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Table 2.1: Industrial robots in operation in the world

2006 END | 2005 END | 2000 END | 1995 END | 1990 END
Japan 351,658 373,481 389,442 387,290 274,210
China 17,327 11,557 930
Other Asia a/ 37,141 30,699 16,362 9,541 3,579
Australia/NZ a/ 5,554 4,938 2,833 1,840 1,430
North America b/ 150,725 139,984 89,880 56,945 34,090
Brazil 3,102 2,672 1,230
Other America 853 978 845 479 150
France 32,110 30,236 20,674 13,276 8,350
Germany 132,594 126,294 91,184 51,375 27,320
Italy 60,049 56,198 39,238 22,963 12,200
Spain 26,008 24,141 13,163 4,913 2,100
United Kingdom 15,082 14,948 12,344 8,314 5,940
Other W. Europe a/ 37,472 34,849 27,188 17,807 13,675
Russian Fed. a/ 5,214 5,049 5,000 10,000 64,204
Other E. Europe a/ 6,022 4,604 2,728 2,108 4,197
South Africa 1,028 622 90
Other Africa 32 12
not specified 583
Total 950,974 922,838 751,119 605,000 454,465

a/ Estimated by UNECE and IFR for some or for all the years.
b/ North America: Canada, Mexico, USA



Table 2.2: Annual statistics of industrial robot in Japan

(quantity) and million yen

Receipt of order | Production | Domestic shipments | Overseas shipments
2001 (56,198) (59,717) (33,969) (24,855)
365,922 406,369 241,232 161,264
2002 (62,610) (62,120) (31,562) (30,926)
403,599 391,351 200,258 183,590
2003 (85,058) (81,277) (40,559) (43,258)
515,362 493,595 238,584 256,567
2004 (103,825) (98,059) (46,335) (51,956)
621,594 589,093 272,350 304,467
2005 (112,087) (107,910) (52,451) (57,201)
701,064 656,521 308,021 368,594
2006 (109,364) (109,067) (45,634) (60,385)
749,120 730,351 297,877 437,200
2007 (110,880) (108,239) (44,205) (63,247)
736,270 712,321 285,242 438,170

Table 2.3: Shipment value of according to application(million yen)

April-June, 2007 April-June, 2008
Domestic | Overseas | Total | Domestic | Overseas | Total
Weld 11,221 13,176 | 24,398 | 10,639 13,715 | 24,354
Machining 1,859 1,329 3,188 1,788 1,343 3,132
Assembling 16,581 58,519 | 75,101 17,820 65,228 | 83,048
Clean room 6,310 9,666 15,976 4,301 10,376 | 14,676
Others 12,250 15,135 | 27,385 | 12,022 17,637 | 29,658
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Fig. 2.1: ASIMO Fig. 2.2: HRP-2 Fig. 2.3: RLMAN
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Fig. 2.6: Gifu Hand III
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Fig. 2.7: Barrett Hand
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Fig. 2.9: Tissue and tactile receptors of glabrous skin

Table 2.4: Characteristics of tactile receptors at glabrous tissues

Name of receptors | type | receptive field | adaptation | size

Meissner corpuscle | FA 1 small fast L=20-150um, D=40-70um
Merkel’s discs SA T small slow D=7um, T=1um

Pacinian corpuscle | FA I large very fast | L=0.3-1.5mm, D=0.2-0.7mm
Ruffini endings SA II large slow L=0.5-2mm, D=0.2mm
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Fig. 3.1: Universal Robot Hand
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Fig. 3.2: Finger mechanism

Table 3.1: Angular range

Joint | Range[deg]
1 -10010
2 -100 90
3 -100 90
4 -100 90
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Table 3.2: Motion control subsystem

0OS Real Time Linux

CPU Pentium M 1.1{GHz]

Memory 256[MB]

HDD 80[GB]

Counter board | 24bit 3mode PulsCounter 4ch (PCI-6201E, Interface) x 3
AD Board AD 12bit D32/S64ch (PCI-3177C, Interface)

DA Board DA 12bit 16¢ch (PCI-3346A, Interface)
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Fig. 3.13: Tactile processing subsystem

Table 3.3: Tactile processing subsystem

(O8] Real Time Linux

CPU Pentium4 3.0[GHz|

Memory 1[GB]

HDD 160[GB]

AD board | AD 12bit 8ch(PCI-3120, Interface)
DIO board | DIO 64ch TTL(PCI-2702C, Interface)
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Table 3.4: Remote operation subsystem

(O8] Windows XP

CPU Pentium D 3.2[GHz|
Memory | 1[GB]

HDD | 160[GB]

O Table 34 00 0O00OD0O0ODOOOOODODOOOOODOODODLOODOODODODOOO
oboooooogbob Fig. 3.140000

Fig. 3.14: Example of Remote operation subsystem’s display
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Table 3.5: Averages and standard deviations of kurtosis of average distributions

test piece sphere | cylinder | square | rectangle

average 2.67 2.68 2.40 2.38
zp plane

standard deviation | 0.026 0.057 0.032 0.011
average 2.71 1.96 2.38 1.94

yp plane

standard deviation | 0.081 0.026 0.067 0.045
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Table 4.1: Averages and standard deviations of evaluated value
reference

hexagonal prism | octagonal prism | cylinder

hexagonal prism | average 0.00121 0.01262 0.07642

standard deviation 0.00106 0.00285 0.03566

octagonal prism | average 0.1179 0.00241 0.03566

standard deviation 0.00571 0.00227 0.00433

cylinder average 0.10297 0.06107 0.00545

standard deviation 0.01434 0.01093 0.00259
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Fig. 4.17: Relation of kurtosis and time step when rotation velocities were changed

Table 4.2: Classification rate when rotation velocities were changed

Rotation Velocity [deg/s]
4316586129 | 17.2

hexagonal prism | 85 | 90 | 90 | 90 85
octagonal prism | 85 | 90 | 90 | 85 80
cylinder 90 | 95 | 95 | 95 95
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Fig. 5.1: Scene of continuous rotation manipulation
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Fig. 5.3: Relationship between kurtosis and time step in continuous rotation manipulation
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Fig. 5.4: Relationship between evaluated value and time step in continuous rotation ma-

nipulation

Table 5.1: Classification rate in continuous rotation manipulation

Hexagonal Prism | Octagonal Prism | Cylinder

Classification rate (%) 81 74 89
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Fig. 5.5: Combined object
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