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Automatic registration of aerial stereo imagery to LiDAR data through

iterative parallax mutual information computation
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erative parallax mutual information computation. Method Proposed approach takes photogrammetry collinear equation as

strict mathematic mode and three stages are involved: First, dense disparity map is generated from aerial stereo imagery
using SGM algorithm; Second, LiDAR depth image with same size and approximate spatial resolution, geometrical distor-
tion to the unregistered aerial image is generated, based on the perspective projection of LIDAR point cloud using initial im-

age orientation parameters. In this step, supposed 2D rigid transformation between LiDAR depth image and the disparity
map from aerial stereo imagery to be registered is estimated through maximizing their Mutual Information. As a result, by

taking LiDAR depth image as a “bridge” , visible LiDAR points are roughly mapped to aerial image pixels based on the es-
timated geometry transform parameters and the known projection relations between Lidar point clouds and its depth image.
Third, with all mapped aerial image pixels as observed values and their parallax mutual information as weight, photogram-
metry space resection algorithm is implemented to obtain improved image orientation parameters. Keeping repeating above

two stages until the given iteration calculation condition is met and the registration of LIDAR point clouds with aerial stereo

image is realized. Result Selected aerial stereo imagery with size 7 216 x5 428 pixel, 60% overlap and spatial resolution

0

0.5 m are automatically geo-registered to LIDAR point cloud ( averaged point distance 1.5 m, horizontal accuracy 25 cm)

and approximate to 1 pixel registration precision is obtained. Conclusion The experimental results show that proposed algo-

i1

rithm has moderate registration precision and is in high degree of automation. Theoretically, with known interior of parame-
ters (IOP) and initial exterior of parameters ( EOP) , proposed algorithm is suitable for various aerial stereo imagery taken
for different types of scene and thus, has good value in application.

Key words: image geo-registration; LiDAR; parallax mutual information; iterative registration
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Zs) BIEEG WO IIEALE , RS EE B R
NN A SE S =N o e

XTI TE LIDAR VR FE AR b HR 450 45 1 B0
JEDA, DL AGARE I A G 35 1 3 ALIR) 44 15 83
DA, AT AR PR (8) & s 57 J &, LAAE B LiIDAR

X =X +

TREESAZL D AR AL S B OB AT e/ 3=k
ﬁE’EI]
X = (A"A)'A"WL 5% = ‘:YV:/ (9)

X, o0 NIRRT 22, SO T 4 PRSOG I A 9 #¢
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Pl 185 LiDAR 51 = BRfER =S [ 240
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N B E ) 60% 58K/ KT 216 x5 428 fRE K

() A== G i

/N 6.8 um, 23 B 4r R 0.5 m, ARNFS
e, AN S EIE 5 AR 22 AT S IRAE
JE SIS EELAE, I e R B R B hR R, I
1, MR LDAR =7 $E T B 200
15 em, KPR BE 249 2 25 em, SF- 35 £ B BE 249 O
1.5 m, & 3(c) (d) 45 H T R AR BCHE AR 0T bR ok
S BB ALY AR A B LiDAR VR R AR,
B 3(e) (£) MFFECHE KB ) i 13 5 LiDAR {5
JERAAR SR X I IR 2, SR P AR B A
AR B W LB AS

(c) ZERBHIR SR UM LIDARIRE 215

(d) FRBIINSEE R LIDARF LR

(e) ZE A8 S LIDARIR L A 5m) i o 5 DX Jak

(0 H3#148 S LIDARGKE SR TR 85 X

K3 SEARMTAS AR LiDAR PR EESAG K Ja il H 8 X R 3
Fig. 3 Depict of aerial stereo, LIDAR Depth Image(LDI) and their overlapped local regions( (a) left aerial image; (b) right
aerial mage; (c¢) LDI corresponding to left aerial image; (d) LDI corresponding to right aerial image; (e) local regions within

overlapped left aerial image and LDI; (f) local regions within overlapped right aerial image and LDI)
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HE, WL 4 (), DIE TR 2l 22 A5 B H5 . () LiDAR JOGMLE A RS R B R, BE T8
1255 5 A8 2 B ARAT ot B AR BILA N B 2 8
1k, AR A 18] 2 B AN B 48 1E i 45 2F i) LiDAR
WSS A T — 30 BAR B

W A, R RS TLART e 228 A W8 /0 (LA 78 $6 e % £

F1 FEAENEMEHENBRESE
Table 1 Initial registration parameters for imagery

stereo to be registered

BEhYS VRTINS E(LITE/m, TR/ (°
PRI ORISR m LR )) e o PR AT 1 AMRE) ;5T R,
X, =262 315.81, ¥ =4 001 330. 18, . . CA SR
B 3(a) Z, =1870.69;¢=0.177 4, LiDAR #5 2= Z5 0] J5 77 38 2345 B il A XA W 4 15 , -
0= -3.4246,k=262. 431 7 T TR T 8 PR IR B L 24 1 M
Xy =261 644.63, Y, =4 001 373.43, %‘?O [75_] 5 g{a\ﬂjT@gi 6 {5((1 N6)521ﬁﬂ‘$§'5'13,Li-
K 3(b Zs =1852.20;0=4.9556, e e N .
e DAR R 3 1915 0507 W 195 98 DX (1D 3 R A/

Ay) BN, HoZs R B Bl LiDAR 5 = %5 8] )5
RS EREEAEREGENET %, A25%4
“ERT . XHSCHR[ 16 ] 45 H P AHAL( Cannon EOS
5D Mark IT 1 Nikon D300 ) 3k B 514 1CP %y I
REG T RMS, ;0. 484 1£3,0. 781 8%, ALk
BCVERS BEBSAIG, (HHL 2R LiIDAR f5 = %% F | ot IUOKG 32
AR TIZSCHR B s O IR R 5 A A EER B
SRR S EEE, B RIS A
P ARSI

1) 00 22 B A5 By B AR T T 5502 7 X 5% 4% 4h
IEE 2GRS R Erar s K QNI B S 5 =1 vA
LiDARFOGI & A SG2A 0 25 52 A5G W G 2R K
DIt 1 P S 5 S TR] 1 ) Sl RE S ME R

2) KA LiDAR $4a 9 5 15 B 3 03 R B T
s 123 (8] 5 7 28 23 TR SRAR B iR 25 VAR i

(a) SEMAGT I 22 8] (b) FHEMLIDAREE 1%
4 ST P2 P MAZ A HER) LiDAR SRR

Fig. 4 Depict of parallax image and LDI with EPI-line

rearrangement ( (a) parallax image from SGM; (b) LDI

corresponding to parallax image )

®2 LIDAR mRZZHEAXRKTEERREGREERER ST

Table 2 LiDAR point cloud space resection results and statistics of image parallax mutual information

EE X Yy Zs @ w K T( Xy,Yy,0)  o/fB3F Ml
1 262 369.69 4001 398.04 1846.14 0.9098 -2.276 0 267.7556 (24,-42,-5) 12.998 0.5164
2 262 337.45- 4001 378.72 1850.05 1.9450 -1.6417 267.6666 ( -21,7,-1) 7.70 0.5335
3 262 316.48 4001 364.17 1854.05 2.6016 -1.2073 267.623 5 (1,5,0) 3.52 0.547 2
4 262 309.30 4001 354.18 1855.64 2.8151 -0.9368 267.5832 (-2,3,0) 2.25 0.554 0
5 262 304.21 4001 348.99 1856.78 2.9810 -0.760 4 267.5753 (-1,2,0) 1. 50 0.5577
6 262299.24 4001343.19 '1857.76 3.1349 -0.586 6 267.562 2 (0, -1,0) 1. 69 0. 560 4
7 262 298.73 4001 341.16 1858.56 3.1575 -0.5274 267.543 2 (0,-1,0) 1.19 0.5617
8 262 296.72 4001 341.48 1858.78  3.2171 -0.5304 267.554 9 (0,-1,0) 1. 05 0.562 0
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(a) HEUIEA

(b) SE2UCEAT

(OF£1/€:

(d) FHAUWIEA

(e) FHSYGEM

(f) YA

K5 2R AR SO AU MR B HERCR R

Fig. 5 Effect of local registration on the iterative computation of parallax mutual information( (a) — (f) the registration result

from 1st to 6th iteration, respectively)

/IR 2 ) BEVES RO 4 T 52 RS JEE VP AE 5

3) AR T S A AR S LiIDAR Bl Y
23 [ C VR, 1 S AR E s EL MRS BEE T, B
L& TR R S AR s . 323 B
TR BAE 3 (a) (b) IR A BLHES R

R3 EELEMZVERLMRESH

Table 3 Final registration parameters of stereo imagery

AR WERWES (LIt E/m, AtE/(°))
X, =262296.72, Y, =4 001 341.48,
K 3(a) Zy =1858.78;0=3.217 1,
w=-0.530 4,k = 267.554 9
X, =261 624.24, Y, =4 001 353.99,
K 3(b) Zy =1866.05;0=2.211 3,

o= -0.5212,k =267.7893
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