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Deep Residual Frequency-adaptive DEM Super-resolution Reconstruction

LI Zhi-Jie, MI De-Yuan, LI Chang-Hua, ZHANG Jie, DONG Wei

(School of Information and Control Engineering, Xi’an University of Architectural Science and Technology, Xi’an 710055, China)

Abstract: Currently, super-resolution reconstruction technology is applied in various fields. However, digital elevation
model (DEM) reconstruction presents numerous challenges. To address the issues of detail loss and distortion caused by
inadequate utilization of complex terrain features in DEM, this study proposes a deep residual frequency-adaptive DEM
super-resolution reconstruction model. The model consists of multiple high and low-frequency feature extraction modules
forming a residual network structure, enhancing the overall perception of DEM features. Additionally, a frequency
selection feature extraction module is integrated to improve the identification and capture of complex terrain features. The
model also incorporates atrous spatial pyramid pooling, which merges multi-scale information to enhance reconstruction
quality and retain detailed terrain features and structures. Final super-resolution reconstruction is completed under dual
constraints in the gradient and height domains. Experimental results demonstrate that using elevation maps of the Qinling
Mountains in Shaanxi with two different accuracies as test data, the deep residual frequency-adaptive DEM super-
resolution model outperforms other advanced models across various metrics. Reconstructed DEMs exhibit richer details
and clearer textures.
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v FE A (digital elevation model, DEM) /& —
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LA OL T, T BRI B F R TH R E %
L, Wk (7) Fros:

G=Y-y ©)
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& 3 HIFEB %4

G2 H MR — IR E PR BN — IRk = B
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Y = D Apli, DX ) (11)
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Hp, y 43T FreqSelect 4bFE 5 FIHFIER, Aj € RV
FRFE DI LA
1.3 FRATE & FEMER
NP4 R R S B E TR SN T 2 A
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fiE, [FIE @4 /PSS SR T 4 ) B B, #
2 REERHER 4 RGBT e, $m 7 RER
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AN

Conv 1x1

—
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NN

Conv 3x3
Rate: 6
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Conv 3x3
Rate: 12

-

Concat

Conv 3x3
Rate: 18

Image
pooling

v I & U 9

—

DA

K5 ASPP 454

P NFFE NG, 2233 ASPP AbFE 5 (146 HY AR AIE
EIAY. ASPP FAN A K 26 (1 A A TR R A

Y, = Convy(G) (12)

o, Convg BRI F N d B RRAE. T K G

AR B A R P A 4 SR B SRl 515 2 i A 5

HAFEEY, ASCRELT 3 33BN, KR

6. 12 A 18, anal (13) Fios:
Y =Conv([Y1-Yy, - Ya, - Yeapl) (13)

Horb, (IR RHAE B B D4R
14 HURERE

7 e A EURAE S5, — Ok L e B Ly
TR AR R B, (EARYE Zhao 25 NP S8 2510 By
14, 7EIEMH 5 ¥ L (peak signal-to-noise ratio, PSNR)
FNZE A FALPEFE 2L (structural similarity index, SSIM)
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T3, Ly Y EUE 458 5% bR USR58 4, SO RSR I Ly Y
BAE Rk kAL, wisk (14) Fios:

] n
Li==~ > bi=F ()l (14)
i=1

o, yirt HARME, FOo) 2 THE, ni2 IR EE.

2 SIS 45 R

ARSI B T 6 2 K R S 2, g
F Python % 7 Ml PyTorch 1.8.0 ¥R & 2% SJHE 4L T )il 2%
DRFA-SR.

2.1 BIRESTMNIERR

A S48 B 75 2604 DEM A 9 S236 6 4, ZRi4 1L
ik 1Ly Pk PR F 7S R 28 A o B 22 A 45 L BT 2 RE
TEANE 4 I HBSURRAE, PT LS 7 I SRR 56 IE AR SCAR AL,

H T DEM 4 # /b, A 2 DL 2 4 28 9 25 3)11 275,
DR e A S 8 T B0 4 DIV2K F R TN 45, S35t
R 2], BN SRl B AL AT 140 (fine-tune) S 47 Hh
&N DEM B HE R B @A 5%, fe stk AER L. 1% DEM
KN 30 m, K/ 98643 x 5407 . 4 1% B 3k AT 5
43 700 LK /N AR 256 % 256 FI B, 4 7= A B0 A 4%
HE 7:2:1 W LeH 2 R ZREE Dy, B8 UEEE Dy FIIIA4E D3,
T I B SR VI 55 5 SR IE 2 R ) o R AR AR A 2
R PR, ARG Prewitt 55113 SR 2> P24
JEH.

S IG PPAY Fi A R FH 06 1L 15 MR Ll R AR 6 iR 2 R
(absolute relative error, ARE) 25 {IF A A4 (1) 45 R 1k
PSNR 15 g BUR 5 5 UG BUR Z [ 3 7w 22, 64
FIAN L dB Ay iR AR, BME e #on KR
JRE L, W (15) B

D?*xMN

ZxM=1 Zi\; (I(x,y) = Ly(x,y))

ARE 52 WU B A 5 SAE 2 18] B AN 22 5, B HL 4
SHEA I B LSRR i b, HAE R 7 PE 5 K
SABL 2 R R ZE AR T H S AR /N, ARE (BB,
2R TR A S {8 2 18] P R Z2 k), RIVSE AR f Tt
TG AH B, 27 T AR A0 LSBT F R 22 0K
TR P T AE R PR, TR AT

1 M Iw(x,)’)—l(x,}’)
M XN ZX=1 I(x,y) (16)

A (15) A (16) H, 10x, )RR 2 B DEM 1R

PSNR = 101g > (19)

ARE =

FAH, L, y)RE N EE G DEM HF & K IE, MxN
52 BUE I RST RN, D A5 5 i fE B2 UG b K
B AE. FEEHXT DEM MR, 40 5] N3 Esiope A
1) Easpect TEATFALFEFF.
22 XWEE

R FEH R Adam fRAGES, B £,=0.9, f,=
0.999,&=2x0.0001, & 300 4™ epoch 2% >J Z 3£k —>F, £ 1500
AR F ALY, SRER 8 FH DCU AT Ik
2.3 EEIFN

N7 FAYIRAIE DRFA-SR [ 5eittE, ASH 06 [R]—He
XA [H] 43 #221¥) DEM 3EAT X HE 2 i, 36 1 F15R 2 Bl
T 6 P Sy I AE P FPAS [RIRE FE R HEAT 2 50 3 £
Iy R E 5 PSNR A ARE X Hb 2t Bt bl ik B 42
VP 25 R T LUE H, BTt DRFA-SR 7R3 5 133
SEIR T BEATH) PSNR 1 ARE 45 5%, iIF B HLPERe A .

F1 AEEFEZE DEM fitr

DEMIEFE 4t DEMEE
(m) K+ 7
Bicubic” 31.89  0.794 0903 4.483

PSNR (dB) ARE Esiope  Easpect

EDSR™! 3416 0572 0.774 4.597
ESRGAN®" 3423 0569 0.772 4.596
RCANP? 3427 0573 0773 4.599
SwinIR?" 3461 0554 0742  4.679
125 DRFA-SR 3458  0.552 0.741 4.691
Bicubic 2713 1766 1244 5327
EDSR 3049 1399 1.069 5.296
;  ESRGAN 3047 1396 1.068 5.304
RCAN 30.52 1401 1.063 5.293
SwinIR 3072 1298 1.058 5.186
DRFA-SR 30.79 1362 1.057 5.183
Bicubic 2833 1.766 1.537 11.207
EDSR 3152 0.899 1317 11.392
ESRGAN 3143 0.896 1311 11390
RCAN 31.69 0901 1316 11.367
2 SwinIR 3279 0.832 1260 11.717
DRFA-SR 3272 0819 1259 11.703
30 Bicubic 23.07 3.821 2.115 13217
EDSR 2780 2477 1817 13.245
, ESRGAN 2785 2472 1814 13.261
RCAN 2787 2498 1.805 13.236
SwinIR 29.02 2378 1.899 13.165
DRFA-SR 28.13 2378 1.799 13.162
%2 HIFEB 1 ASPP A %1t I F 45
o R I FreqSelect ASPP PSNR (dB) ARE
1 — — 31.67 0.886
2 v — 32.21 0.843
3 v 32.41 0.844
DRFA-SR N v 33.93 0.824
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EKTI 5, DRFA-SR 53T Transformer A SwinIR
FHEE, FE4A TR F 24 2 B, Esiope F1Easpect P 20 AH
2, {HBEE 4 iR T BTt DRFA-SR 7E Esjope Fl EAspect
L AA MRS, ARE fEAEBAHH T FIIMHT SwinlR,
Ui DRFA-SR 7ESCRANYT S N-F &, & g e
T I g G E AR AN 1. 10 5 HAth DEM B 73 R A5 AY
HIEL, DRFA-SR £ 4 N M R4S 75 [
B SXof bl 25 SR S HY o T [ PR 28 7E A [RDRS B2
L B HAT RO ZE S, B DRFA-SR 76K 5 43 N
30 m, B 46K 725k PSNR FBEIRZ ELAE 12.5 m
K. I HLB A 46 80K 7 36 0, BT 7 11 Esiope
Easpect (AR E T, XK AR DEM 45 X T34 /i1, DEM
AP REAR ST PR, I — e E IR 7E 125 m

(¢) ESRGAN (f) RCAN

KR, BT 5 B ARt Bl 3 48 R 7 1 3 i
FEAG, Ui BAETE M BEEER N, 2 B U I R 22,
7R R K S K Bk . DR e SRR B P R, R ZAR
P BRI, 1B IE (0 45 T3 - LA SP RS 82 2 SR A
T 4 B

M 6(h) 7T LA7S H, DRFA-SR #EHU4E BAEF-HH [X
s Rl oA E BT AR 7, MI7EBEIS X 5 DRFA-SR
REAS A H R A I SO AR AR ) R A SR 2R (X
DRFA-SR REMS AN S 4530 S5 4G 4R 1) DEM.

7 & EE 5 DEM FI3RE B, B 5 355 BRI,
6 T VAR R (135 o B kG FE 345 204, H 552k
4 BLZ s, Horh DRFA-SR 7E 6 FhJy ok b 88 g A 1
AT

(c) Bicubic (d) EDSR

(g) SwinIR (h) DRFA-SR

6 Iy PR E @A RN (DEM K5 E: 30 m; 4K 1 3)

(a) RARE (b) 1%y H A< B 5

(c) Bicubic (d) EDSR

(¢) ESRGAN

() RCAN

(g) SwinIR (h) DRFA-SR

B 7 RIFEIFE R AR R 3 P 4 T L (DEM RS 2 30 my 48R 1 3)
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2.4 jHRRSCIG
2.4.1 HIFEB Hl ASPP A %56 3iF

DRFA-SR =% HIFEB FI ASPP 415k, .+ HIFEB
T H FreqSelect #5241, A T 3HIE FreqSelect 1 fl1 ASPP
X DEM R AUREAE 52 L DL & 8 DEM 42 A+ (142 7+
ROR, AT T 4 dXF LR sEEs, g5 Rk 2 fios.

T IR L SRS R, AERCT AR AL oy PR
i, FreqSelect 71 ASPP ¥ N 35 B & FE 7t T 4%
Y E R BRI PSNR 4 31.67 dB, ARE A
0.886, I %, 5] N\ FreqSelect #il 5, PSNR & 5
32.21 dB, ARE [#{X % 0.843, & WiZ A Bl i 4 20
H R RATURRAE, 358 T AR (R IER 7R B /7. 51\ ASPP
RS, PSNR #2712 32.41 dB, ARE F#ARZ 0.844, ik
B ASPP i it 2 RERHESR ORI 2 IR 52 57, W3 ok
BT HEERE. A, 854 T FreqSelect Al ASPP BLHLK]
DRFA-SR A EUAT T e fEVERE, PSNR 15 %) 33.93 dB,
ARE [%% 0.824. IXI0IE | PIBLHAE =y (IR AIURFAIE S R
% RO RRAE & 75 T (P [R) 38 2 L, R84 T
DEM 8 73 % 2 1 i Y AR U

3 RN

AR ST H — b TR B A ZE 016 1 3 L ) % A 2
DRFA-SR, i i i F =y (SRR AIE 4 H ke 22 AN 23 ]
A 4 R MA B, BT 784 R AR B 4SS I
Y£ HIFEB " 1{# il T FreqSelect bR, AR 35 4% % £ H
HEWRHEE S, HOHE# 1 DEM Kb EAFE.

WE AR, T A SR v B 4l 00 20 SRR HEAT B A, 4R
FHELRI R 7 2 R 7. SLIR 45 2R B, DRFAT-SR
IS SR HGR A AR & 2 RS B HUSE T R EM
BRI RE, 5 EDSR Al SwinlR 45 ¢ 8 SE M L, il
DRFA-SR 7E %R bR o35 B e R AR
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