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Exterior parameter estimation for aerial camera based on Hough transform
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Abstract: A new approach for exterior camera parameters estimation based on Hough transform is
presented. By using the collinear equations to model the camera and combining the feature points on
the image plane and in the object space to set votes for a certain point in the discrete parameter space,
the point with the maximum number of hit is defined the right parameter. An iterative estimation pro-
cedure is adopted to process the nonlinearity in the collinearity equations and the correlation of the ex-
terior parameters. Unlike the conventional methods, the new technique can estimate the exterior pa-
rameters without making a correspondence between the feature points on the image plane and in the
object space. Two experiments are carried out to examine the validity of the proposed algorithm. Ex-
perimental results show that the errors of the camera coordinates and the pose angles are less than 15

m and 1° respectively. The estimated parameter results can meet the requirements of the combat using
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Fig. 1 Distribution of edge points on image plane
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Fig. 2 Sketch map of accumulator array
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Fig. 3 Accumulating results in peak layer (r=15)

EA R 2Rl It 5213 W1, Hough A2 e fli 3t
LR T A OB R4 FoA B A B R L X
JEA SO AT Hough 748 Al T 8% 15 2 20 28 i
HzZz—.

3 BB AIAEAE T F R

3.1 BHNER
1877 VAR A 2 A bR 5 Y 7 = 4 A5 A4 a5
YR AR bR 2R AR 45 G R AT DL AN R R 2R A 1R O B

g (X, — X)) +b0,Y,~Y ) +e (Z,—2Z)
L ay (X, — X))+, Y, —Y) +e,(Z,—Z)

— ;. a (X, — X)) +b, (Y, —Y ) +e,(Z,—Z)
Vi a (X, — X)) +b, Y, —Y)+e,(Z,—Z)

, (2)
Hor (X, Yo, ZORBSEhOIEY) Ir = 4825 18] Ak
Fr 2 P 0 A A o OB A B i A A s f O SR AL AR
BE AT DL SE AR 8 BOAS SO A R B A5 (X
Yo ZHO R Z S R ARFR RS DA
Ap g, AT LA BRAE B R GE (GIS) 42 B, A S i
HoRE R (s ) HAR TP Z 4 A br & b
5 i MR AR BR AT LA EMG b B TR
BEHIE ;a= (a1, ass a3)" b=(by, by, b)" Fl ¢
=(crs oy 03D NRAS B BR R AHXT T4 5 235 [H]
AL R FR I TERE R R (981 ) i, Horh R AT 0K
T o M o FEMA © SFBARPLL S 10 R AL
011 0 O ¢ 0 s,

Ce S

I3 ¢ ¢

R=|—s, ¢, 0]]|0 Co  Sa o 1 01,
0 0 1J10 —s, c,JL—s, 0 ¢

(3)

Hrf e, =cos kss,=sin k,c, =cos wss, =sin wsc,
=COS ¢,5,=sin ¢,

BRVESM (w00 FHES B AR (X, Y.,
Z) — GG IR N BRI S HAEA S R TG
. MR G ARAE 5 e A bR B S = { (s
Yy li=1, 2, = My FIY) 5 FRAE 55 = e AL bR R &
S, ={(X;,Y,;»Z)|j=1, 2.+, N}, 0 PLiz |
Hough 2 #1528
3.2 E T Hough THMIIMSEMEITEE

1 Hough A2 4l i+ BARHLAN S 80, 1
TMEES S M S, MEHIEES S={(xi. yis
X\ Y, Z)| i=1. 2, s M j=1, 2, =, N},
AL BAEE S S MR TR B H Iy MXN,

m AL B S S b — oo R
DLHE ST WS 06 T R M2 B0 29 o 5 F R
AN D7 R AT LA ] I 3R i — B A R B S R X —
AT A SCES 2 F8 53 B 3 1 15 2 Al 3 ]
R B ESG T E AT R (o v HAEHE
SN RASE AR TR I — g TR R
REF T80 E — 1 RIS HL.

BEXT IR A (X, YO Zo (ws )\



1272 e K TR

515 &

WY SEAT SR AR . 25 PR B 2k 25 1 Oy R i E £k
PE LI RSN S B0 AR G R o 2 D AR T X
AT .

iR S E AR T

(D B H Z, 0. Fle BT RMET .

(2) e X Y. 0 BUE 8 B o 308 [ X,
Xl Y, You Ll X. €[ Xy Xl Y. E[Y.,,
You . I BILARIBE AX, AY, BE X, Xul5
(Yo, Yard.

(3) WEHRES S TR —1IeE I HAA
L2 S X0 5 Y. 885 % 5% (5 X I ) 8
R EE B 1,

(4O TEIEHE TR A (3 5, Wik
Rl

(5) & WA 20 #% B2 70, IF 4% 9% o Je A A
FRERE EA A bR X 5 Y. I UE .

6) Y5 w.oue . X 5 Y, W RUE. R K
[F] T4 (2) ~ G B W Ik B8 Z. W e

() M348 XY R Z, 13 RUE, R 25 1]
FH Q) ~G) BT LB ER o 5 ¢ WIELUE.

(&) il XY Z w5 ¢ IERUE R AR
T55(2) ~ (5) 25 1y J5 VL A% BB e B ARLIA .

(9 A8 BB 5 4 3 ARUAA i /N S BORE
Bl [ B Ak s m b ER SR (DO ~ (DL B R
SR T 25 H RS K

Xof T M 55T e 2 A T 5 AR AR AL SR AL TT A 4
AR AL Z0 1 ST v B LR OB KB R
Hh o AR 2 B R A I G AR AR 1 SRR LR VR L
AT R E  Z0 AR s Hy T AR AR AR AL 1 AR
1 F Rl A BT R R A @ AV o T
DUIBCHE T T 2 1 00 {8 5 T8 AR o P 280 HL 0 1) 26
D {E I

i 1] ik Hough 28 #5534l 71 2 80 A i
FAEHE ST B 5 Wy FEAE 5 Z 18] X R 56 &R L i
SR B S A S BT B oo B S 80as 1l
HH ) S O HE AT S U (E B AR R S A
A X2 ] Hough B4 fliit b 2800 — 1~ &
T,

W TR TR 28 & EHR 5907 FRAE S Z 1]
8 T X O 2R 5 AT 0k AT 2 50 e R o 0 A B2 0 A

TR 19 R I 2R S AR T R 5 R I A R0
SR AR » AT DAy fife BRI A5, DT JE AR A4 21— oA 2k
5 1%

4 FiE b

i2 FH 0 55 6 R B S B AMI B B IR 3
Hough 754 (19 50 S 80k 1 07 1 1 30k
4.1 HEXR

PN RSP £ h 60 mm; 42
B(X.o Yoo Zow wr @ 1) (9 {H K (250 m,
250 m, 350 m, 1°, 1°, 1) 1% )7 5% J5 5+ 1E /S 5
H 4850k 176 F1 150548 J5 5 ¥ J5 e Ak 8558 17 15
ZHPIE 4R 0. 01 mm A1 1 m; BG4S AF 55 1Y
Sy A LA E 4 B

P4 BEBARRAE 50 o3 A i B0

Fig. 4 Distribution of image feature points
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Fig. 5 Estimated results of exterior parameters using Hough transform
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Tab.1 Comparison of measured and estimated values

X (m) Y.(m) Z.(m) w (") o () k()

LM 836.0  —621.1  1857.6 2,38  —1.53  10.39
MivFfE 845.324 —607.937 1870.452 1.921 —0.897 4 9.9418
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Fig. 7 Image edge features

# 1 £W . ] Hough A Hefli 45 2 1 #4521
SNSRI T BB LN S B S L IR SE T A
SRR A B

ASCE  — ] Hough A2 e Al 1 il 2= 45 1%
PN R T5 ik o BT SRR A J7 R i E Ltk A
SNSRI AR SR L 25 AL TR IR PO S 5L
M IEAREREE . A 2D & 05 Rk R 3D W7



1274 e K TR 915 %

iE e Z 18] B 68 07 56 28 % 2 00 ) B WOR E AT 40 A BB M W S BT B R R AR B << 25
FOERERZNSHOIBCENMIHE. B TA W B ER SR R YL SR T AE R R
(R T A (1l 1N DD < D0 DIV SN P A - G 7 [ R Sl s e A [ A P
B T AR G AT T R DC B R <15 mo M BEAN TR 25 <717, RRAE I A AR ROV
ZEMBR AL TR BN S B TS L A 225K

D7 FLICH S WL AR SCE 19 2 50fl 3 5 ik A

S %k
[1] 42 & AFAP R M. b0 % 0% AR 2003,

[2]

(3]

[4]

(5]

[6]

7]

(8]

[9]

[10]

[11]

(12]
[13]

[14]
[15]

[16]

QIAN L ZH. Techniques for Special Projectiles{ M]. Beiing: The PLA Publishing House, 2003. (in Chinese)
SCHENK T. From point-based to feature-based aerial triangulation [J]. ISPRS J. Photogramm. Remote Sens. ,
2004, 58(5/6): 315-329.
BUYUKSALIH G, ZHANG L. Practical experiences with automatic aerial triangulation using different software
packages [J]. Photogrammetric Record , 2003, 18(102): 131-155.
Kir g, Rk, 4 CCD B AR B HOG I BE SR iy @t i =45 BRI ]. k% H&E T/, 2006, 14(2);
297-302.
YOU H J, ZHANG SH Q. Reconstructing 3D buildings based on airborne CCD image and laser scanning rangef in-
der data [J]. Opt. Precision Eng. , 2006, 14(2);: 297-302. (in Chinese)
IRBEL. ARG M. PLEOUHE BRI &R B iR e MR 20801, A4 4% £42,2005,13(2):105-116.
WANG ] Q, JIN G, YAN CH X. Orientation error analysis of airborne opt-electric tracking and measuring device
[J]. Opt. Precision Eng. , 2005, 13(2): 105-116. (in Chinese)
OGAWA Y, IWAMURA K, KAKUMOTO S. Extracting object information from aerial images: a map-based ap-
proach [J]. IEICE Trans. Inf. Syst. , 2000, E83-D (7). 1450-1457.
HABIB A, LIN H T, MORGAN M. Autonomous space resection using point- and line-based representation of
free-form control linear features [J]. Photogrammetric Record . 2003, 18(103) . 244-258.
TOUTIN T. Block bundle adjustment of Landsat 7 ETM + images over mountainous areas [ J|. Photogramm.
Eng. Remote Sens. , 2003, 69(12) . 1341-1349.
REA R R A RX TSR ARG A S BRI S [T, 5 #% 242, 2007, 15(3): 48-53.
YU J X, XIAO DY, QING D X. Estimation of aerial camera parameters based on ground control points with equal
elevation [J]. Opt. Precision Eng. , 2007, 15(3):48-53. (in Chinese)
SEEDAHMED G H. Direct retrieval of exterior orientation parameters using a 2D projective transformation [ J].
The Photogrammetric Record , 2006, 21(115); 211-231.
HARTLEY H, ZISSERMAN A. Multiple View Geometry in Computer Vision [M]. Cambridge: Cambridge Uni-
versity Press, 2000.
HOUGH P V C. Method and means for recognizing complex patterns[ P]. United States: 3069654,1962-12-18.
ILLINGWORTH J, KITTLER J. A survey of the Hough transform [J]. Computer Vision , Graphics, and Image
Processing, 1988, 44(1); 87-116.
LEAVERS V F. Which Hough transform [J]. CVGIP: Image Understanding , 1993, 58(2);: 250-264.
GIAN L F, CARLO S R, GIANNI V. Circular arc extraction by direct clustering in a 3D Hough parameter space
[J]. Signal Processing , 1995, 41(2): 203-224.
CANNY J. A computational approach to edge detection[J]. IEEE Trans. Pattern Anal. Mach. Intell., 1986,
8(6): 679-698.

EEBN REHA74—) . Ui RRUERA . B ZE . BTN R B0k b2 . 2SR A B B AHL R 48 K

A B8 T A o 3 B A A P 45 5 T A A5 5 E-mail s yujx03@mails. tsinghua. edu. en
AR (1945—) s B AREAIHEN JERRKF B, WA I, UFR D m oy PR E s 2R B G AR
G ARG A VR REAC %, E-mail: xiaody@mail. tsinghua. edu. cn



