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Abstract As an interest in the development of artificial intelligence(Al) technology in the water supply
sector increases, we have developed an Al algorithm that can predict improvement decision-making
ratings through repetitive learning using the data of pipe condition evaluation results, and present the
most reliable prediction model through a verification process. We have developed the algorithm that
can predict pipe ratings by pre-processing 12 indirect evaluation items based on the 2020 Han River
Basin's basic plan and applying the Al algorithm to update weighting factors through backpropagation.
This method ensured that the concordance rate between the direct evaluation result value and the
calculated result value through repetitive learning and verification was more than 90%. As a result of
the algorithm accuracy verification process, it was confirmed that all water pipe type data were evenly
distributed, and the more learning data, the higher prediction accuracy. If data from all across the
country is collected, the reliability of the prediction technique for pipe ratings using Al algorithm will
be improved, and therefore, it is expected that the Al algorithm will play a role in supporting

decision-making in the objective evaluation of the condition of aging pipes.
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[Fig. 1] Prediction model development procedure

- A% 457t dold %
- BE 487} dold 3
- BPA+BE) Hold s Bde 5% 5T B
- e doly ohy RUS BT WEE W

8 (RelU, Softmax 5)° ¥ AL Axkglat 4
AN 7L BIHE DALl 90% ool HES
8 o152 B9 HASBHOR offf Qs L
53l 71502 Yol shes QX Folw HgHo
2 U2 5FS A=
£ A7el o) QBAYY TEE Fg 23 Lok

Input Hidden Output

Weight \7 Weight [ 1gece
: Rt

o !
F I

ik A
Wieight updte ) !

f T Optimize (hackpropagation process) J

[Fig. 2] Prediction model artificial neural network
structure
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[Table 3] Pipeline data standardization

Pipe types CIP DCIP SP Non-metallic
4= Qlth[9]
Conversion 0 1 2 3
Road types \nc:g:‘:jria\ Walking road (I)annee_ -l\—:::)e_
[Table 1] Comparison of traditional and Al methods
Conversion 0 1 2 3
Existing Indirect : ) . Gravel and
Evaluation Al Evaluation Soil Types Sand Sand and soil Gravel soil
Weighted value | Score evaluation table Initial weight(He) Conversion 0 1 2 3

Score calculation Update weighting factors

Score calculation

method through backpropagation
. Update Score evaluation Backpropagaﬂon
Learning table algorithm
(Update initial weight)
Verification Status evaluation grade Predict ratings by

table reducing error values
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[Table 2] Direct evaluation items

items

Pipeline data Types, Diameter, years

Soil Types, Water corrosiveness, Soil

Corrosion environment resistivity, CP system

Maximum pressure, Depth of burying, Road

Inside and outside load
Types

Accident history Number of breakages

Joint quantity Number of breakages
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[Table 4] Data actual inputs

. Water )

h Soil ) Sail
Types Diameter | years T corrosiven c

ypes resistivity
ess

DCIP 100 24 Sand =11 11638
DCIP 200 21 Sand =11 11638
DCIP 100 21 Sand =11 11638
DCIP 200 21 Sand -1.1 11638
DCIP 100 24 Sand -1.1 11638
DCIP 200 22 Sand -1.1 11638
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[Table 5] Indirect and direct status evaluation data

Sum Province A Province B

Data lines 1626 736 890

5 dloJEl= Table 69+ 2ol H|F< #E(COP,
FP, HI-3P, HI-VP, PE, PE-3, PIP, PVC, SPOL-PIPE
5ol 7P @l SP, DCIP <22 ARgstaL Qirt.

[Table 6] Pipeline data

Non-

Types DCIP SP metallic etc
Province A 357 282 69 28
Province B 1 106 759 14

Sum 368 388 828 42
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[Table 7] Split data ratio

Ratio Purpose
Learning 60% Model Learning
Validation 20% Model Check
Test 20% Model Verification
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[Fig. 3] Training graphs for model verification
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[Table 8] Configuring data set of model

Modeling Data Data set structure

1 Province A |Learning(60%) + Validation(20%) + Test(20%)

2 Province B |Learning(60%) + Validation(20%) + Test(20%)

3 Province A+B |Learning(60%) + Validation(20%) + Test(20%)

Split of data by type of pipe

4 |Province A*B | o ing(60%) + Validation(20%) + Test(20%)

-

3.2.1 A= ¥ Bk H|0H k5 RS S8 A
g7t
AL 371 A9] =tz A7t glo]
I A5 T B7HECIEHE 7HAAL A 52 Table
97} o] 94.9%9] F2 HE=TF e on B B
9 &2} 81.9%2 FL=7t VrErsdTh

B

H'|

]

S
£ HhE gy

[Table 9] Accuracy prediction result

Province A Province B

Accuracy 129ea/136ea (94.9%) | 145ea/177ea (81.9%)
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[Table 10] Accuracy prediction result

DCIP SP Non-
metallic
Accuracy 96% 94% 80%
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