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Reconstruction of Real Outdoor Environmental

Structures Using Multiple Stereo Images*

Sumio Yokomitsu

Abstract

This paper describes a technique to reconstruct structures of outdoor environ-
ments in a virtual space from multiple stereo images of a real scene. Reconstruc-
tion of an outdoor environment has many potential applications in many areas,
such as civil engineering and architectural engineering. Data acquisition and gen-
eration of models require much computational cost, and many parts of the tasks
depend on manual operation. Therefore, it is desired to reconstruct the model
efficiently and automatically.

Because it is difficult to compose a simple calibrated camera system for stereopho-
tography with known external camera parameters in outdoor environments, the
proposed method acquires the geometric relation between two cameras using a
global positioning system and a gyro sensor. Rectification of images is conducted
using this relation and 3-D information is obtained from rectification images.
Then, a realistic virtual space is generated by integrating 3-D information ob-
tained from multiple viewpoints. Finally, images of the constructed virtual space
from an arbitrary viewpoint is shown to confirm the precise reconstruction of

outdoor scene.
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1. [XC®HIC

A, SHRMONBREETSC, 777 4y 7 AN—R U =7 OB L& R
LT, PRI LV BEIN T EEREL T 5V AT AOFRBEAAT
RBRbNDEOThoTE e, ZORBEREZHWT, BEfntit, v~
AV E—T 2— AR, BE, B, FLE OB TEEOMENRE STV
% [1,2,3,4]. HEMRORELFHEMANCREEREE L CEBKRT LT, 8
ETIEIARTREREEND OB, BETEAAVMIETLIIESE RV I
L—y a8 BT 9 ZEMARRE R Y, A E TITARWET L WIS B EEL
INDEHFEINTND.

LL, BIEREEZ2a VY a—FTT77 497 ADRTHEBRT 56, BHE
AR SN T ARMBZE R O BRI ERIIIB AR S 5. £, EHRBERREELH
R & 9 LT 558, ANEOFIZEHSRRELEELELTIHANREN. F
MR SN 2R OB RZECEHEEE m D, EAFICLDEELZHS T 729
2, PRI D SEXERMENRBEINTNDS [5,6,7,8,9, 10]. FRCHEEKT
D XRED BAVBREE N ICFET 5356, ZORERESCRASGOEMSI D,
F & A OB TFIEN FEEIKFEL TV 5 (10, 11, 12, 13]. £ Z THRGH LT
%, BARE FICFEAET DR MIED 3 RTET VE BEIT, N OEMICHERT
HZLEAMEL, ThEERTIEDIC, FHRACBTIBAOEEER K Z b
LIZHERT D FIEERETS.

BEMRORE A AN BT 2 FIRIRELS 2200 E T2 L0
T&5%. 12HIF, AEMROBERZIEIIEREADLLOEFTERBRLLTH D
NEDHEREL TRE, BIERITLROBENCLC ZEBEZREL TRRT D,
ARA=VR=A NV F VT THD [14,15,16]. ZOFEIRE SN 2K T
BB EZZDEERARL TWVALEDIT UT 1iTEmY. LML, ZOFETITRE
ENHETLOREEZENTZ LN TET, HABBOBHREEZRD DO
IR BEOBBRNLEL 2D, ZORDEBTLHT —FENPKEV, #REB
DRBICEERNB D0 D7 E OMERAL D, ZOFEEZHXBEL, BEKOEED
5, ZOMOBRNEEGEZ MALETRD D Z LICX Y, BET IEGEEHI
BLAREBEOBHEZ®mD OMEBITRDOITWND [17]. LL ZOFEILE

1



T D REAEE, AR 2 RITEB S G5 A O TFREETITRo T\ b
D, BILERIZ S KARRERIN DD &0 ) ENRAL 5.

2 0 HI%, BEMRORED 3 RILET VA2 EAL CTRAZERNICHEMET S
RYVIR—=ZA ML F VT THD (11, 18, 19]. MEWED 3 RTET V% 5
ém%ﬁﬁ%hﬁ,ﬁ%@ﬁﬁﬁﬁ#%@ﬁ%ﬁﬂ%&ﬁﬁ%%kLfﬁi:k

, BT T 2 BEL/PSVEVIBERH L. LiL, E%@3wﬁ%
7»%%%&6 IIRRRHAE A NBMETHY, +oREBEEE/ D
m%ﬁﬁ_iéﬁﬁ%ﬁﬁkiéiﬁﬁgm.%_T,ﬁ%&éﬂ53ﬁm%r
NOEEEE RO D72, Z<DOANEBERWSZ LT, BERKICHT IE
BLIBEREFAL 2D, FEEEECRTR AR A I BB & S A I B X
¥, LHEOBELEZE DHEBITRDITV S [20].

A A=V R—=RA ML F VT OFIRIEARIC 3IRTTET N EFFIZ720 D,
BEBEROREZ I a2 —varyTHRCIERMETHD EEZLND. £
T TCARRXTIE, —H3WRICET NV EZHWETIUTL, ZOBRDISHFENIENWARY 2
YR—ANLUHE VT OFRICERL, BAOREHRREREICET 572
DIZ, ZHRDRAT VA REG) HAFBZEM % BB CHMRT 5 FIELZIRET 5.
REFIETIE, BEGAD L OHRFERACILHERHIAL S 27 2 (Global Positioning
System ; LLF GPS) & 3 #AEE & HWT, FREMEMOME - BB
BfRZ1G 5. ZOMRNL T ER—THROFITIEITR, AT VAEEZHNT
H 2 DRRICBIT 2BITEEREERT 2. HoNBEx OB R TORITEFHR
EHAWCERT 2 3 RILET LVEHRAL T, BINREEEOEMRETITRD.

UIF2ETIE, #EROERRORBEFIELMBIL, AFEDONILEST & FHEHC
DNWTIRRD. 3 ETIIAFAETIRE T 2 BIMNREEME O BERFIEIC OV T
MRS, 4FT, EERICRE L EG L, REFIEZHOTEREZITRV,
ZOEBRERETRT. BRICEEBFIEOBLEERN, L LSBOFPEHITO
TR~%.



2. BEHEME  ERIEOREREFE

BLEMROREZ FHEBNICHEMR T 2 FECO VN TL, BEST Ia2—X A
v NDSBREZDOT SV — a L DOSREEDN D, BEL OENRHRE SN T
W3[5, 12,13, 15]. RKETIE, 7, REMROREL HEMANICHEBKT 21
%?%%ﬂﬁ?é.M%T4%~VN~XFVVﬁUV¢KomTfmﬁﬁf
VI R—=ZARNVLF Y TIZONTHRN, BROMERE TN ZENEHT 5.
%&Kﬂ&%?ﬁﬁ%@&ﬁoTkﬁﬁ_owfﬁmé.

2.1 A A—R—=AFLIHEYLY

AA=TIR=ZA MV E Y TE3H N CDBEERROERE S TS ERHEA
PODOEEEBE L TERL TRE, fROBIIISCZEBEEZHRERL, T
HEVWSFETHD. ZOAA—VR=A LU F Y TORKRRBOELT,
Aspen Moviemap[14] 32T b1 5. ZOFIEIIREMEPBEMTH D 2 RITA
NEBEZ, 2—FOHRABIMIEL TRARTLIFETH L. £, BOoFEEL
T QulclemeVR[15] WET B 5. QuickTimeVR 13 62> C D FHFEHENIC

HifRZFFoCTRE, TOFDPLHHEDOLERADOERBREIZRT 2V AT A
“C?)E) LLRR S I 6 DFED, e SR RALEND L2 ZEHANZ A
EEY, (RERENZ BHRICHEABEI T2 LR TE RV, ZhHDOFERIIREK
SNDEIT, A A=VR=ZAML U Z Y T TIIEBR SN ARRRERNICE
W, HABENCKT 2HIKAEL <, SLABEBOBEHEZ®ED 5OITITFR
REDEGPLEERD. T, BEfT —FBEHIET 270D ITRELT,
SEIERBR @E@ﬁl‘?)ﬁ?ﬁﬁ'ﬂfcﬁ Ba RN, BT &HEETHREELH
WCIERZRT —Z 2RISR L EET 27 e —F b REIN TV D [21].

KBWER AR T ZE OB E B L LTcA A=V _R=2 L F V7D
FiEL LT, EBHOOFENRT OGNS [12, 13]. ZOFIEORHEIL, %EL
DB HEZHERT D7D, KEEA 60 EOET FH AT 2 J5mic
FLE L 72 A ORE S AT L 2MEL TBY, ZO7TH @ﬁ%7ki@%
RSN BN T~ EREZARL, REGE LTS, ERlEhio )



T < WRIC & 0 AHE 2 B, REL 1 ABEOAT S B BEOLABEIE
LTS, ZOFEIE Y 7VEBRICBOCTEBROT — & JEMREIIIT2 5T
BOYP, FoENERCKRELRDLEVIRAN DS, Fk, WAETF—5 &
DI, BGHRTEE LK T L —LLhoTHY, BREBRORERRRT b
K& Z2HEO—D2TH 5.

2.2 RYIoR—XrLHYLY

RYIARN—=Z ML F ) ZI3BEMRORED 3 RITRZ 5 L TR
ZERNICHBRT 2 FIETHD. ZOFIEOEROFRIL, XRWIED 3 RTH
REFREETEL, HRDMEZREEZER S D IR Bk & L
THEHIZENTE, EHETHT—FEL/NSIVENIERTHD. 20X H7HEH
LY, TERNOBRERED 3 RITIREERT 272010, SESERFENR
ZENTW5.

RO 3 RTIERE/DREBORFIEDO 2L LT, FHUSEHNC X 2KT5
FRIEDRZET B (9. Z OFIEIBED A T TR L 12 RERFIE R Eo RS0
KISZEEY, ZOFKEG EOXHE RO EZ R OFEITIIW %, B AT
EIIRBROEENZRIT 5175 M Lt ORKERET 5175 S OFIZ W
= MS L3RS HZ LT, KeRFIEERD D RRIIR & & KR 51 & [ O FE kAL
BEEFRIRHIRD D FETHD. ZORTFORENLZEL T 3RITHIREEHETE
HERORERERI, BBROBEETLVE L TREREREETAVEH N L
WZhb. ZOREDD, EFEELN Y TUIE LRV T TO 3 RTHIRE
TOEE, DFEDRMEMEORITENKE BT 5 X 5 RGEITFERZRICK
XRBEENELTCLEIRBRLRD. ZORBREBEEET LV CORFHMIELIE
BIB BRI T VTR L T2HFZE [19] BIT2bu TV DS, AiRSM-OR
MOFETOXIGTT 72 8 B S - EIT S .

b9 —ODREWRFEL LT, AT LARICE D 3RITET NVOEENRZET
bId. AT VAR 2 BEOIAZICEVHEE INTZEHEBEEZ AT, 3ANED
JRERIZ LV BREOBRATE 2 ZBICEHIIT 2 FIETH D, ZOFEE, RIEE
HC, BATE 2REICxH DHIBRN 72 <, HICIRHEHD BT X 1F# 4 JEHH,



DOBEPEHNCESRTHZENTED. ZLT, WATETINVE L CHBEEEET
NERS ZENTARETHS. L, ATFLAHEAVIEAORMESAE LT,
FEEDAT VA EBICERE STV 5 RIRLOX R % R 5 ki s R ER FRE O #
LR, BEICx Y VT L —a v SN AT VA RBROBENEHEL N LN
2HFonb.

BRI RN BARE TOHEA, TORERESCRHSEOEESNHIFE
A EDFEDR, 3WITEROERKO 3 KT OFHEARICEIL T, LI KES
& FEEEKTFELTND. IHIZ, FHEKT 28RS KBEIZ 2> T 5
L, TNUOOFEEITITERRER L HFNBMLEICRY, BB, »OREMR
BN REIREE DR TFIEOMLE LEND.

2.3 KHMEDOLERIT EHE

ARG O S E R T 570k, FER ST —Z BN R0
Z L, EBRERROGSBENC & b O RRENSDRNWT &, (RO RBE
DR THAZ LRERFETOND. T, A A—V X=X LU X YT
EHWISGA, BAERT 2RISR KB 513, EET57 — ¥ Bix%
<, T—FEIfES IRAEBORFEN G RELE 220, $LEABENTH 20 O
KINAEL D, ZZTRBILTIIRYV I R—ZA ML F Y T ORI EEAD LT
BANREME DO BN EITR 5. £, MEMED 3 RTET VEEET 5729
DHBATE OFHPFIEE LT, BARBEOEMELBALMETH, FHUBTR X2
FUT R 6. E£e, HESICHNEZZ T RWREFIEOLEERD. £2
T, RWIXTIX, ZOFAKGEE L TAT LARERHATS.

LrL, BARE T CATUARICL W BATEEREB LS L3554, 20
ORERNRFT b D, TOREE X, BHASKMCRELMEORBL WESRE T
IZBWT, BBRIEERT VA RGBIITRAVWEWNIZ L&, LT, AT LA
FUCBWTEHI SN 5 AT ERICIT, RERRMED S TV 2 TR Eu
LWNWHZEThHD., —ODOMBEICKL TIE, MEMEDOIRERIZ GPS & 3 i
AEE T ERANT, FREHMAMONME - BEOMRERS Z & TRIRT 5.
DFD, FEUHCE D BOENHREHEOME - BREOBRNS, HA0R;



B AT L A BB T B BTERIBRICES W TR — RO T L 21T
729, ZOMBIIY —BROBRREBRTHRE SNTEAT VA B EZ, EEXT L
TR ROEBRICELRTS. 2 >BOREICR L TIE, AFLAHRIck A
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