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Abstract - As the meter reading method of gas meters develops, smart gas meters capable of remote meter
reading (leak checking meters and multi-function safety meters) are being used. These meters have a function
to judge leakage by utilizing the flow rate and pressure data collected as an additional function. Leakage judg-
ment function using flow rate data has valid cases in the actual field, but the pressure data-based leakage judg-
ment standard is based on not only the pressure value change due to leakage but also various factors (pressure
regulator pressure, connection with adjacent meters, usage of adjacent houses, location of meters, etc.). There
is a problem with pressure magnitude changes (levels). In this paper, as a technique that can judge leaks by us-
ing pressure data collected from smart gas meters, it was developed through preprocessing of pressure data, cri-
teria for pressure value ranges related to leaks, leak judgment techniques, and application case verification.

Key words : smart gas meter, pressure data, leak judgment technique, leak checking meter, multi-
functional safety meter
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Table 1. Classification and characteristics of dome-
stic and foreign gas meters

M Ch; teristi
Meter type easureme Mark Add-ons aracteristi
nt method c
mechanical mecha-
meter nical
dieital Convenience
€ LCD - of meter
meter .
reading
Meter for | Diaphragm Leak
Leak type Lcb Notification safety
Check
Leak
Multi-funct i
ional notification,
LCD automatic safety
Safety
Meter leakage
blocking
Leak
notification,
ultrasonic automatic leak
meter ultrasonic LCD blocking, measurement
(not wave temperature accuracy
introduced) and pressure
compensation
(optional)
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Table 2. Leakage criteria for multi-function gas
safety meters

Operating performance How to judge leak

Total flow cut-off value exceeded
Increased flow cut-off value
Long-term continuous flow without
flow fluctuations

Flow blocking
performance

Performance of
registration of minute
flow rate

Detecting minute flow rates in normal
use

Micro leak detection

If detected for 30 consecutive days
performance

Pressure drop blocking| Detects 0.6+0.1 kPa pressure drop on

performance the outlet side

aanssaldd

Pressure drop ¢

Time
Fig. 1. Pressure drop example of pressure sensor

data.
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Fig. 2. Pressure change over time of smart meter
in house A (22.07.01 - 22.12.30).
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Step1 : pressure data collection
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Step2 : Pressure data error value
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Step3 : Calculate pressure range data
and convert pressure level to 'O’
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Step5 : Gas leak judgment analysis
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Fig. 3. Flowchart of leak judgment method.
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Table 3. Example of 3 duplicate data errors per
hour

Meter reading

Communication

Accumulated

time time flow rate Pressure
2022-06-25 23:00 | 2022-06-26 8:13 106,245 2300
2022-06-25 23:00 | 2022-06-26 8:14 106,245 2,300
2022-06-25 23:00 | 2022-06-26 8:14 106,245 2,300
2022-06-26 0:00 |2022-06-26 8:13 106,245 2,500
2022-06-26 0:00 |2022-06-26 8:14 106,245 2,500
2022-06-26 0:00 |2022-06-26 8:14 106,245 2,500

Table 4. Example of pressure data zero value

error
Meter reading Communication | Accumulated
. . Pressure
time time flow rate
2022-10-29 15:00 | 2022-10-29 20:32 | 136,434 0
2022-11-16 12:00 | 2022-11-16 12:04 | 138,174 0
2022-11-26 12:00 | 2022-11-26 12:04 | 139,454 0

Table 5. Examples of missing data errors by hour

Meter reading Communication | Accumulated

time time flow rate Pressure
2022-12-02 4:00 | 2022-12-02 7:30 367 6,300
2022-12-02 5:00 | 2022-12-02 7:30 367 6,300
2022-12-02 6:00 | 2022-12-02 7:30 367 6,400
2022-12-02 8:00 |2022-12-02 15:47 367 6,200
2022-12-05 0:00 | 2022-12-05 7:41 367 6,200
2022-12-05 1:00 | 2022-12-05 7:41 367 6,200
2022-12-05 2:00 | 2022-12-05 7:41 367 6,100
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Fig. 4. Define pressure range, pressure amplitude,
Previous pressure and current pressure of
time-pressure data.
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Table 6. Results of outlier through proposed leak
judgment method

Date Daily average The maximum
of pressure value of the daily Judgment
candi- difference pressure standard of
date before and deviation before outlier
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leak
10.07 17.7 49.2 potential
pressure
WSO T BT ohd B E ol g GH O T
shgoro® FE e

7l Bl°]E1(07.04, 09.07)7} ] 4X| & o] = A=t
2 A Fig. 8 a)2] 4F27)(2Y) W3} B X3
t} o)} Zo w0 2 HAbol| A I o] X =
AAS & 5 JE 7S AEsidn.

e A 27 ©]©]E)(08.02, 10.07)E 7= 754 &
g tlojE o]l o] 23 Hlol BVt A4 10 F 5% ]
A S E Ao FEATG ARE 20 b A9
% 71F(+4SD) S HlojUE A= #gto 2 213k ¢
= A3 st o9 B 715(-4SD) e A H S =
2213 4 B3t 2 FE /e A S Btk

FETT 7Sl A tlol Bt b ® 9 71EE 18]
Hlo] 3-& w7} ol A< 10 F 5 o)do 2 3
o= W Elyl thekd Qclo g WM} IS
A et HolE7} e fFo 7 W3lelA] o)
2ot} BE 37 o] B Fele] Jl A H] 4 F
ol E(AA 7& Alo] = LIHE FH et B 7|E
o 3t 7 AFe Bas Ao g AuhFT

v. & &

AAZZ] 0] 7V’ 2ntE T2 AlR7F 3
< EdelHE 883 i 7S ek
o} 2nkE Al#7) o] o dlolEl & 7t Feluit F &
2 g et ofye} of 2] gl o g QA o
wstel otel 7] 9 Wl i ste] @ H Bt A5

- 63 -

ARG o2’ ZAE s dsty] fls) W EH ol E
Az WHOE RS2 vlojE S Msto 9f
H7] AL 002 o] Fsted hH A7) 2 sk gt
A A= W] 0 2 FZHIK(Z-score) WHH S A -85
o} o] EEW AL W& 2 e vpt 2 g8 of 310 7
Zo] e 717k 1'd) 9] Hl o] B & 7]¥F O & Z-score
o] & AA A ) 9IS A S8l of dh o]
W& slofu= HolE oA s =7] st )
olH ¢} FE7hs HolEE T HsA o ¥
95 Holh= tlojE R& 37 Bkl A3t T |
o 717ke] HolE ol tis A ¢ =27] 2 0=
WAs] Ao} FikEe] Aoyt wEHUA A7)
(max(H 9] Hojuh= HlolE 9] a3 Ao A} $9
19 FFU2)E 2Hsh= 4= d9HE Hae
EHyopd FeE TE ol YHoE uHs =
Rt 2 7S skt o213t rEol gk ol
A% 109 55 o] WA= A5 r= Y

Z ddshs 7IWE st A8 2 A5t

)
o oo
Y

Mg
e
e
At >
Ny
N
%

o To
o?.:mg
2@
I o
25
L
r
Lo

by ol
forlr 32 (o

A =

B AT = A 54 A S B (MOTIE) & =l u A
713 71 (KETEP) 9] A& Rto} =83k - A
Utk (No. 2021202090028B).

REFERENCES

[1] Seo J. G., Noh N. J., A Study on Securing the
Feasibility of Projects Related to Gas AMI Distri-
bution, Korea Energy Economics Institute, (2017)

[2] Korea Gas Safety Corporation, Gas Meter Perfor-
mance Certification Criteria for Leak Check, KGS
FU551 PC14, (2019)

[3] Korea Gas Safety Corporation, Facility Technical
Inspection Criteria for Multi-functional Gas Safety
Meter Manufacturing, KGS AA631, (2022)

[4] Lee, S. W,, Lee, S. S., Song, M. H., Kwon, Y. M.,
“Examination of IoT-based Gas Remote Meter
Reading (AMI) Platform and Service”, KIGAS, 24(3),
1-10, (2020)

[5] Kalgla vapotechcorp, TOYOKEIKI, Ultrasonic
smart gas meter with safety + networking functions.

[6] Hamzeh A., Shengnan N. C.,“Performance evalua-
tion of outlier detection techniques in production

St 7148k 8] 2] 278 A2 2023 62



AARET - QAN - o] 3}

Ll o

o

timeseries: A systematic review and meta-analy- [9] Jak Jailani, N. S. , Muhammad, Z. , Fazalul Rahi-

sis”, Expert Systems with Applications, 191, 116371, man, M. H. and Nasir Taib, M. , “Analysis of Kaffir

(2022) Lime Oil Chemical Compounds by Gas Chroma-
[71 MGI, Big data : The next frontier for innovation, tography-Mass Spectrometry (GC-MS) and Z-Score

competition, and productivity, (2011) Technique”, 2021 IEEE I2CACIS, Shah Alam, Ma-
[8] BNEF, Smart grid analytics and data management laysia, 110-113, (2021)

> a primer, (2012)

KIGAS Vol. 27, No. 2, June, 2023 - 64 -



