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Application of "air — ground — submarine integration' technology
in embankment inspection and risk investigation

WANG Jun

(Jiangsu Institute of Water Resources Research, Nanjing 210017, China)

Abstract ; Scientific and reasonable monitoring scheme is an important guarantee for embankment safety inspection
and hidden danger detection. Limited by manpower, material resources and financial resources, the monitoring fre-
quency, monitoring index and monitoring range of conventional monitoring methods are often unable to meet the mo-
nitoring requirements and can not grasp the operation status of embankment timely and accurately. On the basis of
summarizing many kinds of advanced monitoring technologies at home and abroad, several monitoring methods,
such as satellite monitoring, UAV tilt photography, high — precision GNSS, ground penetrating radar, underwater
multi — beam sonar system, etc. , were integrated to build an air — ground — submarine integration monitoring system
for the safety inspection of embankments. Based on the integrated monitoring system, a progressive dam patrol
scheme was proposed, which included a large range of bank hidden trouble detection, quantitative analysis of local
bank sections and video monitoring of key bank sections. The research results could provide a reference for the
modernization and scientific management of embankments along the river in China.

Key words : embankment safety; monitoring system; air — ground — submarine integration

il 7 1 H: 2021-02-24

EETE T ARIRHETLH (2018005) ;1T 3540 K FIBHEH (2019001)

FEEBIA 2 (1971—) B0 BF ¢ 54 205 S TR0, 191 %8 AT K R H 00 i AR B 15 BF 5% M. B mail
13805178417 @ qq. com



56 AN

K F

2021 4£ 8 H

B Bl 2 B Uk e 1) KR TR R i, Fe 1 2
SRR 30 T3 km , RS BURIE A MF ISR B TR
B AFEARIREE (22 Az U, 850 R PE i 1+ WY
B AR . R, S AT I 3 5 B
LA , A A0 T 32 B 22 AR, DT B ] 1 A
BoLRE o b 2L, BRI, R TR AR R B A A AR
(hn GPS Wik RO I i | = 4ROt
AREE) 2 NT1 W73 W 3 25 IR R A FR A, A R
AR bR CBRTE ], PR A 0k A R I 3
B REAT AR AT R £ R A I B 2R, AN RE
I HERG T A RSB i ROl P, A
WA BARTRT , B R MER 58 AR 132
B SRR AT 652 75 5 , DA TTT S 3R] 3 B B ) 3 25
HERR AT b ORI, 312 il A BRAF AR B L1 , 4 0L
THK TR B A SCEE X [ A A 2 2856 78 /Y i
AR BEAT BB , 7873 B 9F 78 BUAR ANA7 A1 (]
(LA _E 2 T 5Ly 22 4 i A I 1Y) 2 o —
PRAL I ZR 58, S 3 e TS 77 2 SR By 1) BRA A e Bk
P R S KN

1 SRR A s AR R

IEAER  BORER 22 1) SE E I 22 R v T 3R
FK R TRE R, 3R B KRG Bk Bt T
BONPFEF BRI A o Forp, S AR M i i Y
WA IR AR A AL T A T 3 i e A B
R 2 U AR =R B2 GNSS 1 45, 75 /K )
TAERIE T AT W GE AT B4 T A P AR
AN
1.1 ARILEEEFHMERAR (InSAR)

FIRFENE T AV G R o, 7E N T B Ah 1 152
M 77 A 25 ] b B LR, — ELAS TE 5 H T R K %
(O R, b2 BHB G A ™ o bRt v 3 B
T B o (R RS 97 2 4 T 5 i e F) O B ) oL 2 —
AT I s 7 v R A AL e it
U EE M GPS =4Ot &, Bk
AT T G TAF K LA 5 2 5
SRR L A ARALAR R i T 30 ) A e
JRALAR TR 35 1% (SAR ) $4i Xof Hi 2 7 42 U0 I T 1
AR (1mm ~ 1) FEIAE 25 H B M ST AE 46 3 T LA
IRBNZE KRG, R, 2 B 0 A 2 fih 55
A ETER Y | R A T W I AT A5 3 % T
B b, BORH L H A P BEF e E A E O AL
BT [ 4 36 9 InSAR ShAS i BRI IF 7E T
JE A IR W o [ P 22 i R 44 v A B AT 5T

BTt FF R T R InSAR X 7K J2E A 1L 32 By 25 7k
AR 47 A8 T8 W5 00/ o 5%, BOAR T — 22 A R
M Bl TR R R R, IR A%
R/ IN , 25 18] 3 B R A 23 Ok B, X Ol SR B R
] 45400 A 5 2 A B P ) 5 U
1.2 T AHUERHREZ AR (UVA)

AT 5 5 T B A A Sy — T 22 38 Je Sk
JEA R B E RO , Sl ) i S 2R R I AT
T AV} 22 A HE X T I 0 0E A T 48, R4S
1) = AR5 T L S, Sz e b A 1 A SR T S % 0
FRIL T b 16 S UL L 235 /) A R v B 45 1k, AN AY
A F VR SE s = 4R, HonT Ll 4 DSM DOM |
DLG Z£8i s ™ o TR, (i ARH s H R By
R VU R, nT IE R 28 s N B
PEREE I 22 Ab H X AP EARAE K A PRFF M I ]
TE W 5 R4S B L P R R KA TR S
AT C AR ) IZ M e TE AL R
ARAE KA TR i o P B O i e A 3R
B ISR A 55 B i B R v, R B A PLSE AR
25 3 JEN 2 RSN, ] LA BB s I R U
BRI ESR P, SRR S GPS R4
BREEE e B AL T B2 1y 3 BT AR B8, SE B K
IR B TR DI ) DRt I A, 8 w8 B 7 22 4 AR 1Y)
I3
1.3 SHRELKSMIEZRS(GNSS)

FLTE 20 128 90 ARAR, 1 7R VT =i 45 R A
JRAK L TR, ] GPS AT AR B Wil | J5 22 AE
IR I B 7 25 A8 T W D 45 310 7z
H i3 E K 2 Bt 55 6 2 5 F GPS HoAR 47 92 bR
N A 1958 AESEE M GPS LIk, GNSS 52 5| T
iz et i TR 6 MR, BN
FEAFR A E A AR, B R A A A 4
AN S 5638 R VRN T GPS FE 28 1k & B
FBRAB IR JCHk B Aol . GNSS WL Bt
FLATRE BE R 0 A5 R0 5 S I 3t =2 ) T 38 AR
HE LR m B e Rl A s .
3}./GPS/GLONASS/GALILEO Z5 4145 4 1) Z 154l &
AV TIN5 A IR T 2 4G B, AT A Jeg 3 e Bt
P4 A0 A A A B ] o P i U
1.4 ZEREBZEHNUEEA(MBSS)

BB TR 2 3R B KL B P44 3R 1) B B4
FR A3, 43 VE B B T TR B BT A5 4 25 IR B0 )
AR, FEZE T PR K A AR v gt BB Y | B B
RERSFL AN, HI, O T 4E4P 38 0 TR L4



o 8 1]

EOR: S HE AL BORTE SR AL 57

e , Xt KT MBI 9 28 A kA7 A ST AL a0
IR T BR AR T2 2 P B 22 IR S K TR
TR ARIBUK AR 38 1 K S L 2, IF 05 Bk T8
B GETR B SEE O HR ik . 20K T e Il
Z et P A GPS L35 B A B0 A5 1 e
TR B E AR s BRI s . %
GEEPORM L, Z BORMIR ARG BA m PR R
G R4 7 5 A RE R, TR ELAORS L v R DRBE A
B H . 2 WO I TR 2 %) 7K T
e 73 B RAE W AR N OK P HIE BT
ARG A LB TR T I s A1k, HA
TEAAER, T IR AP . B, A
KR TAREEEBE KT I | ) S48 A 7K
Gy i O AR T R

2 ZME—HURREKRER

N TR AR R R PEEA T S AR
A2 InSAR JC AMUBURHEE R 55 B I &
B, AT LS B 1) E 0 SR, PRk a8 R R
BRSNS B2l ik 22 K 9, D 1 2 8 B 1 Bt
B SRE T N e T o R IR SR BT Y
FE M2 Z2 M N FR A2 i o B — LT Bk i
ST AT O Al ST RV LR ) il
PRI KT 25 22 b Jm 8 o i AR, DU 2207
L 22 HE R AT S B LA I, AT T il s\ |
T — AR B 2% a8 UAR 2R

(1) 283 M TR B LA TR R BOR R
AR RN Z ST W E, R 2 5 TR AN
B BEAEE R, AT U X gl ) RUBE A G AR A 5
MR 2 BUARHER R I S B AR, O R o DX e S Jey 38 R
JRE BRI A S 0 5 s ) LN 1) BT I 5 e i B
SERORT A RUE A 0 B 3l A5 BB, AT LA 2R
KRR R

(2) [l 3ol st 28 7 sl e 00 1 g 2 e o JR A 3000 ) 1
AR FE T B, SE B L DX R AN T RUBE F) K
YE I, 3 R 0 E B R A e R A )
i, SR RO T Bt s} € o7 e r LiDAR $9144 |
TRETTRIZNEAE S J2 DR PR A

(3) K P + oy R 2% HICk WA, K
£ S 0 K Bl = M P 22 R TR 2R GE AR UK T 3
TE 1 4 3 B, M DG I 2 A3 L A0 31 75 Iy K
B K DI T 2, w3 3 R i 2 ) e el
AL

s M P AS R U UL R AR AR TS

B, I EAT 22 RO B R S Rl 5, JE 8L 1 S AR
ZUEIIER G SERT T AR A ZR , D B A A A 4R
PR S, I B R R A B A G 2 ) L i ff
Meds o a5 ML T — SR BT AR R A 1 PR

3 ETTME UMW REKIE
AR

REFSRAZ , BIRRLEK, F L5
5 R T HE B I AR [, AT AT KA AN
J1 9 Wy, BAE A K RN, 2R
FERIR T RIRAEFE T a5 L WA [R] B 25 43 S 8
o i ST b R 22 — RS — A A ik o
W FE, 58, EBAR 2K InSAR Rl HE1 TR (1) KT
PR, HEAE FT RE A7 7E 1 48 4 B B i X0, SR 5 1
Bl GNSS EARZS To AL « Rk B 7K o 55 1) Jey 0 B
FH 45 B U 30 S AR A 43T, TR) B B w8 43
HERIK T Z I oI PR B 1 JR 0 1 BOK R 3
PRI, Fo S %t o5 BB R P e Y LA AR A 7 S B
W A2 R T 58, AT DA B i
TR A , 5 850 Hh 4 Jsy FE 4R 3 B AR RS e IR A, |
RERS DA HE AL A7 AE B R ) X IO B R T AR B
3.1 REPBKEEKAEEEHE

R T SE B P 2 R B e 1 P S A
F 2R A LR TR 35 T 95 I 3R O A R 2R 1
InSAR P 35 4545 , i 5 InSAR B J 43 H7 W ) = 28
R e b, 75— B BT, InSAR T &
1475 [ 7 55 24 100 km® x 100 km? , 1] i i 22 [ 49
25 () 7 26 06 2R, 30 2o 2 ] M v R A Ak LIRS JEE 4%
il 4 st 0 2 A [ ) 0 6 5 SR 0 A 2 A A L, S
U 2 1) J A DR AR B R AR S ke e 1 o A, HEAE
A REAFETE 2 R A X 3
3.2 BMIBRKKBREERBEENH

FERTE B R e R R 1 Sty I, £5 Bh AR =S
TE LB KT 0 4 Jay 0 B840 40 A7 o 1 B % B A
DX I ) Jmy AR A A B A Ak 40 T, 4 XU DX 3 ) 52 i)
o TRIA, A RS B /K o GPS 21 W | + 4
A T Wi T 45 A A 1) 0 e X e EL R R % T g
(R Fath o BLAN, &1 X B iR B B 1 42 2= R 4
¥, R R ER TR AT IO A AR . R ) 2 e TR
N TSRS R s, 458 b B TR BRI AT 8% S FI TR [ S
EAFAER 7 B B B R A T R 2 —
3.3 EREEMEENMEN

FE RS B HEAT B Ak 22 R 3804t W N 1) ik i
e T R R B R AT AN () 0 S A



58 AN

2021 4£ 8 H

 ZiokWRRL

E1
AP T A A AR PR s, T 8 9 L
PRIIER BRI LRI T 55 K B 7K 30244
PR o e DU 0 T 32 , 2 B 3l 5 o S I
T A RE AT Tl AL B, S BT 8 B 288% I (i A A
0, AR RGN 1) 28 5 R AV A% B e R T R
R o 30 8% 15k Xt B Byt SRt A7 2R I v 7%
WU, FFAE R AR 5 Bl e ~) BOE B E AT S AT
TS R4 v S 7 98 B 1) S B 2, A A T B A
RO R FAR R AR IR KI5 K o

BT s M vk — IR 2 ROBE S8R 7 S ] 2
e

253k

[tk

KI5

PN

=M B ERLRREKAE R

4 % iE

AR SCNTR [ B 7 188 A0 A 65 BRI S B A HL
SR M TR SO R SR EOR I 25 3t
BB 2 AR AUA R IR AR ISR | R 2 RO K 3R
Trge RHNZIEEETT RAMAT LUREFEAR AT )
J1 W T3 BT A , B SR B AR AR T ELBE A8 % L
M AE PRI R A B D0, 1T DA =) 0 sl A R A X
R DA T A S o T, AR R v St 4
AR I AR PR AT R SR, B s I8 X6F AT L K i
D ERING N N RAE AR A i W e E .

B Gt ) R Gl P (T )
' . " }
: JE#E InSAR/ B4 T : : LiDAR. HRS. GPR % : : PG RARHL :
1 1 1 1 1 1
: MV S . HeA | L . S| 4 ;
1 1 1 1 1 1
I InSAR/ B 503414 Lo R s KRS (IR |
I n m § > o - (i AR I
o e | BB Lo |
N R L s
1 1 1 1 1 1
1 1 1 1 1 1
A W T R T R A G2
1 1 1 1 1 1
b e e - - - T ————— o | ‘ k —————— o | . oL T — o
WA | mi

Z IR I A S

!

2 R

B2 ET=ME—FUNSREKETR



o 8 1]

EOR: S HE AL BORTE SR AL 59

PR TR L BUAUAL BBl A A8 BUKF-
o 5 B TR AR SR A T IR 2 L 5 LAY B3R

e
S 30
(1] XUdb—, #eabaf, XBfE, % HEA AR E AR

(5]

(6]

B LR W I R g LD ] NRERIL, 2017, 38(4):
90-94.

TR, E4E, AR, & MR T W AR TE
BRI FEIELT]. B2 (5 BRF ), 2020,
45(11) ;1801-1808.

HOEEET, BT, TS 60 23l {SCLE M il & s KT 0 B8
W R T]. Mg 58 AE S, 2019, 42
(7):229-231.

R, RIE, KIOR, G5 MR IEOLLT el b
AATTERY IR OF T [T ], W7 i (L2 R
2017, 51(1) :204-211.

TASCI L. Deformation monitoring in steel arch bridges
through close — range photogrammetry and the finite ele-
ment method [ J]. Experimental techniques. 2015, 39
(3):3-10.

AEF S, BRAEm, RENML, SF. AET GPS - RTK Aifm
WS R S SR R [T ], PR3l 5 b,
2019, 38(12) :69-73.

YANG H, OMIDALIZARANDI M, XU X, et al. Terres-
trial laser scanning technology for deformation monitoring
and surface modeling of arch structures[ J]. Composite
Structures ,2017, 169 :173-179.

RODELSPERGER S, LAUFER G, GERSTENECKER C,
et al. Monitoring of displacements with ground — based
microwave interferometry; IBIS — S and IBIS — L[] ].
Journal of Applied Geodesy, 2010, 4(1) :41-54.

KA, ks fr, E8 . SRS TNk

[10]

[11]

[12]

[13]

[19]

[20]

24 (SBAS — InSAR ) £ A TE 15 /K I8 18 XL 3K P 3L
Rl s B L], KRR i, 2019(6) :45-
48.

. T InSAR HAR B FHT M 30X 2 TE A% i )
WHFE[D]. mE At R, 2019.

AF], Bt BT InSAR HORMIE B TR IR
SR < AR LT 0 P T a5 S il [T ] s T
AP ERAE 45 AR 24 B 24l , 2019, 18(2) :122-125.

EA, . BRI A KR R 2 b A
HILT]. Mi2idR, 2019(6) :160-162.

HRREAE. R TBURHER ISR ) B IR A A ORI SE
[Cl// SR 5B AR W . Jbat . (it
RS E ) HE 2, 2018.

CLEMENTE C, SORAGHAN J J. GNSS - based passive
bistatic radar for micro-Doppler analysis of helicopter ro-
tor blades[ J]. IEEE Transactions on Aerospace and E-
lectronic Systems, 2014, 50(1) :491-500.

Zrpg, B, BRAS, 45, LT GNSS (YR ik g
i HARKEIEAR AR [T ], AR5 ER, 2020, 18
(4) :404-416.

sk, BREZ, B8, 4. GNSS HiR BT HES UK
LR MR A B BERFFEL T ] M2 BEAE L, 2018,
43(4) :37-40.

B, TRE, AR, SF. s JLTRRIE LR SRl A
PR TR RN ABEELT ] TTRKA], 202006) :1-5.
SRR, B, XU, . ZUPRMHELETR KK
uli RN B g D] AR, 2020, 51
(11) :116-120.

B, TR, B, S5 PR R T B A
PR TR K N B b A A ()], JKis TR,
2020(1) :1-5.

ZEOCHE, AT I T A S BUSR By 22 4 M D
RIRATFELT]. AF PR, 2019(9) :18-22.



