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Stepwise Regression Fusion of InNSAR and Optical DSM
Considering Terrain Features

LIN Qiwei' LI Zhiwei' FU Haigiang'
1 School of Geosciences and Info-Physics, Central South University, Changsha 410083, China

Abstract: Objectives: Interferometric synthetic aperture radar (InSAR) and optical photogrammetry are
two primary techniques for generating digital surface model (DSM). However, InSAR is susceptible to geo-
metric distortion, while optical photogrammetry is limited by cloudy and rainy weather. The fusion of
multi—source DSM can effectively leverage the complementary advantages of the data to enhance the quali-
ty of DSM derived from a single data source. Traditional weighted average fusion methods rely on prior in-
formation for weight allocation and don’t adequately consider the impact of terrain features on elevation er-
rors. There is a need to develop a new fusion method. Methods: This paper proposes a stepwise regression
fusion method for INSAR and optical DSM that takes topographic features into account. Taking InNSAR and
optical DSM as research subjects, and considering the commonalities and differences in error characteristics
between InSAR and optical DSM, terrain geometric features, land cover features, and elevation difference
features are extracted as training samples in the training area. Subsequently, the stepwise regression method
is employed to construct a regression model between elevation errors and terrain features by incrementally
adding or removing variables. Elevation errors are then predicted to adaptively determine the fusion weights. Fi-

nally, fusion experiments are conducted using TanDEM-X DSM and AW3D30 DSM data from mountainous
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areas in the United States, and the results are tested in two different experimental regions. Results: The pro-

posed method outperforms the traditional weighted averaging fusion method. The root mean square errors de-

crease by 14.3% and 18% in the two test regions, respectively. Compared with the random forest method, the

proposed method achieves higher fusion precision while maintaining favorable interpretability. Conclusions: The

proposed method effectively improves the quality of fused DSM by utilizing terrain features and achieves favorable

performance in complex terrain areas, providing an effective solution for multi-source DSM fusion.

Key words: DSM; data fusion; terrain features; stepwise regression
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Table 3 Prediction Accuracy of Different Error Models/m
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Table 4 DSM Accuracy Evaluation/m

il DSM #I M X 8 B1 W X 3k B2
"R Fi4DSM  RMSE NMAD RMSE NMAD
_ InSARDSM  18.09  13.02  16.74  20.09
5 T .

J62% DSM 13.82 1294 1494  17.14

[ | 13.17  11.08  14.37  18.68

WIACE S 12,65 11.40 1421 18.10
B Fifi LA K 12.45 10.50  13.58  17.75
[ = )

BReqEyE 12.12  10.11 13.14  17.93

e/ QT E| 12.17  10.35  12.78  16.63

Z A A 11.85  10.35  12.25  15.37

FRIE S DSM i 22 AR PR DG &R o AR SCHE 1 3
T 15 22 WAL B IR A O s R AN T AR S
RV 347 Rl 5 125 v B MR A0 3 S 36 1 B AN
o AR T RS R DSM RS B
W SESET Rl S R R AT RE M L ROk I F g
A PLE— 20 A iR 22 WA 55 5 O 2 10 O RR AR
VR IR, 2 — 2L 32 T il G DSM YRS B R AT 5
PEo AR i AT DR R AR SO A A R A bl TR
ZAF T I IE I 1 — 25 HL R Y L

2% 3k

(1] FREKAE, X045, ®prizs . A PLE LIDAR B0 (19 7

HCDEM 7 fioks BEATASG [T]. sl DU % 4 (5 B
SRR) , 2025, 50(1) : 153-163.
LEI Qiujia, LIU Jing, CAO Xinyun. Accuracy Evalua-
tion of Open DEM Products Based on Airborne LiDAR
DatalJ]. Geomatics and Information Science of Wuhan
University, 2025, 50(1): 153-163.

(2] sk3chs . 26T InSAR A 1Y DEM i £ #1551 ]
WD, W% K2R, 2018.

ZHANG Wenting. Theory and Application of High
Accuracy DEM Constructed by InSAR Technology
[D]. Xi’an: Chang’an University, 2018.

(3] ZE4iRilt, &My, T, % 2IR& PR AR

HEAIE R R SR B[], DR = 4R (fF B R E
f), 2018, 43(12): 1927-1942.
LI Zhenhong, LI Peng, DING Dong, et al. Research
Progress of Global High Resolution Digital Elevation
Models [J].
Wuhan University, 2018, 43(12): 1927-1942.

[4] YUEL W, SHENHF, ZHANG L P, et al. High-
Quality Seamless DEM
SRTM-1, ASTER GDEM V2 and ICESat/GLAS
Observations [J]. ISPRS Journal of Photogramme-
try and Remote Sensing, 2017, 123: 20-34.

[5] TOUTIN T. Impact of Terrain Slope and Aspect
on Radargrammetric DEM Accuracy [J]. ISPRS

Journal of Photogrammetry and Remote Sensing,

Geomatics and Information Science of

Generation  Blending

[7]

[9]

[10]

[11]

[13]

[14]

2002, 57(3): 228-240.

FEME 5, O, A, 4. TerraSAR-X/Tan-
DEM-X 3Je B e b B2 80 s R ALBOR B[], Mo
BRYFLFAR , 2015, 58(9): 3089-3102.

DU Yanan, FENG Guangcai, LI Zhiwei, et al.
Generation of High Precision DEM from TerraSAR-
X/TanDEM-X[J]. Chinese Journal of Geophysics,
2015, 58(9): 3089-3102.

X, Phat, sk BAE, 4. 20 DEM 8l il &
[J]. W2PbaE 5 TR, 2014(3) : 14-20.

LIU Pingzhi, SUN Liang, ZHANG Weizhu, et al.
Multi-source DEM Data Fusion[J]. Geomatics Science
and Engineering, 2014(3) : 14-20.

OKOLIE C J, SMIT J L. A Systematic Review
and Meta—Analysis of Digital Elevation Model
(DEM) Fusion: Pre-processing, Methods and Ap-
plications [J]. ISPRS Journal of Photogrammetry
and Remote Sensing, 2022, 188: 1-29.

BAGHERI H, SCHMITT M, ZHU X X. Fusion
of TanDEM-X and Cartosat—-1 Elevation Data Sup-
ported by Neural Network—Predicted Weight Maps
[J]. ISPRS Journal of Photogrammetry and Re-
mote Sensing, 2018, 144 . 285-297.

GIROHI P, BHARDWAJ A. ANN-Based DEM Fu-
sion and DEM Improvement Frameworks in Regions
of Assam and Meghalaya Using Remote Sensing Data-
sets[J]. European Journal of Environment and Earth
Sciences, 2022, 3(4): 79-89.

GUI R, QIN Y J, HU Z, et al. Neural Network—
Based Fusion of InSAR and Optical Digital Eleva-
tion Models with Consideration of Local Terrain Fea-
tures[ J]. Remote Sensing, 2024, 16(19) : 3567.
AR, T, REUROR, A LT IR A M4
M Z I8 DEM G i fl S BRI [T]. SR 240 (5
BABER) , 2021, 46(7): 1090-1097.

YUE Linwei, SHEN Huanfeng, YUAN Qianggiang,
et al. A Multi-source DEM Point-Surface Fusion
Model Based on Deep Belief Network [J].
and Information Science of Wuhan University, 2021,
46(7): 1090-1097.

wINOT, A AR, SRS . B R X SRTMI
DEM % P 15 22 ¢ IE AR R A g R XS e A3 #r (7], b Bk
fr BB 24, 2023, 25(3): 669-681.

HUANG Shuaiyuan, DONG Youfu, LI Haipeng. Es-
tablishment and Comparative Analysis of SRTM1 DEM
Error Correction Model in the Loess Plateau[ J]. Jowrnal
of Geo-Information Science , 2023, 25(3) : 669-681.
HOJA D, D’ANGELO P. Analysis of DEM Combi-
nation Methods Using High Resolution Optical Ste-

Geomatics

reo Imagery and Interferometric SAR Datal C]//IS-
PRS Commission I Symposium “From Sensors to

Imagery”, Marne-la-Vallée, France, 2006.



1506

BOBR 2 (R

ISR Y

2026 47 H

[15]

[16]

[21]

[22]

[23]

[24]

[25]

LEITAO J P, DE SOUSA L M. Towards the Opti-
mal Fusion of High-Resolution Digital Elevation
Models for Detailed Urban Flood Assessment [J].
Journal of Hydrology, 2018, 561: 651-661.

KAUR H, KOUNDAL D, KADYAN V. Image

Fusion Techniques: A Survey [J]. Archives of

Computational Methods in Engineering, 2021, 28
(7): 4425-4447.

CHU T, DAS A, LINDENSCHMIDT K E. RA-
DARSAT-2-Based Digital Elevation Models De-
rived from InSAR for High Latitudes of Northern
Canada [J]. Jowrnal of Applied Remote Sensing,
2017, 11(3): 035013.

X, B R . 45 A4 NASA DEM Al AW3D30
DEM 4 K J5 117 DEM %4 @k & (1], I 2258 4
2022(11): 90-95.

LIU Jiao, ZHAO Shangmin. DEM Fusion Based on
NASA DEM and AW3D30 DEM in Taiyuan[J]. Bul-
letin of Surveying and Mapping , 2022(11) : 90-95.
ZHAO S M, LIU J, CHENG W M, et al. Fusion
Scheme and Implementation Based on SRTM1, AS-
TER GDEM V3, and AW3D30[J]. ISPRS Interna-
tional Jowrnal of Geo-Information, 2022, 11(3): 207.
SCHINDLER K, PAPASAIKA-HANUSCH H,
SCHUTZ S A, et al. Improving Wide-Area DEMs
Through Data Fusion: Chances and Limits [C]// The
53rd Photogrammetric Week, Stuttgart, Germany, 2011.
DEO R, ROSSI C, EINEDER M, et al. Frame-
work for Fusion of Ascending and Descending Pass
TanDEM-X Raw DEMs |[J]. IEEE Jowrnal of Se-
lected Topics in Applied Earth Observations and Re-
mote Sensing, 2015, 8(7): 3347-3355.

GRUBER A, WESSEL B, MARTONE M, et al.
The TanDEM-X DEM Mosaicking: Fusion of Mul-
tiple Acquisitions Using InSAR Quality Parameters
[J]. IEEE Journal of Selected Topics in Applied
Earth Observations and Remote Sensing, 2016, 9
(3):1047-1057.

GROHMANN C H. Evaluation of TanDEM-X
DEMs on Selected Brazilian Sites: Comparison with
SRTM, ASTER GDEM and ALOS AW3D30 [J].
Remote Sensing of Environment, 2018, 212: 121-133.
HIRT C, FILMER M S, FEATHERSTONE W
E. Comparison and Validation of the Recent Freely
Available ASTER-GDEM Verl, SRTM Verd. 1
and GEODATA DEM-9S Ver3 Digital Elevation
Models over Australia [J].
Earth Sciences, 2010, 57(3): 337-347.

BHANG K J, SCHWARTZ F W, BRAUN A.
Verification of the Vertical Error in C-Band SRTM
DEM Using ICESat and Landsat-7, Otter Tail
County, MNJ]. IEEE Transactions on Geoscience

Australian Journal of

[26]

[27]

[33]

[34]

[35]

and Remote Sensing, 2007, 45(1): 36-44.

¥ &, ool , maim, AF . P E 5 LAY X R
I DEM i BERS BE PR [T]. /K £ AR5 BF 5T, 2020,
27(5): 72-80.

JIANG Guangxin, XIE Yuanli, GAO Zhiyuan, et
al. Evaluation on Elevation Accuracy of Commonly
Used DEM in Five Typical Areas of China[J]. Re-
search of Soil and Water Conservation, 2020, 27
(5): 72-80.

TRAN T A, RAGHAVAN V, MASUMOTO S,
et al. A Geomorphology—-Based Approach for Digital
Elevation Model Fusion: Case Study in Danang
City, Vietnam[J]. Earth Surface Dynamics, 2014,
2(2): 403-417.

FU C Y, TSAY J R. Statistic Tests Aided Multi—
source Dem Fusion| J]. ISPRS-International Archives
of the Photogrammetry, Remote Sensing and Spatial
Information Sciences, 2016, XLI-B6: 227-233.
BAGHERI H, SCHMITT M, ZHU X X. Fusion
of Urban TanDEM-X Raw DEMs Using Variational
Models[J]. IEEE Journal of Selected Topics in Ap-
plied Earth Observations and Remote Sensing,
2018, 11(12): 4761-4774.

BAG, M4E, BB, % S 5 B InSAR KU
Ml G AR DEM By 75 vk (1], 38 B E B, 2023, 38
(2):10-17.

LI Wei, JIAO Jian, HAN Haijiao, et al. Method of
Generating DEM Through Fusion of Bistatic and Re-
peat-Pass InSAR DatalJ]. Remote Sensing Informa-
tion, 2023, 38(2): 10-17.

KRIEGER G, MOREIRA A, FIEDLER H, et al.
TanDEM-X: A Satellite Formation for High-Reso-
lution SAR Interferometry [J]. IEEE Transactions
on Geoscience and Remote Sensing, 2007, 45(11) :
3317-3341.

HOHLE J, HOHLE M. Accuracy Assessment of
Digital Elevation Models by Means of Robust Statis-
tical Methods[J]. ISPRS Journal of Photogramme-
try and Remote Sensing, 2009, 64(4): 398-406.

i w1 I S A TS B Ve Ay W vg s I 8 b
Hyesk, 2017, 33(14): 31-35.
YOU Shibing, YAN Yan.
Analysis and Its Application [J]. Statistics & Deci-
sion, 2017, 33(14): 31-35.

HU Z, GUIR, HU J, et al. InSAR Digital Eleva-
tion Model Void-Filling Method Based on Incorpo-

Stepwise Regression

rating Elevation Outlier Detection [J]. Remote
Sensing, 2024, 16(8): 1452.

SHI W Z, WANG B, TIAN Y. Accuracy Analysis
of Digital Elevation Model Relating to Spatial Resolu-
tion and Terrain Slope by Bilinear Interpolation [J].

Mathematical Geosciences, 2014, 46(4) . 445-481.



