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Program Development of the Feature Extraction from an Intensity Image

for Identifying the Location of the Mobile Robot
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An intelligent robot, which autonomously patrols and inspects nuclear facilities
instead of a human worker, needs to know its own position and orientation in the
workspace. Generally, a mobile robot obtains its current position and orientation
using the dead reckoning scheme in which the distance and orientation are measured
by an odometer and gyrocompass. During the longtime movement of the robot, however,
the accuracy of the location information gradually decreases because of
accumulating error which is caused by some uncertain factors, such as slippage
wheels and floor, and cannot be exactly estimated. Therefore it is necessary and
important for the mobile robot to be able to correct the current location obtained
by the dead reckoning scheme at anywhere in the workspace. There are some methods
to correct the location information, such as infrared beacon system, detecting a
mark which is put in the environment. [t may be the most desirable method to
estimate the position and orientation using some features extracted from and image
of environmental objects taken by a CCD camera mounted on the robot.

This report describes the development of the program which extracts some features
from aﬁ intensity image of equipments in the nuclear facility. The output data from
the program will be used to identify the location of the mobile robot in the
workspace. The overview of sensing system which includes a CCD camera to take

necessary images and the characteristics of the CCD camera are also reported.

Keywords - Intelligent Robot, Sensing System, Estimation of Location, Feature

Extraction
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Bh, LERS, EBEOH AT TRE LEEL, 725 OXEROEBAPLHEBIEFIAEL
24X F7z, SELELFHSOOBBORSHICL > TTE RIS L2 &%, BTRR
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BEFLIZEDITRTH L, COBRICLY, €Yy AT A0, FEMIIGFIERD
AFACADEN-AXTBOGFTORFTIH > TEET L EFTRERD, IRV V T
VAFADCCD H AFREHAL, B~ PRELAEFEEHCT, BBy F OH
ENErRETAI LWL LS,

YU VATFLAOBEOEY FCBRENLESG (02, HHEL VY REES) &
. —yMREO WS &1, BEREH-BEITETH L, o, RIS L THRAK
YLMELTHETH L, &2 CHd L BB0RMLA#ICOWTIE Table. 2.1, 2.2, 2.3 12
BoTFEni,
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BHEEE -7 DA ERE TR, ERNOBIER, 7 A7 SRR, RN O ERA
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HASEEHRTO S EREERIHFTET L 20IEbR LT X -5,
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OERAHhET b, EABEE A — ABEIC L > TERT 2%, HER, A-aT5%S
BN EAOME f = 12.508 mm 2R LTV 5,

e CCDEF0 1 ¥7 VD EBRDKE S Kpx Mpy
CCD FFLIRFILTVAEZ L 1 DOWENLERIEERT /T A5,
Vo e UERBTRVES, BEOEBLETH D, ZoEEHVT, €72V ET
ENLEELOHLES ZEREERE (CCD £TL) COEROREZIIERT L,
BE 25 - kOB A E MR OEROES ¥, LOSELRVT, BERERRT
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HIIRLTHL LEbhS,

o LY ADFMEB.LE LS CCD EFOREOTI I
EHST AP0 THVIES, Ly AONEMICEY E 2 A PRI EELRY,
S AT hEE S €5 L2 BE LIRS, BRLCBYT, ZORIH
WTESTWAHREEFIEIRIT,
BEEAPET LI L0 LT, TOEEFHRE L, BRELT, §=-0.75 deg 2157
CrE B LT, HRESFEEET 5, )

o LAWK CCD HFIcrT21H i tx, # ty
Ly Ao sic BT 2 ®IclMT 5 EEE 0
Ly e, BiEoX i, B ETEBEE AL EFIERITOT, A—DHBI
BWTiHT 5.
Ly IR, L AONEA COD £T 4Bk CCD ZFOFLLoTh
BEL, E7o, Ly Ao EEE, U AR, iz EE 28I L TEELTY
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K2, BHOWHIL L B30T, LY AOBRIEEOAOE, BEHNT, (328, 273) 0¥
BB TWIeOT, FOEREEOPLEEZ S, &, BRI, 640 x 480 TH 5
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Ly AO—BHEE»S L Aodithrs Ly AR E 9 13 EHESFELY, £
DEAFKECEE, MEEZTILEFS D, VY VI VAT LT, KELLD
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Table 2.1 The specification of the sensor part of sensing system

WER+E Y | CCD & A5 ]| HALA S~ CCD S A5
R~ 760 x 494
A% BE AT 460 A&, FHE 350 K
LR il 50 BEA—H1L X
f o7 R 12.5mm ~ 75mmm
e D #HH F1.8 ~ F360
FA—HA 1lmr~oo
HifgEIE  28.7°.7  ~ 49" x3.7°
L—F—EHE | G PR L —
HKEEE H ® FANNIIFT LD ERER
FEAF 45°
EAEE 480 Hz
S Ao s B - I A O A el N O By o [V 1)K i |
7= A B 50"
HOLAeE 017
ZHIEE CCD # * 5 % ¥H
BEEE& B EEhoMh (%, FNT)
FEm#E 0 A4G %900
LT E60° F9O°
MEREE AL LT /s
ETF#H 15T /s
ke +1° DT
BEHYr Y | w405y te ] avFErHwAraRYy
RS 100 ~ 10000H =
Bt eigm/s—gm /g ) AR
Bell & WEL T EEH
REH LY | AAETH Rl RBARK A &
(FER RN R OF, BUREIVRER P8R v )
HEBEE Y DA BRET ARNK
Bt 4 | sRBEE Fé 5 BERRAT — A 2%
R 30keV ~ 2Mev @ ¢ R
0 5 6 B 1pSv/h ~ 100mSv/h
BB pSu/h LV #5681,

mSufh LY # 18
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Table 2.2 The specification of the communication part of sensing system

oy EBEERE | REY | BMEEEES A NTSC

JE i 97.25 MHz (BL%)
101.75 MHz (& 75)

L r 110 dBp

Ty E5 AR FSK
BB 74.5 MHz
HH L ~Ur 100 dBy
{=%EHE 4800 BPS

ZEW | T4 EF HR FSK

N E 43.5 MHz

AH LV 50 ~ 90 dBp

B REAKE BEWH | F-2Ey AN FSK

Ak 43.5 MHz

HH L~V 120 dBu

=5 4800 BPS

AR | MgEFEST AR NTSC

R 97.25 MHz (M4%)
~101.75 MHz (B7)

M7 LV 60 ~ 85 dBu

Table 2.3 The specification of contorl part of sensing system

T2 AT —vay | B 97y FEIT -2 AF — g P2200 (Panasonic)

CPU | Super SPARC CPU (33 MHz)
AET | A 32MB, 7L —24AEY IMB
0S8 Pana0S/S 1.0 {Solaris 1.0 #¥ + JLE)
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Fig. 2.1 The intensity image taken by the color CCD camera

Fig. 2.2 The range image taken by the laser range-finder

— 9~ (10) —
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Fig. 2.3 GUI for controlling the sensing system
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B
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Fig. 2.6 The panel for automatically controlling the senéing system
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Fig. 2.7 The panel for connecting with other systems
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XL EWEZERTZHECOWTRERT 4,
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BN BT A HSEEORAEMBEMERWE L 2X6BEHLTwE, LiL, BEID Ry
N OBEIHES, HERTHA I &, WA TH2 ) &, BEOKRE L OFMIIZBIT HEI O
7o, BEEBET LI LICE - T, RBEENRR SN, ToNBCET 2EORREIRE
LARAT 2, 220, ARSEHIIBNTEST BB Ay b OBCHKEDCRER, BED
Fy b EFEERINLIY I-FE0fEEBIC L o THESNABE TRy P O
ME % BEORY FAEEOH 2710 Lo THRE S TR O &Y OB O S v
BB Y HO0 Lo TV ARBRNICE T 5 2 ORBEOKBRREAVCTBET AL
Thd, 2%, ERCEBE S EE» OB LSRN BE, fEBroBmESN
2R EEED SHIH S D R EEHEOMEE OE, S, BER Ky F OXKEBEOS B
X L IWHRETRDLIETH S,

HASP 0B 2B Cit, iid 0 & 312, T TREE2~Y— 2 AV - BUMEBREY A7
ADBERENTVE, L L, TOFETREENIERE Y7 2 ZBRET L LENFD
2, 2%h UKy POEEBRELZ Ry MIELLZRIER DL E LD, BRRFTE
2B R, UKy P OVEERELHIRT L LI 57, URy b AEEL TR ) FHIC
AN ER I b e b, FORD, BHAY -2 EHERHLT, BEOHELMEE
Blsgd o hEER, 93k, R BIRL TV AHU Ry MELTVWEHELRTEA RV, £
ST, k)AL HEE LT, CCD # AT IR ko THRIBE N/, BRFICREIW TV IR
BOES, SRS L, FOMRILHCHBEOBERTRZIZLEELL, £
¥, RBEFITB VT, CCD F AT TR S R EE» bRIFEFORBOSY S LA T S
2DV 7 o 2T ORFEICDOVTRAET 5,

LSEOFE T, ACNEXRET 520 0RENOYEOFEE LT, REPORELRH
BLTVLREOBROLERUFEFOBEIELATEMEHAVEZEE LT, TOBEBELT
1o, BT HRRAOIZEA OB, KRLFCEDRICAFBIoHETERL,
BEFIIRBSRLTVWALLD, TOREBOBRETENZENTS L THHUEy F IIREA
OHR N EEONBCHDHBORENTRE 2L ETHE, 17, AEOBRRUENE
o TSN EEZBESREEPORET I L), RBENERTHEI LI 120
BHTH 5,

TOFEOBERUTOEEN THE, TLEBROHEILOWTIINEIIFT,

(1) T a—¥EolzEBONEER, LT I REBET Ky b OB SRETHEZ
BLAVEBEOESLZEVUHL, 20HEENI ATORIMEIIDD X5 ITH A5 2,
HAORHEOEE T 5,
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(2) (1) KBLTESHAEEP S HTHED FRic LESBRICTIGT A ER & TR
A FNLOERORSFMBL, BRMICET ARAOEBRR RS ELERE
OEED 1 SOBEZELT S,

(3) A5 ONERH X RET 2L 2 EEERE AV, (2) THM LROEERE, B %
THAOBER (EEEER) %8R0, BREAICEE S M BER (HAHEAR
F) FHCARRICERT 5.

(4) (3) TES N HEHBER TEA SN, BRNOXELERD 1 ab s, @ERRT
FEEN-HEROEROFMERD, KAOEIELTHAOERE, HROT L HRD
FHkd, FNFRLBL, 20OELPOBBEUR Y F OREMBLMEE L) ERICH

My %,

BRANOEEOYEFERE LEE (EHEE) I, 2 ¥a— 3T I 74 2 ARHVWTE
W L7 EAEMLERE R, RO, WEOE, HEWOBL, BERO ) A AFEE0
rlc, EEOBRICBVT, FEESS HCHBORBIBERBRR UL LS H LIRS
REUHL, Fho4ABVHECHHET A LIRELZZETHL, £IT, AKUFFETHL, ¥
i, T O B E EHESER O 0 2 B OBRERT, EEG, SHRICHIST 2RI E,
CEZBEY)BEVHETIIHT 2707 7 A0BRBERAL RELRES TR, B, BN
DAL BEEL, I BEEOBVIELZLy VOATRLOBENIIE STy VORI
LT o7, 7, SIS TR, RIS NIy YORSLLRRLy VOAOMT
ot COMERMBEITE I I Lo T, BRICHET 2 2y VI TIIO A EROK
AR RN, BENTOEROERIES D, 2B, 707 7 20REBIBNTR, B
HIBFgetR JRR-3 O# T —B— R X H &R L TEELAEERSN 2] ORSFOBEE, =
WH5— CCD # A5 % HVTRYE L-EEZAENFOEE ( Fig. 3.1) £ LTHWZ,
DEHEIL, § bits DHEEL ~UVIEZE FFD, K& & 514 x 384 DEIETH %,

3.1 #ERRLEHRDERK

— T, BT —ER S EBACEIR R A BT 58, Fig. 3.2 (a) KWRT 2 BN
LTV 5,

LAL, CORETE, oih s —EgE IBEERCERLTL T ) o, HFHLEHER
PHWTOARVE &, SR SERICE TR ) 720, oy U L ) A EES
BTy UABATLEI S LR E, W ONPDATHALBHELZ LHFTELRY, &
7o, X BITHROUIII BV TE TN DS LERLEGRE B O, A XS Lo TE
LT LEIRLELTy SRS RHE LAV E T AL bBEETHD, £2T, TNHD
TEREERL, RO LBREROEETEE W OPRRB L,

(1) EHiE, HT7—BEig» STy VHBHETS
715 — BRI BT, Ty V& LTRE LA VWEEREIE L 572010, ROT#E ) OB b



JAERI-Tech 95-012

Zirbhit, —Hd, BEREFEL ZOOWNFEETH L, KEHOML EOENI L o TH
BREAVE-TWBEETH Y, R, Fho0WIRIBEFOBETH L, 77— HigE
WEERIC TR LSS, WEOSRBIIMEEOZL L THA, BEERICB T TIRZ
BMRABELTRLZENTE, LoT, BBERFCIFORAEL Ty DL LTRIITAZ
ENTED, UL, BEOEE, KAOHZ & biko T, fT# & MR, BEREETD
BRBIEEHOEL LTRRLY, 5 SHPRAREORIL, BREgERTIILICE-
T, BOEWIZ L LBERES, PR BERBL L TRAZENTET, 77 —-HBIIBWT,
LPEERRTH oM ELy P ELTRETERCR>TLEI ZEFH 5,

£ZT, R, G, BOKESFOER, FRENICEE Ty PRI RV -5 THL Sobel
NL—F[3, 4 FEH SR L L Lz, TITHW Sobel FL— 13, —K#7% 3x3
DF T L —bTHE, T -+ OFRL—F 2 ERIEFASELEY, 77V %
E{gi-EL, FYACBLRLIEROBEERE OV AOMETENTEbE, SLIITXTZEL
Eh¥L I oT, TLEEOTI Yy VEEYROLILETHD, LoT, TOHIEEL R,
G, B, #FNFRORSOERIIH LTTL 5720, 1 00BERN LT, 3 20Ty VikEY
BLZLERE, F2T, ZNLOBELELAPEEILINEoT, BEI T2y VE
Bory ViEL L, COLET Y UMEA 255 LY KE (R oBE, TOHEEN LY VTE
BEE 255 X LT, Ty VEHEE B,

Fig. 3.3, 3.4 iJ, @EE &L L Ly VW 2T 2 oo E0T y VERE, 7 57 —HEDP L
HE, Ty PHB2 T 2o Be0 Ly VEERYIRT, BREE,COTy VHEBIZ, HL S
DBEVIC L AR T A2y VRSB LTV, #9 —HEHBILBWTHED
BERBEOEAELBRBIINT L2y U, oty VDEBERTEVWEETELIL TS,
¥/, A S HBEEORGOTMANEL RFORAH L, oy PR TERV EEDC Ly
TVELTHEORTWE, ZHIIH LT, 75 ~EfEr ooy VEEL, fiF & i L T
W2 AXHELETNLN, HFEOT Yy VEBIIBOWT, BWEEL 2o TWizxy VIS, i
DIy VEFBEOEETHELRTVWLIEWGPLE, LoT, 77 -ZRSOEEENETNL
IZ, Sobel A L —F R{EH S EL I LICLY, WL EPFBETH L FEOHEIELHRR
2 HLEHFHRETHY, BPEITL> THEOHIBERBRIIOVWTIEELT, Ty P&
LTHIT 2 2 ENTREE 207,

(2) BRERBTICEYY, EBFAICSVWTZEILETED

HEEEOEEHICE SV TTHERIT R o256, EESEICB VT, IO A S
KEWHZEF 1 &R0, FITLRVEERIO L2oTLEIZLIDE, FO0, v Y
EENOTy P& LTHHSNCRRAHO )5, BREETEL T BEEFRKEZVWIY VO
HAFRD, FOMO Ty VIIHATLEI S LR L, CORERERL -0, EROFET
Ty PR LAEGRSEICN LT, ZHACAEE T2 o - Fig. 3.5 1077, 2O
oG5S LI BCEFOTy VERZHEEIZBVTHATLE> TS, LiL, 20H
843, Ty VEHMT A, HRL Ty DEEBRAL, T L0oBs0zy VLERRED
HMEELFOLICTIILIL ST, 2BEROCTILHFTETH L, EEE, # 7 —HEE
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POEE LY YR LA EHE A LT SRR R 1T o 25 ( Fig. 3.6), ERED
HHAPRLILIRTELZYV, LAL, 2y VRHBOLTEZGI T, ZORRTEL 2T
AN TEL VD, RREBITEY A REE ALY, TR E COERITN LTEE
TR THAPEHBZDOET 572000, TR T HAEET 2 2L L

FEROBHSI, BELROEREROEEEFEBELTVALDIELTWE, 2% ), HEM
AENLy Vid, ZOTy IHEOFRATEIy VL LTRE ZENTE LY, BFEHhT
I EEASEAN S W D kAL S, ZEMAMEIC Lo THSRATLE ), o7, M
(LB ONRERE NS (T EI LT, TOBREEFNI LI EPFTE2LEELLN L,
FIC, Wi H LKL SOEY (SEOBEIL, 64 x 64 DEHT) KIRYY , &4 DIHEBA
BV, TEER TR Ik E L, SO ERVATEOT VT XA, HEE
WICBH 2MEEY AN I 25 T0T 5 LEVES, REOHBIGHTE [5, 10] L AVTR
B, FOLENMEESOTMEETZ250THE,

Fig. 3.7, 3.8 12, fEROFET Ly VM AT 2 o &L, 7 7 —BERD HSEEL v T
WA - 72 g, FRERICE LT, T - - S 2 S L ROEERE R,
Fig. 3.7 # A5 &, Fig. 3.5 BV THATLE o TWny UFRHICH LN TN L I LA
MR TE L, L L, Fig 38 2b%455 L0, CoOREKERWA L, Fig. 34 K8bh
7B EEE AR ) A ADA S EFBICBO T LA E T 26, £OIEFBAILE
WT/AZXDARFHFALTLIIBREL D, BOAMIIB VW TEOEENHELITLE o
F2T, ChFERT B0 KHMTRERS FEEHW,

(3) B, Tv JEGOMRILETES

PEk, MHRACILER Y, THEELABICThR T, LirL, 20 & 5 2RAETEETI, Fig.
3.7,3.6 CROND L%, TRILOBBTHAINTLE o/ £ X LT MRILETT
BoTLEW, ZOHEIROBEICIRB-TLE), £2T, 20L I %/ A XHFROME
AL TEREREA VLI, UTORELTRI S L L7

F4, FFIRKER EREEL SV, 0~ 255 ORBEICH L EER) THDH, 7 7 - EK,S
B Ly VESC, B MSAER TR S LI Lo T, BERD S A AR D
BEROFOIZ, Ty VB LETHE S, AT TAEARBIC L IR TLE )
SR LRy VRS R B, FLT, SRR L2/ A A2 @E % /4 X
BEHBEICL > THRETZ, TORBIZBVT, BR/ A XIS EHI LIZL-T,
TEge ks ) A A2 BT LI ENERILD, ThOEBRETLILEVER L5, Fig
3.9 {2, Ty VR RTIBREGICHEL (6, 10] 21T o -lif§%, Fig. 3.10 1, / 4 X% gl
W R4 EgEE R, 3510, SOEBIC EBOERE YT v, RICPHER/ A
A fpE L EY Fig 3.11 1T5xT,

v ool Mz TR LREEROBRY Fig. 3.2 (b) IZ5RT, 72, ZO#K
i FE OB > TER SN L F 4 OFEBREREPOEFENTHE % Fig. 3.12 12
G

—17~(18)—
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Fig. 3.1 The inpuf image

color image

color image

gray op.

s applying the sobel operator
10 each coior component image

gray image

edge image

sobel op.

e thinning the edge image

edge image

thin image
(from edge image)

binarizing

® dividing the image intc some regions
w thrasholding each region
s @liminating noises

binary image

binary image

thinning

# thinning the binary image

thin image

thin image
{from binary image)

(a)

(b)

The previous method (a) and the improved method {b) to obtain the thinned-

edge image

19 ~ (20) —
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Fig. 3.4 The edge image extracted from the color image
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Fig. 3.5 The image obtained by thresholding the edge image extracted from the gray-level

image using the previous method

Fig. 3.6 The image obtained by thresholding the edge image extracted from the color

image using the previous methods



JAERI-Tech 95-012

Fig. 3.7 The image obtained by thresholding the edge image extracted from the gray-level

image using the improved methods

Fig. 3.8 The image obtained by thresholding the edge image extracted from the color

image using the improved methods
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Fig. 3.9 The image obtained by shrinking the noise by thinning the edge image

Fig. 3.10 The image obtained by thinning Fig.3.9 using the improved method
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Fig. 3.12 The thinned-edge image obtained using the improved method
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3.2 fEEMH

BT, W OPORBENA AT LICLoT, LETHAPHREINTLEI LI
LEARBL, 272, /A AR ETEUAFRELRS Y BE LRI EZERT LI EHNTE
Lil, VEABEIINST 285 L HACRBT A RSOREERBF AL EANEL
2B, Fig 3.12 26, 175, WENOBSENET E5 LG hB. I T, e
Vi, B R R TH RIS B MRS P EUERERBT A EEE L L,

I, ZITEIOVTHBICEAS (7], BEILE) &, A1, ‘BRI LAY & “Bu
B P KRIIS D, BEREIC L A0, LERELTORLEZAEBRL SEIYHE
L LTOROEEE O SERPHIET 2 b, LDHEPERE L TERNICHE
FLLOTHD, 7, AR LA, CHRE LTABONELBEES, BRFE
W TERRICEET 20 0THD, S50, FRFRIHLTRERTT S:00RAAKRL
TN AR D ) | FrEFFRT 2R E LTRARY, BEFRFTHHRE LTHER
2h D, BEIOLENL O, CIE(ERRHERS) RBRTH), TOTI RGB R
FHETNhL, E70, ELRORENL SO, Aol WE BEEZER)~ Y NVEERRT
B3, BRI, B ER, REOCES 20 RN TH 5, TR S LB RERI Y
DL HICELLPEIMET LI, ERRPENTH S,

WY, 0RO LD EfDSHEOER R MET 258, FOHMM A ER, ABOBRESR
OB L FIKETLIRTTH L, 22T, AT, NHOBRENREORLY, oF
NEERE LTHEROT L VEGR YV CHRML 21T 2 L 2847, 7RV
R, Bo LERY M (hue), #IE (saturation), FIE (intensity) © 3 BYETEHELTY
2, BlopAlid, m0BVERNTAOORETHL I EhL, BTV, O EER 2
Bz Holwic & 258 T 25 EF2 b5, i, Fig. 313 0L 5%, &
®LIpEng 1 ooMeOHAEECRES ATV, 2ROREHERR, 7, ROF), Y(HH),
G4, B(F), P(¥) 02 BREMEL, LA 5¥FT 5 & SIEFIE N, KIZED
5 ooEAEHOTEIC, YR, GY, BG, PB,RP L 2 2B EBSNL, $5HIT, Ba o7z
BHOEY 10 £45 L, &4 100 BHTHR STV S, £I°C, B0RVE AV ERE
WO, ¥, BEOEHEFEOR, G, B SEOHEM/E < 2 VRBFROEM (hue), ¥
f (saturation), BIBE (intensity) W ZE#HR L, £0db &, BHDE, RO LW IS T NLE
B A BT B 2 LD o TiF o7 (RGB BAFRN LV VRER (HST HELFK) ~0
EHRFTE (7] 2 288).

B ARG TRV 7z, Fig. 3.1 KR T HBEREORFO BN LOFRIIE VT, HH L7z
WEEOEIL, BEEICESICRIAZ LS, BHRICBWT YELLOW & UREILE
I ROBEELMETIILICED, BETSOBEGERSHB TR G LE
AbNB, BL, EHICH, BEMIIBEIIRAZEFDEINTVEDT, YELLOW 2 &
3D S GREEN # &0 T 22 e8I LVwERbhDE, ZOZLERAET S
Frai, AEE 20 5L, K4 OEBICE S N2EHETHEOEEOALTER LEET
Fig. 3.14 {TR T, THHOE{ER, S, BHRD 5YR ~ 5Y DEHAOBIE L FOBEEDH
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PEUERA BT L2 Ll ko T, EUEEOREHSOERL HE, SMETE S I L2
AD, SOFE L > THES R-EROE®R Fig. 3.15 [OR T, SOFHRCLY, BIE
TSN REA L GBS RET ARPHME TSI LN TEL, TORROWEKE Fig.
3.16 17k T F 77, MALERD S S NS, FEROBRIIA-TVWEIEERS
7-®i%, Fig. 3.16 % Fig. 3.1 i.ERE&b ¥/ Fig. 3.17 £7R T,
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Fig. 3.13 The hue circle

5R ~ 10R 10R ~ 5YR 5YR ~ HOYR

5Y ~ 10Y 10Y ~ 5GY

5GY ~ 10GY 10GY ~ 5G 5G ~ 10G

Fig. 3.14 TImages obtained by extracting the region based on the hue value of pixels
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Fig. 3.15 'The image obtained by extracting the yellow region

Fig. 3.16 The image obtained by extracting some necessary thinned-edges

—29~{30)—
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Fig. 3.17 The image obtained by superimposing the thinned-edge image on the vellow

region image

— 31 ~ (32) —
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3.3 EBREITAOHH

B P DY 2 AT S 2 721013, TEORBIRLOBRE HWT, REP»HLER
AR L7218, 2610, FROOESICEAE Y TS, HRERRCEVT, ThH0E
WOHRRE 2N OEBINEL X EOEEL ROLLEN DD, 20 FHFNYETIED
DFEE LT, —8Ev 5T w5 Hough 2% (4, 10] AV, EROFTEAZ RO L,
Lo L, I, 375, SEREMICHET 2R B 20l 3R ERRGFTEINTY
20T, Hough BHRICL o T, AL OEEFBELNE, S5, TRLDEML, iy
COPDEEREST WD, 20720, 2OHPLLEREBRRIRIADOA T ERTLL00
PNTY ALV EELRL, #2OF7NVIT)ALELT, UTOFEEHW,

(1) EfeFOR b EVER (Hough THOME, HEEERORE )L ORREL TOEREY
WD HMEELTREIINTIEA N T ARSI Z2EEIRATH HEM) 2T
L, (L £T5)

(2) EENTHELER, 2% ) BREERCBVTy METHTRERTRT. (P £T5)

(3) L LT RBEMREET. (H £¥5)
((2), (3) WBWT “BT” L, b2 EROBEOHBENEREEL, TOTTEEDY, &
ROBEHEH, 1RKSNUL, F0L ) LEBESHLE LA, )

(A) P & HOHGETHHE
o LEPLORE1IELEHEDES2FXRDDE,
o MED y BERRETZZLIZE T, RIZBLTWATHAY, 20 LOTHM
7, RHEL, BICELTYWATEAOREER BT %, (Fig. 3.16 DLEHR
M S M- MEBALEES S, RECEAL LT, KICELTYWAEREED
B FEOEAPEET LI LS99 5, )
(B) P #EHEL, H PHEHELZVHE
o L L PLOKEEERDE,
o ML BT o -BEROBEELHVWT, ZOXED, KICETLHAT
HLh, TOEIOEETHLh%, B CEEEFo THARET 5,
(C) H #FHEL, P PHHELEZVES
o L DB EDEN, HLHHNCHLH - LEELYHET. (0 £T5)
(ZOBEFEHIRBETERWEE, Wi kBT 5, )
s LEOEOFEEL1EHEOQOLOXF 2 52KRDB,
o MIBALEEY HWT, FELORENTEACHBT ERAD, T, KT 2
TEED, LT ELLOHEAPERET 5,
(D) H & S P HFELZVEE
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o [ DEELOED HABBHICHLH -2 EREFET. (0 £LT5)
(ZOERPSRBTELVES, HAiZERT 5. )

O WL ERYET, (OH £T5,)

e LEOLDOEELELEOH LOXA2 2RO,

AL F AT - - EBOEREY AT, £5 60X THIICH G 535D,
F7- Wt ATEHSD, ETELLOHANERET So

OH #HnEeid, L b O LoxsirRe, LRI, COREFEDHA
RS T A bR RET D,

SOTNIY XATIE, BICELZHESCHET 2R ROBEOAZREL T4, £I7T,
XLIIEORERELEROI L 1 AR REL, FOEREORFUSNO DOMERET RO S,
THOFNT)ALO L > TR S NAERFP IR LAERE, B3 WHERE Fig 3.18 (a)
R (b) 1R T, Fig 318 (a) B 2+Fv— 21, fHEShRERDT, 707 74
DRSS, RKRESTH & L TRV LT, Lt (A) oARZED, B
QEERTER SN, BEOHEIIHET S, EHOREOEE L ZOMDERD— SO/
R, MH L TESOME (Position) , IEED 1 S E- TV LESDOHED O R2HH
(Direction) S ENT WL DOWHPD, ¥, ML SN KL ERDY, CCD A ATITL o
THONED S —EROBEOBEHEPHAIHIE LTS Z EFREL-0IT, Fig. 3.18 (a)
¥ Fig. 3.1 \2EA/-HEE% Fig. 3.19 IR T,
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Path of (&}

Longest line
a=-0.2698224 b=-167.793b

Parallel line
a=-0.2437749 b=-96.75272

Perpendicular line
a=infinite X=32.00000

Intersection : (291,369)
Another point : (227,352)
Direction : left

Position : low

(a) (b)

Fig. 3.18 (a) The image of lines which extracted using above algorithm, (b) The output

result data

Fig. 3.19 The image obtained by superimposing the Fig.3.18 (a) on the original image

— 35 ~ (36) —
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4y

4 U VT VAFADPLELNABEBICKT AT US T AOMEA

L£FTH T VOERE UTHER LTE2E®RI, SO CCD A A7l ko TR E NI
B TH b, 2% H, CCD £F% RGB £EHESIN LT, 1T 2HOH A5 THE, &
T, M ERERRED / f Xk, BLALETRVEBRTSHZ, LPL, EX YT YAT A
CEBXNTVS CCD A AT, BO CCD 7 A5 Thh, S h B, 750
FE— H TR AN RICELEINL D, BN/ A Xk &l (Fig. 21 ¥8&), TIT,
S0l LIRS, AREEOTUY T AORMMTREESRE L 2, MR LAERE,
=i CCD # A9 TRELATGE IEOHESE, Akoss - fR5MTRE L LERTS
2, LAL. Bfgd Mz a V4 K—F ofil, Bifgod £ X1E, 640 x 480 £ -> T\ 5%,

oL LEREY FEOT OS5 ANATILIEEORKRE Fig. 41107 T, ZOKRR
SahD LIz, MBS hERE, L —F v BFEREMNTAERTHY, BATVS
BE T HET AEBTIE RV, ZORRIE, BHEEY o TLERREHBT 2RHIEEL
Py e LVEARIIBT 2 RAEOBAY, Y YV AT AL o THEL NAERIZH
LTHEE TRV ETHDE, 2F 0, ZH CCD 71 AT & o THRE S 2B LT,
v e AR BRIZEIT S 5YR ~ 5Y OBBENIC ST A BEEYFOE 7 v ERBLTY
7208, FOWRE LY YT VAT AOERIEA LG, LERESUSNOWS AL &
NTLZE Y (Fig 42) £2T, ZH CCD H AT Lo THRESNAEROBEICET 5
Fig. 3.14 & @ik, BHROSHAOBMAEEFHO Ly WL LM LB ( Fig. 4.3) 3
R, VYT VAF AL TR N AR L OB RET S L LT S,
CHLOFEENSS, Y VYT VAT LD CCD H AT Lo TRIBERZEEIIH LT, &
HEER A D SEIR F TS ST 2 - o0 BAEOREL, 10R ~ 5YR THH I LT 5.
LA L, 10R ~ 5YR o#EOpE2FH oy v 2GRN LT, LR RHIRE
WOESNe b TALER SIS MBENTVWELD, FOLI2REBRETLILZ2EZRT S
DENSH D, oL E AERRETEHEE LT, Ty VHGEEEMREL LR, ZELC
L oT/ AL P MICINH SR FgEs s, HErRELACHRLERDOTELE . ZOHEK
Lo TELNZERY Fig 44 (a) ILFT, L2L, ShZTTREREC/ A XAEKRET ST
EASCET F oS RERAS, 7L —F VTG LRES E ORAREFATVSD,
= OEEY AV T LEER, S LELRESOAREUEBRYHBT 5 L, Fig. 44 (b) O X
31, FORABEALHMBENRTLE ), LoT, LEEREHB LAMEIIHLT, 8 &
AT B 2 BRI R AT & o 7218, 8 EELEHIC BT B IERIER T2 ) 2 L[4, 10]
oo T, BRI L2 E{§ % 187 ( Fig. 4.5 (). = OBEEE o Tl L72#5
OEE% Fig. 4.5 (b) 1WRT. SOEEDPSTLERYS L —F ¥ 7 85 L RET OBFH,
BEAFBESRTWE I EF5SP D, ZOMEENS, Hough s LROBEFRBRT VT
JAARHCTESLSNAEROESRS B SN HEHE Fig. 4.6 () RU (b) KRT. 7,
BONERRUREOBEOREEY RS 7012, Fig. 4.6 (a) % Fig. 4.1 (a) ICER Fig.
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4.7 (b) iR Y.

BT, 2070Y I AR MOV OrOEEICH LTEH LBE0KRT Fig. 48,49
IWRT, ZOROTT, FEOERIIRCER PROBRIIML S - EROEE, TR
ORI, TROEEY REGI B/ HETHL, OIS, Thd OBEBIINT 5 0HF
13, (A), (B), (C), (D) #NThoREAREEZED, thth, BLER, HAKHIST XA
OWHE, EEDOSOEREAMB L TS 2 &850 5,
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(c) (f)

Fig. 4.1 (a) The ovdinal image. (b) The edge image, (¢) The binary image obtained by
shrinking the edge image. (d) The binary image. (e) The thinned image, (f) The

image of necessary lines

Fig. 4.2 The image obtained by extracting the yellow region from Fig.4.1 (a)

— 39 ~ (40) —
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5R ~ 10R 10R ~ 5YR 5YR ~ 10YR

10YR ~ 5Y 5Y ~ 10Y 10Y ~ 5GY

5GY ~ 10GY | 10GY ~ 5G 5G ~ 10G

Fig. 4.3 Images obtamed by extracting the region from Fig.4.1 (a) based on the hue value

of pixels
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(b)

Fig. 4.4 (a) The image obtained by eliminating noises in the extracted region image, (b)

The image obtained by extracting some thinned edges using the left region image

(b)

Fig. 4.5 (a) The image obtained by expanding and shrinking Fig.4.4 {(a), {b)The image
obtained by extracting some thinned edges using the left region image
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Path of (C)

Lengest line
a=1.061170 b=-72.80546

Parallel line
a=0.9826933 b=8.412172

Another line
a=-0.3979498 b=-152.8308

Intersection : (265,371)
Another point : (329,303)

Lirection : right
Peosition : low
(a) (b)

Fig. 4.6 (a) The image of lines which extracted using above algorithm from Fig.4.1 (a),

(b} The output result data for the image taken by sensing system

Fig. 4.7 The image obtained by superimposing the Fig.4.6 (a) on Fig.4.1 (a)

43~ (44) —
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Path of (D) Path of (C)
Longest line " Longest line
a=0.227192% b=-5.127418 a=(.2943146 b=129.2590
Another line Farallel line
a=-0.1673444 b=3.041716 a=0.3345935 b=22.14432

Ancther limne
Intersection : (341,240) a=2.954353 b=3.119007
Ancther peint : (405,226)

Direction : right Intersection : (327,215)
Position 1 upper Another point : (263,237)
Directicn : left
Positicn : low
Sample (1) Sample (2)

Fig. 4.8 The result of the experiment using other images (1)

— 45 ~ (46) —
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Path of (&) Path of (B)
Longest line Longest line
a=0,9357807 b=195.8465 a=(0.2456220 b=-95.76427
Parallel line Perpendicular line
a=1.035525 b=67.65901 a=-47.73953 b=-334.2500

Perpendicular line
a=-30.14464 b=-1719.190 Intersection : (315,337)
another point : (379,321)

Intersection : (263,232) Direction : right
Another point : (199,298) Position : low
Directicn : left
Position : low

Sample (3) Sample {4)

Fig. 4.9 The result of the experiment using other images (2)

— 47 ~ (48) —
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5. &

PLb, MOy MICEBRTiER LY Y Y VAT LD, BRShT»S CCD 7 AT
OEM R U, BEROYWHOEZREH VI, BEHUAY F 0HCEBREY B L EELE
T I AN TEREL .

S OERILET 07 5 AL Lo T, EEEEAOREOGEORBR Y, HREHAHT 52
LASTRR L %o 72, £ T, Fig.d.8, 4.9 ORETHES NATHMOBHEM I E, JifOHH
FHOT, HRICRTHER T2 LI L > TESNAHTHENER Table 5.1 25T
ZoHRPH, X HEIC2WT, # -14 mm ~ 55 mm Y FHHI2WVT, # -108 mm ~ 32 mm
 TEIZDOWT, # 0.9 deg ~ -1.8 deg DBRELXFANKREYEF L, COoBREORRLLT,
I, BEAOMBORBENELONL, 20, 75 —HRCE > T 5RO E L it
KPR AOHBEOBOTHIZLZ2BETH L, | KX LLOKE &5 £ 0.008 mm, #
SEEHEDS, 12.507 mm T3 2 DT, KEOFHETHEENTO 1 ¥y v LoThid, # 250K
H25 2m, 3m, 4dmECENT, FREFR, H 1.3 mm, 1.9 mm, 2.6 mm OF & LTE
ERBICEbLNDL, £oT, 100 mm OEEFLELLLHITN, 50 ~ 100 €27 LVOFT A,
UL NENSLOT, B oMER, BEAZBRLEVERDRL, hORRL LT,
FEBERO TRy F RAEOEAONBONERE, £V IV VAT ADRE T RKDT
L F NV, AR ONBEENELONS, TRIIDVTR, REEON AT OMEL
B LB LT, 85IEL o I VERERY, ACNBOMEE T 2 LENS
L, WFRICLA, BEOLULERIC2VT, FMICRFEL, ThEll) R ZLPEET
5,

/-, COERLET OF S AOLEREI, LEAROBKRICL - TEIRR LY, B
A OBREFEBRVT, JAERI €7 #L0RBICB VT, ¥ 16 # (512 x 384), #5 21 ®
(640 x 480), SPARC T2 AF—S 3y 8-4/2 GX IZHBWT, # 82 B (512 x 384), & 130
(640 x 480) TH o7, 20T U T LA EBOBE TRy MIEAT L7200, b
EEIIMHETEL LT LLEND S,

Ll, SoFuy s allid, 25 ERNTREEHRIV DS S, 121, BEEH
VAR I BT, BMEEEOBBOAECREL, BEOBHEEROTHE I ETH
o 7, COMER, BRIBRETENAT L -TLEL S, Lo T, AOWRIIART
HLH, ZOHOHFIIDVTE, EORRHTILENS D, I, RV T VT VAT ADA
AT L - TH SR ERICHT 58RI B THWIE, BRI, ity 2
IR, OB IENTH Y, HEFEBII SN T T, D, FiL 5 DA LB
VLTWAESCR, TREFAOESIMELTLE)TREI DS, Lo T, ZOHENE
HizoWwTh, LRIV LETH S,

372, S, HBT WAL LT, BEOBBOEA EHEE AV, HRRE
HEMEANF 5o BEIIR, BERERVT, MoSEHOFRIZTT R TRHEBE THAL T
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WRWEEILE D, £oT, BERICBWTEHEVEER 5o T Eoils, 2% 0,
RPELDBNTHEEER, FIATELWEETR - LERTH 2, FABRERUTELAL, 5o
HEILESTHELRTWE I EDL Y, 5113, ZOYWEETOER (8, 9] 2 HIMER LA
I oW THZE L2 TRRLAZWVTH A I,

Table 5.1 Calculated results of robot’s location

Fig. 4.1 (a) X Y Z Th
True Value | 6913.000000 | 4980.000000 | 0.000000 | 180.000000
Estimation | 6926.521000 | 5013.406904 0.0 180.871689
Difference -13.521000 | -33.406904 0.0 -0.871689
Sample (1) X Y Z Th
True Value | 2108.000000 | 4541.000000 | 0.000000 | 0.000000
Estimation | 2091,142743 | 4648.320438 0.0 358.263034
Difference 16.857257 1 -107.320438 0.0 -1.736966
Sample (2) X Y Z Th
True Value | 2108.000000 | 4541.000000 | 0.000000 | 0.000000
Estimation | 2053.936505 | 4539.126342 0.0 359.910013
Difference 54.063495 1.873658 0.0 -0.089987
Sample (3) X Y Z Th
True Value | 2108.000000 | 4541.000000 ; 0.000000 | 0.000000
Estimation | 2095.345894 | 4509.992115 0.0 (0.948710
Difference 12.654106 31.007885 0.0 -0.948710
Sample (4) X Y Z Th
True Value | 2362.000000 | 4727.500000 | 0.000000 | 90.000000
Estimation | 2329.335148 | 4702.496659 0.0 89.173826
Difference 32.664852 25.003341 0.0 0.826174
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5% 1 BOMNBEREDFEFE

ZICR, EEEERYAVTERSAAEROEE LRHOEEY, YR EEERIC
Lo, #MaBERZHWVTEIL, TOERI LRy BN BERET A0 D ALK

MEtEE =T,
TV, W OPDEEREYERET S,

Mt EEER XY, Z BUBEPY (BARGY I IR IOR S W R R

H AT EER Cr,Cy,Cz CCD # A5 0¥l AmM% x #, LHME y#We L, 74
S ORERTH S KMo THRANELER f 720057
hi-iilrFEEE LIEFR

T % T 1 R A % ip, ipy EgOELOMERELSE L, KL E 2 x $OIEFR A,
EETMEY y MOIEHHE L2 2 RITEER. B
W, Er7 e EES,

EEEHEER pz, py BEALE ORIz L, APERE % x BIESHEE

L& % y WIEARE Lz 2 RTTEER, TOBERD
HArIY, O CCD # A5 0RERTFO1EI LD
WEMOEETH D,

A EER B LN ASOMBE S ATOHVTWE RO T ATICEBEI RN A
FHER LT EERE OBMOBEERYUTO L IZEET %,

X Mip mMiz M3 M4 Ce
Y _ | ma ma maz mog Cy _ (11)
zZ m31 M32 M3z 34 C.
1 0 0 0 1 1

X, EREERDP DA AT BERANFRELT O L S IIRKDT,

C, f

Cy
Cy = -f— —px . (1-2)
C. Py

L KX THRARL-FRLEBIC L > TEOWCRAOBEY, EROENR S IIER LR
2% Ppe,py) T2, TOXEENED, BBICHIET2EREZ L &L, EOHBERE y=ar+b
ET 5, S, FOEMRLEORE P UADEE Qg qy) £ T %0

HPEEQRLFOBESBRTHZREVT, UTORMEIC L > THNERRTRDLT, &
DEkE, FROOEEMEY, FREN, AP(ap;, apyap.), AQlagz, agy, ag;) £ T 5, T I T,
HP EFIZESTEHHET L,
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TP, R, Q2 FHCVT, AP OEEFERT L L,

ap, = Cz(mi— lePTx + mlagfi) + Mg
apy = Ciz(ma— m22%£ + m23%) + mag
ap,; = Cz(mg — maz% + maa%) + M4

(1.3)
(1.4)

(1.5)

ZZTC, ap, B, BEINFALAOEICOFBEIERDOLTLOT, BRP L EOTRA T B,
FDEE Zy Foap, TRAT S, 20T, ap, TRTI2RDE C, XKD, D 2 20U
ATAHZEREST, aps, apy X RDDB, TO LI, BEDPSESRLFEROATIZZ
HAHEOHNEERTOEZAVLEMI, BETHLE, IRTOLDE 2RTTHICHEL

TWEZ Lo T, HRFEDLRTHEDPLTH S,

DEDEEIZE>T, 8 P, 5 Q IXHIET HHAHEERTOM AP, AQ ¥ RDBZ LT
iz, BRI, A AP LH AQ OIS, CO2HEBLEROFEANS L ERDI:
%, MEICEITNAHAOBEL T AP OEFET BT LI ->T, uXy F Bz H
EBL, 4, ROLHERZ PV EBRICETINIBROLENAY P AR RBETLZ 21080 T,

OXy P OEEZERETSEIEPTE 5,



