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Terrain-Considerate Registration Method of spaceborne LiDAR
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Abstract: Objectives: The fusion of spaceborne Light Detection And Ranging(LiDAR) and
InSAR(Interferometric Synthetic Aperture Radar Digital) Digital Elevation model(DEM) is widely
used in understory terrain estimation, tree height inversion, DEM accuracy evaluation and
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correction, etc. However, due to limitations in onboard platforms, imaging technology, and data
processing, There exist deviations in plane position and height measurement in the InSAR DEM.
Therefore, the effective registration of spaceborne LiDAR and InSAR DEM is the key premise of
the fusion application. Methods: An improved registration model that fully considers the changes
in plane offset and elevation variation under different topographic factors has been proposed, which
includes a stochastic model and a functional model. The stochastic model is proposed based on the
relationship between changes in terrain slope and plane offset, while the functional model linearizes
the original registration model. Finally, The plane offset can be solved using the registration model
through least squares adjustment method. In order to verify the validity of the registration method,
four test areas with different terrain conditions and land cover types in Spain were selected for
testing. Results: The experimental results showed that the RMSE of height difference in the four
test areas reached 0.931m, 1.381m, 1.034m and 4.526m respectively after registration, and the
accuracy was improved by 33.02%, 8.78%, 37.67% and 10.00% compared with that before
registration. Among them, the contribution of slope greater than 45° to the overall registration of
elevation changes in the 4 study areas reached 72% to 99%, while the registration accuracy
decreases from 33.02%, 8.78%, 37.67%, 10.00% to 20.60%, 0.27%, 35.89%, 4.62% respectively
for a canopy height of 15m compared to Sm. Conclusions: This method weakens the systematic
error variation of height deviation caused by plane offset under the influence of terrain slope and
aspect. The experimental results have verified the effectiveness of the model proposed in this paper
for the registration of spaceborne LiIDAR and InSAR DEM in complex terrains.

Key words: Registration; digital elevation model; spaceborne LiDAR; terrain slope; least
square adjustment

B 7 AR (Digital Elevation model, DEM)E SRl T AL BE . EENEIN . AR KL 2 Aiink 1) 4 25 2w F U
A, HAl, 7 4Ek DEM FHEARFBFEAMFRELNET L. AR TEEEAR . BotllSHEARED, &
FLIE TR IA T (Interferometric Synthetic Aperture Radar Digital, InSAR) A 42 R Af &K%, KVGH. &0 HE
R BARRE R, CRCN DEM A2 EERRTF-B. AR, RHERZE. PUBRZE. RS RE. JuR iR
725522380 InSAR DEM fELE i A7 B A 22 Sl s R i 22100, 75 B B g i) sdi AT e I . BA ICESat-
2(Ice; Cloud and land Elevation Satellite -2). 4= Bk 4 & R 4t 8 & 4 #&(Global Ecosystem Dynamics
Investigation, GEDI) & ) =5 AR 3K 1 2 30 75 18 (Light Detection And Ranging, LiDAR) W] 7E 4= Bk [ N K
AR v U, B RS T S e AR R BT, 42 R T InSAR DEM £ B . Rk, SEHLUE #
LiDAR %4 5 InSAR DEM H k5 BEECAE, =2 H LiDAR HH 15 A il s () 0 BT 42

EFxt B 4% LIDAR 5 DEM BCiE ) 3,  IRA B 70 35 i Oy P 8 2 [R) = 4 PR 25 ) B R ) R AR R B2 o 51
T B/ AR A B s %A (Tterative Closest Point, ICP) VAR /)N 52 % (least Z-difference, LZD)5yk3],
PR P 5 1 0 AR 2 e g U, AR AR DG T 5 AR5 UG RO AR 28 2 T) P AR )30 20 oK b AR 4 O R o PRARA TR
B O B O b IR R, DA BBk R B0 R R 4i(Geoscience Laser Altimeter System, GLAS)
RS H i e JE L R RZJEEROEE S i DO/, K& E N DEM S BCTE, Dl R R
R HEUE TR R 22 5 A/ IME SE IR #E . Wei Z5USUR| A ICESat-2 #4455 DEM ¥y 751 1 = 2 /7 F1 AR Bk 14
UEN, 5R T FAKCP A B I ECHE . Nuth S80I~ R A2 5 B0 = A2 22 55 Hh R 33 55 A3 m) 2 TR A7
TERFIER R, $EHEET ICESat 5 DEM Wyt SHUEE B — b T B W Z M L. B ENZ AR
LiDAR %(#i 5 DEM [WECHE ] @b 8BRS Z, HIEUS T RUF RS20, (B RAZ T ETE R S H R
filRisy, SINT R AR SE BRI B, 3 BOPE S AN 1) DX 3 R e R, T 3 PR K P b T v R 3
R

BT, ACEEX OA AR B ZE TR R R IR 1 — AU T, 5, X InSAR DEM 52



B LiDAR s (- o7 B 12 s 22 B NE N BEAT M CHE ;. 2 ), 1 BT O A AR A R B R AT ek
ALEE, JREETREN B LIDAR Bobf B B 3R R 5 3T e BUAC B, S8 e/ e 2 M A SR I
B WA fJE, EEUA SCES X BEAT AR

1 DEM R EMRIBS 5%

LA 1) R B ROR i F 22 SR 0 — LA EE, DU 5 R AEF iR &, (HRIFRE R HEAR
P AR R A — R, XTI, AR SRR T RS B AR B . Bk sy YA
B E D: OFdEmiAE. HEEET SR BG5S 5 E DA AR 7 55 X 06T s =i T Ae & 3R
KEfEE R, HIFHEA 2 LIDAR RS Tk . 23 LIDAR Ui g 7 knl R B S 5L %55
F{5 .. LiDAR W HRHIE B0 FE A A RFAE EAT 06 12320), ARSCRA & 3T RS E0mIE ) ik @R
. DLE# LIDAR #¥5 5L fE, 7€ DEM Bl i sh i DR (il H RN ER-E % S E 3 LIDAR Hil DEM -
HERRERE, ARSCRA SXS BRI E 1D Bk e 2235 77 MR 22 /N KPS BAE A1 aa m e
iy ORI, EVImn W EREAL b, MERCHEECEAE, BRI mE R ORBEFMN.

EZLIDAR
i
FshE
DEM
1
+
HEE O
HRMSE
1BEE
RMSESOD Ve iR
WSS AT - — .
\ i A 700 T4 s B i
ek

____________________

1 E# LiDAR ¥4t 5 DEM RCHEFE

Fig.1 Registration Process of Spaceborne LiDAR Data and DEM
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Fig.2 The relationship between slope change and plane offset change under the same elevation change
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Fig.3 Geographical Location of Experimental Areas and Distribution of ICESat-2 ATL08 Within The InSAR DEM Area
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Fig.4 Terrain Slope and Aspect
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Tab.1 The TanDEM-X image used in this article

D G ) T H A2 /m NGt e H 3R ) 7 6 i 3 B
1 2012-12-28 148.83 34.76 1.4mx2.0m
2 2012-02-13 82.81 36.09 1.4mx2.0m
3 2012-12-28 153.45 34.86 1.4mx2.0m
4 2011-12-20 106.15 36.23 1.4mx2.0m
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Fig.5 Scatter Plot of Normalized Elevation Difference Related to Terrain Aspect Between ATLOS and InSAR DEM Before Registration
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Fig6 Histogram of Elevation Difference Between ATLO8 Data and InSAR DEM Before and After Registration
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Tab.2 Comparison of Registration Results Using Two Methods Within The Research Area

o L % F/m RMSE/m
w& 5 7 i R s
) J7H ik 8.282 8.479 1390 1.274
ATk 6.437 6.371 ’ 0.931
) JRA Tk 8.216 -0.070 1514 1.567
ARILTTi: 5.790 1.314 : 1.381
3 JRE ik -6.0721 9.250 1659 1.321
AL -16.378 8.262 : 1.034
4 7B ik -11.359 -24.582 5029 4.693
ASLTT I -4.939 13.240 ’ 4.526
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Tab 3. Statistics on the accuracy of slope zoning in research area registration

RMSE/m
o I
BFFEIX g/ =% 0 BT WS

0~15 103 1.426 1.460
1 15~30 201 0.587 0.575
30~45 252 0.703 0.667

>45 2326 1.633 1.392




0~15 52 0.674 0.631

5 15~30 120 0.944 0.868
30~45 208 0.952 0.768

>45 941 1.530 0.984

0~15 41 0.800 0.597

3 15~30 120 0.880 0.841
30~45 191 1.203 0.873

>45 325 2.123 1.214

0~15 16 4.086 2.801

4 15~30 42 4.391 3.707
30~45 112 3.737 3.694

>45 1160 5.169 4.524
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Tab 4. Evaluation of registration accuracy for different canopy height thresholds

RMSE/m

73 =2 B i plesy 2=
WX ek J2 e L B /m T TS R HTT
5 1.390 0.931 33.02%
1 10 1.546 1.189 23.09%
15 1.573 1.249 20.60%
5 1.514 1.381 8.78%
2 10 2.978 2.989 -0.37%
15 2.980 2.988 -0.27%
5 1.659 1.034 37.67%
3 10 1.720 1.099 36.10%
15 1.828 1.172 35.89%
5 5.029 4.526 10.00%
4 10 5.048 4.809 4.73%
15 5.059 4.825 4.62%
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Fig 7. The normalized elevation difference and slope curve of the registration parameter fitting method in this article
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