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Fig.2-3 Signal processing circuit of
pulse phase difference method
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(a)Overall view of the laser range finder

Synchronous
signal '
Reset
s, sadl sy | ]
DDD Flip-
cep-1 B D P
' Circuit Flop
1 Stop Reset _I.‘Set
! Clock Output
-— — p————
DDD S — Counter ROM Latch
CCD-2 | . :
circuit u)
(=us)

<

512.<Js. 522,_11.

Single and double camera
selection signal

(b)Block diagram of the data processing system

Fig.2-4 Constructed laser range ﬁinder
and its data processing system
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An ambient
light

Fig.2-5 An example of fault correspondence
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Fig.2-6 Condition of experiment-1

_ZZ:



CBRHZhEbofod, EERHBEEIWALEREN W EEZEDLTVWE, &8
BLRFEMARSKBIZ2EHOEHRAELEZHEL, 30° FTHRET T3,
BT —TERLTHERLOREZELT 20, HARMERREZKEH
MICETFBHLEBSEDR LI, BHIRAREAXFRNE., Fifich~Nfc 24 o F
SW KL > TIHRVIDEA, ELVEETOLEEZIT > LSl

HEBRO LM% Pig.2—T7 KARTo (a) B/AXCVIBRELICCVH
Bicd 25 HECH B0 /A XNV IBRELRTAIE. KRLOBMBARTH
RELAHRBO VAP EETOZOHABERLERBBLALEE LTV L,
(b) RTLEDHZv~v., () RBOMKRATH B0, COXIW/ 4 XN R
BRAELPTVES, BIRARNTRBLALEHNSA TV 20T L, ERAHR
TRTDIEGVHETERLETRAPTETVWE L EBbM 5,
ReBABFHBEXTTOE20ERET > o FRERICXZEa Y7 Y~}
DER. BRSZ., BEFHEETTO /74X vzt hdbiiunizy, BIRTd 21~
Sm LLIATHNIETIEER 10~90 % . BEE 0% BEEORIFRHAMLTARET
Hoteo TELTH2OEREB, FVFFERLEBETIT 7o THIE Fig.2—-8 (a)
KRTEIINEHEATORKEEE» R Z2AZROMERERKETHIT ST
&60%@ﬁm%ﬁ5tb\ﬁxamevfyfﬁmmgﬁéﬁrmao@ﬂ%
REHEEEHCMOFHARF Yy Y s A~ DEEHVCTV S, KBLOBE
1077 1x Thoteo CORNTEEREZNALAABESOA T ETEE
D 1% Fig.2—8 (b) KRTo
AFROHUEROMEERE Fig.2-9 (2) KRT. RELEDLNLMER
Fig.2—8 (b) DL~V 2UOAEESE | HEROBIRAN T Fig.2—
9 (b)) DEIREHAF - RBBEALENEING, ZhicX LERARX TR LD
HECESZMEBLAUNZT - TR0, FHAOEHUDBER SN R LE
BAERTOLREEFOB->HHFRNBREINT WS, BRI ERERESKE <
Vo FORMRESEAT B L. SOLFVWHETHRET 5, COHBIROVT
2 -5-3TEET 5,

_23_.‘



Measuring Illumination Correctness Error Rejection
objects intensity [1x] rate [%] rate [¥] rate [%]
(a)White surface 70,000 100.0 ( 99.8) 0.0 ¢ 0.0) 0.0 ¢ 0.2)
(b)Tools 70,000 96.4 ( 30.8) 0.0 ¢ 0.0) 3.6 ( 69.2)’
(c)Gravel 70,000 44.0 ¢ 1.4) 4.0 ( 0.6) 52.0 ( 98.0)

*Figures in parentheses indicate the results obtained by

conventional single sensor system

{b)Tools

Fig.2-7 Results of the experiment-1
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(a)Overall view
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-—— ‘Laser light
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-
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:::::::;;;Eifiigéz;\\\j

{b)Video signal along the sampled line shown in (a)

Fig.2-8 Experiment-2 in outdoor environment
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. ,//-Tree trunk

Fallen leaves

(a)Dual-sensor system

&

(b)Single—sensor system

Fig.2-9 A result of the experiment-2 ( side view )
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Top view Side view

Support and Mirror
swing arm {7 L _JLaser

-
Levmedeciemman
-

Camera 2 Camera 3 Camera 1

Fig.2-10 Multi-camera laser range finder equipped with
additional monitor camera 3 on laser scanner
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(a) Binocular system

Camera 3

“camera 2’ Camera 1

(b) Trinocular system

Fig.3-1 Formerly proposed stereovision systems
ig.3-
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Fig.3-2 Multi-camera system for
multi-camera phase difference method
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Fig.3-3 Top view of the camera system shown in Fig.3-2
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Fig.3-4 Occurrence of correspondence line
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Fault correspondence line
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Fig.3-5 Occurrence of fault correspondence
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Fig.3-11 Average number of fault correspoﬁdence Nf
estimated by Monte Carlo simulation
( Xmax=20(m) ,D=440 (mm) , f=16 (mm) ,w=8.8 (mm) )
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Fig.3-12 Insignificant fault correspondence
caused by quantization effect
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Fig.3-14 Constructed camera system for :
multi-camera phase difference method

._55_



sensor

u'-up=-f+sinldfy+(u-ug) cosiby
su'sutC ( C=-f+Afy:const. )

u : Measured value
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Fig.3-15 Effect of camera setting error in yaw rotation
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Fig.3-16 Results of experiment on
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{b)Measured result on the
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Fig.3-18 Experiment for measuring object points
at distance of 8(m)
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Fig.3-19 Real-time measuring experiment
with the proposed method and

slit-ray projection
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Fig.4-2 Torus memory representation
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Zv 0 0 1{{-sinfp 0 cos@ |0 sinfr coséb rjizn Zg
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Fig.4-3 Mobile robot and map coordinate systems
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Fig.4-4 Locomotion of point G and coordinate systems
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Time constant for oblivion
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Fig.4~5 Time response of the mean value Eh in case of
the proposed sequential calculation method
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Fig.4-7 Results of model terrain measuring experiment
by the visual system mounted on the moving
quadruped walking vehicle TITAN oI
(a) Terrain, TITAN II, and its path of locomotion
(b) - (d) Measured results from the position noted on

(e)Mean deviation map
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Fig.4-7 Results of model terrain measuring experiment
by the visual system mounted on the moving
quadruped walking vehicle TITAN II
(a) Terrain, TITAN III, and its path of locomotion
(b) - (d)Measured results from the position noted on (a)
(e)Mean deviation map
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Cross secti

Fig.5-2 Cross sections for 3D representation



%//View direction

Fig.5-3 Comparison of invisible area estimation methods
(a)Estimated map using a cross section
(b)Estimated map with only cubic curve interpolation
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Obstacle

Obstacle

Maximum traversable height
] Path of for mobile robot
locomotion

Mobile robot

Fig.5-4 Dominant cross section for
mobile robot navigation
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(a)An example of forest

Invisible
region™

Tree

Robot

Bench|i

]

(b)Measured result (c)Estimated cross sections

Fig.5-5 Measurement in forest
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PRRCCateR

Robot

(b)Measured result (c)Estimated cross sections

Fig.5-6 Measurement at parking lot
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Cross section
of a hill(pole)

(a) Feature values

6 A memorized hill polygon
A La
2o | 24 22 g 3 '
o T v
1 ]
. o :
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407 Ae2AG)3 Z% i ;
f
1

i
v :\1 04
7 (N )
L.2=Lmin : ' Input hill polygon
L_3| Ly 1 vl i : 1 i
i i Lo Ly {Lp |L3L4|LgLg{Ly a s
|

i_ 4 4001

% AO. 5

Lmax

1
J=ofti-1] 3 Pieafieztie3|t5ea [Fies

© (3=0-m-1)

La

(b)Matching on 6-s plane

Fig.5-7 Formerly proposed data processing method
for A-interpolation
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"" Feature portion

Cross section

Fig.5-8 Local feature of cross section
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(a) Input cross section

(b) Preliminary smoothing

»J“%n

s

(c)6-s representation

S

(d) Edge hold smoothing

(e) Feature polygon

Fig.5-9 Polygonal approximation process
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Qo o L ( Object, Portion )

root —p— 5 15 25 (1, 3), (2, 2)
L— 45— (3, 1), (3, 5)

4% 10 (1, 1)
L— 30 — 25 25 (8 1), (10, 5)

Fig.5-10 Produced discrimination tree
for portion matching
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Input partial polygpn

Viewpoint Candidate polygon

Fig.5~11 An example of inconsistent
candidate polygon
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Invisible region

FPig.5-12 3D interpolation with
interpolation curves
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A i ¢ 37 00 T, A

(a)An example of styrol object

. Object
Visual sensor
NG

(b)Measurement of object shape

Fig.5-13 Object model and its shape measurement
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(a) Input partial cross section

(b)Local matching result

(c)Final consistent result

Fig.5-14 A result of matching experiment
with the proposed method
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Input partial cross section

Fig.5-15 Matched results with
2 input cross sections

-108-



5—-5—2 MEBHAoOFERHyI2Lv—va v

Wi, By PeBHELABEE Yy Y TRHLEBOBEAXHAIL,. 20
EEAETARABOMIEABMEIC L O BEL TO CRDEBE LA HE
Sal—va YRk, £ LIREHEOEMOBEE R TRELL
FHEFOCOS (5-4— 18K o EREARKOED TH 5.

1) && 1000 mm OHROEF VM ZMRE 1500 nn 2 SBEHL >
LT R ET 5,

2) By, BEBRRELTVLOLET B,

3) BB LARHAUERTAER., 2oXNEMBE oL L EE L B TRETE
LUOEBEBONTVBERET 50 £ T. ZUTHHEF— 7 H73<
FEEITOI>HEMEEFVORLUBMEEEHET 5,

4) BERENOEREOLEVEa: i 30° &7 3.

ABEEZERA L TCHBILAER%Z Fig.5—16 (a)~(e) KR TDLED
EREROEBEZABEEEZTOLRVWESLERLT () KRT. LELTE
BRER ] &R, I ~NEEBEobhcPRMIE,. OBEMERKELIGHEL 2F&
EREET D, CITPHMELRBITHEMICE > Tl ( Pole ) ELTEEFLR
B (S CciEHI 250 nmn DIEOES 2 boMIAETS) 0BT
ERBHe Ry rOXMBGCHEC XD FEMEABEIME (F 250 nn K
OHIE) TH B

(a) THEBWESTOVOTERERBEVS, (b). (¢) TR (a) TO
KEMESPETEINTCVS, -T2 0REF— s PHEES oD, ABBE
DEFERITHBVEGOFERLIVHAEL TV, (d) REATEMEPIR
CEMBREEBECBVE, (6) TH (0) ORBETEAVERRRY L
A4T2E0IBRER-TVWE, COYIalb—va VYEERPS, ARBBECE
NEFHLTHVWERER THENTE 3 B TFHEEIN B,

-109-



terrain learning

with
without

terrain learning

map generation

Scenes of

(a) (b) (c) (4) (e}
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(%)Y uotT3zRWI3SD
3091300
30 or3ey

(f

Fig.5-16 Terrain map generation experiments with the proposed

(f) Transitions of ratio of correct estimation R(%)
during locomotion of scene from (a) to (e)

(a)-(e) Sequentially generated maps

A-interpolation method
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