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Abstract

As China’s expressway network continues to expand into mountainous, hilly, and
geologically complex regions, hazards such as landslides, ground collapse, and subgrade
settlement along expressway corridors have become increasingly prominent, posing serious
threats to the safe operation of transportation infrastructure. Due to the characteristics of
long linear extent, multiple geomorphic units, and strong geological heterogeneity,
traditional field inspection and point-based monitoring methods suffer from limited spatial
coverage, low monitoring efficiency, and difficulty in identifying slowly accumulated
deformation, and therefore cannot fully meet the needs of large-scale expressway network
safety monitoring and risk identification. Interferometric Synthetic Aperture Radar
(InNSAR), with its advantages of all-weather, all-time, wide-area, and millimeter-level
deformation monitoring, provides a new technical approach for expressway network
deformation monitoring and risk assessment. However, existing studies have mainly
focused on deformation field extraction and evolutionary analysis, while a multi-scale
framework for expressway-oriented risk identification and model improvement is still
lacking. Therefore, taking the expressway network in Hunan Province and Changsha as the
study object, this thesis develops an integrated framework combining SBAS-InSAR time-
series deformation monitoring with machine learning-based risk modeling under the overall
strategy of “provincial-scale risk screening — city-scale deformation analysis — road-unit-
scale model improvement.” The main research contents are as follows:

(1) An SBAS-InSAR-based deformation extraction workflow for expressway
networks was established to address the problem of continuous large-scale monitoring of
slow deformation under complex surface conditions. A multi-source dataset including
Sentinel-1 SAR images, precise orbit data, DEM, rainfall data, and historical hazard
samples was constructed, and an SBAS-InSAR processing procedure suitable for
expressway network monitoring was optimized to obtain LOS deformation velocity fields
and deformation time series of the study area. Field investigation data were further used to
verify the abnormal deformation zones, providing dynamic deformation information for
subsequent risk assessment.

(2) Provincial-scale hazard assessment models for landslides and ground collapse
were developed to address the difficulty of identifying the background hazard pattern of
expressway-related geological disasters at the regional scale. Considering the differences

in the formation mechanisms of the two hazard types, multiple influencing factors,
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including elevation, slope, curvature, SPI, TWI, rainfall, NDVI, road density, and river
density, were selected. Random Forest and XGBoost models were then applied to conduct
separate hazard modeling and comparative analysis, producing spatial risk maps of
landslides and ground collapse in Hunan Province and enabling provincial-scale
preliminary hazard screening along expressway corridors.

(3) A road-unit landslide risk assessment method integrating InSAR deformation
information was proposed to solve the problems that discrete monitoring points cannot be
directly used for road management and that conventional static risk assessment cannot
effectively reflect localized abnormal activity. Taking Changsha as the representative area,
road units of approximately 30 m x 30 m were constructed as the basic assessment objects,
and an adaptive search-radius method was proposed to extract road-unit-level InSAR
dynamic indicators. On this basis, the static landslide risk result was used as the baseline
risk value, and an entropy-weight-based dynamic risk index and dynamic correction
coefficient were established to enhance the comprehensive road-unit risk value. A typical
road landslide-collapse accident at Chashi Town, Hengnan County, was used for validation.
The results show that the coupled model generated a more continuous and concentrated
high-risk belt around the accident location, showing good agreement with the actual hazard
occurrence.

This thesis establishes a multi-scale technical framework spanning provincial-scale
background hazard identification, city-scale deformation monitoring, and road-unit-scale
dynamic correction, and realizes the effective integration of satellite InSAR-derived
dynamic deformation information with expressway hazard risk assessment. The proposed
method can provide technical support for hazard screening, priority inspection of critical
road sections, and safe operation management of expressways, and is of practical
significance for improving risk identification accuracy and monitoring capability in

expressway networks under complex geological conditions.

Key Words: Spaceborne InSAR; Small Baseline Subset Interferometry; road
network deformation monitoring; risk assessment; machine learning
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MR VI ERE (Surface Cutting Depth ): 1038 U1 #1778 B F 3R J53 350 Hi 2 455 I It 5
PR ph IR R L, @I R R S R m R R R
D =Z-Z_ (4.7)
X, ZAGHANTFEERE, ZninAE DN RIKEE. ZIEREK, R
DIEIE R, Bk s T e s T A RoE R
R 5 R %0 (Elevation Coefficient of Variation): 5y R85 Z 50 W Jaj 3 b
TR AR I SRR R, HRIA N

_o(2)
V== (4.8)

Ref, o()NEONEREHEZ, Z AE DR PSR, %I ER %
REP N 58 SUE R, T S AR 5 MR AE 2 A% R IX A 22 1) S o A2k

H35 (Landform): PR F T RAE XIS R TR AR L HAGFAE . AR
MBS AT S AN (] F0 42 5 2L 1 %A K STIE AR A AR PR B U o Ll
T WA AP JR S B e AR SRR AR e P . MR AR i R 3 R 7KVE B AR 55
D3 TAFAE AR 72 5, AT R 3BORT 1 6 ) TR i B A EE B A

(2) EFAENT

AR SFATFAE IR F I b 12 BRIV AR i 5 P i A\ R As R PR Y

WHAER .
H—ALFE g R 20 (NDVID): NDVIRJET#EGAR BIEE, W HARA:
npyr = MR- Red (4.9)
NIR+Red

A, NIR AL AN BT R, Red NA NI BUR ST % . NDVI [ WAE 1 78
MR AR R, &M A AT AR R, BHERERREAZ
7 N wb: 31 ) £ DI NE S ) B i A

PRV & (Rainfall): &R EXHERIE T 25 S EUE . A SCRHAZ 7
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B R A M NS B, e o R B 7K s AT IS ()P 2 34T
P= l Zn:R (4.10)
nio

X, PONEUERIENE, ngirh i B R . B A2 T 3 o 3 2 1) ik TR
T2z —, WEET NS KRNA VS B .
(3) 3K ¥
T HERA (Soil Type): HIEFRME T HHA A E, BT AR LK 509N
W2 5@, ANFEIRARR AR LIRS 123 R & PUEY 58 FE 55 7 A7 (E
ZE 5, XL B PR NS . R B S R B sh se
T B (River Density ): [t %5 B s B BR A7 THVRR N VAT AL KBS, i
BB LT 2):
L
D= @.11)
K, LARESGF R TN REKE, A ARG . T R,
KX BOKRZBKE, R KSR .
(4> NKiEFH T
TH K% FE (Road Density ): 18 B B ) B ERAT AR B %S KR, —fodid
BB LR AT
L

Droad = #ad (412)

X, L, NG RITNIE RS KT, 4 NG o 8% R,
T R TSI SO, 0 S5 A0 A T 2R 5 B P BBk 2%

(5) HFHIEHRWE 5 — 4

AT, SR FRIE T A FEEAR IR . MO s 3 PR 7 ) s R B RE T
Copernicus DEM##, HARMIE R Tl DEMG ARG . P, S, ik
7t R 04 T B B8, SPIMITWILE Arcgis - &8 id /K S0/ #r 5 g 8 &
HAF: EREE . KRERE . MR UIRIR LA AL S RO A G v 5 A
Frit&.

RAERBERTN A B FHEAT 7o — B e . BERFEAIMMS AL AL 3], H 4
— BAHE ) HE 5 N RIS, PURIE G SRR AR SR ICRINLAS 5 ) A — 8otk &
AR INK4 .45 K4 55K .
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43 SNEFHEXMERIEE M5

FENLES 2 ST R, 2 o0 [N 7 2 TR A AE B A R It i 22 B AR R PE G &
AR PEAEEEER . BIAIZRACR TR DL S5 BRI 22 55 i, LR AE
IR TR ZR, 2R HFE—DEMEBHRIRET R, AR A1 FE s & U
FE 5@ AR , A AT 0 ZEAE 1B AR A 25 52 00 A 1 2 TR (1 5Kk SR AT R S0 BT o
FT U, AR SCRAAMRIE T SIS WSS S 7%, W ik 2 I 1
BEATRESS, DAVPAS IR 7 UURAZEE, R8RS A A BN TR 1 g

43.1 tHXMDHEE

R R S R S B 2 T, 50 35 4B 5 B PR -2 1 R 36 0280,
ASCPFAEURIRE, SO d . ORI, KRS . SRV BIR AR R R
HEZ DA T B HDEMIRAER 2], a8 X ER&FME, (B E A
AR E A . 2B ARG BOEAE O, T B X S R T R
fE—ERE FEERIE THIEMAEGEE . BRI XGBoost %4 155 )
IR0 5 AH DG B BBUB AR T AR SR R MR, (HAE A AT R AR S P 56, {))
AT R T2 IR R, NIEEILG ot B F0 45 SR e e (it
WA -

AR R R A 9 280 (Pearson correlation coefficient) X34 25 7Y &2 0 [K] -1
Z BT PR S MEAH JC R RIEAT 70T o B2 JR b AH ¢ R EOH -1l B PR AN A8 = B A
B LRI SRIE, HLAes 0,

Do (5 =X - )

Vyy =
IR ST

Ab, x My SRR R R X SR Y B IR EE: xRy 5 51%
NP AR R I REAR B s nOARE AR s 1y N X 5ACRY [ BRI R R AL

B IR AR 56 R B BB S B R [—1,1] 0 2y > OB, ORI AR i B IEAROG,
B AN BRI 55— AR R AR BB TR iy < O, R 2E
AR, B AR R 5 — AR R BB TN 2 |y, | BRI,
O AR B 2 R (R 2 VAR DR RS 24 |y, | BRI O , I 58 ) — 2 2R AR SR 2
BRI, — M, <035, 03<|r|<0.5 HILEAAI, 0.5<]r]|<0.8 )y
SRS, |2 0.8 HRAH,

BEIR MR 9% 28 B 1 4 1 P AR B 2 TR P 2 156 R 12901, 3 ] % 2 A
MR 1 2 1A 75 B B R AR M e X — B B, AR SRR . WE S
RS P 2 1) R B A OG0, U Wk e R 7 2% i) _E W BB SR I 1 AHIE (3 )
REAE -

(4.13)
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TEEARAER b, AR SO S22 s PR 533 AT B2 JRIMAE DR 0 AT o 0T AR
e, PR, I AR, SPI. TWIL &R, ERE. HRE . HE)EIR
JZ. AR A, NDVIL i)y %5 5 A E B 25 S8 S IR 7, SR B R b Al o
RER B AR AR FE L) #4J7 B, DA VL 7R 25 PR 7 2 [R] PRI AH D 25 40 o 633 1)
bR LIRS T S B RO R B &, A BRI AR G BRI AE S HT . 3
e, MR R T B R R R O R PR RRAE , Dl S L BUE 1 R AR R S
7, ST IESS M 4 5245 e, # i aspect_sinflaspect_cos i NEL A B H S5
FHME AT o

RARIE 73 B 45 S B A ACRYE T SRR, A SO BT 58 B2 TR0 55 A G
RO B8 G MRS B, BENLIHELS000N B UG TCE NEEA, X S 4L R PR 1
AT B2 R R RS IS A DG #r, AT DA 9 AR R O R 2 U Rl 7
Z I REFEME R EREIR, NG LML Wil R 1R B S22 At

432 HZMDHGE

TE 56 U W ER 1~ P PR AE DS 2B J 3 7 3k — 22 I T 2% BRL 7 2 [ 2 15 A7 AE W
W 2 B M A . AH O A3 BT 3 R AN B (A e MEAH G REFE, T AE
RS, KB aeFn 52 R AEHEEME R R, BT 6
R FoA s+ R L AR . A Bl AR R 2, NPT e 3 Ar &
FEREE, WIS, FHiomf5s EmE 1o ra RriEwE. Kk,
FEIE AR AT, A 0 2 PN b AT SR 2R 12 W

AR 7 Z K AT (Variance Inflation Factor, VIF) X 3% 4L 4 52 mw K] 1 i3F
1T 2 BHILLME M. VIFRREABAERE: K- MR EARZRE, HRFEF
RN B BRI RNEBA, 202K 1 Re 78 2 KRR R b At Rl 3L [
AR XTI 1, HVIFE A1

1

1-R;

VIF, = (4.14)

A, RPNCLE A TR AR HRE TR A B AR B AT &R HIN 73
BIRIRE BB RUBUKR, TR T8 5 i S AR IR 7 ke, LT e & sz A5
2D, XN VIF AR .

MGt E L EE, VIFR&—ANTEEN KT, HTRIEE TR IH R
J5 ZE PRI ZME T A TBOR B RE FE3 Y VIF (BB R, 1 B A & 5 H AR AR & 2 [A) (145
BESHTE, TURMEEMG . 8 0 FArAE A B 2K 2 VIF <5
i, WAZEESHRTEZ MR EILENM; 15 <VIF <108, AN
fE— BRI VIF = 100, I@FE NIRRT, FELEETER
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Al -2 8 S

b 27 SR R TR SR gE — 25 23 i HOR B A6 Ak

AT R T AT VIF THE . XT3 R F, 25 8 A AR 1 A A
RRAE, et 4T IESZ AR 528 e, M aspect_sinfllaspect_cos i MESA &8 )5 5
IRVt IR, ISR AR B R T AN VIF T

FERARSZI b, ARSCEE T TR AL ) 5000 F UL TCREAS, 0 & 4 Al
SO DR 38 — G LR AR, IR S VIF R, DLW AR R 2
HILRMERRE . @ vIF o #r, AR E T RS AL T E IR AR
R Jig B2 R i e RS R AR R HR LA AR
433 tHXMIHER

M SR R 5 0 BR TP R R A O RO BE R B 45 R an B 4.6 BT s « AR
2R T 2 A RIFRE A SRR, HA HDEMIR A3 B 1B R 72
(A SGPE RO B, TR B . T8 B 2% BT DA K3 In) E R 72 78 B 5 FL A B 7 ) 42
PEAE SCHE A X 55

Elevation -l y
Slope

Plan Curvature - -0.

Profile Curvature - 0.

SPI- 032 011 029 -0.5
TWI- 03s 020 033 000 [ESEN]
Annual Rainfall - 037 0.09 020 021 020

Relief 100

0.44 LRl 0.38

H

-0.0

Roughness - 031 035 042 032

Cutting Dcpth 096 [EVEEREFTRMNGEEIN 055 EEM 098 091 1.00

Elevation CV - -033 034 013 021 017 031 003 031 027 028 K0

NDVI - 043 002 033 032 029 041 BOEAN 018 05

River Density - 021 -0.14 001 006  -009 015 006 -0.14 008 014 005 020

Road Density- -027 -028 008 017 -0.18 017 -0.14  -028 021 -028 003 -032 017

ASPECTﬁSiH— -0.00  -0.01 0.03 0.01 -0.01 000 -003 -000 000 000 -0.00 004 0.00  -0.00 n

ASpeCt cOs - 005 -0.06 -0.25 -0.05 -0.07 0.11 -0.03 -0.05 -0.02 -0.05 -0.05 0.13 0.02 0.01 -0.00 'IO
3 < & N NS s X A N . S KN
FI SIS FF IS IS8 8
O RS & & o & RN L S
< & O & ¢ & ARG s
N S R <
NS $ (O R
< q@ W

El4.6 ELERENE T E/REME R R A SIE
IR RAREE . HUBKIRERE . S MRV FR A i A 7 R A R T 2
TR DX SRR RIS E AR, IR E AT T2 1) IR A 5 58 A A B
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AR TR . RV RIR AR BRI — ek, X IR bR — B
LT e T XS S SRR

FASRAE I B B A SC P ade sz i A1 2 (8] R AE 58 4 ar, JEHE 2 M DEMIR
PR T R BRI R . X EIR U A TR R AR e R IS BUUAR
Blg.

434 HEMPRER

VIF 1H R R NKAI R SRR, ASES200 P 1 1 3L 4t K P47 7 B
ZR. Hr, HUEMIKSE. HOIERRE. YWE. RUIBRE. NDVI A TWI 1)
VIF 185 5)°59200.790. 128.661. 82.062. 62.586. 28.901F119.209, #JKF10, F
DL BRI 2 L2 mRE . PR SRR R RO SPL B VIF E 5 N
8.280+ 7.068 6.227F16.122, Ab-T-5~10[X [H], FIW Ay SERE B LR 1 5 5T il %

T PR RE L TR T DA AR IE RS2 AR R VIF AB /N T5, AEAE IR L A 1]
o
4.3 FWEF VIF T HER
PR A AR 73 AR VIF
P A RS T rough 200.790
MR relief 128.661
W slope 82.062
R D) FIR cut_depth 62.586
H— AL AR L ndvi 28.901
IR SR EL twi 19.209
A elev 8.280
o B rain 7.236
ST 2R plan_curv 7.068
TR T R elev_cv 6.227
S R/TREI B SE =E 1 spi 6.122
T 2R prof curv 3.552
T8 M road_density 1.493
I river_density 1.382
1Al cos aspect_cos 1.129
HeIF]_sin aspect_sin 1.006

MEERFE, VIF AR AR T 2R PP RN BB S MR bR
MEA 7 b, JCHGRRREE . AR BUEAMRUIRIREF T br . KRR
DX dehkts R 3SR AN T R FE R VIO, e Se it B 2L BRIk 4 vE A
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BB W ES Y. NDVI B VIF BB A R, i 55 A AR 5 2 (8] [H]
FEAEAERGR I T AR R R

R P SRR AR S R AR SPT I VIF (A AT KT, X AR B EAR
FAE—BILAR, HMARE B DT BRIFREE . BRI S 1A 1E AR 5%
R VIFERE, RPN HMAR R WAL, 755 AR I 2R+ Re i i
PEBRCAINT HIE B

435 REFRBER

MGETT R RT, A SCHTRE SR [R5 1 28 P i SEAFAE O B I (1) 22 L3R ARk
WG, JLHAEDEMIRAMIE R T Z BRI TR . #53& VIF &0 LA R ER
PAREARA AN AR B Z [ AE B U0 AR AEXE T 15k 3 XU PR I 5 520 B 5~ MY
AREASE ARG N AE S [Nt R AR 5 55 10 RSO B 1) L AR 0

HARM S, mfe B R R R S 57 SO RS m R, e
LR SR — 2 AT IR W R 22484 s R RE LR AE M R ARA T RERE ;3
ROVENARE S Wit K AR p A D) F5m I s R e 28 B0 M GE v 58 21 1 =3 1
AR NI . RE A ARG EAAERRA KR, HEN D HMAAFE
T B 1 SR BERF AL, £ 35 5 BRATLAR o B o BAT A R R 3 L 5 T
FNRER L RO SR i, ] R BUBR A R A MR A B R % I BE TR B

TWI R SPI B )& T /K SCH IS T, (T i B T RITIK, a3 (i 3 112
iR hsh 71, “EAERESORIE T BAANFEEM . NDVI DR o i 5k
RSt XA o, BRI VIF ARG, (H M R W] B8 I 9945 R A1 A 58 2% 1
125 RIERE

ARSCAERA AL M G IR LA 7 B At b, S Bk 1 TR R e 2 R b 2 RS AR 2 7
NICRIEFE e I 5, S 2 i 154> 32 100 R g RS KRS TP A PR 4%

44 SHREEERE XK

E 56 RS W PR - #4) d SR G MR 0 Al R 2 b, AR S — 20T F bl g 48 T 3k
F R PEAL o VIR T LR T S R R BT o T, R AR K R AR 2
WS HgEAR. KK MgE S & NS MR R F . ARE
Tt 20 1 3 3 A AE R SRR R 1 2 A ) B R AR 2R G &R, AR SR F B ML AR Ak
(Random Forest, RF) FltlkuithiEHEf (Extreme Gradient Boosting, XGBoost)
PR P ST R ot LU g AsE, R 2 T A3 [A) 38 G IE 285 SRR A VE R gk AT PEr o

4.4.1 RN TP AER A E
TE 58 RO S REA K RIS R -0 6 5, AN SCise— B T JE W R 44 R P 0
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B AR AR R . LD SR R AR S AR R AN GRA B, L2 I B A
TAERMNFFE, LIRS R A 2 (R RBLS OC &R, 25 25 (8] BT )
WK AEMER . HEORBRE RISy “ A dE—D T A—B A h—ME 5 5
7o B DL Z I EL R TN, DU S/ SRR ot e AR i ]
TCHIE YR EM .
BTN FEA BRI 1) 2R«
X, =(x,%,,X,,) (4.15)
A, mAEABTEE, xR BN REALE SR B 1 B BUE . XS N
R AFR 2L 9
v, €{0,1} (4.16)
Hrp, oy = IRORIERER, y; = 0RORARIFIAEA . RALYIZRI H AR 2 55 >
— R 2R 5 BR 2L
f(x)— P(y, =1x) (4.17)
% 18 B R T LB R A 2 (AR VA 2 R TR SRR E, AR G2t
e DL 78 3 20 A B R 2 T S 2 A EAE o BRI, AR SC I BBt AL b 1132)
(Random Forest, RF ) Fl#k w4 & £ 711351 (Extreme Gradient Boosting, XGBoost)
PR B ST T T s B s . PR IS g TR AR D7V, e A ik
M. 2. AFZRMERRIARE, (HHERVHI AR 2R BEILRRRH
AT Bagging A, JE it A4 G 22 HRAH ELBRST 1 U SRR FF AT FE SR AR R 58 A 2R
XGBoostK H # 17 Boosting A8, il il B4 M @Il S AT — R AR 22, A riE
TE R0 i 22139,
(1) BEALARAMAR Y J5 2
BENLARFRAE — Fh 5 T Bootstrap B RAT FH FE LA AE L 6 1 4R e 2% > FE 1300, 1
FEA BRI IENZFEAR T BRI 2 FHEARE, IFEFNFREARE
YNGR —BRRSE s EA T R A I R, ANt A R A e B R AR &
T117 A2 AN B ATL A P 38 23 AR A1 e a0 R 3 R ik, DASG i 2 (R 22 e ks e
T I 0 22 RN 1R 23 85 IR AT B, B AR AR B TN 25 R . Bk A 4.7

7N o
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55

N =~ N
\ N Y
\ / \
LR R 2 R RN
S LS e YN
BT
| medpmsg |

El4.7 BENARMEELEHIE
BEREHLARAR A S KRR, SRR IR A x (173 2845 RAC N by (x) »
WU B 28 73 FE G5 R AT R IR N »

H(x)=arg g{% ;I(h(x) =c) (4.18)

K, TOARTER S, 2RO EL, SINERO; ¢ NIMIbREE. #5 L “ )&
TP BRI, A B O A B ] KRN -

P(y=1x) =%2pk(x) (4.19)

X, p, () N RPN RE A& T B8 ) R 2R At T H A .

BEALARAR B FEARIAE =AT7 1. H—, it Bootstrap A A1 ATLRHIE
WA, A RERAC T BRI T A RS, S TR ARRE s LT, RREEAR
TF AL B 2 AV R R R RN B AR H =, BRI 58 B v
HARFEE M, e 2 F N R AR MK YE . DRk, BEVLARARER I TS T8 B
PR PPl X 2R 2 U R TR B 20 SR S A i b o ok TR 0 ) R

(2) XGBoost1¥: 7 J& F

XGBoostse: — P T4 BEHE -tk SR A e 1T K 1R 8 ke 2] Bk 7], H R AC K],
REIFAEFAT I ZR 2 BRANSLAR, T2 K F R AT IR A7 SRR R i DL siemt, A
B 110G HIT— FO AR 2R 1o A A R 1) 13 22 BOOR 22, AT AS 472 2 A A8 28 il i
HEFENH 4.8~ . SRR THREAR, XGBoost/d TiEfE 52T+ 45
F, SRR 2 [RIAEAE BT S MO 2R, e 2% H D A A T &5 SR i i A 3 m 4
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!4.8 XGBoostH AL E]
ﬁﬁﬂﬁﬁ%@%&ﬂ%ﬁ%ﬁﬁ%ﬁ%@ﬂﬁ%%:
=> fi(x), [, el (4.20)
A, f R AR AR, rt@ﬂm@ﬁ 8] X 53 F i RE, XGBoost
I Sk — AN TS 2, BB I Sigmoid B BOKs H AL O REAS &8 T 35 S8 00 A
K
Py, =1|x,) = m 4.21)
R, XGBoost5 A [F]#F AT LU H = 8] 52 e 9 3Ok AR MR, 9 DL i
I RS M2
XGBoost ] H 7 B £ 457 2K bR FORN T Ak 100 3[R 4 i t38), - R

Obj =Y 13,3+ 20) (4.22)

X W p) RS, TR HINME S RSHEZ M ZESR: Q)
NIENAGIT, T AR R R . X BRRR S, IENATHERE S

Nt
Qgg=ym+%z§p@ (4.23)
Jj=1

N, N BRI 5 8, wy S A9 s AL, y AA 3 D il
PR AT IR FE IR AL R 3. B I AE H AR e Berh 51N IE AL, XGBoostfE #2711
HRESIMIFIRS , REUEAT AL U & R

XGBoostH AT WI T RF s — 2 KA — BB BEAT —pir b AL R LAk H b ek 4L,

64



Bl S A7 S

PErm TR AR SR ARG FE s R 1 A TR W 25 A0 5 A R, B A AR
@k = RSCRRIIRAE . AT RIESERENAHLE], A B THem Az he

(3) BB 55 B0 00F SR s

AT 3 AR AS TR R 5], 7R3 3 R AR B I b, A ST AT Ji5 1 154 52 0 A
TAE RN T, DA/ AR JAs 2 1E o th 280, 43 Sl 4t 7 Bl AL AR AR AN
XGBoost# 7 . i FHREAE H BA B EN S LR, 25 R BRI 5
75 RN IR REE , 25 5y IR Gt AR 5 e A 7 2 [B) b o T 200 T = ik
PRASRERE o BRI, AR SR 23 [A) 29 B 28 OB IF SRS JHEAT 1S AL I 2R S 3R .

BIFF A0 X 23 ] B RS %6 78 5000 m, B BL5000m>5000m 7S [H] B AE Ay 73 4 B T o
b J5 SR F 54T 43 4158 XCBGAE 77 5, B TRl — 2= [ YRR AR TRl — e, AT ERAE I
SRAE 5 MRS AE 23 (8] _EARXI AL . W32 SUIGIESTECR S, 5 AT R
AR L I THENIRE, 29I REFXGBoostiFEAT I 2 5Tl . 1% 5 % Rets B &
SEH PP (SRR 2 AR 7, T AR DX A RURE g 4B IR VA3 1) S5 o 7 FH 75 3K

FEARBEEE b, ASCRH threshold = 0.5 B8 S AR 4oy — 432K
PR, RIS RE A BOR AR MR K T B EE T-0. 58 T 3, 75 W0 A 9 M 3. RIS
VPR R AE v UG X AR S R A T TR I e 70, K VR R I E T TOP1% TOP5%
HITOP10% =A™ i XU [X iy H 4845

442 FWERESETMN

DN 4 THT VR T 3RV B Y ) 23 A B, A SCR FIROC-AUC, PR-AUC
Precision. Recall. FIME PL R iy AU [X i o 248 S5 4 Broof BEATL AR AR AT X GBoostAR 1Y 3t
ITHE . XEEFRFR 7 BRI BE D ADEERUUNRE S 2P I DL
Tt RIS DX R AR 5 AN () 1 S A R P, 06 5 4 T e 787 0 S A Vi B XU
PG B A

(1) Precision. Recall 5F11H

FEZ 2Ry, WEAEGIEONTP, BRIEGIBONFP, RAABIECNFN, H 5]
HONTN. Horb, TPER IR SEPR i 35 HARRR R IE a9 T8 S A RE A S, FPR IR S
o S AE A R O T B R A B, PN S B T BB AR ) 9 AR T S R R A
Hr, TNZRZRSERR AR S B 00 E Do lE i S R RE A4 140,

K2 ( Precision ) RBEBITIN N IERMIFEA S, B ERME, H
P AT 1,

TP
TP+ FP
Precision 5y, Tt BRI B 1) g KU AR AR AT 5, iR ARk
HEE (Recall ) Fos A HSRIESBEA T, AR pl Dh il sl B R EE 1),
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