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Abstract: The digital elevation model (DEM) is considered as a source of vital spatial information and is widely
used in many fields. The ASTER GDEM and SRTM provide almost global coverage and offer practical elevation
data for geography research. However, due to the differences of remote sensing mechanism, GDEM and SRTM
datasets present different accuracies on same landform units. A novel elevation data fusion approach is proposed
in this paper, which eliminates the impact of landform characteristics on two DEMs and significantly improves
the quality of fused DEM. This method focuses on two steps, geo-referencing and elevation fusion. An objective
function of errors representing the summary of horizontal shifts between two DEMs by referring to stream link
pair is first proposed, and correspondingly a multilevel grid search method is suggested to calculate the optimal
horizontal offsets between DEMs. Two geo- referenced DEMs are then fused using regression models over
different landform units and moreover the elevations nearby the boundaries of two units are specifically treated
using a weighed non-linear regression method. This approach was tested in the area of northern Huairou using a
1: 50 000 topographic map. The statistics show that: (1) the RMSE of fused DEM decreases significantly in all
landform units, and the representation of terrain is more accurate than GDEM and SRTM; (2) The difference of
the elevation points between fused DEM and referenced topographic map also illustrates a normal distribution,
which is obviously different from the asymmetric multi-peak distributions of two raw DEMs, indicating that the
topographic effects have been effectively eliminated; (3) The accuracy of fused DEM is superior to that of
GDEM and SRTM under different slope ranges, meanwhile, the influence of slope factor on the elevation
accuracy of DEM is obviously reduced after fusion; (4) The RMSEs of GDEM and SRTM vary greatly with
different aspects, while the RMSE of fused DEM keeps homogenous in almost all aspects, and the elevation
accuracy of the fused DEM is also significantly improved in comparison with GDEM and SRTM.
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Fig. 1 Flowchart of GDEM and SRTM data fusion
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Fig. 2 DEM, elevation points and stream networks in

northern Huairou
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Fig. 4 Error accumulation contour of river line pairs of GDEM and SRTM
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EVE)E

SRTM 20.44 19.15 51.94 8.43
M4 5 GDEM+SRTM  14.74 16.25 17.69 7.54

# 6 DEM S EZEHE(M)
Tab. 6 Mean of the differences between DEMs and

referenced samples

DEM A WHT 1 HEYAL2 I 3

B X (I-1V) (V) (V1)
__ GDEM  -3533 -42.8 10.05 -10.76
il i

SRTM  -26.73 -34.38 17.68 -1.29
FIH5  GDEM -0.57 -4.38 37.57 6.58

SRTM -0.94  -5.12 43.52 6.28
4 )5 GDEM+SRTM  -1.56  —1.67 1.75 -0.87

#7 DEM SEFHLEIEIRE(m)
Tab. 7 Mean absolute error of DEMs and referenced samples

DEM A ISR 1 MBS M4H 2 Mg 4H

) X (I-1V) (V) 3(VID)
il I GDEM 36.26 42.35 13.97 9.28
SRTM 2862 3349 21.14 4.04
EVEV= GDEM 13.75 13.39 38.64 9.07
SRTM 1423 14.26 4422 7.68
Fl4 /5 GDEM+SRTM  10.19 11.32 12.24 3.91

GDEM F1 SRTM, 1 B {8 /N =[] U5 Ji5 1) B — %50 40
P o o R B —H VA 21 1Y DEM B ARG B
AT GDEM M SRTM A b Z 42 7, (A 764 Hh
SR TC ARG B2 8 sh AR K, X (A1 U0 T 3 R fE Xt
Wi Fl DEM /= R A s ), O LM R 22 M (i 7 4
AL TRl 5 5 DEM, 325 45 30 B 50 1F iR 22
AHHKTH W21, SEPR L flG 5 DEM 12 25 76 45 Hi 5
BT R/ T — 5 iR . fhGHT SRTM 5
GDEM 7E L1 3% FNA 43 1 e Rk B G I T 1 J DX Y
A (0 F Bl 5 1Y DEM 7 45 b 3 FROT Y
e R B I A AR Y

X} il 4 1 1 GDEM., SRTM il fill & J5 1) DEM
i A 22 5 AR 1 BT B (L 8) L Ge it 45 3 on
GDEM F1 SRTM 14 = 2 25 E Jy [ £ 30 3 e i HLIA]
TEAITFR, MRS L 38 o 2l K28 i & 5
DEM i #5225 B 5 IR 52 B 22 % FR 19 1E 254
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Fig. 8 Histogram of the differences between DEM

and referenced samples
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