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Development of Warning Model for Predicting Landslides
Based on Downscaling Method of Remote Sensing Products
of Soil Moisture and QPESUMS Rainfall Data(3/3)

Abstract

In the past, early warning of landslides disaster was usually based on
accumulated rainfall and rainfall intensity. However, the occurrence of
landslides is not only induced by rainfall, but also affected by the amount
of soil moisture. The observation of soil moisture in Taiwan is rarely and
it is difficult to understand the distribution of regional soil moisture. It will
be time-consuming and cost-consuming to get wide range of real-time soil
moisture with widely distribute monitoring sensor. Hence, the study
proposes a remote sensing skill to estimate the of regional soil moisture
instead of building soil moisture sensors widely. The study develops an
novel mechanism of early warning of landslides disaster according to
investigate the relationship between soil moisture and landslides
occurrence, and rainfall forecast. The novel early warning system improves
accuracy of landslides prediction and gain more time for people evacuation
to ensure the safety of people's lives and property. Moreover, it also
reduces effectively the cost of soil moisture monitoring equipment
deployment.

This project spans three years, and the current year marks the third
year of the plan. A comprehensive framework for landslide susceptibility
analysis has been established, providing methods for hydrological hazard
assessment and geoenvironmental vulnerability assessment. Logistic
regression and random forest models have been employed to create

landslide susceptibility analysis models, serving as crucial references for
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soil erosion disaster early warnings. The hydrological hazard analysis
results indicate that landslides are prone to occur in intervals such as 12-
hour cumulative rainfall > 500mm, 24, 36, and 48-hour cumulative rainfall
> 600mm, 12-hour average soil moisture content 20%~30%, 24-hour
average soil moisture content 20%~30%, 36-hour average soil moisture
content 30%~40%, and 48-hour average soil moisture content 30%40%.
Geoenvironmental vulnerability analysis results show that landslides are
more likely to occur in elevation ranges of 10001500 meters, with a six-
degree slope, geological formations such as the Datongshan Formation,
Sihlan Sandstone, Kanchiao Formation, and Lushan Formation, and
distances from water systems ranging from 500 meters to 750 meters.
Considering different scenarios based on hydrological hazard assessment,
geoenvironmental vulnerability, and landslide susceptibility analysis
models, twelve schemes were devised. The analysis results suggest that
incorporating soil moisture information into hydrological hazard
assessment performs slightly better than not including it. Using "Landslide
Ratio Geoenvironmental Vulnerability” is superior to using "Water
Conservation Bureau Geoenvironmental Vulnerability." Furthermore, the
"Random Forest" model outperforms the "Logistic Regression™ model,
with the importance of landslide susceptibility features ranked as rainfall,
soil moisture content, and elevation, respectively.

Keywords: Remote sensing, Soil moisture content, Downscaling,

landslide susceptibility
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i
Rl
[E¥S

4 46 LightGBM B /F ™ & R332 %@ % sc i

LR BB IR |\ HRE | VRAE | REBEAE
¥ %48k | ¥ | Rmse |Rmse | &% t4#ic | & 2 i%d#k
T+1 0.99 0.99 0.53 0.56 0.99 0.99
T+2 0.99 0.99 0.76 0.81 0.99 0.99
T+3 0.99 0.99 0.79 0.73 0.99 0.99
T+4 0.99 0.99 0.78 0.72 0.99 0.99
T+5 0.99 0.99 0.78 0.70 0.99 0.99
T+6 0.99 0.99 0.75 0.72 0.99 0.99
T+7 0.99 0.99 0.79 0.71 0.99 0.99
T+8 0.99 0.99 0.78 0.74 0.99 0.99
T+9 0.99 0.99 0.80 0.77 0.99 0.99
T+10 0.99 0.99 0.81 0.75 0.99 0.99
T+11 0.99 0.99 0.77 0.65 0.99 0.99
T+12 0.99 0.99 0.80 0.75 0.99 0.99
T+13 0.99 0.99 0.82 0.83 0.99 0.99
T+14 0.99 0.99 0.81 0.70 0.99 0.99
T+15 0.99 0.99 0.83 0.78 0.99 0.99
T+16 0.99 0.99 0.79 0.74 0.99 0.99
T+17 0.99 0.99 0.82 0.78 0.99 0.99
T+18 0.99 0.99 0.83 0.72 0.99 0.99
T+19 0.99 0.99 0.84 0.79 0.99 0.99
T+20 0.99 0.99 0.85 0.80 0.99 0.99
T+21 0.99 0.99 0.83 0.81 0.99 0.99
T+22 0.99 0.99 0.84 0.74 0.99 0.99
T+23 0.99 0.99 0.83 0.74 0.99 0.99
T+24 0.99 0.99 0.84 0.77 0.99 0.99
T+25 0.99 0.99 0.85 0.81 0.99 0.99
T+26 0.99 0.99 0.89 0.74 0.99 0.99
T+27 0.99 0.99 0.90 0.84 0.99 0.99
T+28 0.99 0.99 0.87 0.82 0.99 0.99
T+29 0.99 0.99 0.89 0.78 0.99 0.99
T+30 0.99 0.99 0.93 0.88 0.99 0.99
T+31 0.99 0.99 0.89 0.80 0.99 0.99
T+32 0.99 0.99 0.91 0.79 0.99 0.99
T+33 0.99 0.99 0.92 0.81 0.99 0.99
T+34 0.99 0.99 0.89 0.87 0.99 0.99
T+35 0.99 0.99 0.88 0.70 0.99 0.99
T+36 0.99 0.99 0.88 0.82 0.99 0.99

4-10




Fed HErIpUT ke pI R

LR BB IR | HRE | VRAE | REBEAE

¥ %48k | T_t4# | Rmse |Rmse | &% t4#ic | & 2 i%d#k
T+37 0.99 0.99 0.87 0.81 0.99 0.99
T+38 0.99 0.99 0.91 0.80 0.99 0.99
T+39 0.99 0.99 0.91 0.94 0.99 0.99
T+40 0.99 0.99 0.91 0.88 0.99 0.99
T+41 0.99 0.99 0.88 0.81 0.99 0.99
T+42 0.99 0.99 0.90 0.81 0.99 0.99
T+43 0.99 0.99 0.93 0.90 0.99 0.99
T+44 0.99 0.99 0.92 0.78 0.99 0.99
T+45 0.99 0.99 0.93 0.88 0.99 0.99
T+46 0.99 0.99 0.91 0.90 0.99 0.99
T+47 0.99 0.99 0.93 0.92 0.99 0.99
T+48 0.99 0.99 0.93 0.90 0.99 0.99
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RMSE

all R 5 K B8 58 S 4 3 Bl (RMSE)
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#7 Z 1L ;2 (Frequency Ratio Method, FR)# &% d Lee §+ Talib(2005)#
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FAT O PRETEFEIZEHIFAHE I LT R AKRR LT 2
BEFABE LT BT g o 2D EAR RO E B
F) TR G R D 2 g b T B %k 2 f%(Lee {- Talib(2005),
Lee §= Sambath(2006), Lee §= Pradhan(2007)) o #-3 3= 1 7) 3 & 4p B F]
FALIBRA I FERE DAL G A SRR GHEFEER
AR B RG o MBI AT F ERRF LI EFR) AT
S
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e RFe /B
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BLERI KRR 22 QPESUMS & # Flad = s ¥ T 95 E 151 (3/3)

(=)24 R fptEa £

AEABERF O FEERFLFIEFR) AT RS

e d4-8 0 4524 ) B R AR R R 4 2T600MML P -
(2)36 I FEfEAE

AR BERF O FEERFLFIEFR) AT RS

Aed4-9 0 54 5036 B R A R R S 2T600MML P -
()48 | PR f s £

REF BREFEERFLFIEFR) AFRET

dr# 4-10 > #3545 v 480 pE R fE R A § 4 1 600mm 2 F

A RBE 12 PE 24 5 - 36/ PEZ 48 ) BF > 2 T a4

i@-:‘ﬁ*’;é"l\i “10@5‘35(410%_ 7 % & E‘&)’;J‘-y@r%
FR2ZAEZILEFR) AR ETA0R411 2GR E R
20%~30%FFFRE « »°1 5 348 At R o
(B)24 | ot 7k E
BAE T RELLZI0BRE(FL0%- BRERF) 5 &
BRI ILEFR) A S S A 4024120 2 RE R

20%~30%FFFRE ~ *1 5 SHILIFF AL B o

C)36 | p5 T 451 5 -k B
(C)36 -] 7 kE

4-14



e &

R IR MRS TN

BT LEALZIOB R (F10%- BREBRF) 5 E
FRZAEFILEFR) ) AR T Ac£ 413 2 okE A
30%~40%FFFRE ~ *v1 » #3h4F3 at F /o

(D)48 | p=L 321 3 5 K £

B2 ZAELZI0OB®RE(F10%- BREF) FH 2
BRI EFR) AT R FETFA0L414 TG RE B
30%~40%PFFRE < *v1 » S 3h4F4f a gt F 7 o

%47 B 12/ 0FRHFERE
e A
AEEIE R |G A (KM 386 4 (Km)|GZ % F 3% 6 f/| GZ%F o/ |FR
EEETED) )
<200 | 598.46 0.00 0.00 0.49 0.00
200~300| 136.11 0.00 0.00 0.11 0.00
*# & £ |300~400| 161.35 0.00 0.00 0.13 0.00
400~500, 196.81 | 0.061975 0.14 0.16 0.86
>500 | 12759 | 0.386500 0.86 0.10 8.24
%48 B 24 FERHFERE
A AR
SRR 5 AR (KMY)| 8 3% 6 4 (Km?)| GZ% #8356 f#/ |GZ% T f#/| FR
B G 1) B )
<200 | 392.03 0.00 0.00 032 ]0.00
200~300| 196.52 0.00 0.00 0.16  ]0.00
. [300~400] 97.10 0.00 0.00 0.08  ]0.00
ELE:
" |400~500] 135.36 0.00 0.00 011  ]0.00
500~600| 195.33 0.00 0.00 0.16  ]0.00
>600 | 203.98 | 0.448475 1.00 017  |5.98
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BLERIEFRE LA E 2 QPESUMS & § Tl 2 ¢ ¢ ¢ 3 5 454 (313)
%49 236/ FRfERE
A A
AEEIE R |5 (Km?)| 335 6 fF(Km?)| 2% F #3856 f#/ |(GZ% F 6 f#/| FR
B G ) B )
<200 | 293.56 0.00 0.00 0.24 0.00
200~300| 228.48 0.00 0.00 0.19 0.00
. _|300-400] 133.12 0.00 0.00 0.11 0.00
R 400~500| 107.56 0.00 0.00 0.09 0.00
500~600| 176.97 0.001650 0.004 0.15 0.03
>600 | 280.63 0.448475 0.996 0.23 4.33
%410 B+ 48 R fFERE
A Aa
A KT B H A (Km?)| &35 5 fF (Km?)| GZ% #4356 #/ (2% F o #/|FR
BN G ) 5 )

<200 | 250.65 0.00 0.00 0.21 0.00
200~300| 208.29 0.00 0.00 0.17 0.00
. |300-400| 162.90 0.00 0.00 0.13 0.00
R 400~500| 89.98 0.00 0.00 0.07 0.00
500~600| 129.66 0.00 0.00 0.11 0.00
>600 | 378.85 0.453725 1.00 0.31 3.22
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v

R IR MRS TN

%411 12 pTintgykE

A+ AR
A UEIE B B (Km?)| 835 6 4% (Km?)|GZ % & 835 5 /|2 % F o ##/] FR
B G ) B )
>10% 24.25 0.000000 0.00 0.02  ]0.00
10%~20% |  1.00 0.000000 0.00 0.00  ]0.00
20%~30% | 773.90 0.448475 1.00 0.63 1.58
30%~40% | 242.40 0.000000 0.00 0.20  ]0.00
3| 40%~50% | 102.89 0.000000 0.00 0.08  ]0.00
5 g g [20%~60% | 5541 0.000000 0.00 0.05  ]0.00
# > 60%~70%| 1.00 0.000000 0.00 0.00  ]0.00
70%~80% | 11.86 0.000000 0.00 0.01  ]0.00
80%~90% |  2.00 0.000000 0.00 0.00  |0.00
90%~100%| 5.54 0.000000 0.00 0.00  ]0.00
% 4-12 24 )Lt g7k E
A 3 At
A HEIE P B A (Km?) 835 6 4 (Km?)|GZ % 7 #35 5 /(2% F 5 #/| FR
B G ) o Ai)
>10% 24.25 0.000000 0.00 0.02  ]0.00
10%~20% |  1.00 0.000000 0.00 0.00  ]0.00
20%~30% | 725.62 0.448475 1.00 0.59 1.68
30%~40% | 284.67 0.000000 0.00 0.23  ]0.00
3| 40%~50% | 100.89 0.000000 0.00 0.08  ]0.00
5 op g 20%~60%| 6341 0.000000 0.00 0.05  ]0.00
F > 60%~70%| 1.00 0.000000 0.00 0.00  ]0.00
70%~80% | 11.86 0.000000 0.00 0.01  ]0.00
80%~90% |  2.00 0.000000 0.00 0.00  ]0.00
90%~100%|  5.54 0.000000 0.00 0.00  ]0.00
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Rl s kBT B2 22 QPESUMS & £ 3t = ¥ £ 2 55 82 (303)

% 413 36/ pETialEE kP

A= AR
A HEIE P % A% (Km?)| 3 3% 5 4 (Km)| (2% B #3855 /G2 % & #/| FR
MG ) B F)
>10% 24.25 0.000000 0.00 0.02 0.00
10%~20% | 0.00 0.000000 0.00 0.00 0.00
20%~30% | 209.07 0.000000 0.00 0.17 0.00
30%~40% | 787.50 0.450125 1.00 0.65 1.55
23 | 40%~50% | 122.59 0.000000 0.00 0.10 0.00
v = | 50%~60% | 56.44 0.000000 0.00 0.05 0.00
=160%~70%| 3.00 0.000000 0.00 0.00 0.00
70%~80% | 9.86 0.000000 0.00 0.01 0.00
80%~90% | 7.54 0.000000 0.00 0.01 0.00
90%~100%| 0.00 0.000000 0.00 0.00 0.00
% 4-14 48/ T I E Tk E
A= AR
A 4FTE & Ak (Km?)| 238 5 ff (Km?)| (6% % & #3% 5 44/|G% % 5 #£/| FR
BAHL G AF) Boo A7)
>10% 24.25 0.000000 0.00 0.02 0.00
10%~20% |  0.00 0.000000 0.00 0.00 0.00
20%~30% | 85.90 0.000000 0.00 0.07 0.00
30%~40% | 894.48 0.453725 1.00 0.73 1.36
# | 40%~50% | 127.80 0.000000 0.00 0.10 0.00
%k £(50%~60% | 67.50 0.000000 0.00 0.06 0.00
60%~70% | 5.91 0.000000 0.00 0.00 0.00
70%~80% | 7.86 0.000000 0.00 0.01 0.00
80%~90% | 6.54 0.000000 0.00 0.01 0.00
90%~100%| 0.00 0.000000 0.00 0.00 0.00
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peimpld g kB R 22 QPESUMS & § Foptad = sl ¢ IE BHIE5N (3/3)

$TF HEIBHUIHBEBRAK

ﬁ‘\lji‘%é’iﬁﬁi}iﬁ’i’r BB R ¥ AR R EE R

BRARR ¥ *RAEBER B B F R LIRSS TS
o & #35 p &2 M E 2 % &4 50k 2 (Frequency Ratio Method, FR)

-8 kEFHIREIBAR
Fidr % A (019) A A K M3 EFe #3%G 5 RpH > 1" R
{ HIEER T G Mg A S o RAe 2 BB AR o 21 QPE
P (247 A& 1.3kmx1.3km) z E ~ > #-> 4 ~ 2] 5 21,000 & QPE
12kt 2] 2006~2022 F R M P AR A 0 Tk E ERFTARA B4R
EF @R Gl G A o B R A (A WA £ et 2006~2022 #
B e 3% o B2 In(B A2 Hb G f4)2 THE (u) 2 B L (o)
P uiE - BoRkemEQPERRRZIEHE R > MEL D N BE BB R
AEENP P BN FEEBRIBAT BAK AT FRZE Y
33 B o1 4B 5-1 -
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https://246.ardswc.gov.tw/DisasterApplication/fancyBox_WebCourse?num=270
https://246.ardswc.gov.tw/DisasterApplication/fancyBox_WebCourse?num=270

EuY
I~y

Hel

Hye 2T e 28R A4

- O asmCEs
#3755/ _QPEARE BN (1.3km*1.3km)
W EREE
L PEBE
; \ PEHEE
0 ARSE
® 5-1
A~ A% |
Fo8 B
AT

- mﬁﬂﬁﬁﬁi‘?
kRFRE2Z B 2RI (3R E M)
%33R Fl+

3 f—é 21l —\ FIE YT
F-HRBEH v

B~ BEOR HIEBLE F]G 0F Lo
AREEH P pedigg 72 20m*20mie R DEM R 5 T ig - 9
* ArcGIS#: %8 3D Analysisz_sloperZ % aspect# it & 78 & 2 L w >
TRk A R RRE Y - L Z0f 0 MR A L BE o A
= % 7 4 [B]5-2~F§]5-4 o
- N % %‘ﬁ»
PR P Lt A R AeR5-547 %

=



%-

SEERIE S REE IR 22 QPESUMS & £ FlsE = B ¥ 3 I EH N (313)

=~ FECK kR
Pk TR g ok KRBT 0 X ERE A 47 5 (near
analysis) iz 3* e Fo5E-K GBS > 1ok B A ¢ Rt A L5 RE
A B G pEHE-R R 250mp ~ 2502 500mp ~ 500 % 750mp ~ 750 %
1000mp 2 4z:H1000m2 ¢k F 3 > & 7.8 5% 7 4o B]5-6 -

SRS G

1 500m~1000m
11000m~1500m
I 1500m ~2000m
I 2000m ~2500m
I 2500m~3000m
" >3000m

W52 €I asr+H
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LRl H s kB E R 22 QPESUMS & B Tl = My 3 51 545 (3/3)

3

i

CapsCEs |
i il
13 200 | ¢l RRE
7 . 3 ol B
. i L BiEER
MR RD 2
DO KERAE
e we, I ATLE
7 j wel/ N\ g
=) ' ‘ / -EmE
= N E
e

e

i 1)

S T

W55 i=€5me FawEH

y COezscse
COxa

EREK R

<250m
00 250m~500m
B 500m~750m
I 750m ~1000m
Il >1000m

TR kR AT

W 5-6 i=@ #m-K % AL



FIF HEIHUTH2RBELIT

S8 PIRBATFIIHEFLLIFAE

()% 2
BB AR ST RE(F10%- BEHBEF) 228 2 B2
W E(FR) > A4 % % 740 & 51 HW 4 HF 03 M
1000~1500 2 & pt F F¥ o
(z )3 R
MHBEA LA BRA(FLI%N- BERERF) 8 L RF L
AW E(FR) > 4755 % 7 40 £ 5-2 0 #3433 302 Byl o
(=)8»
Hows b4 Bags > 35 Lapul 5 E(FR) A 47%
% 4r£5-30 HBEFF AL b o
(z )+

b ’Eﬁ‘/,,\ LN BEEE L g 2 fE w2 4F L@

(FR) > & 47
S orArA 54 HBmEFR A LE e BHE Rk 2R
Sk o

(I )BE-k kB

MEOK KEEMEA AT BRAE O B LRI B(FR)

A5 % T de 255 0 #4E 4 IRk 55002 2 ~750%
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SEHR My okEE RS 22 QPESUMS & £ Tl 2 sk 4 3

T EHE (313)

% 5-1 BAF]F FREALSFFR

« s B, . ) ) NE} s

S DI | s (57 % 0 M50 5 f3 5 M5 5 78) GRraglasg) | o
<500 7.250 0.000 0.000 0.006 0.000
500~1000 | 154.350 0.037 0.082 0.126 0.651
1000~1500 | 334.452 0.415 0.914 0.274 3.335
% 42 | 1500~2000 |  310.049 0.002 0.004 0.254 0.014
2000-2500 | 236510 0.000 0.000 0.194 0.000
2500~3000 | 144,674 0.000 0.000 0.119 0.000
>3000 33.014 0.000 0.000 0.027 0.000

452 BATFST FREAT FR
— -
L KETE P & #% (Km?) | #3% 6 f (Km?) (5 ;" %;/%H 55 1) G ; ; Ia5 ) FR

<5(- 5H) 23,673 0.000 0.000 1.940 0.000

5-15(= ) 156.376 0.004 0.793 12.815 0.062

15-30(= #4.) 312.710 0.003 0.617 25,627 0.024

AR ao(e s) 174,519 0.000 0.000 14.302 0.000

40~55(7 ) 202,520 0.011 2.424 16,597 0.146

S55(= i) 350.442 0.436 96.165 28.719 3.348
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£53 #% %3 FREATHFR

kY
14
Hels

M TR e BHA A

A BE5E P G (KM | #3855 # (Km?) o :\;/gﬂﬂ s | @ne f; 15 ) FR

T 0.002 0.000 0.000 0.000 0.000

A 145.977 0.026 5.703 11.963 0.477

x At 138.574 0.000 0.000 11.357 0.000

% 142.284 0.002 0.364 11.661 0.031

g L3 151.687 0.412 90.716 12.431 7.297
% 149.470 0.000 0.000 12.250 0.000

& % 173.487 0.000 0.000 14.218 0.000

& 158.540 0.000 0.000 12.993 0.000

& A 160.172 0.015 3.218 13.127 0.245
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SEHR My okEE RS 22 QPESUMS & £ Tl 2 sk 4 3

T EHE (313)

4 54 ¥ FFT FREAT FR

AN

R

LG RO | BEE KM | pama s | GREE AR R) | D
an s 0.004 2579 0.000 0.000 0.211
I 61.958 3.673 0.000 0.000 0.300
B 0.165 99.109 0.000 0.000 8.108
| gk 153.310 2.969 0.000 0.000 0.243
a  EE 15.413 168.214 0.000 0.000 13.761
5 4k 32,147 9.565 0.000 0.000 0.782
ik 59.977 216.495 0.031 6.920 17.710
Lk 110,657 719.822 0.422 93.080 58.885

% 5-5 JE#-k X F1F FREL F iR
N A

A BEIE & A% (Km?) | #3% 6 f (Km?) T 5 A 5 5 ) G2 B 6 405 ) FR
<250 384.576 0.095 20.833 31.514 0.661
250~500 285,677 0.006 1422 23.410 0.061
sEdik i | 500~750 214388 0.350 77.084 17.568 4.388
750~1000 147.915 0.003 0.661 12.121 0.055
>1000 187.767 0.000 0.000 15.387 0.000

5-9







Frd B IPLTBFHER

AETEH R FTREEBEBREFHE R LT ML ER
?%’ﬁﬁﬁﬁﬁﬂﬁﬁﬁﬁﬁﬁ%?%ﬁ%%%i&iﬁﬁﬁ
(logistic regression) se2+ 7] #F » 7n 0~ % UE S AARIF B E BT A T 0

EORG A 47 IR AR 4o B 6-1 0 Wp doT

HEFELTHIA

¥

FHEE R

hd

e 3P

hd

BABER

R PR S £ PCA X g i #F

ki

B iasEEids

T A ME T L AiE

¥

WA REITE

Y

A RE

hd

THALEARB L RE

W 6-1 B3 228 T &8 FP R
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© B2 QPESUMS & £ Fles = 3 {2 3 85 (3/3)

$o & REEEL A TH

R EE S AL P RRE ke A2
Rl H S FMMER AT K- AL ARk AT RE K IR
i

B3R ZPH FEHEBESERIEE A B Ac& 6-1 0
261 HBFERAVFIFFRLEL RE- T2
S RRP
> ?% ﬁ;}*:l
WP ke 2R BB R AT
1 . LS I
A § PR e BAE BB - FER kBRI
2 ¥ R R
3 BEArw iF
A $ Kif%p < 9555 & QPE % -
ndll - ) SEH A
s | aﬁ+4ggLﬂugf¢bé\$ﬁ\ﬂﬁ»&&k?%$&¢gwﬁﬁ
6 R I R
7 B v if
AR+ G kR KEEFE 2 EHAE QPERE -

8 i - " SEH A
; TR &ijff
B4 R o

n %?\ﬂé\$ﬁ‘ﬂ&‘E$$E$3iTH}
11| 7 . B 2w
FE+IEZRE ”
12 LS i
Fo% TgEhgd
T ERBPN i lic 223,058,088 5 H ¢ g4 ML 12554 -

#3544l 3,056,833 &
FA A E o ¥ RBERA BT U

) Bk 2

Bt A 16 5enm g o 0 1S

AR EHEE -

oversampling (#E#%#& ) f-undersampling ( = $# ) = f&> i -

— ~

&ﬁﬁg:
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AL A SR AR SRR (RO AL 0 T A
BoAl R AR (A Bl E RS c ARET URBI O
P FARE

hA R EARY o B Bapwandf A Sl ¥ Ad AR A
it e FHRABE D TRV OLWEERS F BEER A R
BEAD L Sk

Wt o 08 o 4 Sl ¥ 5 2 ~ 2% (Binary Cross-

Entropy ) » 407 ;¢ :

1N
_szgyhgum%n+{1—y0'bm1—p0®D

A p(y) s #8g 5 1emi s ~ 1—p(y) 5 # 5 5 06 5 o
AR E RE R F B A e e E A en g e - 4R
Ko AR EARE o B ) ﬁfﬁﬁ*iﬁl’ﬁm’*“f% AT R A o
EFERY Y VR GRAEIRABREI D ERDFLEL
MBI RFEFTEBDEE o ¥ FRIAL DI AEL R
* ¥ o FiiEEE & (overfitting » B & iF % P SRR P g e
s #E R Ay Rl AL 0 (e bk BB enlicdh ) 4
AL ) F AR -
= ~ Oversampling (i #k )
Oversampling £_if i 3 4v * Bl W ek A @ R T frlicdp & -
TV M EIA G RF R 2 W EHE KR - SMOTE
( Synthetic Minority Over-sampling Technique ) % - %38 +% & &
B ? SERER R AR A LS S 0 B Pl T
fre ¥ § FREHME P FHIER T o
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[l

IEE: T © B %2 QPESUMS & § Fifdad = it 3 ¢ % 9F #4050 (3/3)

i
(_E;}»

L
[

= ~ Undersampling ( © ##)
Undersampling #_id i > 5 #oag W) ek A #cg kT il B o
TV M ERE TR S BN R A R R e T ERRT B
SE LR AR P BT R A - B FR S Pt R
EEEH -
AT LTI LA T L AT AL R B
BESZ TN AR AELERE S 2 KT R o

FZ & EBREvLZIERR
A G 80 YlchEE A VTR E 0 Bots 20% 1T SRR E o DR E B
E_ DR B Y A cnlidy  RIRE R ALY RS TR A9
Boae o UAEGRA AT SR Y A A > A R E IR AL
W ehdicdy 0 FlE iR R LRI HA R R e
AT E R R BREERF AN 0 U M B H & (overfitting
L ) iy Bty L 2B 0 ek LB el b A TRARL) R
FEFSEE Y HOA L 5 24 as i iv (generalization ability A dp 1
A EATESR O e 4 ) 0 T HREEBEAIEN T 33T o AL H
K 472 = sz (K-fold Cross-Validation » 8] 6-2) » #3"RE A 5 %
B+ REHI G VR eRE > F R A a3 RIS KRE
H

Hepd LIP3V E o Befd > 973 Bldg s T oEa d w ik

FHA LR KREF T AR P F AR S AP HLE
A BREa ko AP A A Pl B AR AE S ]
RFHCA S G ORI ) B AT A L il B9 A

SR o
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FARAE I RT HBELTE

DI D2 D3 D4 D5 D6 D7 D8 D9 =) @R

D1 D2 D3 D4 D5 D6 D7 D8 - D10 - AElER E2

Mt

LN ) AR E10

T &R ¢ https:/reurl.cc/K3RK09

W 6-2 k-fold 2 &4 F
Fr & HIARNFTR
Ay o Egr i (Accuracy ) ~ 2w & (Recall) ~ Hrm i
(Precision) ~F1 %~ # (F1-Score) -~ ROC # #t ( Receiver Operating
Characteristic) ~ AUC-ROC ( Area Under the ROC Curve) £ 2 ¥ & &
TR PR B (S R R ACE B R TR & AR B ok
o HZ KA

-~ REER
3SR RS SRR S EE RS 3
R B AR o TS

TP+TN
TP+TN+ FP+FN

H e » TP (True Positives) 5 A% Fx > 2 Mk AL A 57 5

Accuracy =
# 3% 5 TN (True Negatives) % A 25 7z > ® SR A4 o 2 5 2L 3
3 5 FP (False Positives) = 4 #f453E > ® 2L 34 o 3 5 3 3%

FN (False Negatives) Z A~ $g45f > #3hAL o 5 5 2L 335 o
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https://reurl.cc/K3Rk09

2 RS ;22 QPESUMS & £ 34l = 3 1 2 78 8 55 (303)

S HEFER
WA R AR A TR R B AR > ok |
ik & )I}Ea?llj'ﬁ?x ll}jﬁ*ﬂ°$#ﬁﬁ’l’°\‘x‘ﬁvr%'ﬁ.(gﬁ’§ﬂ:¥%)E?‘?’

Rl etk &0 > FIRLBE A B o de

el R TR RN

VR L ) 6F

s ;\A .
brecicion — TP
recision = TP + FP

A TR A A (r2Rdian) pr o R R An 0T R
sIEE R AP C FELIIEE I B o 4o U

brecision — TN
recision = TN + FN

Z v F
%.W"_.T q,\';f j\fg.rﬂ -‘*‘J:[I ]’EIE-‘F%'E‘ (%g‘g&%) 1

’5'1"? =xlt e jl?-i? IAE T R lﬁ:jfp’fﬁ ° gjﬁ TR A
TR A UL R

et o ek B

LEATHE
Bt () g w5

BE] S HEME Tt B o 4o G0
Recall = — &
el = TP ¥ FN

FhRASM B (TANR) B e F LR EL LR

otk ? o BRI AR S B B o ke T R
Recall = — N
= TN+ FP

z ~ Fle #c

BRE O HEATL T FEA Bl ¥ 2 7407 - A
F R Bgh el T o R T - B iR FL-A B0 FLA ot
Rz w S anfetion . v RET FE Y B oh g @
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$A R HE IR LT HEBESTER

FafmARfrrr FHEY - Bagikn LARY - B o AT
T S R

B 2 X Precision X Recall

Precision + Recall

(gt #1 7 T2 43 %) (True Positive Rate » TPR » % fL£ 7 w
F) BEBESF (A TR H% 5 ) (False Positive Rate >
FPR) 2 R ehig iwhd % » TPREZFPR2 ;4 4e o

TP

TPR = Recall = TP+ FN

FPR = ——
TN + FP

4ok ROC # st = b & WHT > 27 035 ) RS SR LS

fri MBS o B - B - A o do% o REIT
A (ASRE ) BT i A7 A iR FRiE- e
3@_ o

= ~ AUC-ROC

AUC-ROCHROCY % T o f > & - B * 30t i v en
¥ L4ptk - AUC-ROCHd= Flil % 205512 B » EAX4R3T14 7
PR e A%dF o
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i
Rl
[E¥S
(]

Rl sk BE R 22 QPESUMS & B Faled = g3 T 37 8 H554(3/3)

= N BPY R
BV ¥ RBT O REF YRR AR 4 AP e e
it o BV ¥RV U F MmO LT ERE S THE R A
AR I R B AN BV R Y AT R - 3%
DB RS AT T R F B

I8 N HRECG
ST AR ALY Bagging s S F Y 22 0 F e Ui R
37 Fe 0 Bootstrap A& o jiA 4 2 B LG LB R
6-3 o T A RAPIERIS R RS ERE B8 12 S B R g AR
TR e ¥R AR U o o M AT NBET D 2
T2 SRR AP % (% UL R AR
S PR R D AE B SGEARY o S SR Y R R
th- B3 B o SfEFF AR iRt BN RER . B s &
Mood SRR Y 7 e S B0 FlU R BRARRT G S
MM AL A RDFE R E- BRSO IR

CEACE R R RS AN R EREKE T BIER > )
BA IR MR E R ACH R B R R o F P B AR R AR b
P EAcE BT R e fRkon] R A TR G E
ﬁ’jﬁﬁﬁﬂéﬁ%?éwﬁw%%&°

RS R R LG - R o R SRR AR
T R S Wl R T AR BB R B e B
FRGETEEFTREE DI EAERE - A X s 247 (PCA) &2 R
) o

/1"'
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R SR Ry o

Recognition Process

Test Set
|
e || Classification
Subset S1  H Decis|1c_)1n LL Result C1

SubsetS1  |l»| Decision Tree [ Classification

T2 Result C2 \
Training - Voting
Sets [ Randamization Result
il ey | -
SubsetS1  |1»| Decision Tree ||| Classification
T3 Result C3
SubsetS1 > Dec;s!?; o | Classification /
Training Process Result C4

kL kR : https://doi.org/10.1007/978-3-030-03146-6_86
W 6-3 T HHASEEFFE
R TN 2 s
B Ay ﬁﬁﬁ% ARG FEE T2 ALFERSBELY
i NRES 7% B4R 6-4 - B SR A s b o
B E 2w &p’f,v & #* T g & logistic Ok iE - _i’gﬁhjﬁ%l g E
( Tolles & Meurer, 2016 )

1

logistic function = ——
8 1+e~
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peimpld g kB R 22 QPESUMS & § Foptad = sl ¢ IE BHIE5N (3/3)

Iz s LA PEAR S Logistic Function TR R

W 6-4 R Arie FOE N
FRBEE G aAp R R(ERML) FATRILA R FEF AT

PCA 2 = & & 45 (Principal components analysis) & — f&# 4% * X f2;+
£ i PCA A& A 2117 I 2 g k- kAT A M
RETPEP|EEFREER > KA R E - AT PR EEDE
B 3 A Ap B g AL S A 24 (Principal Components) - i&- i 4%
TR A R AR P KT R R Y AR T
£ ‘;ﬁ'ﬂ,f 3 %é&?gm  F OB EdR OT AR TR e Kf ERMER
%3 E «fr}}l;ﬁﬁ”’ AR A SR 3§
Kaiser R » A% g & F FHE <3 E3 1 (FRE S
Lok 5 % ¥ AT IRF chd &

“
0
St
A=
by
“

»
Ak
e

3\
A
i

p.

&

.. )

4

A
).

H
—

-3\

&

»
&
e

o

AR AR AR R i T0%S 80%1 L - A ARY Y Ak

F- 8 HBBEAERA R
FTEARKT BT R VB RE MR A PTG L =y

Eofrt o ik E RS R R TR 620 T A H iR k0

=

MFER h o A0 FRF Y 0.9 MR MR AT AR RS 0 L
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BLF

BB 3T MR

Hrly

£

b ehp 3o F T RARGEH G M oA 2 ARG R A
Bor ook TR THEAIEIRE TRARTAE 2 E K
FIVE o B v B RERY TR B R | R TRRE S

BR ) ARG SITHESHEY TR A R RS A

N

FENMIAW®m > BRI CBARGER D R APRBALET
Lo SN o RE SRR PR TR BH L4y

FAEAR o B AL BERE D LA ek F Lrw FOap M

s &L o SRR
* %L -ROC= % 4rBl6-5%71 > Bl® & ¢ 7ROCW #pLE =
P APAUCEL 2P Al ~ AR EEY 24Py 1 > £
FORALFEMR o A R RAEHEL FIOHSET c BY 4 M
T AcB6-6 0 F T AV R B o f 0% L A5G A i
oo WAl g A fril it i 4 R ET §Fe BikE & e
P A E TR FHEREAEERPRINE 2 FF 5 2GR
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Bl KBRS 22 QPESUMS & £ T = s &

okd

T E 05 (313)

264 19BIXDPNE
S | A | id | AF [ A | aF | A | AF | A | AE | A | Ad | aF | i [ A | i [ ad | i | as | i
11 A1 | A2 | 23| »~4 | 5 | 26 | A7 | 28 | 29 | 210 | ~#11 | 412 | 413 | 414 | 215 | 216 | ~17 | »~ 18 | 4 19
¥
joi# | -0.051 | 0.052 | 0.305 | 0.02 | -0.029 | -0.356 | 0.331 | -0.212 | -0.41 | 0.085 | -0.071 | 0.114 | 0.301 | 0.133 | -0.004 | 0.034 | -0.033 | -0.048 | 0.004
%
¥ -
5
jagp | 0003 | 0023 | 0.073 | 0.029 | 0.019 | 0.058 | -0124 | -0081 | 0.078 | 0.131 | -0.035 | 0.01L | 0.005 | -0009 | 0184 | -0.082 | 047 | 039 | -0.052
}’%
W
»# | -0061 | 0.021 | 0272 | 0.007 | 0.019 | 0.323 | -0.128 | 0.476 | 0.115 | 0.06 | 0.115 | -0.089 | -0.236 | 0.098 | -0.388 | 0.043 | -0.141 | -0.073 | 0.004
7
¥
o | 0001 | -0.033 | -0.026 | -0.019 | -0.016 | -0.039 | 0.094 | 0.176 | -0.062 | -0.089 | 0.005 | 0.042 | 0.031 | 0.017 | -0.038 | -0.033 | 0.141 | 0.616 | -0.101
#
-
“fi | -0.048 | 0.015 | 0.139 | -002 | -0.041 | -0.18 | 0.061 | 0.3 | 0.44 | -0.388 | -0.04 | -0.131 | -0.158 | -0.405 | 0.388 | -0.118 | 0.097 | 0.02 | 0.003
.ly}éi
w -
K4 | 0095 | -0.05 | -0504 | -0.012 | 0.037 | 0.166 | -0.234 | -0.273 | 0.006 | 0.161 | 0.006 | 0.031 | 0.004 | 0.036 | 0.062 | 0.004 | -0.075 | 0.028 | -0.008
K
W -
joi# | -0.051 | 0.052 | 0.305 | 0.02 | -0.029 | -0.356 | 0.331 | -0.212 | -0.41 | 0.085 | -0.071 | 0.114 | 0.301 | 0.133 | -0.004 | 0.034 | -0.033 | -0.048 | 0.004
%
oy
‘o
N 4 | 0003 | 0023 | 0073 | 0.029 | 0.019 | 0.058 | -0124 | -0081 | 0078 | 031 | -0.035 | 0.0LL | 0.095 | -0000 | 0184 | -0032 | 047 | 039 | -0.052
é’i
W -
»# | -0061 | 0.021 | 0272 | 0.007 | 0.019 | 0.323 | -0.128 | 0.476 | 0.115 | 0.06 | 0.115 | -0.089 | -0.236 | 0.098 | -0.388 | 0.043 | -0.141 | -0.073 | 0.004
7
b -
f; -0.001 | -0.033 | -0.026 | -0.019 | -0.016 | -0.039 | 0.094 | 0.176 | -0.062 | -0.089 | 0.005 | 0.042 | 0.031 | 0.017 | -0.038 | -0.033 | 0.141 | 0.616 | -0.101
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B 2 g T ARSI

*}
NE
Hele

11 A1 w2 K] w4 s 5 & 6 w1 ~ 8 s 9 10 | #11 | #12 | »13 | » 14 | » 15 | »~ 16 | » 17 | » 18 | » 19

b

<1 -0.048 | 0.015 | 0.139 | -0.02 | -0.041 | -0.18 | 0.061 0.03 0.44 | -0.388 | -0.04 | -0.131 | -0.158 | -0.405 | 0.388 | -0.118 | 0.097 0.02 0.003

Jg b 0.095 | -0.05 | -0.504 | -0.012 | 0.037 | 0.166 | -0.234 | -0.273 | 0.006 | 0.161 | 0.006 | 0.031 | 0.004 | 0.036 | 0.062 | 0.004 | -0.075 | 0.028 | -0.008

o -0.004 | 0.003 | 0.043 | -0.052 | -0.087 | -0.234 | 0.011 | -0.337 | 0.059 -02 | -0.162 | 0.38 | -0.575 | 0.016 | -0.266 | -0.018 | -0.074 | -0.003 | -0.001

-0.012 | 0.007 | 0.054 | -0.099 | -0.118 | -0.066 | 0.122 | 0.237 | 0.313 | 0.602 | -0.46 | 0.069 | 0.107 | -0.094 | 0.129 | -0.034 | -0.055 | -0.071 | 0.016

0.002 | -0.002 | -0.021 | -0.138 | 0.054 0.27 0.024 | -0.137 | -0.095 | 0.044 | 0.003 | 0.134 | 0.135 | -0.365 | -0.467 | -0.144 | 0.452 0.02 0.018

7

0.016 | -0.009 | 0.002 | -0.167 | -0.044 | 0.117 | -0.121 | -0.046 | -0.27 | -0.286 | -0.437 | -0.62 | -0.015 | 0.216 0.04 0.056 | 0.004 | 0.029 | -0.008

- B 0.004 | -0.004 | 0.029 | -0.051 | -0.195 | 0.554 | 0.523 | -0.223 | 0.086 | -0.127 | -0.038 0 0.074 | -0.081 | 0.069 | 0.035 | -0.118 | -0.04 | -0.008

= % | 0.005 | -0.008 | 0.027 | -0.505 | 0.532 | -0.21 | -0.166 | 0.067 | -0.037 | 0.032 | 0.011 | 0.009 | 0.008 | -0.062 | 0.002 | -0.009 | -0.021 | -0.024 | 0.001

=% | -0.003 | 0.004 | -0.002 | 0.233 | -0.617 | -0.149 | -0.393 | 0.122 | -0.214 | 0.034 | -0.014 | 0.038 | 0.003 | -0.143 | -0.014 | -0.053 | 0.038 | -0.003 | 0.003

z % | -0.005 | 0.008 | -0.008 | 0.148 | 0.013 | -0.066 | 0.151 | -0.091 | 0.327 | 0.079 | 0.079 | -0.076 | -0.098 | 0.662 | -0.068 | -0.372 | 0.199 | 0.071 | 0.042

i % | -0.006 | 0.007 | -0.015 | 0.169 | 0.071 | -0.053 | 0.104 | -0.029 | 0.135 | 0.071 | 0.003 | -0.013 | -0.117 | 0.038 | -0.044 | 0.848 | 0.091 | 0.166 | -0.095

HR-
- % | -0.002 0 -0.08 | 0.424 | 0306 | 0.019 | 0.096 | 0.077 | -0.091 | -0.086 | -0.026 | -0.002 | 0.065 | -0.21 | 0.027 | -0.205 | -0.142 | -0.093 | 0.035

BEK 0.049 | -0.083 | -0.147 | -0.137 | -0.121 | -0.218 | 0.34 0.264 | -0.034 | -0.034 | 0.014 | -0.023 | 0.054 | -0.066 | -0.175 | -0.045 | -0.157 | 0.08 | -0.003
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GEERIIEFREER RS 22 QPESUMS & & Fiflad = o & I 3 7F B 750 (3/3)

- % | oaa S S S 3 A S ERES S S ERES ERES S S S ERES ERES S S ERES
11 | ) A3 a4 5 A6 a7 8 A9 | 210 | A 11| 212 | ~13 | A 14 | »15 | ~ 16 | »~ 17 | »~ 18 | » 19
& BE

3

f’fl‘ 0.229 | -0.221 | -0.395 | -0.085 | -0.081 | -0.1 | 0.114 | 0.099 | 0.033 | -0.022 | 0.011 | -0.018 | -0.011 | 0.008 | -0.03 | 0.018 | 0.019 | -0.033 | 0.003
fﬁ 0.228 | -0.221 | -0.396 | -0.086 | -0.082 | -0.101 | 0.117 0.1 0.032 | -0.026 | 0.012 | -0.019 | -0.014 | 0.007 | -0.033 | 0.018 | 0.008 | -0.041 | 0.005
12 /)

P | <0357 | 0.22 | -0.261 | -0.038 | -0.022 | -0.015 | 0.021 | 0.023 | -0.009 | -0.015 | -0.001 | 0.002 | -0.003 | 0.018 | -0.013 | 0.008 | 0.022 | -0.005 | 0.001
w

24 )

pErs | -0.375 | 0.229 | -0.21 | -0.047 | -0.029 | -0.026 | 0.046 | 0.055 | -0.003 | -0.022 0 -0.006 | -0.001 | 0.007 | -0.024 | 0.003 | 0.004 | 0.002 | 0.001
36 I

pErs | -0.378 | 0.234 | -0.188 | -0.045 | -0.029 | -0.036 | 0.053 | 0.048 | -0.006 | -0.025 | -0.002 | -0.005 | 0.005 | 0.002 | -0.017 | 0.001 | 0.004 | 0.002 0
48 -

P | -0.379 | 0.232 | -0.179 | -0.048 | -0.031 | -0.035 | 0.057 | 0.061 | -0.003 | -0.026 | -0.001 | -0.008 | 0.003 | 0.002 | -0.023 0 0 0.003 0
&

12 /)

1

;‘f“g 0.293 | 0.398 | -0.038 | -0.01 | -0.006 | -0.005 | 0.016 | 0.033 | 0.004 | -0.013 | 0.002 0 -0.01 | -0.002 | -0.005 | 0.001 | 0.013 | -0.004 0
'k

24 |

4

;:2 0.289 | 0.404 | -0.029 | -0.009 | -0.006 | -0.006 | 0.018 | 0.033 | 0.001 | -0.012 | 0.002 0 -0.008 | -0.001 | -0.007 | 0.002 | 0.01 | -0.004 0
ok

36 /)

1

g; 0.277 | 0.417 | -0.03 | -0.011 | -0.006 | -0.009 | 0.018 | 0.025 | 0.004 | -0.01 | 0.001 | -0.002 | -0.008 | -0.005 | -0.004 0 0.003 | -0.005 0
#

K

48 -

e

;f% 0.261 | 0.423 | -0.026 | -0.012 | -0.007 | -0.014 | 0.023 | 0.021 | 0.001 | -0.006 | 0.002 | -0.002 | -0.006 | -0.006 | -0.005 0 -0.004 | -0.007 | -0.001
k
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