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Abstract

Large-scale construction and underground engineering in the process of urban development tend
to cause surface settlement, and even lead to serious problems such as underground cavity and
road collapse, which pose a very significant threat to transportation infrastructure. In this paper,
the surface subsidence monitoring and transportation infrastructure stability analysis of newly
developed cities in recent years are analyzed. Changchun city is taken as a typical research area,
and 109 C-band SAR images of sentinel-1B satellite from 2017 to 2021 are obtained. Based on the
NPS-InSAR technology, the surface deformation monitoring and evolution of Changchun city in re-
cent 4 years were carried out. On the basis of this, attribution discussion is carried out according
to the types of transportation infrastructure according to the distribution characteristics of diffe-
rential settlement along the transportation network in Changchun. The experimental results show
that the central and eastern regions of Changchun are relatively stable as a whole, and there is
differential subsidence in the peripheral areas of the city. Relevant research data can provide ref-
erence for transportation infrastructure operation and maintenance and regional engineering mon-
itoring.
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SEIBPAE IR T IS AT B BB, ARG (R T P A R AN B IR N AT SS . o
PR LT A8 88 R S B A L R A Kig =, HT Oy — M E A XK 5 . BUA A1t
() RO . K TR R E AR A X A IR T 22—, A 38 B A Vit 1) A A A 1 EE R R, Al i
TR RAWT G . BEF] 2020 4F, 4T E A R EAL 467.6 A, EiE LA R BREIA 13151 A
HAT, KBENTHEAE ML 5 SRR, 41 10017 A8, HIYEIZE 56 /1 AIK[1].

TEIR TR, AN 5] BT 20 M T P A2 T8 At 8 il P 22 4= 2B e L g o T TE O B
FR R, MRIEEEZ RAELFEERERX, HZ 508K T KENNFEEEK[2]. bE
FHRKBFTIRHHLE 2025 FRTEEBCN N DT 71, S5 JiGrRe R Bs, SRS TE2 T
TR BOAIHE T 7K Rl S5 R M b TR RS RE (RN B o g DR B T A8 3 B Al it 1) 22 e A B iz s, 48 HLUT
FERFIE S A5 1+ B2,

W R W T T K AE I . 4 BRE AL R 4t (Global Navigation Satellite System, GNSS) Al 43 {3 il &
&, PSR R B ENEdE, ARIRF I RBORTE . I A] . B BT AR KU . Tk T 1) 2 e
Bl 150t 7 5 AN 3T X3, R i R B BN R AR B 136 2 MR 75 R o B A LAR B ik 22 4 T Ml =
H A (Differential Interferometric Synthetic Aperture Radar, DINSAR) ] LAFE %5 st 8] P 3K BUK 6 B () T 2845
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Beo {HAZPR T 28 AR T AR SRS I T B4, DINSAR  FRIRS FE AR A S8 oK 23] #rithzd LIk, F
FN AR T 7K AB AR T30 &R (Permanent Scatterer INSAR, PS-INSAR). /INE 2841 5 (Small
Baseline Subset INSAR, SBAS-INSAR)Z ] /77 INSAR HiA, ik 51 AN K i 7 M Bt i oK Hb e iR 1Bk
JRBR, ALAF AR BEAEFRG FaB ) T oK [4], eI AT A ) Ak o 1) R SE R T

KEWFFR I, BB FF InNSAR H72 A I I b 2370 42— P 280 &2 B, 49 an BB 54 55 R A ALOS
Hot st m b X AT T AR AR SRR AR ARG, JFIE I X b SR AR, R IR BRI R kb S i Y
R ARG BL[S]. YEZESEF A Sentinel-1A %#s LA B F 30 X M@ BEAT Ui e, J8id PS-InSAR Al
SBAS-INSAR HiARFEATAS XIGIE, Wil —20, UEW] T BT InSAR AR H T i B i (1) m] S [6]
K1) ] 0 550 R VA X 3R P ) 4 A 7Kk GBI 44 B 18 T 95l & (Networked  Persistent Scatterer Interferometric
Synthetic Aperture Radar, NPS-INSAR) /772, 38356 7K A BRI B FAL) I BEAT i A5 B R, sRi R
BRZ SRR AR I P SR AR W 2 v, 49 210 45 S 8 U (RS FE AT SE [ 7] 8]

ACHTF NPS-INSAR J7i, EHUKZETHLIX 1) Sentinel-1B S5 ABEIR, M 117 H 2 K HAz i@
SR BTSRRI 23 [ A A% R, FEXTAFAE B R R AR AE (1) 3 B e FOR AR SR R AT A ih il . 25 R 3R
BRASC I NI NPS-INSAR 77154 38 i 1 SR B i M 3T AR (R FE AT S22, 9 iz i nl oy HoAthth X
(R T AR S A 2%

2. REXESHIER

KW AT IRE ARG, A7 T ZRACEZ G R LA e, 7 XA TR A X SR AL, 74k
BN LR ZHORE A AT I, SRICS RIS AE . W 70X AR B AR L B 1 v 76 7 £ 3
PRI P, MBS LE, A T e KR W 2 K9] KA T AMA BB R FUIR DL R
U, /KGRI ER, BT HRE M E K IR 2 —[10], SZHh T ACRARF 530 X L TR K o sg Ik
WRLAR BN 2% FR, BT Emsh 8 fRIsh AR i1k S R Ik R A, &
B e ARl Ik b= 1] HE ) SW N )RR RS T

S X4 S R I Sentinel-1B S245 78 76 JE 1 40 /<] 1 PR (ZLAEACEE Sentinel-1B S8 8 i Vi, PHAE
AEEAR ST FIXVEH) . LI 1 109 5t C B BUH 241 Sentinel-1B F4%,  Fr3RILAT SAR SR (8]
BEREN 2017 4F 4 7 5 H % 2021 4 4 H 8 H RIS A4 1 FoR). SAR SR04 ¥ 5 46 18 98 250
km, RN AIEHETE 26.1°% 46.0° 2 [ BbAk, AIHERIBTEXN S & S5 R AR, AR A 2015 45 KA
R G R A R P M R B B (AWBD),  HoKF 0 98308 30 K, mifeAE N 5 oK, 2 H RRS B e i)
ANIPHTEEHE ™ iz —

Table 1. Imaging time

= 1. GRIEEE

BAZEH G EH R&BE R &R g R g B g BR H g H
2017/4/5 2017/9/20 2018/2/11 2018/7/17 2018/11/26 2019/4/7 2019/9/22 2020/2/25 2020/8/11 2020/12/21
2017/4/29 2017/10/2 2018/2/23 2018/7/29 2018/12/8 2019/4/19 2019/10/4 2020/3/20 2020/8/23 2021/1/2
2017/5/23 2017/10/14 2018/3/19 2018/8/10 2018/12/20 2019/5/1 2019/10/16 2020/4/1  2020/9/4 2021/1/14
2017/6/4 2017/10/26 2018/3/31 2018/8/22 2019/1/1 2019/5/13 2019/11/9 2020/4/13 2020/9/16 2021/1/26
2017/6/16 2017/11/19 2018/4/12 2018/9/3 2019/1/13 2019/5/25 2019/11/21 2020/4/25 2020/9/28 2021/2/7
2017/6/28 2017/12/1 2018/4/24 2018/9/15 2019/1/25 2019/6/6 2019/12/3 2020/5/7 2020/10/10 2021/2/19
2017/7/10 2017/12/13 2018/5/6 2018/9/27 2019/2/6 2019/6/18 2019/12/15 2020/5/19 2020/10/22 2021/3/3
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Continued

2017/7/22 2017/12/25 2018/5/18 2018/10/9 2019/2/18
2017/8/15 2018/1/6 2018/5/30 2018/10/21 2019/3/2
2017/8/27 2018/1/18 2018/6/11 2018/11/2 2019/3/14
2017/9/8 2018/1/30 2018/6/23 2018/11/14 2019/3/26

2019/7/12 2019/12/27 2020/6/12 2020/11/3 2021/3/15
2019/8/5 2020/1/20 2020/6/24 2020/11/15 2021/3/27
2019/8/29 2020/2/1  2020/7/6 2020/11/27 2021/4/8
2019/9/10 2020/2/13 2020/7/30 2020/12/9
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Figure 1. Test area and image coverage
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Vji=1-,M R, AATERBNFREIEL, d(tg,xr), d(t,xr) AHEFSEE % {3 LOS [
KM, B, AEEIEL, Az NETRSUER, r NE AL RS S B ARE, 0 ARIEAG A, An,
MR

FIF NPS-InSAR HR ARG T ATTEEM PS £, BIUnESY, MEY, BTSSR H b k. 52
PrAb PRt FE e, R A RR L AR B R, TR K AU R (Persistent Scatterer, PS) s 2
AR R R IEAT TR, EEUN T BIE IR LS 5 PS AW, WX (Q)FTR.

S(Xp’yp;xq’yq):\/[fr(xq _XD)TJ{fa(yq _yp)T <So @)

Horb, x, y AEBERNEES A R £ A £, 20 0 g B A 5 1 45 2 18] 120 e 46 Dyt o J LT 25 1 B
s Sy AEREBIME, MRAE S AR A R AL RS e, BN 1 km.
MHZHy FIl PS MZE S E iR, 2 y ISR RN T IR R U#(AV, Ag),

M
¥ =‘$Z(COSA@ +jsinAa, )‘ = max ®)
i=1

Hoebe y NEGHBRMXRE: j=vV-1: Ao RAMMESMEMEZ %, B
4nB As  4nT,Av

ARsind A

Hrp, B, RO APEKMSENTEMME: As FAv 53 5 AW ] R 22 0 R AR i 5 B
ERART & SR A B L, UOAFAE R ETUR B, FEdbREal b, ol i — 3P Z2 i 5T LI L%
PS r I FE UE F R SR RN 2R M P A 2, R SVE A Rt i 1 A0 S S B ) 88 R ] S [ 11].

32. KEMMREERES

EAER, BEEMTT RSN IR R PO R R, 25— R 2R A R A AR, SRR
NEFE XM R A T RAENE, 28 7 0 Rl 7 8 2 X5 W S, o8 s gt el [X 1) [+
OEHE(E 2(2)), AT LR T & X (E 2(0)) BABAL T3 T 5 35 109 H FF & X (E 2(c)) %5 .
BRE, KB =B R R IR B A SFAATE, (HIEMT AL, anlUshek f R, fAEREn
ZERMRAE,

SOHRKENRILZHES HSPTERN, Hub3 2021 4, KETBAKZIERMRE, £ =FBNN
X EASE R AN, AR AR K ZI7E—4 mm/a~2 mm/a, FEIRTT AL IZ 5T K X (T AS B 5, )4
P 2(c) DX 35k FA T AR T 36K 275 —15 mm/a~—10 mm/a. 3 117 DX 3877 A= F1 A2 11 J5 DR AT i i A o) 5 42 1) i S it
HbTH = AR AT R, R K TSR S 1t TSR S o TR PRI A N A BT R XAFE K & TR X,
KM T S0 T, S 800N TR KA, DR TRER TG K K B g SR R 2 3 sk b T
AR ET R, R T EUX e X AR R BB BT RE N ST R, AR
T2 188 I 45 PO 5 TR AR B AT R T 40

4. AZBEREHEM SR TN SRS
4.1 NREBRABNZEMEERMEREEESE S

Bl T S X 2% AT T X, 3T R AN ST AR o A R 4 7 A s R B . AR A R
HRBRAY, @M PSS A L5 A BRI 4% o W TE] 2 P, R ASE M 1 T AT AL IX
FAETT RO AT RO B, (R SIS ) 8T ] A2 S Ao g
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Figure 2. Velocity field of surface deformation in Changchun
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PUBAZIE M BRI R nIE 3 s, KED XA T HORERPIRE, TRARTEHIRZ17E-10
mm/a~—5 mm/a. & FIRHAR NS AR R, X PUIE A AT B AR T

PuEssE 152, s 3R, BAEIRAEBY, BARERKAE-S mmia Lt MBSO
b Bkt B A A2 B A i T2 AR BN BOR, TSl R BR A, Rl B A s AT BN 32 BB ) TR
BERIFE o

BUEAZE 2 52, WK 3(b)FR, JFHET 2018 4F 8 [, R T KAFWMAR VG b, P51 XM
SR A X8R, B W R ASAR AAE,  RELAE A RO Pa B B A SR AR K T ARKEE 2R
% B (R 0 ARRFALE o 3 A% AR AR A B B8] 2 AR T OB A 2 5 2 PRI b A £ R R SR
Zhit TAEN I, SIHA ST

BB 3, 4 SERRMMRISIZE, FEU R .k 3(c) A 3(d)frR, mTHUELE 3 5,
4 SERBERBRRFET MM, FILTBAR AR 530 S ARTE AR R 2R A8 Z8 KA AP 1
PUESSIE 3 SR B, RO ZE YRR AR RIE AL, TEASH AR5 mm/a /i, BEAE L 1A ZR AT,
BHTETASE, BRI 0I5 17 A 2R bR B B A I T 46 IR 35 TR ASRIE . T HIESZIE 4 5 2B hL
T2 R AT W B TR AR S, SR EBONERE, TR AR AE-2 mm/a~2 mm/a 45

BUBESE 8 T4, T 2018 4F 10 HIFE. W&l 3(e)fin, HUIEALIM 8 5L BORAAFE R ELAL,
FEIEASHE A K LIE-10 mm/a~—3 mm/a Z[A]. iZBEBUERAL TR IR, (EAEAE AR TR AR ] 2 X 35

T R B A BRI LA A 4 R, EIRIX A BT R ASE AR A £ -10 mm/a~—2 mm/a ity AT
Y T PR I ZE5FIT R DX P8 (0 23 % X s HR AT R BT AR AL o 3K R, B M 5 DX R AR A B0 [X 35k
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Figure 3. The distribution of general deformation characteristics of rail transit
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Figure 4. The distribution of deformation characteristics of highway network
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4.2. 3ZiBERR RN AN KIS TR ASE

FATFRIX TR TREIE, ERMEEZIIEL, FIZXKIRNERZHNE. hizX
A IR 4 S ERREIE X BOA], Bk 4 S5 EGRIREIX BUN M 7, UTEER Km0 SR T BN
B, FEGTRRIKRIHE R 7K ARAR BL G2 X 225 P R = AR IR R T CEL R T RE S0 Bk 4 S 2 fAa g it
G WA RARYT, R TRl S AT+ HL ARl R Bk X BB XA AR B B AR XIS, % XA 4
FEIAZE R N-10 mm/a oA o ARAEKES S IR AT AT AL IR AR s A IFEAZIN T8 51 an 4] 5 B, ek
JEAE R IL-63 mm. HIBAZ AL A I RIHBAL BRI (P50l i, ZIXIBEAS B I, (EAEA R
AR RN EAH . B0, B4 10 AAEIRE 4 A0 EW BIRASE S, XA a8 &0 AR
T A R A R . MR, R 4 AR 7 F 4y, BEAEURMIEITE, R R R A,
BUE I (8] BUA TR AR B I .
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Figure 5. (a) General map of point location, (b) field location of settlement point A, and (c) accumulated settlement amount
of settlement point A
5.(a) RIIEERE, () FES AMIHMNE, () BFESARIHTEETE

[ Ca i X A % o 8 vt 22 P PRt ot X Bt AL sk 2 5 R PE AR XIS, S SR o 4R HLAF AR S S
T, XA R B R . SEIEs RERYNZIX A 5 T 2 AR FRIE ] 711 mm/a. DA G
PR XA B, TEASHFIE A B (B ARI (8] 510K 6 fr, iz al RiHEARRLLUAS] 740 mm. 4k -
B, I 4 FRIEARZHMAK, (LRI W BATBRROREE, BREA 2R, FIatEEn 8
it X ATREE T E KB AR N KSR 7E, PRI —mH R s As e, &AW
WEBREH L. AL 2019 FIKE] 2020 4 4 H, FHARBERIRIA, KA H XA O RZ,
IEF G H I AR R IR RIYIE] DT S U RO RS R, AR E T e R R AR B
FIRA . BATTE, 1ZIX K 2020 4 4 H UARTHERTZARBOW R, 2020 48 4 F LLJS TR ASHE SR ETET 2%,
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5. &
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Figure 6. (a) General plot of point, (b) field location of settlement point B, and (c) accumulated settlement amount of settle-
ment point B
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