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Ll B B bR B RAERS A B B e B R S SUE B RS T B R R R T BT p R i
AR » DB AT RIS TIEREE | BB HIE (digital photogrammetry)
H 1980 FAYIHRRES - CREEE FiHERNES R AR5 I % B NEH
B o BESS E TRt 2 BB LTI B IERRER » H—SBEMAEAEA TN IIE &
e = AR AR S A F R T AR T LAE R RS EL W (image matching tech-
niques) & EB5ERL o
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A UCHC ¥ (feature based matching) AISEE W E(ERER » HBSE & 0] % FIE 15 UCED
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correlation) BERKFHZERE TR AR EAZR » HESEREAKATCERES
KITIFH > MH/NZFRUCE S (LSM, least square matching) Rl /E B A W iFHI L4 TT
BCEF REfRE o (A H TRIMB0E 2 SRATH ISR ERIATTEE - KEHE B 2 6& KEBSAE
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(affine transformation) Re{1E » B85t 2= EH W] LA E 5 B %1t (histogram equaliza-
- tion) EMIE A AR EES MRS o (EEERKRENMEENHMRE LR
BRI G R T LARRR > SEBEREZEORER » BE -~ BIARSE R e R G EMLL
— AR/ R AT LR — iR R AR AL - SRR R E T R IR TSRO SRR 2 7] DA
ZH o B FEHIVCECSRER > W/ N IR VCECATERE /A (windows) » SEfk ke
MG R E M ER BN CER R » AT —RIE/FRHCEZ N - # 2 EsEE(biy
T SR VCED © FEEM AT AR SL R G b > TFIRE RIS ME Von Gruber B5Ai » 1F
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BAFRE > WA REE EE] 100pm LA E® o FE R /N RIS ER IR » R TE
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AHFREALENEBEENERTEY - THEHZEEFR AR » TR ERE
B RE - EASEY A S ERANRE Hough ¥ o Hough it 2 B ¥
(Pattern Recognition) s3SI —TER BV ZERUG 1 » Al BRI E R R E— R
B RFERAEF o Han EANEEMIRI Y - REFH LG EMAEREEER
K28 > AU Hough Bk B HEZBRFENE » TEZHFARBRIEAZEE o
R ACH A Hough Bk EFRESESSEC% BRETEEFRAL - 5
HIEERRAEBRRAEEREREENEE  HEEERE SGNER KSR AL
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PR A% ARG E AR

2. Hough i EARIEH

Hough i B B R1E — TGk B 3 —TE 2L Bl # Fr 78 B & R R It 2L B /g
2HE - HEXRFHEELRE —WMAEELWEEEK FBIERRZM (image space)
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ZE2[d] (parameter space) AT EHHERI 2 BUE » REFELBEEER (cluster detec-
tion) HIRREEAE FP 4k i B A BIRG 2 BUE o ¥—H5EER © Hough B RIS G 22/ b H
BN R BRI R > S S M LR A B R R (I RIRE® o
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AR EE BRI EIRER (line segment) FIAIE » FRINAE SRS DS HIE 5
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HA A USSR & AR A & (normal vector) K r—EEHC » e T :
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Bl A REETE 1~ 3~ 5 RESEEMPW=EMENTE » HUBRETE
I~ 3~ 5 RAIBRKEEE (p=0) BAFMAIE-45 ° WEKL - 2 B IS A& T2,
2~ 3 ~ 4 BRESEZEBRH =GR E > HABRTTE 2 ~ 3 ~ 4 By
=5 D BA A0S 45 ° WEfRL o

y y i

@ ® (©)
E— LIRRAESERN Hough gk

2.2 Hough S8ZEE ) BHESA

I — TR 2 E MR EESN » BT A EEAR B RS E SV FEEER
—RER L DEESEZERM S RATRENEINETT (accumulator cells) > k22
HZEMETFLUE - EEHIERER » REESNSE N ERIE » B —E )5k



9 A ZaER ST FoEF -8 RE8F3 A
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& EESBEMEZE Hough 28 ZERELEIEH (cluster detection) °
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ARG R E AR IR S LB IR HESETT (operator) {0 /3 B B4k < BITIREI—
TR » BF A Hough BEHEUX SRS HIRAIE - REFTESERREAREA
B o fE— ARG T - HRERENSEMETEMESERENERE - FER L
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T B (edge) TERRSHBGTRIKE BN T EEEMES » AEH
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YEJC (Gradient operators) > —FEE 8 » ML R HTEVETC (Laplacian operators)
K LoG iE{EJT (Laplacian of Gaussian operaiors) AR B o (i — [ EE >
B EIETTRE » HB R A BB R SRR fE SR/ MERE ; 1/ R B8 Mo EET
o HBBEUPEBENSER BB _MEBEFSEER (zero crossing)
HYRFIE o

AXH IR Soble BEEGEMETT ( REIN ) REEEE BB 54 o F LB B E MR
TCHEER f(x,y) 53 BIVFERESE (convolution) B8] G, B G, 2 » FIf 3-1 RetEH
BEVfZRN BEREEE—HAE T, » HEETFEGRITZHERNKREER
& » RIRILETT R B ETT » AEREE £ — 8B & » DBt T—% Hough
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3.2 #{ES AR

B E—HiATE R B E R B —ENEE » HE Hough B RREEE
0 ENTRIE BRI EE R E — RS AT DUERI 2 o H A HFIeEE 24
{LEEE L (thinning algorithm) Rl 38#&4% T LA » 7 ZREM{L 2 8 Hough &5t
BHavgr  HIEFTENERR TR E R BE o

ML X BB LR (skeletonizing) » FhRFIE—EBRAEEE » K EFE RN E—FE
ML U ESAE S - H VB AN A XM RRERL » —ERESRR T EES 1 o
REZTHEE  BENETES 1 > MTERNWERTES 0 » Mt FEREEmRERE
2 B P 7 2 ) S A b 3 TR SR SR R B (contour point) fRRIE > BT H E S SEMBHY
BREREL - FTEBMEREREETEM R TTES [ » BE - BN GTthELE—BETES
0 o MIBREERERIL/EME T =GR [8] © OBZRMINREL (end point) FEEMIE » )
B AR B (connectedness) THEMIER » QMR I T & B X E B 198 E 26k
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FEE BB HETRUPERIEEK L c ABANERSBREESEL » FHLHEM
FIF Hough S EHIE L ERAAIIE o i Hough ¥ IR LU | 2870
ZECEMBN » Hough WFTEE s RERKERE » (BFE S 208 T 5t
BR o EREM GG ERAMTIESZEN AN ESEESS - AFE&REME
LRI AN TR G 82 Hough BHE RE » 5 T SRk 22 R 1 2 e B 15 2 S BB
FIREEMSEIREE  AREREIECEE » RABS R ESE RN R LER
KU > 3l DA — B TR S 8 AT SR (5T AT » FE S L AR A9 (4 T R oh F A
US— G REE S (best fitting) HAS » BREHRLESRBEI S (IE o RINBEE
AERCSHAER—TEME  HEXBEHRSRLBNEES L={s,(x, y),00.00lj
=..n} PROFEEGERZ B8 R0 » HBBERE f((s, 0),(x, y))=xcosd+ysin
8-p > BRRERANBAIGE T 2R o FEMF 28T » RABCERME » BB 5E
MIFRE 28, K6 > TE % —EEESHEBNER —EEER W ERE L £4¢
EH mEL > SRR 2m-2 » RRHE—RBERT  WEEZHHELBREH -
BT ZRE R 2 R AN 2 BORIAER T DL By Hough #1352 FLHS 5 BB T RS o
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5. h—HEMEEMRE - HREAMEERNRER  HeE 6 ExE fES. P#a
b~ ¢~ dUKRBHEREENIREER o (HER RGN AHBTNER » H28F
EEERAREE  MERT 1 ~ 25EBKR 3 ~ 4 RENREEAHET  EX%a kb
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MR UL » FEE N (2) BB » JAFIAT LUEH] Hough B FTERIFARER R E » i
KRS B TSRS 2 AL » (RBLES b B AT @B ok » 0 T A
—HIE AR a - BN (b) KIFHRILER SN G ERAE » EXEMINEREST »
BIEIKEESHRIEBES TN » TTERRERDKEFEZEREA » HKFATIURES
TR KW BRI BT ER D B — SRR A MER (© KN ) i > B
R A B HEKEES BT RPIEAERE AR - £/ 6.(0) F » BR A WIKES
itk g2 » FrLiB a REAE - HEEAS (D F 0 BB A RBRBES T RERREK
ey o FTLURE DM EE R » FTUUBE b MIER AR o
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R LA BAGE  HFARIEZEHNEERGPRET 11 HEEAKNEY
BETEA > BEFEERARSERRENEZE 11 ERZHGRME AR o 11
EFERESPEERSH ARG ERERRBEIELEE » RELEE EAARERE
REEAIIINEERE 7 @ » BABMIRUAALEME R /N LIS RIS 7 fEE
HARIIPER 1 RE 2% o BRI Kk 2 FraIIEH » Hough AT R 2 REHEA
TEAZBESFEEL RN REREIIRBRIIFRRENEE » HREHEA TR
ZERFAHLEREE c HEEE 227 BT MEEZERREZENE, » M
4 > H=FZBAIRRRAMEEIN » HEBE—EHTZA -

BN\ R EAF » BF5 BIER H E Hough S Kk i LSM FrE#|H 2 B fA Bk
& o @/ \AREAR 87T Hough MifF7 B HINS:SLE fa B+ M58 o TiZEE/\ Bl
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1. 089 R EAERRSE (BAL: pixels )

ALEH Hough## #
| 74 Bk i ok X Y X Y
1 3388 974 3387.973| 973.859
4 3290 1303 3289.100(1302.363
5 2932 3244 2931.756 13244.976
7 4847 3040 4845.63813039.815
8 3660 4457 3659.921 (4457.164
9 3127 5160 3127.32915160.758
11 4245 2941 4244 96512941.399

2. 091 RRZEAERBSE (B pixels )

ANILEH LSM Hough#& {2
B ELESE X Y X Y X Y
1 1366 832 |1367.399| 830.126|1366.068| 832.356
4 1261 1162 [1260.837|1161.990({1260.947|1161.965
5 861 3115 854.049(3117.027| 861.283(3114.674
7 2804 2952 12801.481|2954.097(2803.000|2951.401
8 1576 4357 [1577.861|4358.941|1575.046|4357.118
9 1017 5056 [1018.590(5058.276|1018.468|5056.381
11 2193 2838 |2194.316|2835.986(2192.824|2838.135
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(© (d)
B 4rBILA (a) Hough ##ak (b) LSM EHI%: 7 2 R~ EE

RPERE CEEC BERFER - TMAF AL E R E I B ERE AR AL - FiE
HELEEE Y RENTFREEFFEEE SRR FE » B3R 3. o K 3. (%
A ERRTRIERTUALEANBERYT  ERAS AN AR A% BRI HES
BEJT AR EA HLHR AT - T Hough W12 BRIRHEAR LA TERAINZE » HRRZER TR
BITZBE - ZER R/ _REERZBENRABNZE ERRENEE > MHESKE
WAEME o B RESHH » HPEREEIL RS » AR FREN TR E I A
& UG EIERIER M —EE L A BN EMBERASE T » (EF LB 2 U
Hough B G EMEE T LETIBAE AN ER » MAES /N ZFRITEEUCE KK
K¢ » AT LA Hough HE#iR B &/ _FRUCELEL ©

xR 3. M ALZHERR

ERAE Y REZFRE

AT = #] 3.44 um
LSM 65.45 um

Hough ###A 6.13 pm

5 4 SREAERE

FXERAER Hough AR BRERE GO RE AR EN » I B —Hz
BEAHIARL AR ATYE » RERUBREEAGERETRL RS G HE o
HEAES » HMARE— SR REZUMLSRS o

1. Hough W# g IR EGS » BUEREEFERES O RB AR EL S
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2 SRR RIBOAR 5 (0 > — R RBRIF NSRS S > MBS EES
BB SERGHTE B R R W RIRE M B S AR R B » ARSCATIR 2 B A EE B ) 5 R R 1]
VIR R B R TEMESI R R AZM B o /N FeUc o gk Bk -
A LAFI I A AR Z ©

3.2\ Hough BHURRIERENRS - BT EEIRBENEMLKR » EFRE2EEME
e BB R nE T - HEE{CABEME > RIMBETAERNZER®EL » ME
Hough ## 2 S ERHEEIRINRS > BT HEEMKETERRE > BMA Hough
BRI EILAR AR, > BRI REFSERUSERENESERAIE o

4 AEHBEERREARR > SEEAUATERE /BRI GEESREE > B
EiE EEEEE S A A o BB EN LR R E L ER 8L

S FERFIR AR » FNRFESKEIEFETHP B R SEENEMEE L THER » &
B ATET BRI BTN E » ZEBRRANE Sobel #HEE(ETT » ERRAH—
ESBEET YR BB REE AEEE » MIESE—5 2 -
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Robust Tie point Determination
by Using Hough Transform

Pei - Huei Hsu*  Yi- Hsing Tseng**
Abstract

In developing an automatic process to recover the relative orientation, tie points in
each pair of stereo images should be identified. The least-square matching (LSM) has been
widely used in the past few years but the fact that it tends to fail to match locally differ-
ent images. Difficulties arise due to the influence of the image rotation and unequal expo-
sures. The purpose of this study is to remedy the drawbacks of LSM. For identifying conju-
gate image points, we detect the line segment of building roof using the Hough transform
and compute the intersections of the lines to obtain the building corners .The result will be
invariant with respect to the size and rotation of the image. In order to solve the occlusion
problem, a simple criterion is proposed to match conjugate building corners. In order to
test the practicability of this method, some experiments on a pair of real stereo image are
processed with this method. The results are compared with the numbers obtained by using
LSM. The comparisions show that this method is more robust to the effect of local changes
in the images. We therefore conclude that this method can be a backup of LSM in image
matching.

Key Words :
Digital Photogrammetry, Tie points
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