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Development of a filtering model to determine section-level
specification information for underground facilities
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Abstract This study examined whether the underground installation specifications (pipe type and
quantity) are the same in each unit manhole section during the underground construction of
communication lines installed in the air. A filtering model that determines the specifications on an
individual image basis was developed for underground objects photographed with a smartphone into
section-level specifications information. A certain upper and lower range (e.g., 5%) of the
specification-information-quantity data group recognized as an individual image unit was set, and
extreme value data outside the range was removed. A voting rule was then developed to determine the
maximum value among the specification information quantity data existing within a certain upper and
lower range as the final number of pipes. The reliability of the model was determined by visually
confirming the true values of 12 photographed samples and comparing the results determined by the
developed model. The average reliability was 91.7%. The developed technology can contribute to
automating and shortening the construction time of underground facility data, which is insufficient
during underground construction of existing aerial lines, and establishing a high level of reliability for
errors in existing manual surveys.
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Model, Quantity and Type of Underground Installations, Judgment of Underground Facility
Specification Information

2 =2 RVIEYEEAN FE071eATE AT ALGFeARDARIC R FREYEYT (@ARE 20240173-001, Smart
QSE 7|5t 354 A5 A7e 9 E245ERA7E )

*Corresponding Author : Hyun-Suk Park(Korea Institute of Civil Engineering and Building Technology)

email: hysupark@kict.re.kr

Received March 13, 2024 Revised May 2, 2024

Accepted June 7, 2024 Published June 30, 2024

91



LR

S=EA A254d A6Z, 2024

1. M2

oAl AFTt FAE F2 EHA], oA
=] BAPE Al 0] XS dE Hlold 75 Akt
ol =HA] GPS Z A%, 4] ALFE
o] AZE ot FAF @S ArBste] Al&sta,
& AL/ol BolshiA HolH F42 WEshe Al

< o8 AFMEE AYHE A5 2 7IE MY
o] A== ATH1I

N, 1‘91'. olﬂ

ey

@ Underground construction in urban areas
© Short underground facility data
construction time :10 to 20 minutes

© Limitations on GPS use
in urban areas

Fig. 1. Limitations of constructing underground
facility data during underground construction
of communication lines in the air
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Table 1. Korea Expressway Corporation DSRC traffic
information outlier removal method

Division How to remove outliers

When the standard deviation is
less than 5% of the average
value of travel time

Remove samples from the
top 3% and bottom 2% of
the data group

Remove samples from the
top 5% and bottom 5% of
the data group

When the standard deviation is
less than 10% of the average
value of travel time

Remove samples from the
top 8% and bottom 7% of
the data group

When the standard deviation is
less than 15% of the average
value of travel time

When the standard deviation is
more than 15% of the average
value

Remove samples outside
standard deviation range
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Fig. 2. Example of determining the quantity of pipes
for each individual image taken overlapping

olof, A HAE 7| olu]A] TE AIR QAAT A
HPEY ol FAE AASH] Fof T2 FFRE= AAE
AP E s dlolg ko] A5t LA-A(:5%)
A% & 1Y U EAstke =24 HolEE AlAstH
HAR ool AUPE 45 dlole F izt
Z 242 BHEE Voting Rule2 #-83}0]

it

4n

s

o I

b

(D)} o] dagfES /Ndstltt. o714, 7 ofv]
oA AFmiEE AYGEE FEo17] fIgt Al Larg
22 2stage W49 R-CNN €1 8&2]S A3t C
o, JHx] A% 7|E2 7|E wEgy 7ut ZEY g1
2504 F2 &8st i IR A 71E2~8%)
9] 7t gl 5%S E-gakqich

Table 2. Example of recognized pipe type and pipe
quantity distribution diagram
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Fig. 3. Example of determining section specification
information by adopting the maximum number
of pipes after removing outliers
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Fig. 4. Performance evaluation data collection
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Table 3. Development model performance evaluation

results
Recogni
. Developme

Divi Pipe ty‘pe/ nt model Accu ze d quan
. quantity . tity distri

sion judgment racy .
true value result bution of

U pipes
77777777 CASE1 | cop/1 COD/1 100% Table 4.
CASE2 COD/1 100% Table 5.
FC/1 FC,PC/1,1 0% Table 6.
PC/1 100% Table 7.
Pc/ PC/1 100% Table 8.
PC/2 100% Table 9.
PC/2 100% | Table 10.
Pci2 PC/2 100% | Table 11.
CASE9 PC/2 100% | Table 12.
" CASEI0 | pC/3 PC/3 100% | Table 13.
CASE11 PC/3 100% Table 14.
CASE12 FC,PC/1,1 FC,PC/1,1 100% Table 15.
Accuracy Average 91.7% -

Table 4. Recognized pipeline name and quantity
distribution results (CASE 1)
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‘gx'tre.me

outliers

1958

00 4290 0 200 000 000

0 & 2 3 a 5
Maximum pipe quantity

WCOD WFC mPC

inlfjéfri;rtlieon 0 1 2 5 4 5
COD 61 1958 42 2 0 0
FC 2063 0 0 0 0
PC 2063 0 0 0 0 0

Table 5. Recognized pipeline name and quantity
distribution results (CASE 2)

Remove
Lextreme,
outliers
1946

] 2 3 4 5
®\l Maximum pipe quantity

mCOD mFC mPC

inlfjéfri;rtlieon 0 1 2 5 4 >
COD 63 1946 56 8 0 0

FC 2073 0 0 0 0

PC 2073 0 0 0 0 0
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Table 6. Recognized pipeline name and quantity Table 9. Recognized pipeline name and quantity
distribution results (CASE 3) distribution results (CASE 6)
000 emove 3000
egrer_gﬂ oo #—— Remove ——
2500 utlie extreme outliers
2000 2000 1833
500 1500
. 1033
1000 1 Looo
500 500
000 000 000 00 00 000 000
o 0 | I
0 1

2 H 4 5 0 3 . 4 5
@\ Maximum pipe quantity ®\ Maximum pipe quantity

ECOD WFC WPC mCOD mFC mPC
' li’ipelin'ez 0 1 2 3 4 5 . Pipelin.e 0 1 2 3 4 5
information| information|
COD 1725 8 0 0 0 0 COD 2939 0 0 0 0 0
FC 642 1090 0 0 0 FC 2939 0 0 0 0 0
PC 780 951 2 0 0 0 PC 27 1039 | 1833 40 0 0
Table 7. Recognized pipeline name and quantity Table 10. Recognized pipeline name and quantity
distribution results (CASE 4) distribution results (CASE 7)
Remove 3000
6000 ==
extremg 2500 #— Remove —
5000 qutliers extreme outliers
Ha 2000
oo 1529
3000 1500
2000 1000 775
1000 500
0 000 000 000 13 oo 000 000
o o _
®\Maximzumpipzqu;ntity N ’ : : ®\Maximjmpipequa;ﬁty ’
mCOD HFC WPC mCOD mFC mPC
. 1;1pelln§ 0 1 2 3 4 5 ' Pipelin'e 0 1 2 3 4 5
information| information|
COD 4867 3 0 0 0 0 COD 2396 1 0 0 0 0
FC 4870 0 0 0 0 0 FC 2394 3 0 0 0 0
PC 61 4744 65 0 0 0 PC 59 775 1529 34 0 0
Table 8. Recognized pipeline name and quantity Table 11. Recognized pipeline name and quantity
distribution results (CASE 5) distribution results (CASE 8)
5000 Remove 3000
4500 extreme . f— Remove —s
4000 utliers : extreme outliers
3500 2000
3000
2500 1500 1331
2000 )
1500 100 592
1000 500
00 00 000 000 000 ccl 00 000 000
o E— 0
G)\~Makin’|1|.lm pipe qu;ntity : ’ ’ ! ®\ Maximsum pipe qua‘:ﬂity ’
mCOD HFC WPC mCOD mFC mPC
_ Pipeline | 1 2 3 4 5  Dipeline | 1 2 3 4 5
information| information|
COD 4457 1 0 0 0 0 COD 2012 0 0 0 0 0
FC 4442 16 0 0 0 0 FC 2012 0 0 0 0 0
PC 0 4397 61 0 0 0 PC 44 592 1331 45 0 0
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Table 12. Recognized pipeline name and quantity
distribution results (CASE 9)

Table 15. Recognized pipeline name and quantity
distribution results (CASE 12)

Remove
. —*
2500 extreme
outliers

1500 1259
[L023

000 000

1 3 2 5
Maximum pipe quantity
mCOD mFC mPC

Remove
2500 extreme
outliers

1045

1000 866
500 bis
™ 0 000
0

3

Maximum pipe quantity WCOD mFC mPC

inIf)olfrfll;Tieon 0 1 2 3 4 5 inller)sll;?ieon 0 1 2 5 4 5
COD 2396 1 0 0 0 0 COD 2008 3 0 0 0 0

FC 2392 5 0 0 0 0 EC 1788 215 8 0 0 0

PC 87 1029 1259 22 0 0 PC 64 866 1045 34 2 0

Table 13. Recognized pipeline name and quantity
distribution results (CASE 10)

3000
f—— Remove ———
extreme outliers

1 2 a 5

Maximum pipe quantit
mCOD mFC mPC piped v

inIf)olfrfll;Tieon 0 1 2 5 4 5
COD 2353 0 0 0 0 0
FC 2327 26 0 0 0 0
PC 97 1024 763 439 30 0

Table 14. Recognized pipeline name and quantity
distribution results (CASE 11)

Remove
extreme outliers

500 392
0o 0o oo i

0
Maximum pipe quantity

mCOD mFC mPC

inIf)oifrflhal:ieon 0 1 2 3 4 5
COD 2061 0 0 0 0 0
FC 2061 0 0 0 0 0
PC 89 710 854 392 15 1
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