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ABSTRACT

According to the government’s special fire investigation, the normal operation rate of fire-
fighting equipment is only 40%. A remarkably low level of fire-fighting equipment’s operation
rate is caused by intentional power off of equipment and absence of integrated management
system. This conditions can cause delay the golden time of fire accidents and huge damage of
human and property due to fire. As a first step to fundamentally solve these problems, this paper
aims to detect malfunctions in firefighting equipment and build a real-time monitoring platform
to reduce non-fire alarms and strengthen management systems. The platform developed in this
study is a system capable of regular fire monitoring and state control of fire-fighting equipment,
and can improve the safety management function of building fire-fighting equipment by providing
fire alarm propagation and normal operating status information of fire-fighting equipment. In
addition, it will be possible to provide a fire safety management environment that can collect/
analyze/report the cause of failure, rather than simply determining whether there is an abnormality
in fire-fighting equipment and whether or not there is a system failure.

20f: ABOIRI2|, 2H|, BHE, MARIDLIENY, IoT

Keywords: Building Safety Management, Fire-ﬁghting Equipment, Platform, Real-time
Monitoring, IoT
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A Study on Development of Real-Time Monitoring Platform based on loT for Building Fire Safety Management

Table 1. Operation status of building fire-fighting equipment

Period Target .Equ me.:nt E.qulpmenjc Closed building
In operation not 1n operation
Jul. ~ Dec.(2018) 173,296 58,792 106,180 8,324
Jan. ~ Jun.(2019) 166,792 61,069 93,788 11,935
Total 340,088 119,861 199,968 20,259
Rate 100% 35% 59% 6%
/ Closed building 4% / Closed building 7%

Equipment Equipment

Not running
61%

Not running
56%

(a) Jul., 2018 ~ Dec., 2018 (b) Jan., 2019 ~ Jun., 2019

Figure 2. Results of Fire Safety Special Investigation

= %60%7]' =] Onﬂ X—]M—ZJ__I_E,_ Z]—Es]ﬂ— H] 8 °F 309, ] fﬂ—‘:,'—?_T_’_ 9)\

, 28] 9] AAFAFEE0] €F40%7F =] ¢l Q= Ao|ti(Table 1, Figure 2).

E3F FAHMPAF A Alg et AT A A=E EAGEH, ARPEH|O] =55} gl e
5 5oz QIjt eaFs = 10 W7 32 H7L 716l e, @Ak Hied Helglol
99.8%= Ho]1! QJth(Table 22} Figure 3) (Joe and Park, 2022). 20| o] EXJAF DW]
19] FE7t S7VeAY 557 woHAH @2FEo] 4| A 4= Rlo] A4 o]

<l

N

ri

0S5l 02152 AR ool B 0 aEe] WARE v 1A Heldt i A
do] 27} 2k sfiof sEA[E, ofof] gt o] 28] o] Foix|R] §ial = /el

Table 2. Malfunction rate of automatic fire detection system nation wide

Classification 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Fg:emg:;fr[gi] 1,034 1,120 1454 2,878 4.039 6,823 8,909 17,055 23,937 32,764
Mag‘;l“;zz;"[fE o] 1032 LIIS 1446 2865 4023 6796 8872 17,004 23873 32,685
Ml ﬁi’;‘;s}fl v 98 996 994 995 96 96 996 97 9T 93
Fhei‘fgﬁ;ﬁ& g 2 S 8 B 16 2 3 sl e P
Fire gfdiﬁt wg 02 04 06 05 04 04 04 03 03 02

2) Ministry of the Interior and Safety (MOIS). (2021). Preventive fire administration.
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No.of 35000
Malfunction 3,000
[cases] 25.000
20,000
15,000
10,000 I
5,000
g o= - - . : I I

20M 2012 2013 2014 2015 2016 2017 2018 2019 2020

Year of occurrence [year]

Figure 3. Number of Malfunctions by year
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o] HAYSH= Ao 2 et o @2 o 2 olsh A AH] 222021 W 71F2F214 oo
2 4Teka ek

S| AEFAH|of 22| H[A|
Seo (2017)°] @+l mEEH, vl=o|uf oot g2 ARIARYE A H i, 2X-dw]of o
et HA A Al 2Eo] A=|=o] oof] it RUE|F o] 7St =l Z1&A] 4T Table
33 o] nl= e ARl FEE R Hlas R, oot dRa o AJete] mtefd 4= 9l
of. 2] FRE Fle 712AR] 7 sol2t 2 4 Sl sliAl 71O it EUE R e
| 4
K1
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IR 27251 0, ek ] A1 AT S A B
1 7% % T B1 S1R19] 7152 713 Qb s, A4 diu] A4 shaliis
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Table 3. Comparison of monitoring status of fire-fighting equipment in the US, Australia and Korea

Classification United States Australia Korea, Repulic of
Monitoring Fire receiver status O O X
Check for Operation of Fire receiver O O X
Manual Monitoring in Fire Zone O O O
Automatic Fire dispatch service O O X
Remote fault monitoring O O x
Check of Fire-fighting equipment Regularly Regularly Twice a year
Call in fire Automatic Automatic Manual
Action for Equipment malfunction Remote Control Remote Control Control by man
Communication Method for [oT Standard Standard N/A
Monitoring of Fire information report ~ Remote Control Remote Control Control by man

3) ALzl g Al H]%Ti%gi_i QIgHQIZIBLG- So] BHgE pA]olm], AR A0l Sfgt AfalA v
$:2 3R QIGtjsIo} 1 IRt EIoet PR RAEI O] 4B B2 491 5 3901 3 Bkl B
1ol 3105 gl &40 502 Al

Journal of KIAEBS Vol. 17, No. 2, 2023 « 101



A Study on Development of Real-Time Monitoring Platform based on loT for Building Fire Safety Management

24dH|of Cifst HARE 2LERe| 224

=Ulof|t Alg5] A8 ofof o AXdH]of] TRt AATA] D AAITRUEE AAR= 4
ARl R {18 75l stof A R] o] PRt ] RS E AL AR AT R
a5 s A 4 ek(Kim, 2019; Kang and Choi, 2019). Atk AHMAof tieh &2
el At ] o] -84 Y 925 Hl-8-& dA]6] W& 4= th(Kim et al., 2022a).
Figure 42} 22 KT A ZEH ]| mp2H, E2iE 7|9He] AHMH] APA] BB o] X188
= X[ 1008 oVde] QF-a-S St e = it whebA] =] AR dH|of] tieh AR By
B2 A=0] AHREA Z8kE ol Add=ojof & P2l 4wt o 4= 9loH, o ]
B2 RUEHE 9ol ERES 58 RUET AA S5 oo §ti(Li et al., 2022).

i

LT ¢ Staff mistake + Automatic control = Accident

ntrate is assumes
PoM 30% @ oo 105

(V)] Implication of Double Check PoM 0.1%
In th of platform-based Automatic control
n ecase“ platform 5? - matic control, . PoM 20% [
The probability of a fire accident is more than 100 times @ S = VN
o QY
lower than that of the most outstanding facility staff

* PoM : Probability of Making a mistake PoM 30% 0.03x%

L —

Figure 4. The effectiveness of platform-based automatic control
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4) KT SMART Control Center. (2022). Korea Telecom Control Report.
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Monitoring
Equipment
1 B
°, Notification
Web/ App/
loT Device Internet SMS
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Figure 5. Architecture of Real-time monitoring platform

3 3

ShAfjeF & oHIEZ}F AESHA] =W, )71, 73
o 71E2] A =417 (Fire receiver)oll 4155 HUjo] A|AdH], A4, ®H2kA
B 5= 7155t ZH*E]X}PJ i) 9 Sk Z19fo] o] Fof e}, whebA] QhA] A&stglzol &
e HUE Y S2E-2 [oT HHfe|AE Fofl el AX]H a4l HE AF
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Table 4. Requirements of loT device for sending data from fire receiver

Classification

Requirements

Basic specs

P type
List for

fire receiver
linkage

R type

Ethernet Card

Hard- Debug Port

ware
Power switch

Display
Temp. & Humidity
Battery
Main power
Shape
(structure and form)

Etc.

Software

Required signal output for heterogeneous firefighting equipment
(Tt is essential to receive the output signals of different receivers for
each manufacturer) — Protocol compatibility by manufacturer.

P type fire receiver 1st grade
P type fire receiver 2nd grade
GP type fire receiver

P type complex fire receiver
GP type complex fire receiver

R type fire receiver

GR type fire receiver

R type complex fire receiver
GR type complex fire receiver

RJ45 / DATA Uplink

Mini USB

Power ON/OFF

LED (Display of operation and abnormalities status for System)
-10°C ~ +60°C / 10% ~ 80% (Indoor installation)

Built- in (In case of blackout, it must operate for more than 12 h )
DC Adaptor

Box type for easy installation, under 200 mm (W) X 150 mm (H) X
80 mm (T) (Wall mountable)

- Equipped with a test button that can be verified
- Bluetooth function

- Windows operating system
- Interworking with GDS port
- Sending and receiving fire equipment data

Z2ARZE2LER] SEHE

HH @gwato] et skl 4
on], KT PAE ok A5 510] 2441213652 %%7}%@ R
A5

i

l ﬂ 54 A SHA

AAE F=set. 29]al 29,

T

A2 Table 52+ 2tk A
) ol U AHE AR 2 4 9 He

ZAZ
T35

A LAZEA P, ARE o)A,

Table 5. Main features of the platform

Classification

Contexts

Operation monitoring of
fire-fighting equipment

Multiple control
Multimedia Notification

Bigdata Analysis

Operation status — Analysis of malfunction & non-operation —
Real-time management & supervision

Target building control room + KT Smart control center + 119 + etc.

S/W web, App, SMS, 119 situation room etc.
Collection/Storage/Processing/Analysis of Fire safety bigdata
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2| 20% 0] AN Bkelo] FF5HeR Sp41719] HlolElE A skgon, o] 9]
ol 10T Elitol o] L2 52 Q% 5|8 755150k E¢ A 2Eole Skl 5o
dlolel7]ute] A Shiell 8-S Alshe sk YA, OAF

&= 7FssHA SH.

HENFO 72 715 9 U209 AP WS 919 E8 ek oo Er

(1) &A1 F23E(Operation monitoring of firefighting equipment)
P, 1, AFEETA, A8 E AR, FEFA, dHHd AR -5 AR S

Bhe] HAIZF B ElRo] 7Hssto] 4ol 4] the AAE Tslsct

(2) T5-A|(Multiple control)

tjufo]Aof| AFH AHPAHE]| O] JHI7FKT Sl AAgte = Ags|o] APyt
A= glo]g| o] AAI7t E¢lo] 7P55e) g E ZEE.C [PC (Internal Public Cloud)”} oF
d EPC (External Public Cloud) 7]5te] 22E.0 2 5 tjHlo| A7} X H Alo]EQ] Tt
ZHEAD, TAERPEEA), KT PAAE #ato] ofug} s Afo]E9] 2| A s
AN T BA7L P55 35 + @ o VA AIAE =5

-

(3) thfA] &=d(Multimedia Notification)
Web, App & SMS 5-2] A& 5ol FEE A3 9o, KT S22 119 A5
A3 AAE S-goto] Tt ArbAof| SEf| R T -2 9 o[HIEE Al&sHA A
ot TS ARRQPHY T AlE AR 3Folel 4= Qlof, H g oF A Hoj| thegh 2145 oY

AA = 7+ 7Hssie

(@) 2147 HE|o]E](Bigdata Analysis)

SSAMEICHA RAMP) 3 AL
1 AT 5 AR B AL SRR 7o) thEA thgel 2 RATE]

5) Real-time Alarm Monitoring Platform, S-FA1E o] 285 AHPdH] U e E250] ylo]d.
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Table 6. Comparative evaluation of before and after the ramp is applied to the distribution center

ASIS To BE
(Jan. 2022 ~ Jun. 2022) (Jul. 2022 ~ Dec. 2022)

Site ol\i(r);tlir(l)n Malfuction* Site
. Malfuction* P o [EA] response
operation [EA] response [%0] (Rateof  (Rate of

Classification Not in

%] (%%l (Rate of Change)  Change)
Change)

Al site 0 1000 o
d'tﬁ 1 Mt 28 11 62 1(-27%)  0(- 100%) 97 (+35%)
1Strioution

A2 site o o N

N \erfactarer) 2 7 58 1(-24%)  0(- 100%) 99 (+41%)

A3 site o e o

(A Vi) 47 15 2 4% 2(-87%) 96 (+54%)
o Ad site o o 0
distribution (oo cwrery 22 8 55 2(-20%) O0(-100%) 98(+43%)
center
ASsite 32 8 58 1(-31%) 1(-88%) 98(+40%)
(P Manufacturer)
Bl site o o o
01 Moty 33 9 65 2(-31%) 1(-89%) 99 (+34%)
( AMEnzusfl;fturer) 0 12 45 8(-34%) 3(-75%) 95(+S50%)
distribution . D> Site 28 5 52 3(-25%) 0(100%) 99 (+47%
o (S1 Manufacturer)
center
B4 site 0 0
2 Mamctarer) 2! 9 58 2(-19%) 0(-100%) 97 (+39%)
G,Mifmi:;m) 29 5 51 3(-26%) 1(-75%) 98(+47%)

*This index is calculated based on the number of actual local fire truck dispatch due to malfunctions
of fire-fighting equipment.
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KA| OFILE HE A

KAJ9] = 8he ofntE 150 52 thd= 2 &
T AAE =510 2o gt 9 id] A|I7F
om, 1 75?}% Table 7+ 2t

= A|2]0] 2-8-5 5510 Table 73 o] SFAIAYA €] %511 HAES 1823
] AIRRE 542 423 3151 o m 2 EAA] thmjof] 42
&9] FZ-&(RoOP) I THAH&(RoRC)2 100% 7HA18E 5= 913Ict. 1)1 Figure 63+ 2]
ZPET KT v ZRES 5519 IPTVE S A oA Hut 2 IehA| 28]
2 gstglietl, 1 A7 e -2 oHIES IPTVl| S48 0 & tAZd|ofslo] £214]
at gl oim] AR S-S 7Hs5HA stk

Table 7. Comparative evaluation of before and after the ramp is applied to the apartment

Classification AS IS To BE (Rate of Change)
Dispatch command time* [Average Time] 312s 198s (- 114s, 36.5%)
Evacuation time** [Average Time] 22 min 45s 10 min 18s (-12 min 27s, 54.7%)
RoIS*** [%)] 88% 100% (+ 12.0%)
Rooftop emergency i (4] 33% 100% (+ 67.7%)
automatic door
RORCH***** [%] 4% 100% (+ 94.0%)

*As a result of the test conducted at the KT research center, the test is conducted based on the time
reported to the local fire station after the fire alarm of the fire receiver occurred.
**Comparative evaluation by measuring evacuation time during fire training of 10 apartment and
averaging evacuation time before and after RAMP application
***Rate of emergency door installation
****Rate of emergency door operation
*****Rate of emergency door monitor & control

Interwarking with firefighting
equipment information

q LTE router Push message to staff

§ &

'K = -
Real-time &"9) M?njtoring device Monitoring platform O

[ @ Data cellection] server
. . [Alarm ] + Dataanalysis v
monltorlng

Option #2

pl_atform ,i, Broadcasting Optioh #1 Automatic broadcasting
| after \ 4
o : = staff checking
Y=
AT
. ®
IPTV R >
- d
Media server Emergency evacuation display
L B Data analysis [®da

Figure 6. Diagram of interlocking with monitoring platform and IPTV
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