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Abstract: Global open DEM datasets provide important data sources for digital topographic analysis. Compared
to the existing global open DEM datasets, the DEM data made from ZY-3 Satellite have higher spatial resolution, wider
coverage and better currency, which results to a great likelihood to produce a global DEM dataset with high
quality from ZY-3 Satellite. So the error comparison among the DEM datasets made from ZY-3 Satellite and the global
open datasets will provide scientific basis for the global DEM dataset production made form ZY-3 Satellite data. Taking
the Taiyuan City (the middle region of Shanxi Province) as a test area, this paper made an error comparison
among the DEM datasets made from ZY-3 Satellite (ZY-3 Satellitt DEM) and three typical global open DEM datasets
(AW3D30, SRTM1 and ASTER GDEM) based on the referencing DEM data produced by laser-point cloud data
with high accuracy. Meanwhile, the mean value, mean absolute value, root mean square value and standard
deviation value are computed for the absolute error and the relative error at different slope classes. The research results
show: (1) the error distributions for all of the four DEM datasets show relatively good symmetry. Meanwhile, the
mean error value is approximate to 0 m, especially for the SRTM1 and ASTER GDEM data. So the root mean square
error values and the standard deviation error values are approximate for all the four DEM datasets. (2) ZY-3 Satellite
DEM has the lowest root mean square error value (4.6 m), so it has the highest accuracy. The next is the
AW3D30 data (with root mean square error value of 5.6 m), then the SRTM1 data (with root mean square error
value of 8.8 m). ASTER GDEM has the highest error values (with root mean square error value of 12.6 m), so it
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has the lowest accuracy. Meanwhile, the relative error and the absolute error show similar rules for the four DEM
datasets. (3) The errors of the ZY-3 Satellite DEM, SRTM1 and ASTER GDEM data rise with slope increasing. The
error of AW3D30 data shows an undulation tendency of rising first, and then falling with slope increasing. The
error for the AW3D30 data is lower than that for the SRTM1 data at any slope classes except for the 0°~2° class.
At all the slope classes, ASTER GDEM data has the highest error values of all. Overall, compared to other three DEM
datasets, ZY-3 Satellite DEM data has the lowest error values and the highest accuracy at all the slope classes.
Key words: ZY-3 Satellite DEM; global open DEM datasets; absolute error; relative error; slope; AW3D30;
SRTM1; ASTER GDEM,; Taiyuan City
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Fig. 3 Pixel number distribution of the absolute error values at different numerical ranges for the four DEM datasets
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Tab.2 ME, MAE, RMSE and STD values of theabsolute error for the four DEM datasets at different slope classes (m)
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Fig. 4 Computation resultsof the relative error
for the four DEM datasets
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Tab.3 MAEand RMSE values of the relative errorfor the four DEM datasets at different slope classes (%)
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SRTM1 DEM 3.5 5.8 8.6 10.1 11.9 163
ASTER GDEM V3 7.7 8.7 11.1 13.0 15.0 18.5
(DR T AR RO S 2R DEMAESY A9 TR,

B, DIMER AR DEM 3R 22 %) e iF o8 £
FIH GPS 2 1l 1 K Lo 91 Rk I P19 il A5 =X ICE-
Sat/GLAS $JLIE 53 A s ARAE Ay v 506220 B
) A R TR Z M S R A A HEEE X,
Tang %5 FH 5 kG B2 30 15 2~ A2 ALY DEM £ 8 Xt
FEUR =5 DEM B4 RS B2 61T TR Z BT e S
WA, 2 B R &R B2 DEM IEA 58 8 =45
DEM H B 952, H R TR =5 D EX —
FRECHE AOAS BE o IAE ARSI 9 b, B v A
DEM 45 4= % 100 m (8] B SR AE 134559 3 A 1 42 il
SR TR DEM 4 25 (8] 73 B R AN [A]  [F] 2%
R B L X 10R 2  XoF 1 A S O SR i) o A /N 2 %o
W5t 220 5% ) M 8 140 Hr 288 2R 31800 %3 1%
JCRET 11, D M A 4 5 100 m 4 (V) B o e i) ol 4o
TETHE A RSB A, T RAREREY
BT AT RE A AR

(2) 4T T % F =5 T &2 DEM 5 H fth 2 £k
DEM i iR 22X f o 3206 — 5 PR SR HoA H
TR 2 TA] A3 R B A A B A R B R Y 4 Bk T
0 B B S HA 4 BR DEM 038 R 4715 22 % 1 &
PR ILAEAT A 3 R T 3 B el i B, kit
LGOUTE 2 B R L ORI — 5 DEM 5 AS-
TER GDEM #EA7 RS B X L R AE 4 0 . BRI — 5
DEM % #1475 T- ASTER GDEM; [A]i, Dong %%
PLBEIR =5 DEM1E A2 % 8di , ¥ ASTER GDEM
F1 SRTM DEM #5448 i 4 B2 247 114 2800, H
HIX %R =45 DEM 5 £ f 19 4= 8k DEM $dE 17
HBEXT SR BRI SRR BB =, I KAH Y
WK R H T 9808 =5 T2 A9 4Bk DEM S8l A4 7=
FE AL B 2RI , A 4 3 3K [ 42 Bk DEM 4k

(3) 38 o AH R 22 5 46 R 22 6 L, 4 1 43 B
T 4% DEM BI040 75 B2 A 2 50 IX SO [ 3 B AR
PR LR 25 43 AR o AR5 102 A1) FH A R 52 28 X ¢ X i3
PSR TRAERR T AR =5 DR A i
N R ZE AN B FE HAE T JH M X (0~20)
SRTM1 DEM [, AW3D30 DEM E. A5 B /NRiR 25 ,
RIVHE v RS B, X AE LA A9 BF Y S AW3D30 DEM
FIA AP AR DR B o T3 A AR5 25 02 T 4 1 o5
Z AR ZE R 225 BRI 2 0 HE, Rl 327
THIA BE R SE IR o R, T AR5 22 B LA e
— B AR T ORI A R . A
5 th 2% DEM ¥ f1 85 I — 5 DEM i d %= [a]
PR I T A B A I AR TE IR IR . 7
A Je BRE BEXT LA AT v, T TS R A X L
Bro Q2PN 22 5 SR 03 IR T vk L
P R Y T % IR =5 DEM B B9 A
FIE R B

(4)SRTM DEM %§#} Fll ASTER GDEM %§ 4} /2
H AR A 2 B EE 4  TEABIFTEX e A A i
ZEAAXTEE K . X AT RESEH T SRTM DEM >k | T8
I8 P, DGR R A 25 3 8t & 30 m, 1fii ASTER
GDEM M5 F 15 m 73 B3 B ST AR A%, AW3D30
BN 5 m AR Y DEM B b iR 1, PR A
JER AR A AE 25 R B2 e m b 26 60° LA
Hho BEIR =5 DEM EIE 5 [ 4 23 f e i A4
XF, (E SR S R] f M, H RTIA A T 9 1 4Bk
DEM %4k ™= i, HA Rl R A7 50585 . 5348,
4 Ff DEM B0 >R SR 5} 18] 19 22 S A0 A5 X iR 25 A M 4
PR, LA IR =5 DEM 52% DEM I i
TR B R AR st ] F A 2830



31 R 4, W =5 IR DEM 8ds 5 2RI i DEM $uds 112 24 51 [ 377

DA S A U kG B2 DEM B E 2%
ARSI T R B i b X B8R =5 DEM J&
Hofth 3 Fp LA 4> BR DEM 0 19 46 3152 2 FIAH X 5%
ZEVPN RS, I Hr T HAEAS R I B A9 8
AR . S AHEST , BT DURAS AN T 4518 -

(1)4 % DEM £ s 246 %15 22 10 S B (E 34 K F
0 m, H:" SRTM1 DEM #l ASTER GDEM V3 % #&
SR 2Z BN, R A %R — 5 DEM, AW3D30
DEM V- 115 25 £ K 5 4 Ff DEM A48 AH X5 22 1 7
PIE YR 0.0% , B AR X635 22 1) RMSE B Fll STD
{HIEAAH [ o

(2) 5 T AH X5 22 F 26 X% 152 22 1 MAE \RMSE
F1STD (B 18 , 4 7 DEM 4 th %5 i =5 DEM %
% e/, H Wk AW3D30 DEM, & )i 42 SRMTI
DEM, ASTER GDEM V3 5idli (iR 255 K, AHXT iR
= 4 %12 2 B9 MAE . RMSE f1 STD {4 i 78 X
PR FLARFAE o

) FEARATH RS , B8 8 =% DEM ¥ 5 Ay
/NI IR 220 5 7E Y 4 0~2°1) , SRMT1 DEM kb
AW3D30 DEM 19 % 22 51 /I, 76 H Al 1% &0 T
AW3D30 DEM I, SRTM1 DEM % 22 /)» , ASTER
GDEM TEAFAn 31 BRI T iR 22 80 i Ko

(4) % Ji = 5 DEM, SRTM1 DEM #i ASTER
GDEM V3 %4 4f5 1 15 22 13 [ 3 85 728 i 3 K
AW3D30 DEM %4 W] 52 8 il 3 3 A8 I S0/ )N
IS PN EE

AT T =5 TR B Y DEM 5 HiAlh
BRI G0 3% DEM B 1158 22 X6 Lo B 25 SR 75
T Al DX S A 7 T 22 BIE , 5 Ry Al XSk A A R T
YESRIE S %, R, 4505 WK 7 AR I 2 AL A o5
HBEHOEI S AU = o -E S TR T 20194 11 3
H 76 K5 & 5 25, 3% B S0k B2 DEM £54 1 2E ™
PEAGHEHC , 5 DEM $08 9 B4 Fn X e 2 M iy
B RHLIE FI B

S % ik (References):

[ 1] % 3RE R S AR 5 e HOB B F e i e 1],
Hb B 2 412,2014,69(9):1305- 1325. [ Tang G A. Progress
of DEM and digital terrain analysis in China[J]. Acta Geo-
graphica Sinica, 2014,69(9):1305-1325. ]

[ 2] BRInds, 2528 R SO 55 B T DEM 5 DLG 4 2245 1l
SO B 3732 (0] MR A5 B R4 40,2013,15(1):75-

80. [ Chen J B, Li H, Chen W H, et al. Auto-classification
of geomorphological types based on DLG and DEM for
Fujian province[J]. Journal of Geo- information Science,
2013,15(1):75-80. ]

[3] Wang W C, Yang X X, Yao T D. Evaluation of ASTER
GDEM and SRTM and their suitability in hydraulic mod-
elling of a glacial lake outburst flood in southeast Tibet
[J]. Hydrologic Process, 2012,26(2):213-225.

[4] Moore I D, Grayson R B, Ladson A R. Digital terrain
modelling: A review of hydrological, geomorphological,
and biological applications[J]. Hydrological Processes,
1991,5(1):3-30.

[5] Yang L P, Meng X M, Zhang, X Q. SRTM DEM and its
application advances[J]. International Journal of Remote
Sensing, 2011,32(14):3875-3896.

[6] Wilson J. Digital terrain modeling[J]. Geomorphology,
2012,137(1):107-121.

[ 7] Wang Y, Xu H, Zhang J G. High resolution bathymetry of
China seas and their surroundings[J]. Chinese Science
Bulletin, 2001,46(19):1661-1664.

[ 81 2Rk, A58, T e, A5 A R i 2 R B v AR BT 5

PERE B I]. i DUR A2l - 7 BB £, 2018,43(12):

1927-1942. [ Li Z H, Li P, Ding D, et al. Research prog-

ress of global high resolution digital elevation models[J].

Geomatics and Information Science of Wuhan University,

2018,43(12):1927-1942. ]

PR AL T AL, TR, AF T R AU X 3 F 4Bk DEM

3 FEE S AN [v) M AR PR B o 197 (] 7K = PR3 188 412,2019,39

(2):184-191. [ Gao Z Y, Xie Y L, Wang N L, et al. Re-

sponse of three global DEM data accuracy to different ter-

—
e}
—

rain factors in Qinghai-Teibet Plateau[J]. Bulletin of Soil
and Water Conversation,2019,39(2):184-191. ]

[10] 5KkEAE, E 5 AR L b X 2T = P iR 22 70 i
[J].3% J8%HE AR 5 7 11,2018,33(6):1112-1121. [ Zhang Y L,
Wang Y T. Accuracy assessment of the ASTER GDEM
and SRTM DEM in the low mountain and hilly region[J].
Remote Sensing Technology and Application, 2018,33(6):
1112-1121.]

[11] /NP S AR JO Y, 55 T ICESat/GLAS a1 [
IR X 15§, SRTM 5 ASTER GDEM /& FhG BETEAN [ 1] 1Bk
e - v [ K272 417,2013,38(4):887-897. [ Du X P,
Guo H D, Fan X T, et al. Vertical accuracy assessment of
SRTM and ASTER GDEM over Typical Regions of Chi-
na Using ICESat/GLASJJ]. Earth Science: Journal of Chi-
na University of Geosciences, 2013,38(4):887-897. ]

[12] Dragut L, Eisank C. Object representations at multiple
scales from digital elevation models[J]. Geomorphology,
2011,129(3-4):183-189.



378 HoBk 5 BBk 2 R

2020 4F

[13] Mukherjee S, Joshi P, Mukherjee S, et al. Evaluation of
vertical accuracy of open source digital elevation model
(DEM) [J]. International Journal of Applied Earth Obser-
vation and Geoinformation, 2013,21(1):205-217.

[14] 230U, 2033 5%, X i [ SRTM1 DEM 5 ASTER GDEM
V2 B X 3 BT (0] H R AR B B2 412,201 7,19(8):
1108-1115. [ Wu W J, Zhang S F, Zhao S M. Analysis and com-
parison of SRTM1 DEM and ASTER GDEM V2 data[J].
Journal of Geo-information Science, 2017,19(8):1108-1115. ]

[15] 8% ik R, AT 4k, 4. DEM B 2 - s T Sl 50 1 550 [X
B 15 22 43 A [J]. 00 22 ) 2#2,2016,41(2):67-70,102. [ Zhao
S M, He W C, Wang W. Error distribution analysis of
SRTM3 DEM V4 data in the typical geomorphologic area
of Loess Plateau[J]. Science of Surveying and Mapping,
2016,41(2):67-70,102. ]

[16] Zhao S M, Cheng W M, Zhou C H, et al. Accuracy assess-
ment of the ASTER GDEM and SRTM3 DEM: An exam-
ple in the Loess Plateau and North China Plain of China
[1]. International Journal of Remote Sensing, 2011,32(23):
8081-8093.

[17] SRAAE, 5 1w o P3Ol TR R RO AR ek L
6 Ml T 7 R s Ak B ) BEIE5 07 125 (). 222412, 2017,
46(10):1255-1261. [ GongJ Y, Wang M, Yang B. High-
precision geometric processing theory and method of
high- resolution optical remote sensing satellite imagery
without GCP[J]. Acta Geodaeticaet Cartographica Sinica,
2017,46(10):1255-1261. ]

(18] W L%, skad, BB W1, A5 BE U = S 2 TR 280 ik
JE 53 AT 5 50 1E [J]. 0 2% 2 $2,2013,42(5):738- 744,751.
[ Pan H B, Zhang G, Tang X M, et al. Accuracy analysis
and verification of ZY-3 product[J]. ActaGeodaeticaetCar-
tographicaSinica, 2013,42(5):738-744,751. ]

[19] Zhou P, Tang X M, Wang Z M, et al. Vertical accuracy ef-
fect verification for satellite imagery with different GCPs
[J]. IEEE Geoscience and Remote Sensing Letters, 2017,
14(8):1268-1272.

[20] Tang X M, Zhou P, Zhang G, et al. Verification of ZY-3

Satellite imagery geometric accuracy without ground con-
trol points[J]. IEEE Geoscience and Remote Sensing Let-
ters, 2015,12(10):2100-2104.

[21] Bk, 55752, 2 i, 45 B U8 = 5122 A2 DSM 5 ASTER
GDEM A BE X oM —— LA i 4 1L XA B[]0 2 T
H£,2016,25(8):29-32,37. [ Zhang C, Ge Y, Wang C, et al.
Accuracy comparison between ZY-3 surveying and map-
ping satellite DSM and ASTER GDEM[J]. Engineering
of Surveying and Mapping, 2016,25(8):29-32,37. ]

[22] Dong Y S, Chang H C, Chen W T, et al. Accuracy assess-
ment of GDEM, SRTM, and DLR-SRTM in Northeastern
China[J]. Geocarto International, 2015,30(7):1-14.

[23] Satge F, Denezine M, Pillco R, et al. Absolute and rela-
tive height-pixel accuracy of SRTM-GL1 over the South
American Andean Plateau[J]. ISPRS Journal of Photo-
grammetry and Remote Sensing, 2016,121:157-166.

[24] J P2, i 44 T, B < UL 50 Ml A e SRt A 5 7 P (M)
JE 5Bl H i, 2009. [ Zhou C H, Cheng W M, Qian J
K. Remote sensing interpretation and cartography to digi-
tal geomorphology[M]. Beijing: Science Press, 2009. ]

[25] Bhang K, Schwartz F, Braun A. Verification of the verti-
cal error in C-band SRTM DEM using ICESat and Land-
sat- 7, Otter Tail County, MN[J]. IEEE Transactions on
Geoscience and Remote Sensing, 2007,45(1):36-44.

[26] Carabajal C, Harding D. ICESat validation of SRTM C-
band digital elevation models[J]. Geophysical Research
Letters, 2005,32(22):L22S01.

[27] 2R TR 5 — o [ ) = e B~ AR 1 1 R —— 5
=N TR [0 224 4],2012,41(3):317-322. [ Li D
R. China's first civilianthree- line- array stereo mapping
satellite: ZY-3[J]. Acta Geodaetica et Cartographica Sini-
ca, 2012,41(3):317-322. ]

(28] 2 &5 ME LT =5 D EZIR DEM S
K BE 23 Hr [0). 38 J{ BL,2015,30(3):14-18. [ Lan Q Q,
Hao X T, Qi H C. DEM extraction and precision analysis
based on ZY-3 remote sensing data[J]. Remote Sensing
Information, 2015,30(3):14-18. ]



