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Abstract
With the development of remote sensing technology, high-resolution images have become an
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important means for monitoring ground fissures in mining areas. This paper systematically reviews
the remote sensing identification methods of ground fissures: it sorts out the data characteristics of
optical satellites, radar, unmanned aerial vehicles (UAVs), light detection and ranging (LiDAR), etc.;
comments on the advantages and disadvantages of methods such as visual interpretation, classifica-
tion algorithms, deep learning, and edge detection, and points out the potential of deep learning and
edge detection; summarizes the quantitative models of fissure geometric features and their ability to
characterize development laws; and concludes the accuracy validation system (such as Kappa coeffi-
cient, F1-score, etc.). Finally, it prospects the directions of anti-interference extraction, trend predic-
tion, and multi-source data fusion, providing technical references for geological hazard monitoring
and promoting the development of ground fissure identification towards intelligence.
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FEAFE PR T A (W WorldView %751, QuickBird. GeoEye. Pleiades. SPOT %741/, Landsat %
FILL R B P8R =5 Mo —9 M= 5%) ML P2 TerraSAR-X. Radarsat-2) [5][6]. X284k
TR 0 Ak ) b R I 5 AT 5 B 4 7 R S ) R A

HZREEVE N X H R DTRA S5 5T o B AR IR A, HORSHE R ) 518 B IBON T8 s 5T 2k 3 K
HRE. PRI e RSB R R CHE 7], A, HMBEVLEZE. REA—, BEZEMYS
ST, R H R RS IS B AR — B 1 A R 0 B R S R [8] e A [ ) R s A
HAs[E], Jeulk S i [a) 7 H e e, TiE FH 0048 BRI RN AAIFI[9] [10]. PRk, RGEHmEEH T
HEWT T IE IRAOR R, B UPR & RME BRI AW B R R IR/AE B S TR R AT
TRFE 5 2] BN ) R B S S RE EEAKT, 0BT REE JUTRAIE (WK FE L BEFE L URBE . 73 TR 4E35%)
(e BRI, JFIRNRSEIIEA R, XTI AT A R . R RR KRNk . TRk
AR FE 7 W AT B B R ER O A S
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Table 1. Comparison of characteristics of remote sensing data sources
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PRAR VRN 38 1 PR X 4 /- A e 2R B2 3%, SR A48 (5 2.

BIEFESZHNR
I RLAE 1 T [ B SR RS I W LT RS AIE o GBI PIIE I A R R R AR A% E M IZ BRI, AU GIS
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TINLFRRE, AT ARG I S AT ), ST AR A i A R/ 3G REFLASEE H AL E £
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HE T IUE Al B ST L AR A IR SR BRI TRCR G X XECLSCHL AR A, Hox
HANREE(TERZN T 0.1 m)RJIRAIRE ) AR 0 MR BRI BOK
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R21TF SR RS VM), A T2 R 45 (ANN)FTBEHLAR PR (RE) 7725 M 0 6 T SR 42 I AER R SVML 73
FUERAE R I 11(87.50%), HUE ANN (84.25%)F1 RF (70%). Fan Zhang Z5[221FH UAV ER1EIREIFIR )
KA X HiZEE, @i V-SVM (LA V 3R ST R B SCRE [ L) BUR#EAT b B . 5 R R, ] V-
SVM ML 21 50E,  E R T (PCAYKE A B RFIE SR> B A6 77 22 1) 95%,  FFilid R hr g 42 = ]
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REEYPU IR, RIRIEAE T 70 KGRI FALAE MRS SO F AL 7] L, ELRESRIURS 7 1) e 4%
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TR (RS SiER . B TAEBORIE), MELLRR T8N T — MEOT IR gE, R ih HOR 32 73
ES LAk AP

3.3. HEMKREEGIHEE

T 0 R R AR @ AR o F AR G H G A R, BR T EGRET B or B . %575
LR PR OS5 ZO0EHER A . SO ROGIERME, XX REHAT IR 32, S ) RS
WL, R DL P 2 S R o Bk Ut o 1 [ h SR IR B0 DA SR 40 BRI 43 28 0 il . AR IR AT
Gy RPRER ST RIWKT B (Find Object) FIRFAIEHE HX (Extract Features).
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X bR AE AT FRENAS B SR IR FE A 85.51%, SEPL T R ERARMIRUR, 2R X YIRS B (1 8
H, ARAES) 7P m o HE R T EAED XU E BI IUR A S8 B 5 R, 355 [23]F A Canny H
TRAETA AN b (A0 55 18] 18 7] % A5 B AT SEAR 40, ) UG 77 V5 RS AR L 1 sk /N M 3 6T 4 S 1D 520
TERF () S B P o P S0 vy ) M R S PR AR I . VRS [ 101K FH T 1) 6 G5 BRI 77 v 47 BB
5 EBRIEL, R 3 Hh 2R Ak (1 R B K S RN TR . AR H AR, B A B TR U R .

2 E S [241F FH Pleiades T2 H(#5, Google Earth [J7 5 & s A5 50ds 5 2kl —5 T EEdE, A [A]
J¥ 411 Landsat FAIEHE, KA R G4 BRI E . TREGAR TCHE W 55 FE A5 OB 4 B R H
BB D IREE 25135 T JC ANLEEAR R A I moe RO7 %, AT DR S BPd . R iRI. 5
FALAR R R B R E NS %, BARKE B iL F) 91.30%, Kappa BN 0.89. #5848 45 [26]H) H i ) %t
G J7 T8 TE N MLREAR EHE I 5 FEAE (1 3 A gk AT ARG S I, oF A5 B R KRR 3 AR e O HE 1
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HERFRNT A

AR 534775 ERIR A
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YKL BN GO0 K BN SR IR KRG, X T FONREERT 5, L4 ) b X A
KEEATMERREE KL, BT R TRICHSR I TIE, MR BN & bR g5 7, AR I 5 e
A% 9L FE BRI SRS K LU T RO I B8R, thnT S RN NIRRT B8 FE A A S, X
T PEAR IR A 2 4% RIS 1 0) 5 14 J53 48 B J3E 3 T BT JBE AT A5 .5 SR v e i xR A b 5 170 £
T sE , T TR R T ZERE R AR AL ) B3RS REETL S S E B 5% B S Wont S [ R E

ﬂiﬂéE%(;::%%l (Sc NEREEIM, S, NE/INMMEFER IR UEMOCR A SO A TR IRTEEdiE

X R FE R /3 T AEE ] 3 T X0 G Ao RIXECR vH a5, T ERERETE AN
Bk REEZRT] G RN RINAR S X AR A Ee o T R 6 RO7VE R FEE A R S 5
RFEPLTER, S RIDFHENGESLhRRAER R, B85 T RITHR B TI0, RES B SOV BT ke
YeoR: RIRYEAE T RISEONE. TR 7 BREBUK, 7B, BN ESARBN T2%,
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34. REZIFE

TRPE 5 STH R 1) 5 B AR R R H s 48 W 2 it 4715 B0, @ A KR =R AT 12k, FHRFFE
AEHE NAER AL, 13RI, SR 5 K Ao A B A HR i N I B RS B B L 7 R I 8,
KEM AN REETAE, BAHERKREES T, 5533 5l i ek B8 o 5 F IR 57 2] W 4% 45
T ELAE A IR R IR L M2 I 25 (DNIN), 38 A7 5 B 22 I 2% (CNIN) S A 1 1 22 B 45 (RNN/LSTM), 3847 i
HIR 25 RY L i . DeepLab &R %1, Swin-Transformer. U-Net & U-Net++. 7E3& T K E0 45 1E HE B
SYRITH I T T T LU R 35, ) IR B2 2 ST BOR AT Hb 2L 4% B BUnT LAV 1t bt 0 b 28 4% O | 2 FE i
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H RS T RAOREE TR G — B . AR B AR R FUANIE,  (ER IR FE 2 ) VR
BT AT LAY Je B 248 v o AR RK AR (32170 PR B2 27 o J R 8 Hh T FRL ) A AR P28 I 4 SR, 44 368 3 0 2% (1]
WER TR BRI IR SRR ), 15 T AN I HER SR . SR, HhEREE R RHIE 2 A A,
TER B A N 28 AT 5 EAR A %, Age R AAREGIR . Bt AR S [33) AR RN HR 2 R 4R H — Fh Jik
TIRG LR IR 2% I REE R 75, S5 RRW, IR LT JL e il 7 v A R 5 ey
PG R AR 53418 B AWMU B S TE TG R B N TRER T X I ENE, FIH—MET 2
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FEEh HAE L 2R S5 FE B VAl 5 v

RS2 2] TR AE M LR ) vh i B P 32 BE [ 2800 o805 B AR I SRAE 55 e IF, IR 2 Rl E
R 28 B 5 NIRRT R R A A KTE S S5 B AR 5t AT T AL . DeepLab K H 2% (Atrous Convolu-
tion)d K2, FEA PR A 73 e AT T3k 2 RUE BN SUE R FLgm Al a5 K 45 & 75 7 18] 4
F-IE WAL (ASPP), AT AT R HE AN [R] RO 1 R 48 R AR, O 0 JEE AR A0 B0 K I R 4% 0 B P B 9% o Swiin-
Transformer 8R4 & DML SEIL 4R 5 R SRR = ROGE B, AHET CNN, H B3 = 7L § 5 4
AR KRR O R M ki, ERETLERR. T THEMS 5 FRHA R . U-Net
KA AS - ARG AS 454, B BREOEE R SR EA T 5 S EE UE R, FlE T RS540 K B AR
BERZEHH . HFREET 2 R A SN % RS HT7 %, M 7R #4. U-
Net++itE— B T BRERE RSN, Wi B )% e R 2 RIEFHER & /e /1, 7EA0/NREE 5 F)h
IR
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R T A MR R R B BIA R, REEOE s TG k. 2T 0 B4 R R W i 55 2 000
JUS % REEKFETEI R > 145 R AR AER R R R R, S E SRR e BT
BRop ke RaE v PR ISR ACRINE, W SRR MBI AR TR LR, IRk a2k 5 R AR R ER AL mi )
PR, BOPRMEMRRIF R, thrl i ih s A A s R A s RAE T A AT B G B X IR R
B REEE R AT SR AR I d s RIS IR TS s TR R IR TR o E
BT, REEFO RIS E XS TR . Bedh, He T8I 1 7> F 45 Rk vl 1 5 R
SEMEN YRR . IRFZE IR IR BAE T REWS Rl SRR 2 R0 RS RERG s, W] S o ) g
9 E SACRHE SR BG R BRAEAE T30 23 B 45 R A HE B M = BRSO SRR A i B 580, RN ZR X A iz
WRE AR 3ETE, HAEAY PRV AL 2E,  XE LA P R A T SR R T SE AL 57

3.5. B
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Figure 1. Decision tree for selecting remote sensing extraction techniques for ground cracks
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