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Fig. 1.1: Walking robot on the slope in a construction site.
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Fig. 1.2: Demining walking robot.
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Fig. 1.6: AGV of Japan Defence Agency.
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Fig. 1.8: Dante II
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Fig. 2.3: Imaginary projected light.
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Fig. 2.9: Experiment of kernel estimation.Relation between objects and viewpoints.

Table 2.1: The errors of kernel estimation(mass center and approx.sphere center).

Average of Average of

mass center approx. sphere

error center error

tetra 91.57 92.64
cube 142.59 34.28
poly8 64.59 26.63
poly12 166.51 38.44
poly20 126.79 45.06
cone 80.80 56.42
cylinder 100.60 78.56
sphere 166.33 26.44
random1 155.58 47.76
random?2 162.59 47.11
random3 170.03 59.62
random4 166.88 43.33
randomb 184.85 36.92
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Table 2.2: The comparison of knowledge and observed data

(fundamental wave, 1 viewpoint)

Observed | Knowledge objects |
objects | tetra cube poly8 polyl2 poly20 cylinder cone sphere random1 random2 random3 random4 randomb |

tetra 5.06E—03] 1.18E—02 2.83E—02 2.05E—02 3.88E—-02 2.73E—02 1.25E—02 4.14E—02 2.00E—02 2.03E—02 2.82E—02 1.09E—02 1.85E—02

cube 3.16E—02 [B.53E—04] 1.43E—02 1.15E—02 1.21E—02 7.63E—03 1.84E—02 1.66E—02 1.16E—02 1.14E—-02 1.35E—02 8.64E—03 1.05E—02
poly8 2.01E—-02 1.31E—02 [6.14E—04] 9.89E—-03 1.20E—02 1.14E—-02 5.80E—-03 1.93E—02 1.61E—02 1.36E—02 1.22E—02 1.42E—02 1.28E—02
polyl2 5.08E—02 7.90E—-03 7.81E—03 7.76E—04 2.80E—03 1.79E—02 2.07E—03 1.50E—03 1.40E—03 1.09E—03 1.60E—03 1.32E—03
poly20 3.49E—-02 8.41E—-03 6.18E—03 8.37TE—04 2.22E—-03 1.25E—02 1.09E—03 1.04E—03 1.23E—03 8.13E—04 1.28E—03 1.11E—-03
cylinder 4.55E—02 3.31E—-03 1.32E—02 5.06E—03 5.24E—03 2.13E—-02 7.90E—03 4.63E—03 4.35E—03 6.12E—03 3.56E—03 3.57TE—03

cone 1.04E—02 1.55E—02 7.27E—03 1.06E—02 1.32E—02 1.71E—02 [R.18E—04] 1.53E—02 1.30E—02 1.36E—02 1.17E—02 1.55E—02 1.29E—02
sphere 6.56E—02 1.49E—-02 1.34E—02 1.74E—03 1.30E—03 5.44E—03 2.60E—02 5.01E—04 1.42E—03 6.80E—04 9.29E—04 1.23E—03
randoml1 5.75E—02 1.32E—02 1.24E—02 1.29E—-03 1.20E—03 4.82E—03 2.19E—02 6.70E—04 7.29E—04 7.43E—04 3.13E—04 1.00E—03
random?2 4.15E—02 1.10E—02 9.12E—-03 2.11E—-03 2.12E—03 3.39E—03 1.24E—02 2.50E—03 1.36E—03 [1.28E—0B 2.10E—03 2.32E—03 1.34E—03
random3 5.50E—02 1.68E—02 9.07TE—03 1.41E—03 6.38E—03 1.65E—02 1.83E—03 1.31E—03 1.81E—03 1.08E—03 1.44E—03 1.30E—03
random4 3.73E—02 8.42E—03 9.52E—-03 3.22E—03 3.08E—03 5.02E—-03 1.91E—02 2.59E—03 2.43E—03 2.99E—-03 2.11E—-03 [1.59E—0B 2.22E—03]
randomb 2.96E—02 6.47E—03 8.10E—03 2.33E—03 2.07E—03 2.49E—03 1.33E—02 3.26E—03 2.14E—03 1.96E—03 3.05E—03 1.48E—03 [8.67E—04
Table 2.3: The comparison of knowledge and observed data
(2nd harmonic wave, 1 viewpoint)

Observed | Knowledge objects |
objects [ tetra cube poly8 polyl2 poly20 cylinder cone sphere random1 random2 random3 random4 random5 |
tetra 2.56E+01] 7.40E+401 1.14E402 9.54E401 6.08E+01 1.16E4+02 1.48E+02 4.84E+01 6.00E4+01 7.30E4+01 6.36E4+01 7.72E4+01 8.02E+40]

cube 4.02E+401 [8.34E+00] 4.80E+401 5.06E401 1.89E+401 3.30E401 3.46E+401 1.27E+401 1.88E+401 2.61E401 2.12E401 1.70E401 1.90E+401
poly8 5.93E4+01 1.37E+01 4.84E+01 2.39E4+01 3.02E401 4.00E401 1.87E4+01 1.97E4+01 2.04E+01 2.25E+01 2.08E+01 1.94E-+01]
polyl2 5.80E+01 3.80E+01 5.84E+01 3.03E+01 1.26E+01 3.30E+01 2.05E+4+01 1.81E4+01 1.89E+4+01 2.53E+01 2.77E4+01 2.63E+0]
poly20 1.04E401 1.82E+401 8.95E+400 1.53E+401 [2.23E4+00 9.41E+400 7.39E400 5.39E400 4.16E400 4.33E4+00 4.20E+4+00 4.33E400 4.55E40(
cylinder 2.50E+4+01 1.73E401 2.97E401 1.79E401 1.29E+401 [3.40E4+00 1.31E+401 1.02E401 1.11E401 1.19E401 1.18E401 9.52E400 1.04E+0]

cone 1.12E401 1.58E+401 9.83E+4+00 1.05E+401 5.07E+00 1.94E-+00 9.66E+4+00 7.39E+4+00 3.25E+4+00 5.25E+4+00 4.14E+00 4.03E+0(
sphere 1.70E401 2.13E401 1.44E401 1.63E+4+01 6.96E4+00 8.88E+00 1.39E+01 4.33E400 6.12E400 5.19E400 5.98E400 5.46E40(
randoml1 1.81E4+01 2.71E401 1.28E+401 1.93E+401 7.56E4+00 1.65E+01 1.51E4+01 [4.97E4+0D 5.28E4+00 6.65E4+00 5.19E4+00 6.64E4+00 6.57E+0(
random?2 1.35E4+01 1.72E401 9.52E400 1.49E+401 4.97TE4+00 6.96E4+00 5.31E4+00 7.57E4+00 5.73E4+00 [2.02E4+00 3.80E+00 5.13E4+00 4.03E+0(
random3 | 2.08E401 2.290E+01 1.24E+01 2.13E401 7.29E400 1.20E401 1.18E401 6.16E4+00 5.70E4+00 5.87E+00 [A7IET00 5.42E+00 5.07E+0(
random4 1.24E401 9.99E4+00 1.41E+401 1.79E401 4.72E+4+00 8.06E400 7.12E400 6.43E+00 4.49E400 5.30E4+00 5.11E+00 [3.68E+00 4.09E+0(
randomb 1.08E4+01 1.17E401 8.77E400 1.21E401 3.96E4+00 4.60E+00 4.35E4+00 4.73E4+00 3.41E4+00 2.10E400 3.73E4+00 2.95E-+00 [1.61E+400]
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(a)True matrix of cube (b) Distorted matrix of cube

Fig. 2.14: Distortion of matrix by the effect of the position of the kernel
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Fig. 2.17: Scanned objects
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Fig. 2.18: Superimposed data
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Fig. 2.20: The types of the objects
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Fig. 2.26: Laser Range Finder ”Sick LMS200” and the pitching scan mechanism

Table 2.4: Specification of SICK LMS-200

Angular resolution 0.25/0.5/1[deg]
Scanning area From -50 to +50[deg]
Response time approx. 52/26/13 [msec]
Interface RS232C or RS422
Transfer rate for data | 500[kbps]

Transmitter infra-red laser diode
Size 155x185x156[mm]
Weight 4.5[kg]

Range From 0 to 8185[mm]
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Fig. 2.27: Scanning mechanism.

Fig. 2.28: An example of scanning.
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Fig. 2.29: A result of scanning flat floor(1).
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Fig. 2.31: Workers on inclined construction site.

gobogboooboboboobooboobboobooboobbobboooobo
godobodgoogbobbooobbobboobobboobbooboooboon
000D 4000000000DO0DOO0OOOOODODODOODOTITANVIIODOO
O00000000000000 70[deg) 00000000 OOOOOOOODOOODODOO
0000000000000 0000OoOoooDooOoOO (Fig.2.33)0

99



020 000000000000

Fig. 2.33: Titan VII on a steep slope
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Fig. 2.34: Measurement of frames from the low height viewpoint
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Fig. 2.35: The characteristics of the free frame
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Fig. 2.36: Definition of the polygons correspond to the mesh(i,j)
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Fig. 2.40: Graph structure describing the shape of the frame
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Fig. 2.42: Frame Detection.

67



020 0O00O0b0oObOoooan

23,5 0O0OO0OOOO

gobobbdoooooobooooobbbooooooobobobooooobobooboa
gogoboobogoboobbooobuooboobbobboobuoobboobobon
gbhboggbbgogbooboobobuoobboooboooobobobboooon
godbogbbooooobboobboboboooboooboooobonoboon
goobooooobobooooobobbobbdooobobbbooooooobobon
gogoboooboboobooobooobboobooboobooooboon
gogobobooogbobooobooobbooooboooboobboboboon
gobobooboboooobgooobobobooboobobobobobobobboo
goobooboobooboobobbobbobbobboboobo

gogbooooooboboobobobobobobobobobobobobobob
goobdoboooobobooooboboboobobbobobobbbbobo
goobooboobooboobobboobbobboobboboobo

24 0O000OO0OOOO

0000000000000 0000000000oooooooooooon)boo
00002)0000000000000000000O0O000OOOOOOODOODOO
oooobooboIRpO0OO00OO0OOOO0ODO0OOOODDOODOODDOODOO
godbogbgoboooboboobboboooboooboobboboboon
gododgbbobobooobbooobooobooboooboobbooboon
gbhboogoobbboooobobuooooboboboooobbboooonoon

gdoddoodoooooooobobobobobobbobbbbobobobooooaa
gogobooobogoobooboobbooboobooboobboboboon
goboggboobboboobobuoobboooboobbooboooboon
oogboobooboobbooboobobooobooboobobooboobon
gobooobobboobobobobobbobobobobobobobobobod
oooboobooboobd

68



30 o4 ononod
HRERERE

goboboogboobooooooobobooooobobobooooobbobboooon
goboodgbobooobobo4bdooboobbooobbooobboobbboon
goooogoooo

3.1 U00ooouoooboooogon

3.1.1 0O0O0O0OO0oOooboooon

4A0000b0b000boboboobbooobbooobbouobobobooobbooboboo
gohoggboggboobob3gbobouoobbbobobbooboooboooboon
0000000000000 000000000O00 BojcoooooOoooooooo
gogobobogbbo40bodgbobobboobboobuoobboooboooon
gogobooobodgbbooboboobboooboooboobboboboon
goooobobd -db -0dd -gbobbooggbbooooooon
goodoooooboobobobobbbobobobobbbbbbbooboooouoooaa
godbobo40dbbooobbouoobbobooboooshbbboooboon
gogbooboboobbobbbooboodoogooooooooooobooboobo
goo

3.1.2 OO0O0OOOO0OO

000000000000000000000000000000000000000
0000000000000000000000000000000000000000
00000 Fig3.10000 [2]0
0000000D000000000000000000000000000000C0
0000000000000000004000000000000000000000
00000000000 0000000000000000000000000000
000
000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
000000 000000000000000000000000000000000
000000000 [31)0

69



30 0Oooobboboo4000boboboooan

pan
— W A
(1) o
@ [\
— A\
. 3) o Swing Leg
9 Supporting
@ @ Aleg bolygon
= ="

(5)
4) F g
©6) '

(A) Crawl gait  (B) Intermittent
crawl gait
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Table 3.1: Specification of TITAN VII

Body Size 636x536x600[mm]|
Weight 60[kg]
Length of a leg | 3004+-660[mm]
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Fig. 3.3: Quadruped walking machine to climb up slopes TITAN VII
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Fig. 3.4: Dimension of TITAN VII with LRF

obooogd

73



30 0Oooobboboo4000boboboooan

3.3 TITAN vIIOUUOOOGOOooooooog

TITAN VIOOOOOOOOOOOOO0O0O0000000000000000000
00000000000000000000
000000000000000000000000000000000000000
0000000000000000000001)000000 2)00000 3)0000
400 5000000600000 7)00008)0000 —01)00000000
0000000000000000000000000000

0000000000 (AB)OOO0DAOOODOOODOONONOOOOODOO000
0000BOOOOOOOOOO0O0O0O0O0OO0OO0OO0OOOO0O00000000000000
(B-~A)0000000000(A—B)000000000000000

000000 1722m) 0000000000 151fsec] 00000000 O 11.4[mm/sec]
000000000000 1300000000000000000000000000
0000 13050[deg] 000000D0-50050[deg] 0000000000000000
0000000000 20x4000 80000 00000000000000 100[mm]0 00
000000 700mm/000000,500mm|0000000000000000000
0 Fig3500000000000000000000000000000000000
0000000000000000000000000000000000000000
00000000000000

34 UOO0O0O0OOOO

OO000O TITANVIIODOOOODOODOODODODOOODOOoDOOoOoooooooooo
gobogoobboboooobobooooobooon

gobgobbobooboooboooboooboobobbooobboooaa
gogbooboboobobbbobbbbbdoboooooddoooooooooobooobo
gogoboobbooboboobbooboobbooboobooobobooboon
goood

74



34. gbOOOoOOd

Fig. 3.5: Stepping over obstacles by TITAN VII
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