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ST ~ YRR R S BB AREHERE [ #0R A0 Lowe(199)FTRAYER NZSRIRAL - R BES
W= (Least-squares Model-image Fitting) * Lowe /2 BE A& 8 (Computer Vision)HERE: » LU/ NS E T
B gd > DREBHEN AR SR 2E - ST EARERNTR REERLESERARNE
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X(m) | Y(m) | Z(m) X(m) Y(m) Z(m)

2ol 0 0 0 adX day dz

9 1 0 0 /cosO +dX —[sin® +dY az

3 1 1 o |/cosO +wsin® +dX [—/sin® + wcosO +dY az

4 0 1 0 wsin® + dX wcosO +dY dz
5 0 0 1 dx day h+dZ
6 1 0 1 [cosO +dX —[sin® +dY h+dZ
7 1 1 1 |/cosO +wsin® +dX |—Isin® + wcosO +dY | h+dZ
3 0 1 1 wsin® + dX wcosO +dY h+dZ

R 2 B ILA SR AR 22 A A

| X(m) | Y(m) | Z(m) X(m) Y(m) Z(m)

S o 0 0 aX 1704 dz

o 1 0 0 [cosO +dX —[sin® +dY az

20 1 1 o | /cosO +wsin® +dX | —Isin® + wcosO +dY dz

4| o 1 0 wsin® + dX wcosO +dY az
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6l 1 0 1 /cosO + dX —[sin® + dY h+dZ

71 1 1 1 | /cosO +wsin® +dX | —Isin® + wcosO +dY h+dZ

g | o 1 1 wsin® + dX wcosO +dY h+dZ
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AHEIEAE G R R E SRR IRELE R R B AP RS RIMETT WIS » R
SRR G FE ARG - W DUBISIRALBARAE G Fr 22 IRV © TR BT AR RE e
IR SRAS - SBREARAEINE TR A R 28 - ASUEM T 3 ster(199) @ A T i 2R ZE B Rr BT -
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FREDARE(Z5E, 2001) - TR MESGEEMERIEY - & ASRIIEN RIS HE RS
IR GRS SR > PERIE R - B T RN FIRERIREUE
LT R B » e e B A 2 2 B R v R e TR AR A2 B 07 R R B A=) -

d,=F(dX,dY,dZ,l,w,h,0) 2
HAMHY H IR 2 B R A 2 HHE T RHE ViR - FTAEARR=A0(3) ©

> d’ =Y [F(dX,dY,dZ,l,w,h,0)]" = min 3)

3.2 RIN\RES

FEERRESIRI T » Q) PEEEEE 4 ek 0 - IRRIREIR SRR B G DRI F R %
WERES - KILdRI LI Rsi NS FEPHTRHE - MA@ BRGES - H{@iE(
ik o BT BRI AR 2 B E -

0+v, = F(dX,dY,dZ,1,w,h,0) @

FEfE G Froh - B E RS - e BERYERE B BOERRE B - SR R
RIS BRI RS o IR PTAF S T At 2 B S 2 8 - I ELIAORIER -
E T ZE R B I A B N SRIE R AT - (ERE(ERRENEA R -

0, +v, = F(dX,dY,dZ,1,w,h,0) ©)

4. BRREGR

BB GO RATRIT 0w —Hffuilg o SRR EITT R R 25um OB > B—
BT A BRI TR 12.50m  WEEEEE Ry 5 R T B AR BRI e B L s R BRI G
fir - B R=RES) B EAEBKR 60% - i HERAKR 30% - SREFERER=
AHEFEEHINGC2E > A2 BN HEE AERC BN 2SR E EFTEm

-

4.1 REREEHESZFE
FRish(Buffer) 5112 B FR B AR ) ME (L E SRR S AR B, - VAR IR
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BRGSEGRENEIL - A GHINA R/ N R E - TEERYIARER - TS8R
BERR RIS e S S B LS BTSRRI - FEB AR - RIS B, Fi skt
BOI R EEGIRRR - BEALBR BT IEMERT B BB - DRI BRI e i IR B S A AT B
GITHI T8 - ASCIRIESE » 5eat T —(ENHERY RIS, - WIAARUBRIER T R 0.5mm - Aij 8 ZOE( IR
SR AR 0.05mm > (EFESE 9 ZOB AR BRIL [ 2 42 0.08mm - HEGRRAIFR 3 FIE 7FTR >
IR B (R A5 BRI 22 B BT ok o TR PR AR > P BT B B P 5. R TE AT L - T
FERANFR 4

e 169208.8379 | 2544552.7921 | 23.4946 | 7.2346 | 24.7383 | 152207 | 6.0965
= 169209.0412 | 2544552.3858 | 22.5826 | 6.9211 | 24.6351 | 15.1814 | 4.0850
i 169209.2990 | 2544552.0008 | 22.9087 | 6.7500 | 24.8337 | 15.4530 | 1.8771
= 169209.3838 | 2544551.9307 | 21.8284 | 6.5597 | 24.8890 | 16.3856 | 1.7552
L 169209.3017 | 2544551.9341 | 21.4066 | 6.4472 | 24.9050 | 16.8590 | 2.0609
o 169209.2413 | 2544551.9559 |21.1853 | 6.3441 | 249019 | 17.1012 | 2.3622
= 169209.1685 | 25445519812 | 21.1014 | 6.2641 | 24.8964 | 17.2003 | 2.6384
S 169209.0704 | 2544552.0054 | 21.1349 | 62376 | 24.8879 | 17.2120 | 2.8968
e 169208.9053 | 2544552.0372 | 21.2422 | 6.2066 | 24.8941 | 17.0733 | 3.3794
B 169208.5753 | 2544552.1031 |21.3970 | 6.2784 | 24.8948 | 16.8574 | 4.3088
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(M
B7 - WEABRRREESEH(2) BUARPVHE (V) BE—RBRBIEULEE
() BERBARBCEAREZE(J) BERBABCELNLEE () FLXREBR
BeBEBEEPE({) BT REBERRIELEZE (g) B+=2XRBREBEZEARK
PE(bL R HARBRBRENREE S T RBEAR RS E

TR 4 e RIS & B (AL S AR (B 2 (B B RMS {8

X(m) -0.072 0.139
Y(m) -0.076 0.121
Z(m) -0.491 0.493

4.2 BRZSEHESITE

DT ROIE CERAI2E - B E BB ERR BRI RS 7T DU AT oAty
28 PG LT —GREEERE FR G IURE P SR M BN E S AR e - BIER
HEREGIA IR ARAZ BN - AMEESER L - BREESGRE N S P -
FCAAEIENE LA Fr F SRR T S R T2 B - R RE A SR B E B R
MESEIRTRATEG N - RS ERAIFRENERS - BT RBREH RN ES SRR
BT BIRIEE B R BIRTEBAR ~ FIRR ZIRBAESHER  BRERERG FFHR KR
R RATLMRESE R S B A - M7ERRF =IRESHIHE AT - =R G EERII SR EHHR
BRI > R S TDIEHHEA=RGE A ESTES 1S RBRZBERSEHERI L - A28
W AT R LR - WsRE A RITERTR OB - EBERERENHIE R EIEIES) -
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5 RM= EE{%J#EAZ%‘%% B

gg‘ %g ~ dX(m) ar(m) ?dZ(m)”_” ramy | owm) | Ay | 00
2 | 160208.8379 | 25445527921 | 234946 | 7.2346 | 24.7383 | 15.2207 | 6.0965

— | 3 | 169209.1846 | 2544552.7352 | 22.0501 | 7.0908 | 25.1822 | 15.1458 | 6.3231
2 | 169209.0412 | 2544552.3858 | 22.5826 | 69211 | 24.6351 | 15.1814 | 4.0850

= | 3 | 169208.9634 | 25445524982 | 209531 | 6.1205 | 24.7704 | 151735 | 5.8632
2 | 1692092990 | 2544552.0008 | 22.9087 | 6.7500 | 24.8337 | 154530 | 1.8771

Fi| 3 | 1692084941 | 2544552.3681 | 211646 | 59769 | 24.9400 | 158144 | 63004
2 | 1692093838 | 25445519307 | 21.8284 | 6.5597 | 24.8890 | 16.3856 | 1.7552

5 | 3 | 160208.5443 | 25445522258 | 21.1474 | 6.0767 | 25.0329 | 16.1134 | 5.1752
2 | 1692093017 | 25445519341 | 21.4066 | 64472 | 24.9050 | 16.8590 | 2.0609

Ju | 3 | 160208.5558 | 2544552.1818 | 209708 | 6.0800 | 24.9470 | 16.6816 | 4.7015
—| 2 | 169209.2413 | 2544551.9559 | 21.1853 | 63441 | 24.9019 | 17.1012 | 23622
3 | 1692085052 | 25445522126 | 21.0507 | 6.0692 | 24.8346 | 169125 | 4.6752

=1 2 | 169209.1685 | 2544551.9812 | 21.1014 | 62641 | 24.8964 | 17.2003 | 2.6384
3 | 1692084527 | 2544552.2319 | 21.2567 | 6.0770 | 24.7485 | 168719 | 4.7129

A 2 | 169209.0704 | 2544552.0054 | 21.1349 | 62376 | 24.8879 | 172120 | 2.8968
3| 169208.4332 | 2544552.2300 | 21.3416 | 6.0816 | 24.7375 | 16.8392 | 4.7270

o] 2 | 1692089053 | 2544552.0372 | 21.2422 | 62066 | 24.8941 | 17.0733 | 33794
3 | 1692084333 | 25445522390 | 21.3415 | 6.0816 | 24.7375 | 16.8391 | 4.7270

Ll 2 | 169208.5753 | 2544552.1031 | 21.3970 | 6.2784 | 24.8948 | 16.8574 | 43083
3 | 169208.4333 | 2544552.2390 | 21.3415 | 6.0816 | 24.7375 | 16.8391 | 47270

4.3 FRASHHUEIEEEAIFE

U5 AR B (Pull-in-range)H5 A R AL 22 85 F ) (B SRR (LA B AR TR A% mT B 1 fie 5
A S HEATT R DR AB 2BORER 2% - EARMERS > RMLL41EHKE
BRG] Wiz H S 2 HI0AEHE - IR 2HEREA HCASBEERGEEE - BEX
BE— (2 WETES > W18 R 3 (1 22 B AR ] - IRAAE SR B (A1 8)dZ 11
hFES BN HE L L2 HEE - SRR IR hRSBERR L E2BEI OS2 BIGER
ARG TE » 1 0 AR sk B HOFE IE & 6 BE 2N » P DAYE e Ay 3t (BL(E A6 2 IR A R R 2= K
% o NAEE B ZEIGT R C R ARG TR WIRABRT A FTREEE T RIAVRER - AT
DB B s R E 2% o RIS B B > HASHU AR R BT - RS 2R E
EEEE2EEE -
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27
8 ! R TCR AR 2 s i B R (FLp O B E » HARETRAR)

4.4 KRASBHTHREHIH

FERTRIR R T - HPS B BRI A H E Ve ser i SRR (SRS N R
HEEAEE A - HAp o DIE A REVIEE B DA RANEO) - TE% (T A RRE (A 10) - 2
HEYIRH2E > BOTH —REBIGEGEIAT © fR9T 5-6 MI—PRIETBHEMZAAI © #7597 1-2 7 HE
TRIERIE() » FHERERRR() > AIEDTRE A RIRREBIRA © fRsEe-TA— B/ fIH e -
et 5-8 HUBLHIEA 1T - HEAER S8R B EhoEdl -

(a) (b)
B9 : EERER R &L OEN

10 : AR TTARITRE
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BRI BN B ER billi SRR - MIREATRRIZERBINE - AR
2=k ill-condition - BEEF RIS E L FEEETIERE - RS RERHHMEEREELRNSZHL
{8 » AURTLAFIF 3.2 Bl P BRER P e R RIS 2 IS EMIR 2 BETURERIE - BRI
KIFITEIA SN —RES R E R E B HA S BHEE - AERILIE R AT - RIDA
RIBIER IR E A P R ES AR AR R0 - (RIIEL dZ 1 h IR 2 BRI (AR 6) - FELAIHLETT ARG dZfTh
HO(E > RO R BUHI S0 1 & HAE (BN AP 2 R AT AT IEARAR (R 7) -

AABAT A2 BBAE

1686955115 |

2544420.6707 |

d

125562 |

47.3931

| 103695

et FHK

A 168694.5774 2544420.3313 TEX 12.3660 | 46.8128 FERL 10.4848
S 168694.4342 2544419.9335 ZHEL 12.4072 | 47.2994 FEEL 10.5257

g 168694.7308 2544419.9957 HEx 12.4967 | 47.5047 ZHEL 10.3816

3L, 168694.1632 2544419.5475 HE 12.6329 | 47.6973 #HEx 10.4466

168694.6944

25444201107 |

17.7368 |

R T RANBFA AR 2EBAE

12,6643 |

47.3217 | 11.1368 | 10.4805
168694.3914 2544419.7862 | 17.5248 | 124383 47.3487 | 10.9248 | 10.4740
168694.2165 2544419.5203 | 17.5177 | 12.6380 47.7868 | 10.9177 | 10.4072
168694.1029 25444194053 | 17.5917 | 12.7508 47.9967 | 10.9917 | 10.5629
168694.0723 25444193862 | 17.6610 [ 12.7802 479413 | 11.0610 | 10.6501
168693.9944 2544419.3665 | 17.6089 | 12.8715 47.9675 | 11.0089 | 10.6627
168693.9513 2544419.3359 | 17.5778 | 12.9070 48.0015 | 10.9778 | 10.6656
168693.9411 2544419.3202 | 17.5675 | 129135 48.0190 | 10.9675 | 10.6668
168693.9398 25444193138 | 17.5683 | 12.9135 48.0258 | 10.9683 | 10.6674
168693.9398 2544419.3138 | 17.5683 | 12.9135 48.0258 | 10.9683 | 10.6674

4.5 ESEH

A EEREFERE R AR AR B LA TR B R EE SRR - +BEYItE27
ETCIHETES - BERERT U ETHESHKY)  ECKIIERE 89% - LY BMEEGRIIIE
#l» —REPTHECEGQE 1)  S—ERIBEFPILFCESWE 12) - EEGRERTREIT
1 A B AL R AT S B LS SR A0SR 8 FIR 9
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AP A iFHif T3
- ) & Ir = ! i - w2
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SIS me mE s e

(b)
11 - R THEGER VIEREZE(D)1 KEBRER REEAE

3R 8 FETE U2 ER e AL B B Py B O ER A2 S (BB RMS (B

11 FEFLZEAGTHUSBOESTIERE - WREESEINESWEETA - EHE T ES
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]'_(j ﬂi‘ll:S fi}hJ}{ ‘}Z[‘r 4: T l[ﬁ\
A ==t g Ki I"l'% =) "l‘
lﬁ - j_} 1

all T !

1y -
-

(b)
12 : BER LHEG B @VIEESE®b)1 XEARIHESGE

£9 BEEWITIER AR AT G E A B S {E L RMS (H

| EEEE | Z(EFE) | ZERMS
Xm) | 0244 0.590
Y(m) | 0308 0.655
Z(m) 0.356 0.382

HHIE 12 AILAE Y BIEAST S SO e - B SBREREETHERER - (21
TENBRTENEERE - KGR 19 KN R - WRBEALS R ERE SNSRI E
UE  FREEFNERUIESEMANENLE -

TEESEHIT - S ARERRAEEGIE I - Hrh e —ABRIRARIIAE R 0.5mm > T8 R
R - B m A AR T 2K 0.05mm > 155 9 ZOB AR FEAE 0.08mm + [MI58 —MHERIRA A
{#k 0.35mm > F— 7B A AR 0.05Smm » E5E 6 JBARANEELE 0.07mm  FHINRIBIERE
A HE SRR - TH SRS M2 BAHERE R TIRR - B —EREaERR - 7
S A B RTINS - FTLUE A AT (S SR O RO 28 MR AN A (B
TP 2 SRS HER G © FH3R 10 FTDUEH > RAE S EHI AT (S B - FTRASE iR
3k, OB PRI o

ES

10 BEEFAE

T & —ngs | & oo
FERE 9
Bkl 37.5% 62.5%

% 11 REYHE A=) KR AGTERE /3L 3% 1L AILUE - R ER P i PR
YR IE B A EIRE > (L S AR 5 > AP S DURET AR B AIS >  dZ A AR
SYIEERERIPI T2 IRZEL S BHISIFR R SR (R R E SRR B REIERIEST -
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F 11 EYERAEIREEEE S EoT

Btk 58.3% 41.7%

5. fGiM

KipFe EetE Bl RRE P NERE Y TS - RETHNSEE =AM FBE TS
HEhpR =PRI RO, TR ENES ERGE - HRASCZBRIREEE
ERAETEIRALE FURAVEERE - W ETE T NEERE K BIERESE - FRE SRR ERR - 17 ELh T
PRI H (LA » #e BB IP R 2Rt - Kt EERE A -

PEREEGHRR RIS RS E DT - BIREGIRE LR B RS Eut - 51U
TSI RS T - EREEE AR - S/ 3R CSC AP RREES
WIS gL G SRR © BRI O - BRI B R EMAVES 5 - 4« EREEE > FHEEEGE
LA EBREH TR ©

st

FIRFRSH TRIRRE PSR E GRS (NSC90-2211-E-006-103) SZFfe
DANERI5ERS - FEFHEHTL ©

2E3RA

EEH 1996 © F# ster e ZEHUEREREIEAORRET - BB T LEHIERW BRI &W X E > 5
ki > pp.667~676 ©

FAZSE 2001 - DN FebET 2 HERAEP G REES - BILRSIAREHE TSR AT
ETp

PRSCAEL 2001 © ¢ EEMUEYZEIG BRI B ERIE - BB REE TR AR -

ME - TEEE > 2000 - e CAD EHEZ B2 =HETTIEAVEE - 3t EsiEE g GIS 2000 £
flataT & amoC - REI8OF 12 H - BRI > ppd0~48 -

Forstner, W., 1994. A Framework for Low Level Feature Extraction, Computer Vision, Springer-Verlag,

pp. 383-394.
Fua, P., 1996. Model-Based Optimization: Accurate and Consistent Site Modeling, Interna-
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tional Archives of Photogrammetry and Remote Sensing, Vol. 31, pp. 222-233.
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Least-squares CSG Model-image Fitting

Hung-Ta Chou' Yi-Hsing Tseng®> Sendo Wang?

Abstract

Semi-automatic model-based building extraction is the major research topic of digital photogrammetry.
The affectiveness of model-image fitting algorithm is the key of semi-automatic model-based building
extraction. In this paper, a building is modeled by some combinative primitives, and model-image fitting is
proceeded primitive by primitive. After fitting, complex buildings can be modeled by combining simple
primitives defined by the theory of Constructive Solid Geomerty (CSG). A model primitive can be trans-
formed into the object coordinate system to form its size and position with the shape and pose parameters.
With the known photo exterior and interior orientation parameters, the primitive model and image features
can be transformed into the photo coordinate system. The fitting is evaluated based on the correspondence
between the projected model wire frame and the edge pixels. The least-squares fitting algorithm is applied to
solve the optimal fitting and estimate the final model parameters. Ten houses composed of box and gable-
roof primitives are tested for demonstration. The experimental results are compared with the data of manual

measurements.

Keywords: Building Extraction, Model-image Fitting, Least-squares Fitting, Constructive
Solid Geometry, Building reconstruction.

! Master, Department of Surveying Engineering, National Cheng Kung University
% Associate Professor, Department of Surveying Engineering, National Cheng Kung University
3 Ph.D. Student, Department of Surveying Engineering, National Cheng Kung University





