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Channel Network Extraction Method in Check Dam Area
Based on DEM

ZHANG Hongming FAN Shihao CHEN Ruxue YU Wenhu ZHANG Qi YUAN Linlin
(College of Information Engineering, Northwest A&F University, Yangling, Shaanxi 712100, China)

Abstract; As an important and unique ditch control project in the severe soil erosion area of Loess
Plateau, check dams have the functions of flood detention, silt retention, and water storage. However,
when using digital elevation model (DEM) for watershed water system analysis in this area, the extracted
channel network will be disturbed by the check dam to have offset and dislocation problems. An
automatic method for detecting the check dam and correcting the DEM was proposed to realize the
effective extraction of the channel network. In this method, using the region growing and morphological
algorithms to extract the center line of the channel to narrow the detection area of the check dam. Based
on the improved line segment detector ( LSD) algorithm and angle filtering, the candidate outline line of
the check dam was determined, and then a cross model was constructed to locate the check dam.
Finally, the grid elevation where the check dam was located was corrected to obtain a complete channel
network. The F1 values of check dams detected by this method in two typical sample areas of the Loess
Plateau were 86.67% and 86.95% , respectively. Compared with the two channel network extraction
methods of filling and breaching, the method can effectively solve the problem of channel deviation. The
experimental results showed that the results of the channel network extracted were more consistent with
the real topography, which can provide useful supplements and support for the digital terrain analysis
technology of the Loess Plateau check dam area.

Key words: channel network extraction; check dam detection; digital elevation model; line segment

detector

W B 1. 2023 -05—10 & [l H #1: 2023 —06 — 14

EL£WAB: ERARBFILETA (41771315) PV 4 H S FF & 120550 3 (2023 — YBNY — 217 ) FIBE 7G4 28 ) J5 BA {0 22 3 550 B (2023 -
ZDLNY - 69)

TEHE R kg (1979—) B bz, i+, 3 8N 328 ] R 48 B 5 X8+ 3 R o F 52, E-mail : zhm@ nwsuaf. edu. cn



%9 1)

TR NG S kTR AR A R ) 9l S0 3 DX 0 4 By s 247

0 3|

PN E - = B AR B ( Digital elevation model , DEM )
Hh R BT R B A e Y
S5 ol 0 g 5y T A ) S B R R, T Ol — 4
0] 43 3t 388 R SRV U i R A G Al K S S B I S
Bl R B D A 2 G M X TR e AR
Shy B A0 AR AR PR CEOK TR BT
T 1) (4 YA 4% DX 35, 7 3% M DX R ] DEM i 47 i 387K 3R
Sr AT, B R O M 2 2 3] T4 . JR 4G DEM
HAEE R 22 PO AR 5 e LE R FELA A AR Bt v st
TE X B3 b N 7K AS BE B IE A 0 3 1), S BOK IR
BRAR N P L B R B 4 TS R T IR £
ER R Wi, ENAMIFSEA R 1 T ¥ £ DEM
T b T 53 L g T R 7 0 R A, AT S BT R
7

DEM %458 1 751 4k 3502 578 3o 465 1F v Hb , o 75 4 A4
A BB A B0 10 K D7 16D LT 0 Ak By ik
FE BRI Y W T
Hiu v A AR R A5 ek b Y | B 2 DT IC B AR S T B A A
p AT SR g D) R T e IS e i % b
REL 0 B AP A w26 2, S B SDU R R DD 2T i ™
AR X 7 v i R I T 9 0 3 4 L 7 9 Ml 301
DX 49 YT X Bt SR A7 A T )l A ) A, T Ol 300
TR0 G e R AT YT PR JH A SRy 3 B S UK 1T 2 R
W M AT, T ) 3 H K TR R ) 3 1) 9 b
F B85 TR 7 1) R A 5 A7 o DI B 9 3R
W, 5T % —FP i DEM 1 Ab 38 5 vk 452 B 9

CARLSON 25" 5t — Rl b 42 480 51 9 4% 1E oAl
6 25 R T 0 2 Oy v, 5 TR TR L X R 4 R
o b B 7 i e S ECSC AT R o AR 3 T L
079 B8 T EL A AR ALy 302 A AT T % i 300G 00 % 9
0 B BB 35 B TR S 1O L ZHU 4T R X 3
A KR 265 2 b B PR BB 8 VA GE B AR I
A % 08B 1 v X AG A st 3L, (E BE K A b 300
Fy 6 00 905 B 20 /0N 25 T 3 DX 3, DA T 3 6 P ) S
Bt Ak, SOFTA %810 42 iy fif F £ 2% BX K6 W ( Line
segment detector, L.SD) %:?_2[19] P E A MR E Y
B T g R 0 LA 28 ) 2 P 8 i ) U4 e L4 {8t T —
AN BT L

g b TR AR SCHR Y — ol R T R e A AR R
A& IE H B e S R vk . B SR LR A A M A
RS £ T A 0E A7 DX 3R A R TS 245 25 R 4R BT
T2 2 A oot LSD A5 1k 4G ) 445 S AR B VR Hb
MUES BE ELER , fieJ P S A5 7RG 00 9l 00 4 1 JIT
TE 1o P 32 70 T 4% 178 3 b DA BT )

il

1 #RFTE

1.1 #MRRIF

W1 B 7R A SCHE B 1Y) 19 B 52 50 X 35 6 T 8
o X, BB R A MR AR . SEER X1
TV, 7 TR VY A A B AR B v i A R R
T [ i B0 A B B N R > — 0 U
SR, LAGE B Ry T B RE B BE I TR e R Y
Wb R A . 2B K & 5131 mm, ]
W1 7—9 H KR S AEREK R 73. 1% , Zidik 70
SRR B, 3UFR A JRy BN S8 B A AR IR Ml SULIR U Y
5, R Hb A iR DR /D, B P T AR MR B B S R R
SEI X2 Sy JE A I B — SRS, 6 T BV A AE
LT FEIX o N M3 A s 2R BN 1 E K
oA, LR AR O L Y I AR R, 1
Wb, Z M, 52K IR, 24 B K &

110°21'0"E 110°22'0"E

37°36'0"N

37°35'0'N

—
942.407

0 04 08km
I

(a) SHIX1
109°12'30'E 109°13'0'E  109°13'30'E

36°43'0"N 36°43'30"N 36°44'0"N

36°42'30"N

(b) 5:501X2
L BRFEMEIX
Fig.1 Study sample areas



248 & o Bl B ¥ i

2023 4

500 mm 7= A7, IR 7T—9 B K AR R OK B
T4% o LA SR A X D i DX R
PHLL A w0 g A . 1 RPN TR
DX 2R 1) T 194 i BRI 23 B, LA R g A 0
1.2 SRHE

TR B ANE 2 Fr7i , P4 b 3003t DX o] 4 i i
T2y B AP 73 B 0. 15 m DEM SRl %
A T AR v A2 B 0 BE R DEM AR 73 B R DEM,
F AR P DEM S0 38 0 2k, & 43 B % DEM
T AR BT 1B P HORE B o MR T I 0 2R
HEAT 1 B2 U8 5 O B % 3t 30U HE 30 2k, A A A A
SE VLI IO o 16 TE 9 el SUURM A s A O SE ST TR AR T
R BT Y

| e At soDEM |

) e G )
| DEMRL80 |

| mucemaz | -] arag |
L | \
R E e N e e
| || |

Er e

L R A

(#6590%0EM)

| ERmmR

B2 HOR B IA
Fig.2 Technical roadmap

1.2.1 DEM kb 34

0 HEE DEM R A6 40 1 B A5 8 (A b A7
TE 1) R o W 7 AN AN 45 36 0 1 8 52 2 38 & X T
P IR A BT R AR S T AR g T 3 L
VK ) b TR R AE B2 BRI, RN ik 22 O T TR 9 Y
BT AR RN, P95 10 m DEM (13 48
IFE 54 ¥R 5 m DEM M AR fE R K, 2 DL
J TR K SCEAR N AT SR T R R
) DEM 25 S BUE 2 P 5 20 28 5 XA K
55 5L TC VR R W] S (1) S B A O, P AR D ik
4y #3210 m DEM 4l i 47 X S2E . o0 B R
10 m DEMATSAAAE /D BB 40 W 7, R 1T 2 B ax 2L g 7 -
PRARE AT RN L A 19 30 2 A5 8., A St (i 08 ok v
F(3 x3) EATUE M. Q& 3 i, U I R A 4% 25 Bk
TS PR LR R A 3 43 TS b 300 T AE ) M A v
B2, NI A F T 5 25 X 3 A K 2 34 252 11 3T 3
1.2.2 3l s 4 4R

XK AT R DEM ()3 b4 7 I 78, O FH e BE 33

REI(®)
0-9

(b) U
3 DB TR 3 X
Fig.3 Comparison of slope before and after filtering
R E S0 ) AN . 8 TP BRI A SRR PR
Tif T ) R A b B A X ST 38 R 3B A vy A 2 ) 1Y
KR AT XA AT BT, P S & LH

H
S = arctan — 1
arctan L ( )

A H——AHAR A% 1 o R 22
L——HT&T B =2 1] F) 7K - B
O BEA BIAR AR ROIRES B R AR IC S E H
KT BB r,,,, 197 WA 18 B 1 05, L
O U A Y T R AR L R W ROAROR . IX U
A A RN

h, <h,
{ (2)
S<E
h,>h, (3)

KL h——tE SR E—Y A

W% a AR ABAAR b ARG, G R R B A
4, TR A 32 Sy W] 3 A A%, 3 B YT A i A
B o 3(2) BEHA PR U b 3T TH LA K2 T 38 45 AH X 2%
b DX A K T T D b R A0 B R AR Ak A K, R
3 (3) AT PREAL T WUTR 4 A A A5 1 3l 3001 T U
TR AR . AN ) B (A A 25 AR an 181 4 T
7, Y B R R O 3O, KA K o TS R
T b 3T, T BN Ab S ] 3 0 2k A R S, E T
S 5 B2 AR B IR D 45 T B MER R o R S B (1
BN AC B, AT LA R UE T G Y 5 Sk e L, R
T, 224 3% R 5O, 94 Sk X8k A A= K 45 1 0T g



%9 1)

TR NG S kTR AR A R ) 9l S0 3 DX 0 4 By s 249

ARG, B R R (R ] BE A A Kb R B B R
(78 3k X, B, 78 Sk X3 A e R A v, i K (3)
S A R R TR BT AR T I Sk AR s R Y X
S, VR BUE K G RN HERG . PR, S i PR )
LM RERS P U E Dy 40,

XF4r % 10 m DEM ()] 38 4 K 25 T IE 25
2 P dz B8 DASECRM T 38 rp R AR K /N X, IO 1 T
R, BRI AESFFE 10 m T, 8 Hb 3004 45 1F TG
AR, R T 4 B % DEM SR K i 3t

=

i /m I=1E

m
1162.66 1162.66
-661.452 -661.452
0  200m 0  200m
L 1 i I -

o 5 73 B DEM i 5 8 5 o7 9 30, g 9] 3
AR SR b SRR B R 3 B AT T R e A A
PCTAE A A /N AT TR 2R
1.2.3 M IURRAE 42

UNTELS Bz, g i g 9 b 300 48 JBORY B2, A SC
ZEIA I 4 ASFRAE - Q3% 3048 7 A T O 2L
A7 GE U L Ml A TT T o )9 Ml 3005 TR ) O 1 3
e 1o AL B ) R AEZS A I TS . @t
b UL SVUTGE = 35t TS iy AR Xk - 41

EE{TG2 66
- 661.452

0  200m
L1 -

Pl 4 A [ 390 38 B 1Y 2 I 5 2R
Fig.4  Growth results for different slope thresholds

1020
1015
1010
1005
1000
995
990
985
980

(b) i
BlS 3 30 X 3l 2
Fig.5 Display maps of check dam area

FT T 308 M IOUHE A 5L 8 e R SO T LSD B3 3k X

SBER 12,5 .10 m {1 A4 B 5 181 HEAT 40 B B2k 4
W, anlE 6 Frzs, 43 BEA 10 m A B 82 &1 2 Be A6
)] 3 AN 1 %6 B ELZR, 43 B 5 m HURE ARG I 2] K
TR Y Hb 3L 6 T L 2%, (EL G T e /N 760 35l 300 4 A6
FEARBIAE . FESFHEAR 2 m T, REAR LF A6 ) 4% o 40
B Mo 3 40 B Bk . MAEANFER 1 m T, 400 5]
VA S B R 5 B 2 m M IR B R IX
), AFLYRT S P ) MR 7 G 1 e A A R R o, £ A4
i ELI M A0 B L v B Ol A 2 R AR A
SR, HL, AR SCERE S 2 m DEM HE17
U b IOURG T, DA R AR 458 B (A T 028 o
1.2.4  F 3050 B BRI

R PR U b 4015 9T 3 U DL I A G R X R
JE B EAT A LR U, LG BRI rhb A S B
TPl E AR LR W T TR IS LA B 0
SENTTRE IS B INE g = s R R L P ERISE Y = s i
FAAR o SRy T IE BT AU AR TR R AR A AR
SCHCHE LSD Bk oy B R M R TR Bk el ik
AN Ta FroR B AN B 1) B8 R 4R i S I Y
B A 2 AE 0° ~ 5OE RN, TN O 3 0 4% L4k
J& T — Bk, PR BRI FIF 825 R 00T — M A% 2
T A% S B B A Z A% 2 35, DA B TR
RHA B B L

Sy R AR A B/ R LA e R



250 2023 4
(e) SIS m (d) AHHEI0 m
K6 Al or B LSD il 45 R 7R & A
Fig.6  Detection results of LSD with different resolutions
R /m EAR/m
ol ;994.431 2 ;994.431
962.272 962.272
0 30 m 0 30 m
(a) HEE (b) HZRIY FHT (c) H&T G
BT LR R R KOS X

Fig.7 Linear separation diagrams and effect comparison
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