oooon

Juooottdbbooggdbooodd

U4 o

20130 30

Joboobtuoooobobuood



Copyright (©) 2013, Shuichi ISHIDA.



gooo

goobboooobbboooobbboooobbboodobboooobbboon
ggoboboooobobooooobbooooboboboooooboooobobooog
gooboboooobobbooooobboooobboooooboooobobooon
ggoboboooobobboooobobbodooobobbuoooobbboooobbbooon
ggoboboogobobbooooboobboooboboboooooboooobbooog
gobbbodooooouobbboooobobbboooobbbooooobboo
odan

gobobogoobbboooobbboooobbobooooboboooobboood
020000000000 00DO0bOO0ODOOO0ObDO0ODbDObODOObDOObOoDbODOOD
o00oobO0ooOo0ooOoOOo0obOOobOoU0oboOobDOobOoOooOobOoOo3bOooobOoOooDO
goobboooobbboooobobbooobobbooooboboooubbobooon
gogoobbodobodoooobbooooobbooooobbboooobobobog
gogobboooobbbooobbbooobbboooooboboooobbooog
gooboboooobobtbooobbbooobb bbb bbb bbooo
ggobobooooboboooobobobooooboboboooooboooobbooog
oo ooobobobobobobbbbbooboboooogogg
ggobobboooobobbuoooobobooaon

gobboooobobboooobbboooobobobooooobobooooobobooon
gogobboooobbtbooobobbdooobbbuoooob bbb bbooog
ggoboboooobobooooobboooobobobuooooboboooobbooog
ooooooo3boobobooobooboooo 3ooooooboboboooooooo
ggoboboooobobboooobobbodooobobbuoooobbboooobbbooon
gooobobooobooooboobuobboobuooboboooboo 1obbobooo

gogobboooobbtbooobobbdooobbbuoooob bbb bbooog



gogoboboooobobboooobobboooobobobuoooobobboooobbooog
gogoooood

oooboobooboooobooboooboobobooob 2000bUOobDOoOO
ggobbooooboboooooobbooooboboboooooboooobobooog
goobboooobbtboooobobbooobobbuoooobbboooubbbooon
ggoboboooobobboooobobbodooobobbuoooobbboooobbbooon
guobooboboooguobobobobooooobbbooouobobooooobonog
gogoboboooobbtbooobobbdooobbbuoooobboooubbbooog
ggoboboooobobooooobbooooboboboooooboooobobooog
gooboboooobobbooooobboooobboooooboooobobooon
ggoboboooobobboooobobbodooobobbuoooobbboooobbbooon
ggoboboogobobooooobobooooboobobooooobooooboobooog
oooobobo3booboobooboobooboooobooobooboobooo
ggoboboooobobboooobobobooobobobuooooboboooobbooog

Oobooboooboooboobooooobobbooo100obboobobooboooOooDo
ooooboboooboobobobuoobooboboooboobUo 20D0Db0OoOO
g0oo0oO00ooO0oOooooobOOob0obOobobobooUooooobooo3booooo
Jo0b0o0oboobooboobooobDoobDoobDbooDbOOooDbOoobOooDbOon
dodooooooooboobobooobobobobobobobobobboooooooogooag
ggoboboooobobboooooobboooboobboooooboooobbooog
gooobobooobooboboooboo 30oboboobUoboooboobOooooo
ggobbooooboboooooobbooooboboboooooboooobobooog
goobboooobbtboooobobbooobobbuoooobbboooubbbooon
gobo0o0O0obOdbOOo0ooOOobOoobO0obDOoboUooD 4000000 bOO0bDOoOoboOoon
ggoboboogobobbooooboobboooboboboooooboooobbooog
ooooboboooboobobooUo s0b000bOoU0bUOobDbOUObOobObObDOoOD

ggoboboooobobooooobbooooboboboooooboooobobooog



ooooboboooboob ebUobobbbOobDOO0ObObDbOObDObObUOobDODOOD

gaoo






L] [

010 goooooon

1.1 I
1.2 I 0
1.21 00000000 DOOO0ODOODODOODOOOOO .. ...
1.22 0000000000000 ... oo
1.23 00O0O0OD00O0O0OO0O0O0O0 ...t
1.3 0
1.4 I

020 gogobobooooboobooboood

2.1 I
2.2 OOO0O e
2.3 I I 0 O
231 O0000 .. .o e s
2.3.2 OO0 . .0 e
2.4 I 0
2.5 1000000000000 .. oottt i e e e e
2.6 I 0
26.1 O0O00O00O .. e e e s e e

2.6.2 000000 ... e e e e e s s s e



Vi oo

263 0000 ... 0 e 46
2,64 0000 .. e 50
2.7 I 54
271 O000000 ..t e e s 95
272 00000 .. e e e e e e e e o6
273 000000 ... s o7
274 000000000000 ... oo o8
2.8 0 59
O30 gbgoboboobodn 62
3.1 0 62
3.2 I 64
3.2.1 O0O0O0 .00 e 64
3.22 OO0 ..o 65
3.3 I 67
3.3.1 OO0O000O0 .00 e 67
3.3.2 O0O0O0 .. oo e 67
3.3.3 O0O0O0 ..o e 69
334 0000000000 ... e 69
3.4 I 0 70
341 0000 .. e 71
342 DO0O00O00 ... e e e 72
343 000000000 ... 0 o s 75
344 D000 ..o e 75
345 000000000 ... 0 s 78
3.9 I OO 78

3.6 OO0 . e 80



040 ugoboboogooo

4.1 I

4.2 I I 0 A

4.3 I I

4.4 0

os50 ggobooogooood

5.1 0

5.2 I

5.3 I

5.4 OO . o e
541 00000000000 .. ..ot
542 O0O0ODO .. e

5.9 0

060 g

6.1 0

6.2 I

gooo

g

goooo

vii

81
81
83
89
93

109
109

110

111

121

124






HRERE

1.1
1.2

1.3

2.1
2.2
2.3
24
2.5
2.6
2.7
2.8
2.9
2.10
2.11
2.12
2.13
2.14
2.15

2.16

Omni wheel . . . . . . .. . 5
Offset steered . . . . . . . . . . 7
Ball wheel drive mechanism (top view) . . . . .. ... .. ... ... 9
Drive principle . . . . . . . . ..o 13
Rotation velocity (top view) . . . . . . . ... ... 13
Vehicle construction . . . . . . . ... Lo oo 15
3D CAD design of ball wheel drive mechanism . . . . .. .. .. ... 16
Coordinate system . . . . . . .. ... Lo 18
Velocity . . . . . . . 19
Whole view of omnidirectional vehicle. . . . . . ... ... ... ... 24
Control of omnidirectional vehicle . . . . . . . . ... ... ... ... 26
Control system of omnidirectional vehicle . . . . . . ... ... .. .. 26
Direction of rotation . . . . . .. . ... o oL 28
Measurement device . . . . . . . ..o 28
Experiments of driving a ball wheel . . . . . . ... ... .. ... .. 29
Velocity command of longitudinal driving a ball wheel . . . .. . .. 30
Velocity command of lateral driving a ball wheel . . . . . . . ... .. 31
Velocity command of oblique driving a ball wheel . . . . . ... ... 32

Experimental result of longitudinal driving a ball wheel . . . . . . . . 33



ood

2.17
2.18
2.19
2.20
2.21
2.22
2.23
2.24
2.25
2.26
2.27
2.28
2.29
2.30
2.31
2.32
2.33
2.34
2.35

2.36

3.1

3.2

Experimental result of lateral driving a ball wheel . . . . . . . .. .. 34
Experimental result of oblique driving a ball wheel . . . . . ... .. 35
QuickMAG . . . . . . 37
Experiment of longitudinal motion . . . . ... ... ... ... ... 39
Velocity command of longitudinal motion . . . . . . ... .. ... .. 40
Experimental result of longitudinal motion . . . . . . .. .. ... .. 41
Experiment of lateral motion . . . . . . . .. ... ... ... 43
Velocity command of lateral motion . . . . . . . ... ... ... ... 44
Experimental result of lateral motion . . . . . . ... ... ... ... 45
Experiment of oblique motion . . . . . ... ... ... ... ..... 47
Velocity command of oblique motion . . . . . . ... ... ...... 48
Experimental result of oblique motion. . . . . . ... ... ... ... 49
Experiment of turning motion . . . . .. ... ..o 51
Velocity command of turning motion . . . . . . ... ... ... ... 52
Experimental result of turning motion . . . . . ... .. .. ... .. 23
Step overcoming motion . . . . . . ... . ... ... 55
Gap traversing motion . . . . . . ... ..o 56
Slope climbing motion . . . . . . ... ... L Lo 57
Resistance against of ball wheel and rotor . . . . . . .. .. ... .. 58
Low cost ball wheel drive mechanism with MC nylon . . . . .. ... 61
Classification of cane walk . . . . . . .. ... ... . .. 66

Gait training system
Reif Co.,Ltd.

(http://reif.p2.bindsite.jp/businesscontents.html (accessed January



3.3

3.4
3.5
3.6
3.7
3.8
3.9

4.1
4.2
4.3
4.4
4.5
4.6
4.7

5.1
5.2
5.3
5.4
5.9
5.6
5.7
5.8
5.9

5.10

Xi

Sequence of gait training system

three-point gait . . . . . . . . . ..o 69
Prototype of a gait training robot . . . . . . .. ... 70
Projection image of a target position . . . . .. ... ... ... ... 71
Ball wheel drive mechanism . . . . .. .. ... ... ... ...... 73
Image projection . . . . . . . . ... 75
Gait evaluation . . . . ... Lo Lo 7
Training with gait training robot . . . . . . . . . ... ... ... .. 79
3D CAD design of ball wheel drive mechanism . . . . . . ... .. .. 85
Prototype of a omnidirectional vehicle . . . . ... ... ... ... .. 87
Control system of omnidirectional vehicle . . . . . . .. ... .. ... 87
Prototype of a omnidirectional electric wheelchair . . . . . . . . . .. 89
Joystick . . ... 90
Lift omnidirectional electric wheelchairup . . . . . . ... ... ... 91
Disturbances . . . . . . . . . Lo 92
3D CAD design of collision-detecting device . . . . . .. ... .. .. 97
Sensor unit of collision detecting device . . . . . . .. ... ... .. 98
Layout of the sensor unit . . . . . . . .. ... ... .. ........ 99
Bumper movement by collision. . . . . .. ... ... ... 100
Analog output with the potentiometer . . . .. .. ... ... .... 102
Prototype of collision-detecting device . . . . . ... .. ... .. .. 103
Input displacement . . . . . . . . ... ... 104
x-axis collision . . . . . . ... 105
y-axis collision . . . . . . ... Lo Lo 106
f-axis collision . . . . . . .. Lo 107






xiii

HRERE

2.1 Specification of omnidirectional vehicle . . . . . . ... ... ... .. 25
3.1 Specification of omnidirectional vehicle . . . . . ... ... ... ... 74
4.1 Maximum dimension . . . . . . . . .. ... 83
4.2 Specification of omnidirectional vehicle . . . . . .. .. .. ... .. 88

4.3 Moving ability . . . . . . ... oo 90






010

Joooobon

1.1 DOoOooo

000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0 [1]-p00000000000000000010000000000000MM200
0000000000000000 [6,[7)00M30000000000 [8]-[10000
00 [11]-[13J00000 (1400000 [1500000000000000000000
0000000000000000020000000000000200000000

0000000000000000 400000000 [4]0

goooognd

(1)
(2) 000000000
(3) 000000
(4)

0000000000()0@3)000000



2 010 OO0OOOooooo

0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
000000000000000000000000000000000000000
0000000000000000000000000000000000000000
000 [16-[18]000000000000000000000000000000000
00000000000 [19-{2200000000000000 (2325000000
0000000000040000000000000000000000000000
0 [26]-[28)00000000000000000000000 [29],[30]0500000
000 400000000000000000000000000000000000
000000000000000
000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000 000000000000000000000000000
0000000000000000001000000000000000000000
0000000000000000000000000000000000000000
0000000000000000020000000000000000000000
02000000000 2000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
000000000000000000000000000000000000000
000000000000000000000000000000000000000
00000000000000000000000000 30000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000

goooboboobooboob3oboobooboooboboobuooboobooo



ggoboboooobboooobbboooonoo

1.1 00000

3



4 010 OO0OOOooooo

12 DOOO0OOOODOOOOO

000000000000000000000000000000000000000
200000 [4010001000000000000000000000000000
0000000 100000000000000000000000000000000
0000000000000000000000000000000000000 300
0000000000000000000000000010000000000200
030000000000000000000000000000000000000
0000000000000000000000000000000000000000
ooo
121 000000000000000000000

00000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
00000000000000O0 [3)00000000000000000000000
00000000000000000000 [3200000000000000000
000 [33J00000000000000000000000000000 [29]000
0000000000 456deg00000000000D0000 [34],[350000000
0000000000000 [36)0000000000000000000000000
0 [37]000000000000000000 (3800000000000

0000000000000 0000000000000000000000000
000D0000000000000000 (390000000000 [40],[41]00000
0000000000000000000000000000000000000000
0000000000 [42,43)0000000000000000000000000
00000000O0Omn-Bal0000000000000000000 [44],[4500
0000000000000000000000000000000 Omni-Crawler O

gogoboboooobobboooooboboooobobboooobobboooobbooon



12 0O00OOOOOOOODO 5

(a) Top view (b) Side view

0 1.1. Omni wheel
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(a) Conventional (b) Sideways

(c) Forward

O 1.2. Offset steered
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(a) 3 ball wheels - 3 actuators

(b) 2 ball wheels - 4 actuators

(c) 4 ball wheels - 4 actuators

O 1.3. Ball wheel drive mechanism (top view)

9



10 010 0O0OOoOoDoOooo

13 0OOO0DO0O

goboboooobbtbooobbtbooodbbboooobboooobbbooon
ggoboboooobobboooobobbooobobobuooooboboooobbooog
gogobboooobbbooobbbooobobbooonooboboooobbooog
gogoboboooobbboooobobbooobobboooobboooobbbooon
ggobobooooboboooobbbooooboood

0000000000000 0000000000000 (0 mmO000 mmOO0O0O
gogoboboooobobboooooboboooobobboooobobboooobbooon
gogobboogoobbbooobbbooobbbooonoboboooobboood
ggoboboooobbtbooobobbdooobob bbb boooobbbooon
ggobbooooboboooooobbooooboboboooooboooobbooog
goobobbooooboboooo

gooboboooobobboooobboooobobboooobobboooobLboooan
ggoboboooobobooooboobboooboboboooooboooobbooog
gooboboooobobtbooobbbooobob bbb bbb bboog
ggoboboooobobooooobboooobobobooooboboooobbooog
gooboboooobobbooooobboooobboooooboooobobooon
ggoboboooobobboooobobbodooobobbuoooobboooobbbooon

ggoboboooobooooodn

gobboooobbboooobbboooobbbuooobobboo
gooboooooooboooon
gobboooobbooobbouooooo

goboboooooooooan



14 00O0OODOO 11

14 DOO0ODOO

gobobooooboboooobbboooooo
Ol100000b0o0oboboooboobobooobooboboobooboboooo
gogooog
O2000000000000DLO00O0D0O0ODbDOODbDOD30bD0O0ObD 3000O
ggoboboogobobooooobobooooboobobooooobooooboobooog
goooo
gooobbodoouoobbboogobobbboooouooobbooooobooboon
gogobboooobbbooobbbooobbbooonoboboooobboood
goobobooooono
O30000000000000DbO00O00oDOD0obOOooOo0bDOobObOooDOoDDOoDO
goobboooobbtboooobobbooobobbuoooobbboooubbbooon
ggoboboooobobboooobobbodooobobbuoooobbboooobbbooon
goooog
040000000000000DO00DO0DOO0OOOO0OOODOODOODOODODOODOO
ggoboboooobobooooobbooooboboboooooboooobobooog
gooobooooboboooobobboooooo
OsS0000000000Db0ODO0O0ODbOO0ObObDOObOobODbOObDUObODbOoDOOD
ggoboboooobobooooobooooboboooobobbooooobooboo

ODe000000O00O0ODODODDODOODOODOODOODOODODbODO



12

120

Jogobobooooboooddd

21 0000

O10000000000b0b0O00ob0oo0boboooboobooboobooooo
ooob1l1b0booboboooboobobboboooboobobooobooboboooo
gogobboogoobbbooobbbooobbbooonoboboooobboood
ggoboboooobbbooobobbooobob bbb bboooobbbooon

ggobobooooboboooobbbooobbobuoooooboboogn

22 0O0O0OO

OOobOO0obOooboobogobo 21000b0b000oo0obo0obobooboooDooDOooo
0000000000000 0D00000O0OD00D fOODOODOODOODOODOO
00 FOOODODOOOOOOODODOOOODODOOOODODOOOODOD
00000o0o00ooo0U0DoO0f>FO000ODODOODODODOOODODOOOOOO
goobbuoooobbuoooobobuooobobbooobobbooon

2000000000 bO0bD0UbOObObO 22000000 0DOD0ODODODODODO
gobbboooooobboooouobbobobooooob b oo ooooobboo
000000000000o0o0U0oo0 r/ROODODOUDOOODOOOODDOOOOOUOOO

gogobboogoobbbooobbbooobbbooonoboboooobboood



22 0DO0OO 13

O 2.1. Drive principle

0 2.2. Rotation velocity (top view)
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(a) Top view

(b) Side view

O 2.3. Vehicle construction
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(f) Support unit (top view)

O 2.4. 3D CAD design of ball wheel drive mechanism
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(b) Ball wheel coordinate system

0O 2.5. Coordinate system
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cos 03 sin 63 —l3
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Ball Wheel 3
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Ball Wheel 2
(a) Velocity of vehicle
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(b) Angular velocity of ball wheel

O 2.6.
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Py = —sin 02
—sin 03

Velocity
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19
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3
M (U — vyw) = 0 (Fy; cosb; — Fy;sin6;) (2.16)
=1
3
M (vy — vyw) =0 Z(Fm sin6; — Fy; cos 0;) (2.17)
=1

3
I =0 —1Fy; (2.18)
=1
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(b) Side view

0 2.7. Whole view of omnidirectional vehicle
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O 2.1. Specification of omnidirectional vehicle

Width 553.6 [mm]
Length 479.4 [mm|
Height 220 [mm)]
Weight 28.4 [kg]
Ball Wheel’s Diameter 98 [mm]
Ball Wheel’s Weight 0.56 [kg]

Ball Wheel’s Material

Urethane shore 90

Rotor’s Diameter

40 [mm]

Rotor’s Width

10 [mm]

Rotor’s Material

Urethane shore 90

DC Motor’s Output

Maxon DC 150 [W] x 3

Gear Ratio 74
Teeth Number of Pulley (Motor) 25
Teeth Number of Pulley (Rotor) 20

Internal Sensor

Incremental Encoder (Magnetic)

Encoder Resolution

500

Encoder Chanel

3

25
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0 2.8. Control of omnidirectional vehicle

O 2.9. Control system of omnidirectional vehicle



25 1000000000DOO 27

25 10000000DOO0OOO

000000000000 ooooloooooobooooooooooDoooOon
0100000 2000000000000 00000000000O0O0O00O00O000O0
goooobbbbboooooooooooooob bbb oooooooo
goooooooboooooooooooooooobobooooooooooooon
0300000000000000 25(a)00 Ball Wheel 100000000000
2800000000 Actuator 1 0 Actuator 30000000000 2100 2000
goooooboboboodooooooooooob bbb oo oooooooon
000000o0o0ob0o0o0ob0o0ob0oob0oobOol1boooDoobDbOooDboobOooo
goboouddooooooooooooooood v,y doooooooooo

O XN, A3 000000000219000000000

[vﬂ]:_i[ﬁ(mﬁag”Al] 219)
2r 51 —(53 )\2

obooobo0 212000000 1000000000000 DO0ODOO0OODOO0ODOO0
boobdobbodobodbuoobobodboobobooboobobboboan
00000000 o0.003m/s) 0000000000 O0OODO0UOOOOOODOOOOO
ggobbobbooooooobbobbbuoooooobbobboooooooboon
213,214, 2150 0000000000000000000O0000O0DO0O0O0DODOOO
Oo0OoO0DboOooOoOoobooOooOoOobooDbOoOoD 2.16,2.17, 21800000000
gbobooobboodabboobbuooobboobobooobboobbooobood
obobgooooo 2000000000000 0O00D0O0ODOO0OO0O0O0bO0OD 21100
boobobbooboobuooboboobuobobobooboobobbooboan
0001000 [dpil0 00030 mm] x 70 mm] x 20  mm|0 00040 [g) DO0DO0O0OO0OO
gboobobbooboobooboboobobobobooboobobbaoboan

ggoboboogobboooobboogooo



28 020 0O0O0OODOOODOOOObOOO

O 2.10. Direction of rotation

0 2.11. Measurement device
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(c) Oblique driving

O 2.12. Experiments of driving a ball wheel



30 020 0O0O0OODOOODOOOObOOO

(a) Target speed

(b) Target rotor speed

(c) Target actuator speed

0 2.13. Velocity command of longitudinal driving a ball wheel
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(a) Target speed

(b) Target rotor speed

(c) Target actuator speed

O 2.14. Velocity command of lateral driving a ball wheel
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(a) Target speed

(b) Target rotor speed

(c) Target actuator speed

O 2.15. Velocity command of oblique driving a ball wheel
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(a) Estimated speed

(b) Estimated rotor speed

(c) Actuator speed

O 2.16. Experimental result of longitudinal driving a ball wheel
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(a) Estimated speed

(b) Estimated rotor speed

(c) Actuator speed

O 2.17. Experimental result of lateral driving a ball wheel
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(a) Estimated speed

(b) Estimated rotor speed

(c) Actuator speed

O 2.18. Experimental result of oblique driving a ball wheel
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Calibraion Marker

(a) Whole view of QuickMAG

(b) Color marker

0 2.19. QuickMAG

37
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(a) Moving direction

(b) Vehicle trajectory

O 2.20. Experiment of longitudinal motion
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(a) Target vehicle speed

(b) Target rotor speed

(c) Target actuator speed

O 2.21. Velocity command of longitudinal motion
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(a) Estimated vehicle speed

(b) Estimated rotor speed

(c) Actuator speed

0 2.22. Experimental result of longitudinal motion
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(a) Moving direction

(b) Vehicle trajectory

O 2.23. Experiment of lateral motion

43
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(a) Target vehicle speed

(b) Target rotor speed

(c) Target actuator speed

O 2.24. Velocity command of lateral motion
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(a) Estimated vehicle speed

(b) Estimated rotor speed

(c) Actuator speed

O 2.25. Experimental result of lateral motion
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(a) Moving direction

(b) Vehicle trajectory

O 2.26. Experiment of oblique motion

47
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(a) Target vehicle speed

(b) Target rotor speed

(c) Target actuator speed

O 2.27. Velocity command of oblique motion
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(a) Estimated vehicle speed

(b) Estimated rotor speed

(c) Actuator speed

0 2.28. Experimental result of oblique motion
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(a) Moving direction

(b) Vehicle trajectory

O 2.29. Experiment of turning motion
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(a) Target vehicle speed

(b) Target rotor speed

(c) Target actuator speed

O 2.30. Velocity command of turning motion
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(a) Estimated vehicle speed

(b) Estimated rotor speed

(c) Actuator speed

O 2.31. Experimental result of turning motion
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(a) Step height 24 mm

(b) Step height 14 mm

0 2.32. Step overcoming motion
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O 2.33. Gap traversing motion



27 ODOOOOOOOoOoooooo 57
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(b) Slope angle 15 deg

O 2.34. Slope climbing motion
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(a) Ball wheel (Urethane shore 70) (b) Rotor (Urethane shore 70)

O 2.35. Resistance against of ball wheel and rotor
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(b) Prototype

0 2.36. Low cost ball wheel drive mechanism with MC nylon
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(a) Three-point gait

(b) Two-point gait

0O 3.1. Classification of cane walk
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O 3.2. Gait training system
Reif Co.,Ltd.
(http://reif.p2.bindsite.jp/businesscontents.html (accessed January 7, 2013))
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O 3.3. Sequence of gait training systemthree-point gait
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(a) Top view of vehicle construction

Ball Wheel P

(b) Prototype of ball wheel drive mechanism

0O 3.6. Ball wheel drive mechanism
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O 3.1. Specification of omnidirectional vehicle

Width 250 [mm)]
Length 250 [mm]
Height 240 [mm)]
Weight 15.6 [kg]
Ball Wheel’s Diameter 100 [mm]
Rotor’s Diameter 40 [mm]
Rotor’s Width 10 [mm]

Rotor’s Material

Urethane shore 90

DC Motor’s Output

Maxon DC 60 [W] x 3

Gear Ratio

21

Internal Sensor

Incremental Encoder (Magnetic)

Encoder Resolution

012

Encoder Chanel

3
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O 3.7. Image projection
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0 3.8. Gait evaluation
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O 3.9. Training with gait training robot
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0 4.1. Maximum dimension

Length || 1200 [mm]

Width 700 [mm)]

Height || 1090 [mm]
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(d) Bottom view (e) Support unit (side view)

(f) Support unit (top view)

O 4.1. 3D CAD design of ball wheel drive mechanism
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Ball Wheel

(b) Side view

O 4.2. Prototype of a omnidirectional vehicle

O 4.3. Control system of omnidirectional vehicle
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O 4.2. Specification of omnidirectional vehicle

Width 650 [mm)|
Length 591 [mm]
Height 200 [mm)]
Weight 40 [kg]
Ball Wheel’s Diameter 98 [mm)]
Ball Wheel’s Weight 0.56 [kg]

Ball Wheel’s Material

Urethane shore 90

Rotor’s Diameter 40 [mm)]
Rotor’s Width 20 [mm]
Rotor’s Material MC Nylon

DC Motor’s Output

Oriental DC 100 [W] x 3

Gear Ratio 30
Teeth Number of Pulley (Motor) 30
Teeth Number of Pulley (Rotor) 26

Max. Loading Weight

180 [kg]
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O 4.4. Prototype of a omnidirectional electric wheelchair
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O 4.5. Joystick

O 4.3. Moving ability

Step Climbing Ability 14 [mm)]

Gap Traversing Ability || 50 [mm]

Slope Climbing Ability || 15 [deg]
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(a) Longitudinal motion

(b) Side view

O 4.6. Lift omnidirectional electric wheelchair up
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(a) Braille block (b) Stone path

(c) Elevator

O 4.7. Disturbances
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(a) Whole view (b) Bottom view

(f) Side view

O 5.1. 3D CAD design of collision-detecting device
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Potentiometer

Chassis

(b) Perspective view

Chassis

Pin
Potentiometer
(c) Side view

0 5.2. Sensor unit of collision detecting device
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bumper frame
N

(a) Initial position

bumper frame

(b) Change of position

O 5.4. Bumper movement by collision
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(b) y-axis collision

(c) #-axis collision

0 5.7. Input displacement
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O 5.8. x-axis collision
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