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[ 9] #8d, =53 Tud &9 A
(91 <)
s = Vea
%7 IS g=y VEs §
L e e 7 EA (A ==
(mm) A A A TE4 784 xad)
D700 m 971,555 1,689,000 1,706,151
D800 m 1,193,646 1,712,000 1,876,254
D900 m 1,285,919 1,856,000 2,100,165
D1000 m 1,316,187 2,018,000 2,624,908
D1100 m 1,420,793 2,312,000 2,940,649
D1200 m 1,491,875 2,377,000 3,131,289
50,000
D1350 m ~ 1,605,326 2,666,000 3,438,858
500,000
D1500 m 1,699,580 3,138,000 3,869,520
D1650 m 1,831,910 3,417,000 4,366,376
D1800 m 1,939,479 3,851,000 4,903,367
D2000 m 2,123,354 4,919,000 5,400,464
D2200 m 2,375,211 5,781,000 7,125,855
D2300 m 2,545,661 6,067,000 8,561,513
P, PR AL B AAuE TeE ngon W
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dolels +4ataich ele 20114 ol F Add 117 3o 2

DIA Year LI Soil Electronic Depth Load Pressure Accident Branch Indirect Corruption

0 1100 36 -2.09 17907 1.00 177 1.0 4.22 0.0 1.0 4873 I\
1 1100 36 -2.09 12252 100 185 1.0 4.22 0.0 0.0 4873 v
2 1100 36 -2.09 12252 035 247 10 4.22 0.0 1.0 4820 v
3 1100 36 -2.09 12252 100 278 1.0 4.22 0.0 7.0 41.68 v
4 1100 36 -2.09 12252 100 271 1.0 422 0.0 1.0 4820 v

FH3 dolH = rEAZF FE 107FA(FE (DIA), v A4=(Year),
FARAA(LD, EXFFEAA(Soil), A71¥2 55 (Electronic), w4zl
o] (Depth), wild ¢ *I(Load), W+ %= (Pressure), AFalo] = (Accident),

714 WX (Branch)9t 1+ 37 A4 (IN-Direct) & 117FA &S



FRstgor, APW G w=FH AFRFIR(I ~T5F
o o T
A AEAE, M~VES 49 AFddos 257), 4897 5
woll &k 27FA d"olel & FHstth 2 oy 7z SAFS
oe #e 2o
DIA year LI il Electronic pepth Load
pin. ¢ 600 Min. ;100 Min.  :-2.450 Win, oz 2373 Min.  :0.0000 Min. : 0.700 Min. 30,0000
Ist Qu.:1200 1st qQu.:11.00 1st Qu.:-1,420 1st Qu,: 8192 Ist Qu.:0.7000 1st Qu.: 2,100 1st Qu.:0.7000
Median 11650 Median :15.00 wedian :-0.980 wedian :12010 median :1.0000 Median : 2,590 Median :1,0000
Mean 1606 Mean ;21,38 Mean ;-1.154 Mean 12547 Mean :0.7983 Mean : 2,831 Mean ;0,864
3rd Qu.:2000  3rd Qu.:35.00  3rd Qu.:-0.850  3rd Qu.:15000  3rd Qu.i1.0000  3rd Qu.: 3,225 3rd Qu.:1.0000
Max. 2600 Max. 5100 Max. :-0,070 Max, 00478  Max. :1.0000 Max. 131,080 mMax. :1.0000
Prassure Accident granch Corruption
Min. ¢ 0,300 Min.  :0.000000. Min. 0.000  Length:787
1stqu.: 4,270 15t Qu.:0.000000 st qu.: 0.800 Class :character
Median : 5.070 Median :0.000000 Median : 2,160 Mode :character
Mean b 5784 Mean :0.001128 Mean 3,481
Ird Qu.: 7.100 3rd Qu.:0.000000 3rd Qu.: 2,950
Max. :16.800 Max. :0.338800 Max. 1333.330
"data.Trame”: 787 obs. of 11 wvariables:
§ DIa sodnt 1100 1100 1100 1100 1100 900 900 200 900 900 ...
£ vear vint 36 36 36 36 36 36 36 36 36 36
$:LI v onum  =2.09 -2,09 -2,.09 -2.09 -2.09 -2, 09 -2.09 -2.09 -2.08 -2.09 ...
£ soil oint 17907 12252 12252 12252 12252 12252 6597 6597 6597 6597 ...
§$ Electronfc:; mum 110,35111231111,..,
§ Depth youm 1.77 1.85 2.17 2.78 2,71 2,34 2,27 1,66 1.54 1,62 ...
§ Load :num1111111110"”<
§ Pressure ! num 4.22 4.22 4,22 4.22 4,22 4,27 4,22 4,22 4,22 4,22 ...
§ Accident ! num DDDDOOODOG,,,
% Branch hum L 01712268911 i
§ corruption: chr "IV" "IVT "IVT "IV
(1% 13] ¥4 dlolele] 7% A%
o) 2~ 2= 1 — P o)
ek, dlolE] FPe FHWER AMSHE AP 9 A
of gtafl FHo] 7hsstel T3] ATl = 787/ HolHE TR
- o - - -
ou, BAe AHE FFL AsiME ALH doE FHo] Aa

ok,
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3.2.5 A 7142 (Electronic)
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3.2.6 w|AdZ o] (Depth)
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3.2.7 == g (Load)
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3.2.8 W3} (Pressure)
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3.2.9 A1 o] ¥ (Accident)
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3.2.10 #7144 (Branch)

i)

grolth. A4

gk

}1\_]__

stof A

MAS/1kmz B2F

ol
TR

AN

ol

|5 AFolt

5}

= o
T

o Aol o
oFA g o] ol

ARz A}

=i
5

457}

N

]
+

T

7

o] H7] wjzel &7I

p—

;oT
A

AEZA Z718E]

13]]
EH

R A

T
L.

Wzl =3 A7olA

_48_



4w XS

% (Importance)
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288 SHHTE ZAH AT
Year L Year L)
DIA L Branch n
L L LI L
Soil n Soail L]
Branch Ll DIA L]
Electronic Depth L]
Pressure Pressure L]
Load L Electronic | ®
Depth L Load -
Accident |m Accident |m
I T T I T T T T T T T
0 50 100 150 200 0 50 100 150 200 250
MeanDecreaseAccuracy MeanDecreaseGini
I i I IV MeanDecreaseAccuracy MeanDecreaseGini
DIA 8.099393 19.841582 13.367168 42.560066 36. 442970 18.43300740
Year 221,377512 161.695133 97.137734 B86.425883 225, 280396 243.79613600
LI 19.192249 2B.771977 14.684307 31.403634 30. 387154 33.57178074
soil 5.261003 19.895150 6.135649 29.348407 29.799022 22.39018713
Electronic 8.008048 10.290405 19.049471 7.734729 18.982445 8.01512555
pepth 5.122735 16.407374 -3.133011 14.003409 10. 958206 15.95610357
Load 1.223088 6.585912 2.359597 13.620214 12..357125 3.24517119
Pressure 5.647116 13.085544 3.508263 19, 804954 18.489291 12.15053994
Accident 0.000000 1.000500 1.414726 0.000000 1.733186 0.04657205
Branch 8.159403 19.922680 17.898396 15.471989 25.132059 34.53159924
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o &3k
Confusion Matrix (Predicted)
True False 37}
.. . Sensitivity
True Positive False Negative
True (TP) (FN) =Recall
(TP/(TP+FN)
Palse False Positive True Negative Specificity
(FP) (TN) (TN/(TN+FP)
Actual Precision
(A A ) _ Negative Accuracy
7} Positive Predictive Value ( T(PTETJFI\’IF fF)é N
Predictive Value | (TN/(TN+FN) FN)
(TP/(TP+FP)

EAS A% 2 g S gy A" o 2o

dHxyg2E Rde tol¥ etn Bl & Defalutghs 4 -&3t
), qAPAG U = ot AlgReE Fl 200008 %83}
Aot TR dEEE "5 S (mtry)e 302 AAS oM,

24 Ax HHEFHSFE 1892 Fexth SVM Ede SVM

off
22
o

Types C-Classification®Z SVM-Kernel radial, Support vector
9] 4+ 338, COST 1, gammax 'scale’® thH& Defalutzts A&
39t XGBoost 22 max_depth 5, gamma 0, eta 0.3,
min-child-weight 12 Z}&}v 82 A" 31T}
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sgus Ad9 A34 4%

MEE AR dolE 10744 F Bexs
257} Be 5704 3B ANG w7, MEYE, EFRAA, b4
dol, WR8ZF 5 5744 %S EPAsE AT 2PSAL. o,
Sgus Ade] AYsAEA AFsAL. o2 A8 1P} Ho)
H 107H48 25 Sguse 4939 495 (Case Do SYAS

=2 7HAE AHEHS F9(Case 2)E vlwsle Bdo] X%o] g

w
r
ok
)
of%

g R g o5 A

=53 JNFUE AR g d5Z2A74E BEW BRE EddA
Case 13 Case27t A9 HId ZAAE zte Aoz 33T
AUCE 7|Fo2 A¥EY dPHIyg~E BEL 12
SVM 2d& 1.6%7t% &4, XGBoost Zd-2 0.1% 3t&ste =9
HE7F B2 Case 10] o] Agr g dFS vAA &= A
o= FA3A T

[ 17] Case® =58 AFRFAF o5 4% vl

T & AFEY2E SVM XGBoost

Case 1 98.73% 95.34% 97.46%

Accuracy Case 2 97.89% 97.03% 97.03%
Zel —0.84% +1.69% —0.43%

(2_1) . (9 . (9 . 0

Case 1 98.80% 95.60% 96.80%

AUC Case 2 97.60% 97.20% 97.80%
el —1.20% +1.60% +1.00%

(2_1) . (9 . (9 . 0
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4.3.2 AFH7L 5F U3 o= A3
ARG 7r T30l Ugh dSZ2HE BH Accuracyws &
2o oz FRFEHJoH, AUCE 7|Fo 2 HY SyHFE 42AS

Case29] A7} k7t Aedgo] e Aoz FAHIUT

M 57 B shel Bue 4ol $AHA gdgor], A
o] wre WFt ode] BEES /A mde] A%e Al
= ez AR,

[ 18] Case® AARAH7} 57 dF A5 Hlu
T & AIEY2E SVM XGBoost
Case 1 92.83% 83.33% 92.74%
Accuracy Case 2 92.83% 83.33% 92.74%
z}o] B B B
(2-1)
Case 1 97.08% 86.20% 93.28%
AUC Case 2 97.54% 91.50% 93.48%
3ol
+ + +
(2-1) 0.50% 5.30% 0.20%

7t Class® SensitivityS X PG IXYAE 2dS y|Fo g ME
EFAsS 42Z 3% (Casel 91.04% — Case2 88.06%,
—2.98%)3tR oy, Vw9 #FAHsS F(Casel 50.0% —
11.9%)8 As &0 & Aok £ A5 2dA

ste Aol AFEAE

T

=
T -
24P gl WS FoF PRDE HYAFE AAS A9
fex]
AA
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overall statistics

Accuracy : 0.9283
95% CI (0.8876, 0.9577)
No Information Rate : 0.3333
P-value [Aacc > NIR] : =< 2.2e-16
Kappa : 0.8989
Mcnemar's Test P-value NA
Statistics by Class:
Class: I Class: I Class: II Class: IV
Sensitivity 1.0000 1.0000 0.9104 0. 50000
specificity 1.0000 0. 9810 0.9412 0.98140
Pos Pred value 1.0000 0.9634 0.8592 0.73333
Neg Pred value 1. 0000 1. 3000 0.9639 0.95045
Prevalence 0.2911 0.3333 0. 2827 0.09283
Detection Rate 0.2911 0.3333 0.2574 0.04641
Detection Prevalence 0.2911 0. 3460 0.2996 0.06329
Balanced Accuracy 1.0000 0.9905 0.9258  0.74070

[28 28] Case 19 Overall Statistics

overall statistics
Accuracy : 0.9283
95% CI : (0.8876, 0.9577)
No Information Rate : 0.3333
P-value [Acc > NIR] : < 2.2e-16
Kappa : 0.8992
Mchnemar's Test P-value : NA
Statistics by Class:
class: I Class: I Class: I Class: IV
Sensitivity 1.0000 0. 9857 0. 8806 0. 61905
Specificity 1.0000 0.497a0 0.9529 0.97685
Pos Pred value 1.0000 0.9452 0. 8806 0.72222
MNeg Pred value 1.0000 0.9939 0.95329 0.96347
Prevalence 0.3333 0.2954 0.2827 0.08861
Detection Rate 0.3333 0.2911 0.2489 0.05485
Detection Prevalence 0.3333 0. 3080 0.2827 0. 07595
Balanced Accuracy 1.0000 0. 9809 0.9168 0.79795

[2¥ 29] Case 29 Overall Statistics
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441 AAXHZEE o] &3 =3 & MFAY AT dF

WHEZHZES o] &3 w5 MFAY AR dFoAe =
< A E A d5EdS 73 Confusion Matrixg ©]-&
slo] oAt&S Auum 2] Positive ClassE NEtiAoly, HAE
tol8 23770 % 53 & ALl v A 23279 o Sgho] AAleh dA
3tk &gk Training deolE el OOB estimate of error rate<
1.64% = Test HlolE19] error rate®} A o2 FEdo] 2443
HA FkEs AT+ A

rdo] A5HES 93l Confusion Matrix®} ROCE ©]&3 AUCE
2Hgetdth APE XY AREE o] &3 oS Rdo] Accuracy 97.89%,
AUC 9760%% BS%= e AFYE &7 REdds #4908 5+ dnh

Confusion Matrix and sStatistics

d

reference
Pprediction ZHEFCH& AISAHS
ZH2FCh AF B5 2
H=AE 3 147

Accuracy : 0.9789
95% CcI : (0.9515, 0.9931)

No Information Rate : 0. 6287
P-value [Acc > NIR] : <Ze-16
Kappa : 0.9547F

Mcnemar's Test P-value @ 1
sensitivity : 0.9659
specificity : 0. 9866
Pos Pred walue : 0.9770
Meg Pred walue : 0O.9B00
Prevalence : 0.3713
Detection Rate : 0.358B6
Detection Prevalence : 0.3671
Balanced Accuracy : 0.9762
"Positive” class : ZHEFCHA

[28 30] Confusion Matrix(RF_AF thAbed )
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A H ZH(Truth)
[29 31] Confusion Matrix2(RF_AFG /o] &)
RandomForest Model ROC(== 3 7fZF & 0o{ F)
o _foozm
Sens: 95.7%
Spec: 95.6%
w© | PN+ 2.3%
o PV- 2.0%
w
2 o
=
2
@ <
o
o4 // Varisble est  (se)
o 7| (ntercept) -3.750 (D.715)
predH£AE 7841 (0.923)
Model: Corruption ~ pred
g — Area under the curve: 0.976
T T T T T T
00 02 04 06 08 10
1-Specificity
[21832] ROC (RF_AFAHHZde] )
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4.2 SVMZ °]&% =F& AFAY A9 F A5

24l J5H5S ¢33l Confusion Matrix®} ROCE ©]
AR AEXE WEH wAES o83t oF Rdle]  Accuracy
97.03%, AUC 9720%= AL A+ AMFd &7 ZE29S g0
T Atk & ATl RFR I AEAEATE TS

27t =2 WHage

rlr
N
o
oft oy
fo

rUi

deld], a5t Qs w )
o el @ Aol v wr) wEel wF T NFAS] ol

H
d=shs AL oW Ry w2 FFEE Hola gt

Confusion Matrix and Statistics

rReference
prediction 7HE & HSAE
JHEFC Y 85 5
H=sAE 2 144

Accuracy : 0.9703

95% CI : (0.9398, 0.988)
No Information Rate : 0.6314
P-value [AcC = WIR] : <2e-16

Kappa : 0.9367

Mchnemar's Test P-value : 0.4497
Sensitivity : 0.977
Specificity : 0.9664

Pos Pred value : 0.9444

neg Pred value : 0.9863
Prevalence : 0.3686

Detection Rate : 0.3602
Detection Prevalence : 0.3814
Balanced Accuracy : 0.9717

‘positive’ class : 7Y EFCHA

[28 33] Confusion Matrix(SVM_AtG o) e 5-)
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Confusion Matrix_SVM

(=3 sjaiaole)

Ny At HASALS
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[2¥ 34] Confusion Matrix2(SVM_AFG thabod 3)

SVM Model ROC

(=]
- PO ",
— 55\) - =
Wil il
Sens: 96.6% o ~
© Spec: 97.7% A
5 < PV+: 5.6% -
V- 1.4%
o _
& o
>
2
0
5
i
@ (=]
o~ Variable est  (s.e)
o (Intercept) -2.833 (0.460)
pred2H&AHE 7110 (0.848)
Model. Corruption ~ pred2
Q Area under the curve: 0.972
o |~

I I f I f
0.2 0.4 0.6 08 1.0

1-Specificity

[2¥835] ROC (SVM_AtG e 5)
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4.4.3 XGBoostE o] &3

ndol MEHZFS 93 Confusion Matrix?} ROCE ©]&3F AUCE

23 Y. XGBoostE o] 83 o= mdle] Accuracyt  97.88%,

AUC 9780% = AIE U+ AU &7 Z29E IA 4 Aok
C

Posivive Class?]l 70 &4 7} Negative Classe! AlEALE RE 35

o)A mEA 97% e AHEES HAT 5 Utk o, BE wdo|
A AFNFLNE ASEOR 28 A9E 47 AgAE B2
F g #AFe] ol Aol s,

Confusion Matrix and statistics

reference
prediction AU HSAE
) Sy g5 2
HAsAE 3 146

Accuracy : 0.9788

95% CI : (0.9513, 0.9931)
No Information Rate : 0.6271
P-value [Acc = NIR] : =2e-16

kKappa : 0.9546

Mcnemar's Test P-value @ 1
Sensitivity : 0.9659
specificity : 0.9865

Pos Pred value : 0.9770

Neg Pred value : 0.9799
Prevalence : 0.3729

Detection Rate : 0.3602
Detection Prevalence : 0.3686
Balanced Accuracy : 0.9762
‘Positive” class : ZiZCi&

[2¥ 36] Confusion Matrix(XGBoost_ At th Ao &)
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XGBoost Confusion Matrix
Predicted vs Observed from Pipe Corruption dataset
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[2¥ 37] Confusion Matrix2(XGBoost_AFd thAded 1)

XGBoost Model ROC

S _ho3e
2
Sens: B3 0%
Spec: 97.7%
o _| PV+: 3.4%
= PV 1.4%
10 =
£ ©
=
i
72}
c
a < |
o
//
o4 Variable est (se)
o {Intercept) -3.344 (D.587)
pred_yHEALE 7634 (0.923)
Modet Corruption ~ pred_y
g - Area under the curve: 0.878
T T T I T T
00 02 04 06 08 10

1-Specificity

[712038] ROC (XGBoost_ At thA}e] &)
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15 AQH7t 5F A% 2

2 HolMe HAFB7 85 TEATE st =5E SREdS
37HAl darg]Es &8st EAst AT

451 AHEHXZEE o] & JHH} 57 d=

WHEH2ES o] §sto] AFA7E s5e d5stth. Confusion
MatrixE ©]|-&3}e] Traning o2 OOB estimate of error rate<
545% % Traning Hlo]¥ 55071 < 5207dolA AAgI o Sgho] 4A
st AL gl Aok 7t ClassE =2 A¥HH [ 552 ole&o]
Oea 1.834%, Mea 520%0.2 HluwA ash og&s H
ojlal o} AR, NVew 37.2%9] &S Holal o NVeao
2 dFasloy, AAge Mewd 457F 1919e= MsHdt vV
= Tk HaiA e 2o e A 2esk Zow ddEh

call:
randomForest{formula = df_trainfcorruption ~ ., data = df_train
Type of random forest: classification
Number of trees: 1000
Mo. of wvariables tried at each split: 5

00B estimate of error rate: 5.45%
confusion matrix:
I O IHIV class.error

I 185 o o 0  0.C00000000
I o 160 3 0 0.01840491
m o 2 143 6 0.05298013
v 5] g 19 32 0.37254902
[2™39] OOB error rate(RF_AAHH7} 53)
2do AsAZ=S 93l Confusion Matrix®}t ROCE o]&3F AUCE

ettt HEYAES o] &3 oS R Accuracy= 92.83%,
AUC 9754%= %49 J5e AdE A& a3 + vk 155
I Oew 719 100%°] o2& =2 EFdse] AR, Mea>
88.01%, 53], w9 Sensitivity7} 61.9%= Aol 2 &3t7] <34

= 8% Class®l Aol Bage o & ok
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Confusion Matrix and Statistics

reference
Prediction I I OI IV

™v

overall sStatistics

ACCUracy 0.9283
95% CI (0.8876, 0.9577)
Mo Information Rate 0. 3333
P-value [Aacc = NIR] < 2.2e-186
Kappa 0.8992
Mcnemar's Test P-value NA
statistics by Class:
Class: I Class: I Class: I Class: IV
Sensitivity 1. 0000 0. 9857 0. 8806 0. 61905
Speciticity 1. 0000 0.9760 0.9529 0.97/683
Pos Pred wvalue 1.0000 0.9452 0. BB0O6 0.72222
Neg Pred value 1.0000 0. 9939 0.9529 0.96347
Prevalence 0.3333 0. 2954 0. 2827 0.08861
Detection Rate 0.3333 0. 2911 0. 2489 0.05485%
Detection Prevalence 0.3333 0. 3080 0.2827 0.07595
Balanced Accuracy 1.0000 0. 9809 Q.9168 0.79795
[2940] Confusion Matrix(RF_&HH7} 5F
Confusion Matrix_RF
(A==t 53) .
® S e® oo
| . % ® .
v e g g : .
JPTEE X 006 o
— '0' ~’. %% o
G- = : %‘ e o
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@ . 5 .
| - ', 0‘ '.___ﬂ
= : . 0%
N || - . :
'Klr LT “‘ .. X ®
: :
I 5
.'-r"" ¥ v i
I ] 1] [\

_68_



}‘\l_

33.

sl

==
LN

45.2 SVMZ °]8% AHPH7t 57 d4F

MEE WY MAS ol gste] AP THS oS8kt

mdo] A5HFS $dl Confusion Matrix®t ROCE o]&3 AUCE
Aotdth AEXE WE wAES o]g3t oF HdEle] Accuracy™
33%, AUC 915% % AP xyg2E Hdo H| A= Aso] "Holx]
AL A8t 53], Vw9 wiridesol B%E w§ @& F

4
oli1, ®E (ClassolA] Sensitivity7} Yolxlow, X -9 Multi-

Class #FERNAE ALE WY vjaS 85he Ao] Yrjom

H43d Aoz ARSI,

Confusion Matrix and Statistics

Reference
Prediction I I II IV
I71 5 1 ©
I 862 4 0
oI o 1 54 13
v 0 1 6 B8

overall statistics
Accuracy : 0.8333
95% €1 : (0.7793, 0.B787)
Mo Information Rate : 0.3376
P-value [Acc = NIR] : < 2.2e-16
Kappa : 0.765

Mcnemar's Test P-wvalue : NA

Statistics by Class:

Class: I Class: O Class: I Class: IV

Sensitivity Q. 8987 0. E9B6 0. B308 0. 38095
specificity 0.9613 0.9273 0.9172 0.96714
Pos Pred value 0.9221 0. 8378 0.7941 0.53333
Neg Pred wvalue 0. 2490 0.9562 0.9337 0. 94064
Prevalence 0.3376 0. 2949 0.2778 0.08974
Detection Rate 0.3034 0. 2650 0. 2308 0.03415
Detection Prevalence 0.3291 0.3162 0. 2906 0.06410
Balanced Accuracy 0.9300 0.9129 0.8740 0.67404
[2¥ 42] Confusion Matrix(SVM_ZHH 7} 55
— 69 — j{'—\| -':..}-
o .I.I.I.

of &+ w



Confusion Matrix_SVM

(m=m7t =3)
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[l L . SIS e
& ® @ : &
s 1 5 A @
na || H ! @
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| 1| 1] v
Mx|2H(Truth)
[Z1¥ 43] Confusion Matrix2(SVM_FHH7} 5F)
SVM Model ROC
o ]
= Ir.gta = 0.078,__
PVZ: 12 5%
w
2z o]
=
g =
d < _|
o
Variable est (s.e)
(Intercept}) -2.471 (0.425)
o~ pred2 || 4581 (0.566)
o pred2lll 22037 (1304116}
pred2|¥ 22.037 (2776.674)
// Model: Corruption ~ pred2
g — Area under the curve: 0.915
T T T T I T
0.0 0.2 04 0.6 0.8 1.0
1-Specificity

[Z2¥44] ROC (SVM_HHB7t 55)
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4.5.3 XGBoostE ©] &3t o] &3 FJHHI TF dF

XGBoostE ©l-&ste] AHH7} sH5& A58t

2o Muer=S 98 Confusion Matrixe} ROCE o] &3 AUCE

Hgsklth. XGBoostE  ol&dk ¢S EHEe Accuracy

AUC 93.48%= #:H3

X
ATt XGBoostE o] 83 45 Ve a9 Sensitivity7} #

Hlal oF 86% WAE T06%% AMH AL FAL 5 ek

Confusion Matrix and statistics

Reference
Prediction I II I IV

Ooverall statistics
Accuracy : 0.9274
95% €T : (0.8862, 0.9571)
Mo Information Rate : 0.3376
P-value [Acc > NIR] : < 2.2e-16
Kappa : 0.B978

Mcnemar's Test P-value @ NA

statistics by Class:

Class: I Class: T Class: I C1

ass: IV

Sensitivity 1.0000 0.49710 0. B551 0.70588
specificity 1.0000 0. 9879 0.9636 0. 95853
Pos Pred value 1.0000 0.9710 0.9077 0.57143
Neg Pred value 1.0000 0.9879 0.9408 0.97653
Prevalence 0.3376 0. 2949 0.2949 0.07265
Detection Rate 0.3376 0. 2863 0.2521 0.05128
Detection Prevalence 0.33786 0. 2949 0.2778 0.08974
Balanced Accuracy 1.0000 0.9794 0. 9094 0.83220
[2¥ 45] Confusion Matrix(XGBoost_#H %37} 57)
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XGBoost Confusion Matrix
Predicted vs Observed from Pipe Corruption dataset
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[ 46] Confusion Matrix2(XGBoost_ AR H7} 53F)

453 AQHY7 57 45 2%

37HA daElEE ol&ste] AHRE} eue A5 2, ddx
g ~E S XGBoost BL'olA 92% ol AYEEE AT = U

(3 20] &7 <uElsd AFHHE7 55 d= A5
T 8 dAdFYHg2E SVM XGBoost
Accuracy 92.83% 83.33% 92.74%
2d9 AF AUC 97.54% 91.50% 93.48%
"3 A 9 A 2 A 9
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RandomForest Model Variable Imporatance
Sail = Sail =
DIA B sigma L
sigma u Pressure L
T L DIA u
Pressure |® T =
T T T T T T T T T T T
20 25 30 35 40 0 5 10 15 20 25
MeanDecreaseAccuracy MeanDecreaseGini
m IV MeanDecreaseAccuracy MeanDecreasecini
DIA 29.73273 23.533512 35. 04468 9.103519
soil 29.39208 32.44879 41, 01058 24.462698
sigma 40, 80750 -10. 50080 32. 06672 21.793688
T 27.86340 21.35430 31.93501 8.499837
Pressure 11.64813 12.60189 16.73383 13.530213
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AEE o] &3} Class I# Class IV o] &7

£ o] &3l Class MY Class IV 558 oS53
I A3 Accuracy = 90.80%, AUC 87.8%% A E At 53], Class IV

R (Neg Pred Value)7} 8182%% @dHQlth S9i5s 4497}

A QR 248, o]l

Multi-Class #72] 61.9% thH] 2F 209 o]/ ke A

Confusion Matrix and statistics

reference

Prediction II IV
Im 61 4
IV 4 18

Accuracy : 0.908
95% cI : (0.8268,

No Information Rate : 0.7471

P-value [Acc > NIR] : 0.0001353

Kappa : 0.7566

Mcnemar's Test P-value 1. 0000000
sensitivity : 0.9385
specificity : 0.8182

Pos Pred value 0.9385

Neg Pred value 0.B8182

Prevalence 0.7471

Detection Rate 0.7011

Detection Prevalence : 0.7471

Balanced Aaccuracy : 0.8783
"positive’ Class I

0.9585)

[2¥ 49] Confusion Matrix(RF_ZFHH7} 1, V5+)
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Confusion Matrix_RF
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[21¥8 50] Confusion Matrix2(RF_ZHH7} I, V5&)

RandomForest Model ROC(=7H4H7 52 Class Ill, Iv)

|
fa =0
@ | -~
o
Sens: 81.6%
Spec: 93.8%
PV+ 6.2%
= g = V- 18.2%
=
=
‘@
@
;. |
G A
o4 Variable est (&)
o (Intercept) -2.725 (D.516)
predl¥ 4279 (0756)
/ Modet Corruption ~ pred
g = o Area under the curve: 0.878
T T T T T T
0.0 0.2 0.4 06 0.8 1.0
1-Specificity

[Z2¥ 51] ROC (RF_FAH7} I, V5F)
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4.6.3 XGBoostE ©] €3t Class M Class IV o] B F

XGBoostE ©]-&sto] Class ¥ Class IV 55+ oS3ttt

1 A3} Accuracy© 75.58%, AUC 645% % AP Y HAE Hdof H]
3 Agw=e AUC B5F Ytk Class IV 59 #5F(Neg Pred Value)7}
Multi-Class &+2] 57.1% thH] oF 1526 o] stetaldTt.

53], Newo® dFstsion, A=
ARl AP AL FokEg o] Qdele] & = Stk Wi R MeH o= o3

sto, AAls VeH HIERE 50%= =of dubajel el Aol

rr
=|
olrt
ro
e
o
o,
Q1
N
X
ft
o,
r

Confusion Matrix and Statistics

Reference
Prediction IDI IV
IT 56 9
v 12 9

Accuracy : 0.7558

95% CI : {0.6513, 0.842)
No Information Rate : 0.7907
P-value [acc > NIR] : 0.8243

Kappa : 0.3048

Mcnemar 's Test P-Value 0.6625
sensitivity : 0.8235
specificity : 0.5000

Pos Pred value : 0.8615

Neg Pred value : 0.4286

Prevalence : 0.7907

Detection Rate : 0.6512

Detection Prevalence : 0.7558

Balanced accuracy : 0.6618
"Positive’ Class I

[2™ 52] Confusion Matrix(XGBoost_ZHH 7} I, IV5&F
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0| =z (Predicted)

<

XGBoost Confusion Matrix
Predicted vs Observed from Pipe Corruption dataset
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[2™ 53] Confusion Matrix2(XGBoost_ZHH7} I, N5F)

Sensitivity

1.0

08

086

04

02

00

XGBoost Model ROC (=T =7t 55 Class 11, Iv)

L

Ir.eta = 0178,

1-Specificity

Sens: 42.9%

Spec: 86.

PV« 1¥56%

2 50.0% Variable est [(se)

(Intercept} -1.540 (0.318)
pred_yl¥  1.540 [0.559)
Model: Corruption ~ pred_y
Area under the curve: 0645

T T T T T

0.0 0.2 0.4 0.6 0.8 1.0

[1¥ 54] ROC (XGBoost_Z&AH7} I, VEF
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Abstract

A Study on Prediction of
Aging Evaluation Grade of Water

Supply Pipeline Using Machine-l eaming
Jong Ho, LEE
Graduate School of Engineering Practice

Seoul National University

As of 2019, the water supply rate in Korea was about
99.3%, and water supply services are available in most areas of
the country. The number of aging pipelines has gradually
increased to 79.461km, which is 34.8% of the total pipelines, and is
expected to continue increasing over time.

Aging water supply infrastructure can lead to water quality
problems such as interruption of water supply due to broken
supply pipes, red water due to scales and corrosion problems
inside the water supply system, and the distrust of water supply
system.

Therefore, It is necessary to provide stable water supply
service by improving aging water supply pipelines in a timely

manner.
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A necessary procedure for the improvement of aging water
pipeline is Deterioration evaluation. Deterioration evaluation is
divided into indirect evaluation and direct evaluation. Indirect
evaluation i1s to predict the aging state of pipelines based on
operating factors and Direct evaluation is to directly measure the
degree of corrosion inside and outside the pipe by cutting or
excavating the pipe.

However, the current indirect and direct evaluation methods
have limitations, such as data representativeness, differences in
evaluation grades, risks in the investigation process, and risk of
interruption of water supply.

The purpose of this study is to predict the aging evaluation
grade of water supply pipeline using machine learning without
direct investigation process. As a result of the study, it is possible
to predict the aging evaluation grade of water supply pipeline with
an accuracy of 92.83%. It is expected that the results of this study
will be applied to actual projects to improve the effectiveness of
the project and to solve interruption of water supply and safety

problems.

keywords : Deterioration evaluation, Indirect evaluation, Direct
evaluation, Machine learning, Prediction of the aging evaluation
grade

Student Number : 2021-20316
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