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ABSTRACT

In the event of a fire in the building, hard-of-hearing people are not aware of the signal output from the
general-purpose fire alarm, making it difficult to evacuate in time. To solve these problems, existing fire
escape alarms for the hard-of-hearing people exist. This alarm is attached to a wall and outputs a fire alarm
through a flash or vibration. However, this type of alarm, like the problem with conventional general-purpose
fire alarms, will not be able to communicate the fire situation unless the hard-of-hearing people are located in
an observable space. Therefore, this paper designed and implemented a fire evacuation system that helps
hard-of-hearing people to receive fire alarms and evacuate in time no matter where they are in the room by

using beacon transmitter and receivers to solve the problems described earlier.
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Fig. 1. Fire alarm for hard-of-hearing people
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01: // Sound Sensor

02:

03: open a localhost TCP server

04: waiting for FFT connection request
05: IF connected THEN :

06:  thread_id <- thread_start(Sub)

07: LOOP:

08: IF received data from FFT THEN :
09: message <- received data

10: IF message = "USED" THEN :
11 initialize shared memory to null
12: thread_wakeup(thread_id)
13 END IF

14: END IF

15: END LOOP

16: END IF

17

18: FUNCTION Sub :
19:  shm_ptr <- initializing key and size of shared memory
20:  LOOP :

01: // FFT

02:

03: db_connector <- connect to database

04: connecting to localhost TCP server

05: IF connected THEN :

06: LOOP :

07: waiting for a shm_key

08: IF received shm_key from Sound Sensor THEN :
09: buff <- get_shared_memory_data(shm_key)
10: message <- "USED”

11: transmit_to_Sound_Sensor(message)

12: frequency <- fft(buff)

13: alarm_status <- detect_alarm(frequency)

14: send_data_to_db(db_connector, alarm_status)
15: END IF

16.  END LOOP

17: END IF

a2 8. 3 9] FFT oAta=
Fig. 8. FFT pseudo-code of Fire Alarm
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21: sampling_sound(shm_ptr) using MAX4466

22: shm_key <- key

23: transmit_to_FFT(shm_key) 35 AH| | Yol LT

24: thread_wait(thread_id) 232 AH| | gatoj=mct

25:  END LOOP : 32 AH| | oEtojgmct

26: END FUNCTION 2=
a2l 7. s dsre] AReE Al SlEE a2l 9. s A7 o]z gl
Fig. 7. Sound Sensor pseudo-code of Fire Alarm Fig. 9. Pipeline of Fire Alarm

323

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences "22-02 Vol.47 No.02

7AR7] 47 o35 HAdst o) &, A dvie
A= AlA e} FFTZboll= [28 919} %] 2544 3}
ozl AEte] FERE 4afsict.

4.1.3 Hilofgf XMz

[ 1012 3l Alxf el sl dtelld] 2=
A HlolElel 5t AelE alste] AAsh= dlo]
Eulo] s mge] FEolrt. Hloleuo] i whEs]
MySQL A{ufell4] wllofe] x4} 24 wlolelE A
dallas A3t i

- ~

/DataBase 3
i i
| |
E Network I
' Module ’l

T : alarm status
J : sensing data

=
Fig.

10. dloJeiulo]~ »E 2
10. DataBase module architecture

'.'Server \=
s s
i |
s ;
| i
i‘ Network Module j

Fire Risk alarm status

sensing data

a7 11, AW ZE T2
Fig. 11. Server module architecture

4.2 A T EH U ME

[2211]S 344 ¢ =(Fire Risk)S sl v
S5olA nesssmshe v wEe] 2EEdol
Txo|th MW= U EYZ 2E3 MySQL Zgteldd
EE FalA deleluo] 2ol AAF= kst Adefol Al
2 dlolEl S wol2oh AlEl 7 dlolel= 3k 917
3 2 AJA|(Fire Risk Processor) 2 & =|o] 3k $]3]
=5 34 5 3 H8 ARE Sl =9 A
HE HR oy ~EE 93 UDP 4} vEY= =

01 : FireRisk ¢ Safety

02 : set up broadcast sender

03 : db_connector ¢ connect to database

04 : thread_start(Sub)

05 : Loop :

06: alarm_status; ¢ get_data(fire_alarm, db_connector)

07 : sensing_data; < get_data(fire_sensor, db_connector)
08: FireRisk ¢ process_FireRisk(alarm_status;, sensing_data;)

09 : End Loop

10:

11 : Function Sub :

12: Loop:

13: count <0

14: IF Changed a FireRisk THEN :
15: Loop count<3:

16: broadcast(FireRisk)
17: count & count + 1
18: wait(5 second)
19: End Loop

20: End IF

21: End Loop

22 : End Function

23

: Function processfFireRisk(aIarmfstatusi, sensingﬁdatai) :
FireRisk < Safety

alarm_status < 0

gas_status € 0

fire_status ¢ 0

Loop i = 1 to alarm_status.length Do :
IF alarm_status; = 1 THEN :
alarm_status ¢ 1
End IF
End Loop

Loop i = 1 to sensing_data.length Do :
IF sensing_datailo > 3000 THEN :
gas_status € 1
End IF
IF sensingidataill >70.0 THEN :
fire_status < 1
End IF
End Loop

IF (gas_status = 1 or fire_status = 1) and alarm_status = 1 THEN :
return Evacuation

ELSE IF (gas_status = 0 and fire_status = 0) and alarm_status = 1 THEN :
return Danger

ELSE IF (gas_status = 1 or fire_status = 1) and alarm_status = 0 THEN :
return Danger

ELSE IF (gas_status = 0 and fire_status = 0) and alarm_status = 0 THEN :
return Safety

End IF

: End Function

T2 12, AW orias
Fig. 12. Server pseudo-code
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Fig. 13. Beacon module architecture

bit Fire Risk
0001 Safety
0010 Danger
0100 Evacuation

T 14, S 3 SR Hlelk
Fig. 14. Fire Risk mapping table
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2 53
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[23] 151+ vIEomyE AlE o izl We
sp) 918 Auol mieh AololelE FAANE Z
Solal= wge] 2z Eglo] Fole), Feloldms
BLE 255 F3 4N el +ZH31~— 441 2l
& Fole} A 913 ARE FERh FEE 3R
213 ARe] Fholl ule} AFollolElE FAA A
NP=E Slo|AE AREALelA A3}

[ 16]9lA] S=feldEx= 7 WA, Fa A
o] A1S 9J8E =417 (receiver) & 27|33} 1 ¥
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Fire Risk
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l
]
]
]
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I
]
]
]
]
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'

Advertising Packet

J2 15. FEldE 2E 2
Fig. 15. Client module architecture

01 : set up advertising_packet receiver

02 : Loop:

03: IF received advertising_packet from the beacon THEN :
04 : fire_risk € extract_fire_risk(advertising_packet)
05: IF fire_risk = safety THEN :

06: action(none, green light)

07: ELSE IF fire_risk = danger THEN :

08: action(weak vibration, orange light)

09: ELSE IF fire_risk = evacuation THEN :

10: action(strong vibration, red light)

11: End IF

12: EndIF

13 : End Loop

a8 16. FEOl/IE xlas
Fig. 16. Client pseudo-code
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£ 2391 RDBMSEE MySQLS AHE-slsicth A
1]} H]ZL RaspberryPi 3 B+ SoCE AR8-5}13].on
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ARgERodet 12| ar eiFello]E 2= %157 RGB &
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Fire_Alarm)

%o

~
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. I
>
Iz
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3 -
o e
W RGB_Module
7 HM10 i

RaspberryPi 3 B+ (Beacon Receiver)
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(Client)

a2l 17. "AE A2d slege] 2
Fig. 17. System hardware architecture for testing

5.2 AAHE HIAE

5.2.1 Fire Sensor, Fire Alarm Co|& &
[2318]-> BBBell Al Alxe} shA] dshe] &
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BeagleBoneBlack Fire_Sensor Fire_Alarm
GND (P9_01)|  GND GND GND
+3.3V (P9_04) vee
+5V (P9_07) vcC VvCC
12C_SCL (P9_19) scL
12C_SDA (P9_20) SDA
AS (P9_36) ouT
A1 (P9_40) AO

T3 18, A A, 3 o A9 HlelE{21]
Fig. 18. Pin Map table of Fire Sensor and Fire Alarm
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2

Mg o o T

b 2 A

H

e:~/project/fire_alarm_system/module/fire_sensor$ ./main

2 Sensing complete

Object Temperature 25.17°C

Ambient Temperature 25.07°C
1535

Sensing complete

[fire_sel
Object Temperature
Ambient Temperature
lGas Value

2 19. A A A8 Eed
Fig. 19. Fire Sensor execution terminal
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, J8 20. 3 obge] A= AlA Ald ElRd
2, O 21. 3 4] FFT A3 gvd
Left, Fig. 20. Sound Sensor exec terminal of Fire

Right, Fig. 21. FFT exec terminal of Fire Alarm

5.2.2 3}xf YT Eoh U HE EHAE

A E FTIF SR doleo] ] BE dlolElE
< Folo} sl HPEE ghdeich [1R22]el4 3}
A AlA L] "lo|el7| ShAl i) A7 WA dlo]
ElHo] o) AAE Qo B2 A= WA o] 7h
2ol o]Ae] slrt Fksied 3k 218 HRE 9
¥ (Danger) o2 A3 ¥ BR ey ES $5)3l)
2 F do]eiro] 2] ShAl| o Hlo|Eo] sal=H
AE 2o sl L5 o)Ak | SRiAR
717} 2R L Qxsla 4o w2 A 913 A
®E o9 (Evacuation)® A3 ¥ HRoIAEE
sl S (232304 g 5 gk

[T15d24]001A] B2 WA, Far A7l kA 9
AR F7RE ol (Safety) &2 %7]313) ¥ UDP B&
EAnE A 1S S1g 2AS vlelgd) o &

A RFE Ff7le] Al 7okl

mysqls> select rom fire_sensor;

+ + + + v +
| location | datetime | object_temp | ambient_temp | gas |
$mmmmmmmme #mmm e T e +
| 1-1 | 2021-01-07 18:31:12 | 30.03 | 25.07 | 3sce |
+ + + . N +

1 row in set (8.0 sec)

mysals select * from fire_alarm;
4o T A +
| location | datetime | alarm |
v + .

| 1-1 | 2021-01-07 18:31:47 | 1

-

+ +
1 row in set (8.01 sec)

a8 22, doJefulo]zo) AAbEl wlo|E]
Fig. 22. Data stored in DataBase

D P
Sock init...

Sock init success!
DB init...

DB init success!

problem

main] @ Nc
r_main] : No problem
in]

y problem

1 lem
r_main] : with gas or temperature
r_ main] : fire sk Danger

~_main] :
r_main] :
r_main] :
~_main] :
r main] :
- main] :
- main] : Problem with gas or temperature

dcast() success, num

~ main] : Problem
r_main] : Problem

gas or temperature
gas or temperature

~_main] : Probles

gas or

(gas or tem

or : Problem ( rature} and alarm
r fire_risk = Evacuate
r k_Broadcast() suc num 1
server_main] : Problem with (gas or t »rature) and alarm
server_main] : risk_Broadcast() success, num = 2

gl 23, Au Al e
Fig. 23. Server execution terminal

pifiraspberrypi: sudo ./main 9999
< HCI Command: ogf ©x88, ocf @x0806, plen 15
40 06 40 B6 93 20 20 00 PO PO 90 0O 00 07 B0
» HCI Event: @x@e plen 4
@1 86 20 8C
HCI Command: ogf 0x@8, ocf Ox0008, plen 32
1E @2 81 1A 1A FF 4C 08 82 15 20 40 0@ 49 00 4E 02 aC 00 41
@0 42 35 31 35 @0 00 90 00 (8 00
» HCI Event: @x0¢ plen 4
@1 @2 20 o0
[beacon_alarm] : init or bind success

~

[beacon_alarm] : Broadcast Danger
< HCI Command: opf 0x@8, ocf 0x0ees8, plen 32
1E 02 01 1A 1A_FF 4C 0 €2 15 0@ 40 90 49 00 AE 00 4C 00 41
o0 42 35 31 35[02]ee 00 oo o0 8 o0
> HCI Event: @x@e plen 4
81 08 20 8O
[beacon_alarm] : Broadcast Evacuate
HCI Command: ogf @x08, ocf 0x@0@8, plen 32
1E 02 @1 1A 1A FF 4C 00 02 15 00 40 00 49 @0 4E 0@ 4C 00 41
@0 42 35 31 :‘:un 00 00 60 (8 00
> HCI Event: @xBe plen 4
01 08 20 8O
srm] : Broadcast Evacuate
1 Command: ogf @x08, ocf 0x@008, plen 32
1E 02 @1 1A 1A FF 4C €0 62 15 00 40 00 49 @0 4E 0@ 4C 00 41
@0 42 35 31 :nnno 00 00 00 8 00
> HCI Event: @x@¢ plen 4
01 68 20 00

T2 24, ¥ A3 EHed
Fig. 24. Beacon execution terminal

[Z323]6l4] AEie $13e nR e s Fo
HuE R e mE gk v gk A EyE 9
2 A= Q13S g Azlell FABlaL 1 o] % 4l
g R Fa Hls WAshs AS [1H24]e04]
Beldt 5 glek [2E24]0lA vjmrbs FEo] Sl
913 AHot A3k Ftelok o]FHA A 919 AR
7b A3 o Azl SRR el EHdAl
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& e
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s
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< >
MRS 228 (Jet2gz 54 iine ending &S v (9600 #SAOlE | | &= RSO

a2l 25. FER|dlE Ald Eed
Fig. 25. Client execution terminal

Al
Safety(Green)

Evacuation(Red)

a8l 26, FeleldE el 74 AR
Fig. 26. Implemented Client device
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