000000000000000000000
00000000000000000000000000000000000000
O0000000000000000000000000000000000000
0000000000000 0000000000000000000000000
Fig. 3.210000

P, :Touch position in ¢
t: Time
1 : Threshold of max distance

t—t+1

Output
I neutral

Output No
neutral |

!

t<—t+1

No

Touching?

No

Fig. 3.21 Maloperation prevention system
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34.6 UOO0OOO
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Fig. 3.23 Image of experiment
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Fig. 3.24 The first comparative experiment of operation
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Fig. 3.25 The second comparative experiment of operation
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Fig. 3.26 The third comparative experiment of operation




3.0 UD0U0O000o0oD0o0od3gbooooodonoooogonon 71
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X~ X (3.42)
> £
1 "-h-‘_‘_ XU
XLI

Fig. 3.28 Position operation
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Fig. 3.29 Endeffector operation
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Fig. 3.30 Experimental setup of joystick and button

Fig. 3.31 Experimental setup of infrared camera operation
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Fig. 3.32 Operation time with joystick and button
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Fig. 3.33 Operation time with Leap Motion
Table 3.6 Numbers of operations with joystick

1st operation | 2nd operation | 3rd operation | Average
Subject A 11 14 10 11.7
Subject B 11 11 12 11.3
Subject C 15 14 12 13.7

Table 3.7 Numbers of operations with leap motion

1st operation | 2nd operation | 3rd operation | Average
Subject A 9 8 9 8.7
Subject B 8 7 8 7.7
Subject C 5 5 5 5.0
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Fig. 4.1 Robotic arm myCobot280m5
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Table 4.1 Specification of the robot arm myCobot

DOF 6 (Arm) + 1 (Hand)
Max. Reach [cm] 28.0
Max. Total weight [kg] 1.0
Max. Payload [kg] 0.3

4.2 OJ0O0O0OO0OOOOOOOOOOO

oobooboobooobooboooboo choooboobooboobogoo
ggboodobbbooobobbuooobbooobbooobbooobbooobn
gbogdbobooboobogbobooboooboooboboobboooon
goooooobbbbootodooooooooooooooooooooooon
ggbogdgbbbooobboobbboobbbooobbboobbboooobn
O0000O0bO00O000O0bO0b0o0O0O0o0O0oD0obOobObOODOOoDObOODbOGh
goggobbobobbboooooobbboobbbotbdgooooobboonn
gogbobbbbouooooobbbbboooooobboobbuoooooon
gogdgbobbbuooooobobbbbbboooooobobbbbbooooobn
goggobbobbbooooobobbboooooobbobbboooooon
ggbbooobbooobobbuoobobboooobbuooobbbuooobbogb
ggbbobuogilgbobuooobobboooobbobuoooobboooon

gbooboboooboobbobbooboobbooboobbooboobn
gogobbboooogoobobobobbboooooobobbobuooooon
gbobgobobooobobobobuoboobobobdbrg 420000000
gbboboboobuodgbooboobbobbuoobobbobboobbooob
goggobbobobooooooobobobbboooooobbobbbuooooon
ggbobobuoooobbooooboboooobo

4.3 0O0OOO

ggobobbbbouooooobobbbbbooooobbbbbooooooob
gbogobobboogbooboogboobboboobboboboobooboon
Udb00xyOouoobboooooobbboooobbboooobbbooobon
goggbobbbbbouoooooobbbbbooooobbbbbbouooooon
gogobobobobobodoooooobobobbooooooobobobbboooonoo
000000000200 [em)0000 190 [em)000000C00O0OOCOODOOOO
O0000003000090.0[deg0 0000000000 OO0OODOOOOOOOOO
ggbbobuoodgbobbod



43 0000 79

Fig. 4.2 Proposed user interface with the input device of the iPad
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Fig. 4.4 The 2nd operating procedure
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Fig. 4.5 The 3rd operating procedure
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Fig. 4.6 Calculate the position in 3D space with a 2D touch coordinate
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Fig. 4.7 Coordinate settings in real-system
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Fig. 4.8 Horizontal grip

Fig. 4.9 Vertical grip
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Fig. 4.10 The calculation of rotation angle in end-effector
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Fig. 4.11 Experimental devices
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Fig. 4.13 Comparative interface
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Fig. 4.14 Experimental task
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Fig. 4.16 Operation with scene
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Fig. 4.17 Operation pattern 1

Fig. 4.18 Operation pattern 2
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Fig. 4.19 Operation pattern 3

Fig. 4.20 Operation pattern 4
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Table 4.2 Comparison of operation numbers between proposed interface and on-screen

joystick
On-screen Joystick Operation task Proposed interface
10 Pattern 1 4
21 Pattern 2 4
15 Pattern 3 4
17 Pattern 4 4
15.8 Average operation time 4.0
4.6 Standard deviation 0.0
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Fig. 4.21 The operation time for both the proposed method and the on-screen joystick
for each pattern

Table 4.3 Questionnaire results for the experimental subject

On-screen Joystick Questions Proposed interface
4 oooooooooooooon 4
4 gdodooouotoodoooo 5}
5! goouooood 5!
2 ogoo220000 )
4 ooo3oood 5}
3 00040000 5
4 ooooooooood 4




4.6 000 95

gobobbbboudooooooobbbbbbboouoobooooooaann
goobbobbooooobobobbbodoooooboobbboooooonoboo
gopobbobboogoooobboobobbuoooooonoobooboooooobobon
gobobbbbuodogooobbbbbuoooobobbbbbuooooobboo
gbooboobobooboobboobooboobboobooboboobbod
OO000DbO0O0b00o0ooooOoD QOLO AbLoboobobooonog

4.6 0OOO

gddggooooooooboboboobbbobbbbbbbbbbbbbbio1
goobbobboooooobobbodooooboboobbboooooooooboon
gboubogbobogboboobboobbobbobobooboobogbogboagoo
gboboggbbooobbbuooobbooobbuooobbooobbooonon
Oo0ooOoOo0oDbOoOooboOooc,oo0obooooooooooooo4poboon
gbooobobooobuoobbobuoobboobbooboboobooboooon
gogobbbouoooooobbobobbboboogoooooobbbooboboboon
gobobbbbuodgoogobbbbboooooobobbbbbooooooobbon
gboobobooobooboobbooboobbooboobbooboobod
gobobbobbodooooobbobobbooooooboobbboooooooboon
gobobbbbuooogobbbbbuoooobobobbbouooooobon
O0O00O0O00DO0O0000DO0oO0b0Oo00 QOLD ADLOOOoonDoooDo






97

50 OO

5.1 OO0

gooboboobboboododoooooooboobbobbddoooooooooo
gobobbobboooogobobbbbuoooooobboobbouooooboo
Oo0ooOo0o0obOoOooo0oobboOoOobDALSODOOO0ODOOOoDOOODbObOO
gbobobobobobiloboboboobobooooboobosbobobod
goobbobboogooobobobbboooooobbobooooooooboon
gopobbbbodogogobbbbbuooooooboboobbbooooooobon
Oo0ooOoOo0oboOooooOoboboOoboooobobOo chbooopoooooo

cio0oO0O0oOoOO0obOOobOOobDOoOO0bOOobOobOoUObOUbOUOobDUODOoDOobDOoDO
gbooogbogboboboobuooboobbbooboboboobooboobobonon
gobobbbbouoooogobbbbbooooooobboobooooooobobn
gbogbobooobooboobboobuoobbooboobuoobbobbod
gogobbboogooobobobbbouoooooboobbboooooooboon
gobobbobbuooooobbbobouogoooobbobbouooooobbon
oobooboboooboooobooboooobooooooc,opooogo
goobbbbodgogoobbbodooooboobboooooooooboon
gobobobbbouoogogobboobbbuooooooboobbboooooooboboon
gobobbbbbougoooobbbobbuooooobbbbooooooooboo
gbogobbooobooobbuoooboboooboboobboobbobod
gbooggbogobobogbobuogbobooboouobbuoobobnoooon
gobobobbooggooobbobbbodoooooboobbooooooobon
gbogbbodgboobboboboobbobobooboobboobboobon
gooboboboogoooobobobbbdoooooooboobobbooooooooboon
goobobobbooogogobbbbboooooobobobboooooooooboon
gbobuooobobbuoobboooobbooobbobbooobbbooonn

gbodgbbobbobboobobbobbodobuooboboobuooboooo
goobbobboogooobobobbbooooooboobbooooooooon
O00obooboobooboboooooboobobobooobobooogooGPsSo
gobobbbbuodooogobbbbbodooooobbobbooooobboo
Oooboooobo0oobOoOoooooboooGpSObOO0OoDOOobOOoOoDObOObnO
O0000000000002D/3D LIDAROOOOOOOOOOOOODOOOODOO
gobobbobboooogobbbbbuoooogbboobouooooobobon



98 gs50 00

gbboboobooobbooboobbooobbobboobodobooboob
gbboooboobuodgobobooboobooboobobuooboooboon
gogobbobobobooooooobbobbuoooooobboobobbuoooooon
gogobbbbuooooobobbbbouoooooobbobobobouoooonn
gbobooobooboobboobuoobbooboobboobuoobooboo
goggobbobbooogooobobobbbooooobbobbbouooooon
gbboogoobboobogbooboobobaoboobboobooboboobon
goggbobbbbbouoooooobbbbbuooooobbbobouoooobn
ggoboboogobbboooobobbooobboboooobon
gogobobbobouogoogobbobboooooobbobbooooooon
gdooooodobbbbioooooooooobooooobooobbbbbbb
gbooboboboobobboboobobuoobobooboboobobon
ooobOobOoboOOoo0o10b00ob0obooobOobob0oobOob ARODODOOOOO
gogobbobbouoooooobobboooooobbobboouooooon
goggbobbbouoooooobbobbbboooooobbbbbbuooooon
goggobobooboboodoooooobobbboooooooboobbbooooooo
gogobbobbbooooooobbobbbodoooobboobobboooooon
goggbobbobouoooooobbobbboooooobbobbbuooooon
gbobobobobooobobobobobobobosboboobobobobo
goggbbobobbooooooobbobobboooooobobobbboooooon
ggbooogo
gbbooobdbobuobodboubogbbbobuoobobobbiboodo
gogogoobb3dgouobobbobbbodooooooboboobbbbobooooon
oo0OoboobooboboOoobo cGhbooooboobogobobboooobobooboo
gogobbbbouooooogbbbbboooooobobbobbobuooooon
gboobdbuogobboodobooboobobooboobodobooboob
goggoboobobodooooobbbbboooooooboboobbboooooon
gogobbobbouoooogobbobbbooooobbobbbouooooon
godggbobbobbbbouoooooobbobobbbooooooobobbb 3
gboooboobooboobobuooboobbooboobbooboobobo
gobo3gubbugbbugbbuobbooobbooboobbuoobboaon
gogoobobooooooboo
gbbogobuodgbuodgboogbooboobbooobuooboobuoobaooon
goggobobooboboooooobobbboooooooboboobobboouooonon
gogobbbbuogooob1bodogobobobodoooobbobbooooon
gogbobbbbbuoooooobbbbboooooobbobobouooooon
gboboooboobboobuooboobboboboobobobobuooboobobo
go0obo0obooooobooboooooboobogboobooc,oobooonDo



5.2 DOUOOgn 99

gbobooodobo40b0boobobooooboboboobobobood
gogobbboboooooobobbobbboooobbobobboooooooboobooo
gogobboobobooubobodooooooboboobbouoooooboboon
gobbbbbuoooooobbbbtbodoooobboboouoooooboboo
gbogbbooboobooboobobooobooboobbooboobbod
gobobbboogooobobbbboddooooboboobbooooooooboon
O0boobobooboobbooboobooboobooooboboboooOoDon QOL
OADLODOOODOOOOOO

5.2 UQ0OOOO

gobobboobboboddoooooobooobobobobbboouooooon
OboobDOoobob QoLboooobuobobooooobouoobobooobooooo
gobobbbboooogobbbbbuooooobbobbooooooobbon
gobobobboooooobobobbbooooooobbobboooooonobooo
gobobobbooooobbobbbouooogbbobbouoooooboon
gobobbbbougooobobbbouoooooobbobobobboooooobbon
gbogbooobboobooboboobobooboobbooboobboobod
gobobbobboogogobobbbooooooobboobbuooooooboon
gobobbbooooogbobbobbuoooooobbobbouooooobobon
gobbbbbuoooooobbbbbouooooobbbooooooobbon
gobobooogobobuoooobo

gobobobobboooogobbobobbbooooooobobobooooooon
gobbbbotbouoooobobbbbbuooooobboboouooooobbon
gbgoboobboboobuoobooboobobbobooboobon






101

HREN

obobobod 310400000 80 2000000000DL0OODOODOODOO
gbogoobboooboooboooboobboobboobbooobbbod
goboboooood
gbboobboobbuogbbuoobbuoobbuog ooobooobo20150
gbooboboobogguobooobuoobboobogbboobooobod
gbobodbogbboogoboobooobuoobooboobooboobboon
gobbobbouogogogobobbbouoooobbobooooooooobon
gogobbbobbouoooooobobbbbbbuooooooobbboobbo
gbbobooobobbuooobbooobbbuooobboobbbooobobboann
gbogobuogbboduugosgbuogbnboobooobuoobboooon
gobobobobboooogobbobboooooobboboooooooobon
gbobobooogobod
gooboboobobobbotboogobuodooooooobboobbobooooooon
gobobbobbuoogogobbbobbuoooooobbobbuooooooobon
gboboboooobbodn
gogbobbbbboobbboboooooooobobbbbboouoooaann
goobbobbogooobobobobtbooooooboobobooooooooobooon
gopobobobbuoooogobbobbbuooooobobbbooooooobon
gbobboooobbodd
gbogbooobooboobboobooboobboobuooboboobo
gobobbbbouogoogobbbbbuooooooboboobbbooooooobon
goboooogogd
gbooboboboboboboboooobdbebobO0obOobOobOobO
goobbobbodogogobboobobbooooooobooobboooooonboon
gobobobobboogoooobboobboooooobobbouoooooboon
gobbobooodobbbboooobbbooogbobobogo
gboobooobooboobboobooboobbooboobbooobo
gobboboogoobooodan
goobobbobobobboobbbuodoooooboboobbboooooooon
gbboodbooobuooboobbod oo oobbooooboobboobn
goooon
gobobbobbbboddooooobooooobobobobbbboouooooon



102

gogbobbbbooooooobbbbooooooobbboboboooooonbn
goggobbobbboooooobbobobbboooooobobobbbouoooooo
gogobboobbooooooobbbobboooooobobobbuooooonon
gbobuoboobuogooboooobboobbboobbboobobboobb
gboobuoobuoobooboobod

gogobbobodug soobobuodooooboobbooooobobbbouoooon
godbobboobbbtbodooobuoooooobbobbboooooooonn
goggbobbbooooooobbbbbbuooooobobbbbbuooooobn
gogobobbodooooobboobobbtooooooobboobboboooooooo
gogboobuogooboodago



[]

[1]
2]

3]

[10]

[11]

103

HEEEN

gboobo4b000b000b0oobobbdpp. 213020210
goboboo3obbbuoooobobouoooobibipp. 1020110

China Disabled Persons Federation, National Sampling Survey on Impairment,
2015.

NPOOOUODOODOOODODODOODODODODOOOOODOOD19900 19920

goobbobooooooboobb20020 10012000000 bbobooood
Vol. 1800 20050

KOMPASO O OOOOOOOOOOOOOD
http://kompas.hosp.keio.ac.jp/contents/000159.html0 0 0 020230 20 150 00

gogobobbooooobobtoooooboboboooooobbboooon
O00000DO0b0O0oO0oO0ODgno Vol h20 pp. 17-230 20040

0000000000000 00000bD0ODOpenRTM-aist0 0000000
gobooboboobboooboooboooboooboobboo RrRTOOOOO
goooboooobooboooogoccogrel 766 00 pp. 1419-14260 20100

gbdoobobobobobobuoboboboboboboooooboooon
O RAPUDAOOOOOOOOODOCOOOOOOOODOVol. 370 No. 20 pp. 100-
1040 20130

Vogel. J, Leidner. D, Hagengruber. A, Panzirsch. M, Bauml. B, Denninger. M,
Hillenbrand. U, Suchenwirth. L, Schmaus. P, Sewtz. M, Bauer. A, Hulin. T,
Iskandar. M, Quere. G, Albu-Schaffer. A, Dietrich. A, An Ecosystem for Het-
erogeneous Robotic Assistants in Caregiving: Core Functionalities and Use Cases,
IEEE Robotics Automation Magazine, Vol. 28, Issue 3, pp. 12-28, 2021.

ggbobbbuoogobbbobuooooobbbouoooobobobbooogon
gboboobobboobooboboobooboboobobboobgan a9
goobbodod2o120



104

[12]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

Chung. C, Ka. H, Wang. H, Ding.D, Kelleher. A, Cooper. A, Performance Eval-
uation of a Mobile Touchscreen Interface forAssistive Robotic Manipulators: A
Pilot Study. Top Spinal Cord Inj Rehabil 23(2), pp. 131-139, 2017.

000000000000 000000000000000000000000
00 O pp. 80 20060

P. Abolghasemi, R. Rahmatizadeh, A. Behal, L. Boloni, A Real-Time Technique
for Positioning a Wheelchair-Mounted Robotic Arm for Household Manipulation
Tasks, he Workshop Program of the Association for the Advancement of Artifi-
cial Intelligences Thirtieth AAAI Conference on Artificial Intelligence, WS-16-01,
pp- 2-7, 2016.

gobobobodbbooobbooobbooobbooobbuooobboon
g300000bbooodibibmmyuodbi20150

K. Lee, W. Chang, S. Kim, C. Im, Real-Time Eye-Writing Recongition Using Elec-
trooculogram (EOG), IEEE Transactions on Neural Systems and Rehabilitation
Engineering, Vol. 25, Issue 1, pp. 37-48, 2016.

C. Ishii, Control of an Electric Wheelchair Based on EMG, OG and EEG, ournal
of the Japan Society for Precision Engineering, Vol. 83, pp. 1006-1009, 2017.

C. Han, Y. Kim, D. Kim, S. Kim, Z. Nenadic, C. Im, Electroencephalography-
based endogenous brain-computer interface for online communication with a com-
pletely locked-in patient, Journal of Neuro Engineering and Rehabilitation, 16:18,
2019.

W. Chen, S. Chen, Y. Liu, Y. Chen, C. Chen, An Electric Wheelchair Manipulat-
ing System Using SSVEP-Based BCI System, MDPI Biosensors, 2(10), 2022.

P. Abolghasemi, R. Rahmatizadeh, A. Behal, L. Boloni, A Real-Time Technique
for Positioning a Wheelchair-Mounted Robotic Arm for Household Manipulation
Tasks, The Workshop Program of the Association for the Advancement of Artificial
Intelligence Thirtieth AAAI Conference on Artificial Intelligence, WS-16-01, pp. 2-
7, 2016.

J. Wang, T. Wang, C. Yao, X. Li, C. Wu, Active Tension Control for WT
Wheelchair Robot by Using a Novel Control Law for Holonomic or Nonholonomic

Systems, Mathematical Problems in Engineerning, Vol. 2014.



105

[22]

[23]

[24]

[25]

[26]

[28]

[29]

[30]

[33]

Y. Yasumuro, S. Kusakabe, H. Dan, 3D Barrier-Free Verification for Wheelchair
Accsee, Proceedings of the 13th International Conference on Construction Appli-
cations of Virtual Reality, pp. 564-571, 2013.

K. Tobita, Y. Shikanai, K. Mima, Study on Automatic Operation of Manual
Wheelchair Prototype and Basic Experiments, Journal of Robotics and Mecha-
tronics, Vol. 33, No. 1, pp. 69-77, 2021.

M. A. Shamseldin, E. Khaled, A. Youssef, D. Mohamed, S. Ahmed, A New De-
sign Identification and Control Based on GA Optimization for an Autonomous
Wheelchair, MDPI Robotics, 11(5), 2022.

S. Thrun, W. Burgard, and D. Fox, Probabilistic Robotics, The MIT Press, 2005.

Y. Mori, K. Nagao, Automatic Generation of Multidestination Routesfor Au-
tonomous Wheelchairs, Journal of Robotics and Mechatronics, Vol. 32, No. 6,
pp. 1121-1136, 2020.

C. Gao, M. Sands, J. Spletzer, Towards Autonomous Wheelchair Systems in Urban
Environments, Springer Tracts in Advanced Robotics, Vol. 62, pp. 13-23, 2010.

H. Grewal, A. Matthews, R. Tea, K. George, LIDAR-based autonomous
wheelchair, IEEE Sensors Applications Symposium, 2017.

M. Yokozuka, O. Matsumoto, Accurate Localization for Making Maps to Mobile
Robots Using Odometry and GPS Without Scan-Matching, Journal of Robotics
and Mechatronics, Vol. 27, No. 4, pp. 410-418, 2015.

W. Rahiman, Z. Zainal, An Overview of Development GPS Navigation for Au-
tonomous car, IEEE 8th Conference on Industrial Electronics and Applications,
pp. 1112-1118, 2013.

N. Yokoya, Mixed Reality: Merging Real and Virtual Worlds: I Introduction,
Systems Control And Information, Vol. 49, Issue 12, pp. 489-494, 2005.

N. Matsunaga, Y. Takeuchi, H. Okajima, A Construction Method of Obstacle
Avoidance System for Welfare Vehicle by Spatial Mapping of Driving Environment
using Mixed Reality, Transactions of the JSME, Vol. 87, No. 894, pp. 1-16, 2021.

T. Mizunami, Y. Sakamura, A. Tomita, K. Inoue, I. Kitahara, E. Harada, Re-
duction of Anxiety for an Autonomous Vehicle by Augmented Visual Information,
The 82nd Annual Convention of the Japanese Psychological Association, 3EV-056,
2018.



106

[34]

[35]

[39]

[41]

[43]

H. Otsuka, R. Yajima, K. Nagatati, D. Kubo, Localization of a Small Multirotor
UAV Using Dropping AR Markers, The Proceedings of JSME annual Conference
on Robotics and Mechatronics, 2A2-G02, 2015.

F. Sato, T. Koshizen, T. Matsumoto, H. Kawase, S. Miyamoto, Y. Torimoto, Self-
driving system for electric wheelchair using smartphone to estimate travelable
areas, 2018 IEEE International Conference on Systems, Man and Cybernetics,
pp. 208-304, 2018.

J.Kato, G. Deguchi, J. Inoue, M. Iwase, Improvement of Performance of Nav-
igation System for Supporting Independence Rehabilitation of Wheelchair-Bed
Transfer, ournal of Physics: Conf. Series 1487 (2020) 012041, 2020.

O0000ooo0ooooboboooOogbOobdbVol. 400 No. 50 pp. 387-3920
20220

Hashimoto. S, Ishida. A, Imani. M, Igarashi. T, Touch Me: An Augmented Reality
Interface for Remote Robot Control, Journal of Robotics and Mechatronics, Vol. 25
No. 3, pp. 529-537, 2013.

Driessen. B, Liefhebber. F, Kate. T, Van Warden. K, Collaborative Control of
the Manus Manipulator, Universal Access in the Information Society, pp. 165-173,
2005.

Hebert. P, Ma. J, Borders. J, Aydemir. A, Bajracharya. M, Hudson. N, Shankar. K,
Karumanchi. S, Douillard. B, Burdick. J, Supervised Remote Robot with Guided
Autonomy and Teleoperation (SURROGATE): A Framework for Whole-Body Ma-

nipulation, IEEE International Conference on Robotics and Automation, 2015.

Soares. J, Vale. A, Ventura. R, A Multi-Purpose Rescue Vehicle and a human-
robot interface architecture for remote assistance in I'TER, Fusion Engineering

and Design 98-99, pp. 1656-1659, 2015.

Tsui. K, Kim. D. Behal, A, ontak. D, Yanco. H, I want that: Human-in-the-loop
control of a wheelchair-mounted robotic arm, Applied Bionics and Biomechanics
8, pp. 127-147, 2011.

OO000O00obO0ooO0oOob0ob00o0obOobooobooobbOoobOonD R-GBD
ObobboooobbbbooooobobbooobbbOOd Vol 810 No. 120
pp. 1185-11920 20150



107

[44]

[45]

[46]

Jiang. H, Zhang. T, Wachs. J, Duerstock. B, Enhanced control of a wheelchair-
mounted robotic manipulator using 3-D vision and multimodal interaction, Com-

puter Vision and Image Understanding 149, pp. 21-31, 2016.

Ding. D, Styler. B, Chung. C, Houriet. A, Development of a Vision-Guided Shared-
Control System for Assistive Robotic Manipulators, Sensors Journal, Vol. 22, Is-
sue 12, pp. 1-14, 2022.

gogbobobboooobbobuooooobbbouooobobobbooogn
gbobooooboboooobobobobobobuoobobobestd
g0ooobgesdnNo. 193-10 20190






109

ooy

Ooon

1. L.Yang, T.Ichikawa, Y.Miyawaki, R.Sakamoto, N.Kato, K.Yano and S.Shimada,
Maloperation Prevention Filter for Touchscreen Used in Robot Arm, Journal of
Physics: Conference Series, Vol. 1267, No. 012075, pp. 1-6, 2019.

2. L.Yang, N.Guo, R.Sakamoto, N.Kato and K.Yano, Electric Wheelchair Hybrid
Operating System Coordinated with Working Range of a Robotic Arm, Journal
of Robotics and Control, Vol.3, Issue 5, pp. 679-689, 2022.

3. L.Yang, R.Sakamoto, N.Kato and K.Yano, Vision-based Robot Arm Control In-
terface for Retrieving Objects from the Floor, Journal of Robotics and Mecha-
tronics, Vol.35, No.2, pp501-509, 2023.

Jooouoggod

1. T.Ichikawa, K.Yano, T.Shimada, .. Yang, R.Sakamoto, S.Shimada and P.Minyong,
Gesture-based Operation System for Robot Arm and Electric Wheelchair, Proc.
of ISIET (International Symposium on Innovative Education and Technology),
pp-36-42, Thanyaburi, Thailand, 16-17 July 2018.

2. Y.Miyawaki, L. Yang, R.Sakamoto, N.Kato, K.Yano and P.Minyong, Electric
Wheelchair Control System without Gazing the Operation Screen, Proc. of
ICoME (The 9th TSME International Conference on Mechanical Engineering),
Paper No.2017-0105, Phuket, Thailand, 11-14 December, 2018.

3. L.Yang, T.Ichikawa, Y.Miyawaki, R.Sakamoto, N.Kato, K.Yano and S.Shimada,
Maloperation Prevention Filter for Touchscreen Used in Robot Arm, Proc. of
ATACT (the 3rd International Conference on Artificial Intelligence, Automation
and Control Technologies), pp.1-6, Xi’an, China, 25-27 April, 2019.



110

. Y.Miyawaki, T.Ichikawa, L. Yang, R.Sakamoto, N.Kato, K.Yano, S.Shimada and

P.Minyong, Interface Using a Touch Panel for Gripping an Object on the Floor
that Designates the Hand of the Robot Arm, Proc. of The 4th International
Conference on Innovative Education and Technology, Pataya, Thailand, July 11-
14, 2019.

5. L.Yang, T.Ichikawa, R.Sakamoto, N.Kato, T.Itami, K.Yano and S.Shimada, Robot

Arm Operating Interface Using a Touch Panel for Gripping an Object on the
Floor by Designating the End Effector, Proc. of SII (IEEE/SICE International
Symposium on System Integration), pp.401-404, Honolulu, USA, 12-15 January,
2020.

. LHirahata, L.Yang, K.Yano and K.Torii, ”Standing Support Robot for Recov-

ery of Lower Limb Function and Evaluation of Caregiver’s Burden by Measuring
Biological Signals”, Proc. of BIBM (IEEE International Conference on Bioinfor-
matics and Biomedicine), pp.3813-3814, Las Vegas, USA, 6-9 December, 2022.

7. L. Yang, T.Ichikawa, R.Sakamoto, N.Kato, T.Itami, K.Yano and S.Shimada,

Robot Arm Operating Interface Using a Touch Panel for Gripping an Object on
the Floor by Designating the End Effector, Proc. of IEEE/SICE International
Symposium on System Integration, Honolulu, Hawaii, USA, 12-15 January, 2020.

. Y.Taniguchi, Y.Ogata, M.Katsumura, L.Yang, K.Yano, T.Nakao and K.Torii,

”System for Operating Electric Wheelchairs Using Only the Remaining Functions
of the Thumbs of Muscular Dystrophy Patients”, Proc. of EMBC (43rd Annual
International Conference of the IEEE Engineering in Medicine Biology Society),
Guadalajara, pp.4753-4756, Mexico (Online), October 31-November 4, 2021.

Jubogboodgboogbood

1. 0d0boooboboobbooboodboonoboobbuoobboonboo

gboggbbuodgbbooobboobbuooboboooboobbooooo
gbogbogobgoesubbooboob20190 30 7-800

.obogboodgogobobobobbobbuooboooobbobbooab

gooooboboobbboooooobbbbbooooooobobbbbesdd
goooobo20190 30 7-800

goobooobgbooboobobodboobobooobobboobooo
ggbbobooooboboooobboooobboogbbboogooboobe
gboobuoobobbobbooboob20200 10 1700




111

4. 00000000000 O000000000bOobOobobOobOoboboOobon
gbobodbbooboboobboobboobuooobooobboooobon
gbobobooggbbobuoooboeouunbbooo20200 30 10-1100

5. D ouobobhuobobogoooobbobboobboobuooobbooobon
gbbodbboobboobboobbuoobbooboboboooobooon
g7nnpobobooboooboob20220 30 9-1100

6. DD oodbogbbobbodoboobbuoobbooobboabn
gbbodgbbuoggbuoobbuoobbooobbobbuoobbobbon
gobobooooobobo?2230000 bD20230 60 270-70 100







113

U o O

1.1
1.2
1.3
1.4
1.5
1.6
1.7
1.8
1.9
1.10
1.11

2.1
2.2
2.3
2.4
2.5
2.6
2.7
2.8
2.9
2.10
2.11
2.12

2.13
2.14
2.15
2.16
2.17
2.18
2.19
2.20

Proportion by cause of spinal cord injury . . . . .. ... ... ... .. 1
Percentage incidence of spinal cord injury by case . . . . . . .. .. .. 2
Cervical spinal cord . . . . . . . .. ... 3
Having paralysis or not of the exercise function . . . . . .. .. .. .. 3
The number of patients according to the damage level . . . . . . . . .. 4
Magic hand . . . . . . . .. Lo 5
JACO(Kinowa Robotics) . . . . .. ... ... 6
RAPUDA(AIST) . . . . o 6
Single switch . . . . . .. .o 8
Key Pad . . . . . . . 8
Organization of this work . . . . . .. .. .. ... ... .. ... 11
EMG270 Powered-Wheelchair . . . . . . . .. ... ... ... ... .. 13
Configuration of the hardware system . . . . . . .. .. ... ... ... 14
Bluetooth module . . . . . . .. .. .. oo 15
Arduino . . . . . 15
MCP4922 . . . . 16
Operation by the person with cervical cord injury . . . . . ... .. .. 17
Manual operation interafce . . . . . . . . . ... ... 18
Input value correction method . . . . . . . . . ... ... 19
Operation screen of conventional method . . . . . . ... ... ... .. 20
Operation screen of proposed method . . . . . . .. ... ... ... .. 20
Experimental driving course . . . . . . ... ..o 21
Input signal series for y coordinate in the comparative operation exper-

iment . . . ... e 22
AR-marker in this research . . . . . . . ... ..o 23
Web camera used in this research . . . . .. ... ... 24
Robtoic arm mounted on the wheelchair . . . . . . .. ... ... ... 24
Position of webcamera on wheelchair . . . . . ... .. ... ... .. 25
Working range of the roboticarm . . . . .. . ... ... ... .. ... 26
Specified working range in the horizontal plane . . . . . . . . . ... .. 27
Proposed GUI . . . . . . . . .. . 28

Experiment environment . . . . . . . ... ..o 29



114 000
2.21 Experimental task . . . . . . . ... Lo 30
2.22 Accuracy of position estimation by AR marker . . . . . ... ... ... 30
2.23 Definition of moving error . . . . . ... 31
2.24 Relationship between error and initial angle . . . . . ... .. ... .. 32
2.25 Relationship between error and initial distance . . . . . . . . . . .. .. 33
2.26 Error prediction model . . . . ... ..o 34
2.27 Input voltage correction coefficient . . . . . . . .. ..o L. 35
2.28 Configuration of the whole system . . . . . . .. .. .. ... ... ... 36
2.29 Experimental view . . . . . ... 37
2.30 Running course A . . . . . ... 38
2.31 Running course B . . . . . . ... oo 38
2.32 Running course C . . . . . . . . ... 39
2.33 Comparison of the velocity command voltage in course A . . . . . . .. 40
2.34 Comparison of the velocity command voltage in course B . . . . . . .. 40
2.35 Comparison of the velocity command voltage course C . . . . . . . .. 41
2.36 Comparison of the moving trajectory in course A . . . . .. ... ... 42
2.37 Comparison of the moving trajectory in course B . . . . . .. ... .. 42
2.38 Comparison of the moving trajectory in course C . . . . . . . ... .. 43
3.1 7-DOF robot arm Udero . . . . . . ... .. .. ... ... .. ... .. 46
3.2 Structure of the robot arm . . . . . . . .. ..o 47
3.3 Folding state . . . . . ... 48
3.4 System configuration . . . . . . ... 49
3.5 Working range of Udero . . . . . . .. .. ... L 49
3.6 Calculationof 04 . . . . . . . . 51
3.7 The specified coordinates exceed the movable range . . . . . . . . ... 53
3.8 Offset in the 4th Joint . . . . . . . .. .. ..o 54
3.9 Structure of 6th and 7th joint . . . . . .. ... ... 95
3.10 Existing interface . . . . . . . ... L 57
3.11 Arrangement of preliminary experiment . . . . . . . . ... .. ... .. 58
3.12 Preliminary experiment . . . . . . . . . .. ... 59
3.13 Structure of operate system . . . . .. .. ..o 29
3.14 RaspberryPi3B . . . . . . ..o 61
3.15 Function of webiopi . . . . . . . ... 61
3.16 Digispark . . . . . .. 62
3.17 Operate interface . . . . . . . . ... 63
3.18 Block diagram of control system . . . . . . . ... ... 63
3.19 Conversion of target position . . . . . . . . ... ..o L. 64



0 0O 0 115

3.20
3.21
3.22
3.23
3.24
3.25
3.26
3.27
3.28
3.29
3.30
3.31
3.32
3.33

4.1
4.2
4.3
4.4
4.5
4.6
4.7
4.8
4.9
4.10
4.11
4.12
4.13
4.14
4.15
4.16
4.17
4.18
4.19
4.20
4.21

Validation of operate . . . . . . . . ... ... 65
Maloperation prevention system . . . . . . . .. .. ... L. 66
Outline of experiment . . . . . . . . . . .. ... 67
Image of experiment . . . . . . . ... 68
The first comparative experiment of operation . . . . . . . ... . ... 69
The second comparative experiment of operation. . . . . . . ... ... 69
The third comparative experiment of operation . . . . . .. .. .. .. 70
3D camera Leap Motion . . . . . . . .. ... oL 71
Position operation . . . . . . . . ... 72
Endeffector operation . . . . . . ... ... Lo 72
Experimental setup of joystick and button . . . . ... ... ... ... 73
Experimental setup of infrared camera operation . . . . . . . . ... .. 73
Operation time with joystick and button . . . . . . ... .. ... ... 74
Operation time with Leap Motion . . . . . . . .. ... ... ... ... 75
Robotic arm myCobot280mb5 . . . . . . . . . .. . ... ... ... ... 77
Proposed user interface with the input device of the iPad . . . . . . . . 79
The 1st operating procedure . . . . . . . .. . ... ... ... ... .. 80
The 2nd operating procedure . . . . . . .. . ... L. 80
The 3rd operating procedure . . . . . . . .. . ... ... ... ... 81
Calculate the position in 3D space with a 2D touch coordinate . . . . . 82
Coordinate settings in real-system . . . . . . . . .. ... .. ... ... 83
Horizontal grip . . . . . . . . . ... 84
Vertical grip . . . . . . . . 84
The calculation of rotation angle in end-effector . . . . . . . .. .. .. 85
Experimental devices . . . . . . . ... .o 86
Webcamera mounted on end effector . . . . . .. ... 87
Comparative interface . . . . . .. .. ... oo 87
Experimental task . . . . . . .. ... o o 88
Operation with the second joint of little finger . . . . . . . . . . .. .. 89
Operation with scene . . . . . . . . . . ... .. ... ... ... ... 89
Operation pattern 1. . . . . . . . ... ... 91
Operation pattern 2. . . . . . . . . . ... 91
Operation pattern 3. . . . . . . . . ... 92
Operation pattern 4. . . . . . . . . ... 92
The operation time for both the proposed method and the on-screen

joystick for each pattern . . . . . . .. ... ... L. 94






117

U o O

2.1
2.2
2.3
2.4
2.5
2.6
2.7
2.8

3.1
3.2
3.3
3.4
3.5
3.6
3.7

4.1
4.2

4.3

Configuration of electric wheelchair . . . . . . ... .. ... ... ... 14
Configuration of Bluetooth module . . . . . . ... ... .. ... ... 15
Configuration of Arduino Mega 2560 . . . . . . . ... ... ... ... 16
Configuration of MCP4922 . . . . . . . . . . . ... ... . ... 16
Operation time[s] of conventional method . . . . . . .. ... ... ... 22
Operation time[s| of proposed method . . . . . . .. ... .. ... ... 22
Relationship between error and initial angle . . . . . .. ... ... .. 32
Relationship between error and initial distance . . . . . . . . . . .. .. 33
Specification of the robot arm Udero . . . . . . .. ... ... ..... 45
D-H paremeter of Udero . . . . . . .. .. ... .. ... .. ...... 48
Movement of Jy and Jy . . . . . .. ... 56
Movement of J; . . . . . . ... 56
Specification of RaspberryPidB . . . . . .. ... ..., 60
Numbers of operations with joystick . . . . . . ... .. ... ... ... 75
Numbers of operations with leap motion . . . . . ... ... ... ... 75
Specification of the robot arm myCobot . . . . . . .. .. ... .. .. 78
Comparison of operation numbers between proposed interface and on-

screen joystick . . . ... 93

Questionnaire results for the experimental subject . . . . . . . . . . .. 94



