F33¥% GRB %% - PG10802-0133

R T L Eﬁzg& 18 B

FIEREERY Y

M
A
- t\<
ok
T
L
A
Nk

7= ;E 903 A FEH
Bk A FEF A PBER
K i A ki
B B Y
Boor o of2 P EIARINE2Y 12

BopoE % AR 1B1g TR

PRIRINERAF L TEFEA LR
¢ EA 108 & 12 0

(AEL2PF2EH - HEFATTERL ) P AL ABHMIL L)



EH N RFRFEEA I FERIE IR ER Y



N
»

N
»

[

N
>

g
Ji

=

R
X

N
>

; S
Iy ey

N
>

I

N
»

i

N
>

N
i

»
»

|

BT R AT

o5 P X SR e

g PER BT I e,

BELTRRE

4 A LI ETE R o

.......................... 67



S Hp N KRR E

=
A5 = &S
— &
A >
%
= 45
- B
A5 - 8K
— &
R
Al ¥
& — EP

I

Wi
R
R}
=

B e T Yy RP-T

BB A BIZZ A BT e 76

F A Y 82
B BT e 86
T R SO 92
B e senen e eeee s e e 92

II



% =
-T2 F B BB FFAEE e 5
2-1T A ZIFEBFE LI F oo, 7
3o 1 BB A 1 = T e 30
3-2 BB = A e 31
3-3COHH2S FRBIE T & oo, 69
3-4 CO+H2SHTEM FEBIE T F oo 69
3-5 CO +H2S+TEMP+NO2 FE R F & oo, 69
3- 6 CO +H2S+TEMP+NO2+NH3 FE Bl % % oo 70
-1 M AEBHE T E LT e, 72
4-2 ALV E BB B A S 73
4-3 PRNAPATEE B E A TR e, 75
4-4 N EAHEFREAW B AT E e, 75
5o1 BET 2AEF oot 82

I1I



EH N RFRFEEA I FERIE IR ER Y

1Y%



Bl 1-1 3 E BRI e

Bl 2-1 A LA E BB oo

CIPRVEEEE S
] 2- 5 Arduino UNO R3....oovoveceeeerererssnneenenessessnnenen

B 2- 6 Raspberry pi(BtEF ) oo
i8] 2- 7 AppsBee ZigBee 2.4G(CO) ...uuvveeeeeeiiiieennnnne,
Bl 2-8 B B R BT o
B 2- 9 MQI36 B B oo
B8] 2- 10 Multichannel Gas B Bl .....ccovvievieieiieeeeen,
B 2- 11 NAP-505M & 3B oo
Bl 2- 12 MH-Z19B & B E oo
Bl 2-13 N T80 BB o,
Bl 2-14 =L ~ BB EA
Bl 2- 15 30 5 8 A H oo
Bl 2- 16552 0 A8 F A oo
Bl 3-1 A 147 & Bt A AR B oo
Bl 3-2 B BE Y H B e
8] 3- 3 Multichannel Gas Sensor § % i 33 [B]
B 3-4 H2S Sensor F BB I B .oooeeeeeeeeeeeieeeiee

=

............................ 8



S0 SRR A L AT R R g i b

B 3- 5 CO Sensor F % it 4
Bl 3- 6 CO2 Sensor ¥ * i 4% ]
B 3-7 B AR RET R EF
Bl 3-8 g F 2 R R R 42
Bl 3- 9 #F % 4G Bl 3 R
[ 3- 10 oTtalk # » ~ 13K

)'f:%’i%l;ﬂ

o

% 5 i

p]%

B] 3- 11 IoTtalk 2% # i & B
B] 3- 12 IoTtalk 3% % 3 @]
B 3- 13 3kl fi & 7
Bl 3- 14 R R E 7 8 i A ]
B 3- 15 HE T 8 85 0 A2 )
M8l 3- 16
Bl 3-17 F
fe] 3- 18

)

F

T?PRB?«L,H?.}

& 3- 19
& 3- 20

] 3-22 B3 s RS
B 3-23 B+ 2PN 3Ry BFALE]
Bl 3-24 I fup } 2 FRRITERTE
B 3-25 ROPIBCEIE TAEXREE
B 3-26 = vz F 2 TR L N
B 3-27 A RTEFFTERRFE

VI



& 3- 28
& 3- 29
® 3- 30
® 3- 31
® 3-32

B 3-33 &«
B 3-34 &=

@ 3-35
®l 3- 36
@ 3- 37
@l 3- 38
® 3- 39
i 3- 40
& 3- 41
] 3- 42
8] 3- 43
& 3- 44
& 3- 45
8] 3- 46
& 3- 47
[ 3- 48
i 3- 49
® 3-50

B9 3 ZLTT 2K oot 46
BB BB ZE K25 L AB AT oo 46
RN BRI A - T B 47
BRI L3RBT RIER e 47
BB G R ZE TR oo 48

oh A 4B 2E 2 -
oh 4 4B 1% 2E 2 -

Brig VS 20 RY RIS

B RS 2 A T 2 B e 50
B S 2 3 A BT 2 H oo 51
B A B 5 s 51
- e F ) OO 52
BT IR K B 20 ittt 52
I BB I A B P R e, 53

e B g w L -]
IR BT D T 22 e,
VR B R R E K
PR B R R % B
IR B CO S TY BB,
IR B CO2 5T BB oo,
I B NH3 5 18 BBl
I B NO2 S 18 BBl e,
kg g H2S %1k @]



EHLUFREEAAFERNE IR ER P Y

i 3- 51
& 3- 52
& 3- 53
[ 3- 54
& 3- 55
& 3- 56
& 3- 57
& 3- 58
& 3- 59

& 3- 60

R 3- 61

& 3-62

®l 3- 63
® 3- 64
B®l 3- 65
B 3- 66
® 3- 67

Bl4-1 &5 8 W T L85
Bl 4-2 VHUERFHPAE ¥ AR A BTN

Bl 4-3 CHEFTFEE ® BB A BTN,
f8] 4- 4 The Fire Fighting robot COLOSSUS........ccvvviiiiiiiiiiieeeeee.

fB] 4- 5 Aerones firefighting drone.............ccooeveeiiiiiiiiiiiieee.
Bl 4- 6 35 7)€ 45 4

2 i+
TR B ER-LH L
T ER L
T AR ER - L
BB G RIATER- L B AP e 61
BRT G R -L F S B BT ER e,
Gt AR A IR N B A B B R
BRI FER- VT A e, 62
G R FER - L BT B I
PRER I ER- LS L
PRBEPASITER - E A 64
PRS-V B S D F B,
o RS ER - D R T R,
AT R E -V F T D s 65
PR G R IR -V B S AT L e,
TR ER-S P
WA ER-RE

{4

kS

{4



i8] 4- 7 Arduino Based Autonomous Fire Fighting Robot........................ 81
Bl 5- 1 tracMo ~ tracMo Leaf B F 7 B BEE oo 83
BBl 5-2 tracMO Station ....c..eveiiiiiiiieiiiiee et 83
B 5-3 B 7 TR e, 84
BBl 5-4 RSSIT B PR B AR BB eeeeeeeiee et 85
Bl 5- 5 RTLS & SLim AR cveeeieieciecie ettt 86
Bl 5-60 = BEZ PR A BBl oo 89
Bl S-7 B 0 8 SLB BBl oo 90
BBl 5- SRSSTHTE BBl..ccveeeiieeieeeie ettt 90
Bl 5-9 P T SLB BBl o 91

IX



EH N RFRFEEA I FERIE IR ER Y



£ 2

MaEd - Fue s 2P L BEA > FEEFRIN S L 2 FE

R0

HELA S AREPFRL G > HE- KRR T 20 - FFYT (&
#eppE s AR FEIR Y —‘ngmz HEE S VFZ 28 g R ¥4 B -
A A BARDP > FI AP F LS PHFE TR FRTI O 0 0 RE- 2EY L
WERIE F NP PR * 2 55 BRAFLFHRET Lo iug  E

nPF&[’J-m %*7];«1"\_‘” ’D:’\'&%p p—,bi;”\ﬂl:q. , T’}"\lb-ﬁpéfé/‘ﬂ lé " jg’-r ”}5 ;:;Il’%'ﬂ}f%\

i
BREFE 23 BEFT P R A IFEFREZ N IR A RTRRE
55 10 % ALE (TakAl 0 BT TR > Xl R R BN 2 Bl kAR D T

FE SRR B (T EE A FELS TR AN kAR
Lo g *“‘Ff e R A H I A REBFROE R Ry VREFFE I FIREE

PR R ATV R FRT 0 AT A AN B A MY A 2 03
BRI RGP EAYPEY o

SRR ER

AFPTARLIFARN- LS 1S KA RIS IR BRES

THFMMEERGR A EATENEFUFTR A LRI ERRRE

=

A

= 5N HEp 2%@5’,’“%'?5@ s 1% 8L L A E) mrgr ‘f—%".,f‘-m] , éfg:?cﬁ’ﬁ"lf ¥dw i

2l AT RIS RV R PR N FRRRERE N BET I

N 4 N 9
LR kriAhiER 0 AW

BERT BREE AT kA

PE]

o T4 - . ,
3;?”0‘1\? ’flE-,J /U‘Z"j‘i‘ém,ﬁffb

XI



CRHERITE A LR ERR I DRLRE R ]
WEH A BT T g BRERI R L
AR A LFERE S FEaRA N

K TEEY T RS

TEREHFITLUET R AR RER L B K

\"‘“

‘"”"_}_-['} 2 S
LR s 472 -

B BTAAATE A TR AR Y BT 0 R AT A TR B AT
BT U 2F R WL A I ETREER A I FER ST
2. ik sped e

AP AL gy pr RS (1) SEREEL TR ERIEE
WoBEFARIRETYE Q) BHERT S B B T AfcH T RNIER > U2 K
EEE KR LR TR Q) WIS ERET I F R A Bk kR B
A A B RS L T EEIRERARE S e WA TR A)RTRES T A 1A

B M pEe i RIEB R A E A SEATAARE P E A

4 BREFRHS L

AP MR B RE > AL ERE S R FFAR > B Pt e
ERER -

ZNFPIER
AETEHEAA - BAFENAIFERFIRIIE L SR AT AR B
TFER L AAMPE TP E I AT > SRpHFREI T F  SEEAFT LT

XII



i &
LR S JF D R ST RHBACR ) R AT R B £
AR T L el PR S BRIk SR R R IR A
" zighee2.AG #-41 ZigBee RO i #I % Tt f%%]i FoUE B #7 8(CO =) Bt
BEE e i Raspberry Pi3B + ~ ¥ it 4 2 & 8 S 4 ~ Arduino UNO R3
ZigBee 2.4G Module(AppsBee CO) > #-w & 2_ 7 #Li& * Raspberry Pi # 7 Python = ;% i&
FEAL @ Wt Ty 1 loTTalk @ o 3R PMRERL S T 5B T
By ik ,;T;\ s A AIPp e H i% Foo e 2 T REE fz Ak U ARE R I
'ri%f%\ BT ;u

g L loTtalk K& HEMFH 7 ES20%0F ¢ a0 i S kFms

o

M o P - BH IS Bk #7](Device Model) > T T REPF R R G FaE 2K
%2 ij@ﬁﬁ%’%%ifﬁ FER&K2TY 0 K E 5 B p e R B

BEZaiRa 3 o AApF Qe EH

FMELERA G5 FYOREAAT GRS FEARF N E P RR AL TR L
% ¥u(Real-Time Location System,RTLS) » & 1% iF (78> e it & £ 7V i e 2. K 5 > PRE-e i

mwaﬁﬁﬁ’%ﬁﬁ&a%ﬁ&iﬂ@ﬁ@m%@ﬁ%%a%aﬂ’iﬂﬁﬁ%%
7 B HERREE o
AFETHERI-FHESAIFEFREIE LA ZERPEFP - P FEA
REAGEY PEPP - RAPFAL AL L RS FG A E A
Pk oM Bt A B AR R R 0 T SR S B T e o 1Tt
Fo P MIABH VMR PFEY )L SRS P GRS VIET L S BEF A - LR
ERFE G FEHLFRERLFI BT O BEHEHN P E R ERUTRE S LT

L MAE RS LB EA RS EAH L2 R FAE L o

AELEES - B EROTHAE AR AR EEE W AT HZRAT

XIII



EH N RFRFEEA I FERIE IR ER Y
-
PRETEF R S2FES VR ABFEET Y 2TV T2
APHBN A SRR AT
BYEBM Y B F
LFERR Y PR SEEFEL DN B AR e E I R BiEE
EFEANEESTE D b5 REFRE L BET Py o BT TR
1

FTHE > #3ART X EFTHEOTEICE B2 5 F Fehr 22t

PEREAIFERT NP X2PHERRBIIE 2TV FEHK
A PRSP EIE R
RPN PRI B R P EAF B SR o Y AR IRER
XE P EARPPRAEFOE2ABE §
AoeTHr 109 EyHTz (108 E R 2 AT S % F £ AT ¢ 72020 % pez

CPREH G F TR PR NS R R -
Rk =
%4ﬂk“41ﬁ%¢%ﬁgwggﬂ;ﬂ%$gﬁ
APEBM P AIREHE AT
R h Y EL 8

IFEFE N Ak S BEEY AL AT FFY T L EA L R

TEGNEFBFARE TN G R L T ARER  BEN TR LY
BopeREAMEREEAN XT L RN EY  ERASHER S

b= 2

BEFHPT AR WRBGPIOCURNFE Y LER
XIV



1.

APHBM P RN R

ByHSM  FRBRCIPRASE - PENRSATT TV EL 8§

AELHAARE LSS T RN T R AR P FATBE Y
EREPTE I B RSB AEF A NN B HA S DR T L R

%43]14\2;\%!_’ ,é

ﬁ%»%@&%%i%ﬁ%»?ﬂﬁ&ﬁulx s F et il p e

ARHW P EARY LE S - BRE IR BB AT VSRS Y

o~ A s 4
*ﬁ"ﬁi{il 1E > =

-

R SN R L L T K

XV






$-F i EiERmp

3

Ei
e
e

5.
JENTY
24
w
3
Sy
bl
IR
=
w
El
3
(=
I
IR
=
=
=
]
?’5
E
s
oYy
=X
Ry
<
,m

RN L ERE RS SIS A - SR TR Rt T e

BB TP M RS HN R 6 K
T AP T 2hp T ARFAEY CAPTREEFLN LRI PHLT A
VRN IR I NE T  RAPEL AR 2 o HE A PR AT
§o FUB A f L FREP > F - S |t PR 2 A PR AT BAY

Fend BLE A2 — o

WA AR BT T B 0 S R B e 0 R
-

RN EFART ) B VBRI A A T R P E RS

BRASFLAAEETOP T R UTHRBE LM A S PR TR FHER
% e R ARMTRE BT 2L 5T o

TP RE s SRR A REF 2R o R T R e S

mj;;t_/,%_ %E‘Eg_ﬁﬂg L ,iﬁﬂ""lgﬂ%& ir;’ Kl%ﬁ'%ﬁiﬁ.%l%,?&fUJ’%ﬁ —}/E’
AR N RS EPLSHR Y L T R EERL Y Gy AR AR 2

RHHRT 3 A JE S Y BB it AR il s U e R

EREAMER ST RATEOES Ry TG PRt Dem RE 2 B S

i

BRI R R F IR T R S S e s e R
gd TR FANH Wl EBEFA IFERY > FhwnRiv 22 &

B HS R TRER Y FE PR AR  H A R R 8 AR M

CHIBY G AFR A MTT A MR Y B RR A Y 2 N 2 g



H A IR RIR IFEHRREFFREERY A

?ﬁﬁﬁmﬁ&’{éﬁﬂggisﬁiiﬁﬁwgmmﬁﬁmw%,ﬁbwg%g

EAFE R R ERRE F SN T RN AR R 2

RN T FAPFORY > AASERHILT B L2 L 5d B KL R D
Mﬁmiﬂﬁu*"@Eéﬁﬁ%%ﬁ%i’ﬁgﬂ@mgaxuﬁ¢4ﬁo%ﬁ
HILG el ~ PP BB RE A R EARHISEA 5 - BB 2 ¥5 - Rz
P EBABE S GV AR A R GG E -

R R

TR LSRR A RS PR A R AT LA

3y

~
THR G R BTN AN A YRR A ISR 1 AT - 5
PRGN A I HEFRIE AT EREY Pkt > AFLRAFEN A IFE

WHSIH ks § AR i e AN R Y BT ARE S R R TR

FUPREF PG RN TR EA IFELRE RS ERT Y

A
@rﬁﬁ%%éipfﬁﬁ’ﬁﬁﬁﬁﬁqa%g’&;}@g?%%ﬁ@rﬁiﬁ

—

P pmel DR L SRR K 2R
2. AN A IFEWHIE AR R ERE R
3 B EAH LNV AGEH LR > AR et o

4, SEFENTHT A0 AN EFF Tl o

AFTAIEZRRETHEN A I FER 0 S HEMRBRERERE RN
TEFVEEALFEFE F* I BEFELT S E S APORER TR K

i 22 TR B A AR(S F SHRE &ﬁuﬁﬂ&ﬁ%ii$°ip%é@ié%;uiﬁ&



44

-k P EEEAR
VEIA o | FEOEEREFP AR CLF AL - 2L RRFELFR L
ﬁﬁ“%ﬁ%ﬂ41?§W%¢ﬁﬁﬁﬁﬁWHéﬁ&%“?%ﬁﬂﬁﬁ’ﬁ%ﬁi
X % 47 il(Very Early Fire Detection)# et 24 3 p I3 FE & 4F 2 L hfF o> ¥ 51 %
WEL A B LR ERAT o
WER RDFTRT BTy o BE KR T B RF M R LR S
W PEHN BT R RERLFN T BFAIFES T BB EEY

sERE SRS S EEEE L RS ERE TR RS EE

AFTALT o BGR TAF AN A BRI E ) R B kiRt
FHEAMEZLFRET AP RZFN R4 s E PR AP EEY
Y R
L7 AL A 472

e ABFALSATE A ATRIP AR 2 PR 0 S AR Y A AP M AT
BTS2 R LA ETRER A A IR ET AR -
2. FELAEEELE

W R e R RSB R TE AR RIT R 0 N RE VSV B2 e
EEVHRRS R LAR PR A IFEREF LSV LER A 0F

5 OVEREE AT BN L BRAFRI LT AT e

B AZ S o AT B ikiee BE L A LS i fBe i RS o R
SE

3



EHLUFREAAFER NS IR ER P Y

p

CAFR o SEAE A EE 8

e
i)

BRRLA ) RIS ALER R R 2 iR L o

LOBREF AR S

AP RALL B RE > HAF LERE X BT FAR 0 BT PTE S v
BEEH

R AL ERER

F A

REHM ML
v
A8 M B E S
v
AafEaY
v
EF BRI ERK
v
AEFRSEEFEH

FY

AR

il g
T

¥ 1 :

wwarets || Azwsss || EFmzas
v v 1

EXTE £ BEARS EF#ERE

[ 1 ]
v

RES
v

R ]
¥

A

RMIEE

R

T
B1-13#+FF 1 ERINAER
(FRER: 2758 FH )

4~ R RP

e
o

AR EERBIPARS Aot TR Y BRSNS ARl o

S SR S TS SN RS R TETCS SN TR RN TS Y
4



BFEE T AFE R RS MTETRSRASEREE 2100 TR

TRFREFT cFHERFERZIIERFP PEFTER -
%11¢$@&%%ﬁﬁ%

>
~
>
~
>
~
>
~

s s 224 s s s

XY
by

6
[

A

9 |10 | 11
B | B | B

A A A

S|
(0 e]

= ﬁm;}r}
o
ﬁl\

=
= 5N
= g W
= 5O

=
=

I#Bf’ﬁ??i -1

6.4~ B e T L aE

ekns
T
w

g M
f B |

I P
e
i [ 6
-3:_:,
=N

G

o e | e~ | g

Nt
o
=k
==
Tk

—_
=)

N
P

LR BRI
R

11. s 38 5 3 ¢

12.8 232

3.2 %4 2

, e R
(F # %)

&y
o
(“-«}

o

13 126 |38 |45 |57 |64 | 70 |8 |93 ] 96 |100

WP ILAEIHE P GARERT A FRp Ao R EA M ERA T EA P Y o

DAFRELLAT A0 - I 0 B3 e b B P TR ARG i E b e
Sl e R fEATE s BBEY PIEERZAFELS(ELD L
SRS 0 TR R AR -

3P EFIEN AP TR E 1 F AR AL R 2 hprikd

cnsgy T

(FR&R: 2758 FHH)




EH N RFRFEEA I FERIE IR ER Y



IR ORRLTH oA

LN AL Ewn - PR R AH L BRI ET L g
BT SN E TR RS R AR EEAAM TR
Elfer T oo Sde ViR g ABBFET T LA HNE > WO H AP
CEOY AR IR S 2 A R s I IR R a Y R

TR AR e 1 e fRR D Srl 8 edp B RAE -

-8 fa1FEHFH

1950 # ~ @] % (Alan Turing)$t &} 7 F ¢ 50R] & B3 (Turing test) > 3P 4% Biej 4
Eav it 0 1951 & 5 2 F #1k (Marvin Minsky)#2 7 % - B 4 14 SR E$ %
(SNARC)» E 1 A 2 E L # -8 72010 & X % B & ¥ (Machine learning) 1§ i& >
RALENPE ST PR A I FEF R A ek 2- 10

221 2FEF B4

R e P B % P
¥ - =R | 1950~1980 | if @i 2 MIT# = % - B |3+ Ea4 5 BE
£ & (Genetic algorithm) | $+3542 5 ELIZA | 73 3 2R 44 > &
ERAH Y AL -
% - P | 1980 & X | B Rk AL MYCIN& RRCRERE N
(Expert system) XCON % o BEFE L AiE
LR FoOFS oo E X
BEF e
$==up | 2010 £ 3 | $4EH Y (Machine | S5FR £ ¥ 215 &&‘@%@éﬁ
7 learning) e AlphaGo o VEEEN G
BOREFR RE
FREY o

(FHEXR: 271 TER)

1950 & % & = 482 FH nif B T M & R HIL BRI F R 4L 60 E Xt R
74 True ¥ False k@B A I f2 > ¥ cho Ap U BIZ2 FP S 4 > 8- kad %?“I:;rs
AP EADORB A LAY 3 E R RER G U T F g R B iy

TR RAFCT AT AL LAEY o Je AR S AR AT 5 0 4 22




SN LIFRAEEA I FERRE NI REERY Y

?ﬁ%%%ﬂfaﬁ Vﬁ%ﬁ%@ir%mgmﬁﬁ
1980 & et e 1R g A L FEDF RS IV - MAA BEF Y

R )

ZREBEL A S LB Y RE KA HIATORARITEMR S HA RER
TR F PR AR ML SR I RSB EFY cBEFV VL
= ED- SN E R S RV BREY ( Supervised Learning )~ 2£- & gy ( Unsupervised
Learning ) ‘E‘ 5 ¥ (Semi-supervised Learning ) ~ 3 5 ;% § ¥ (Reinforcement
Learning) % > ;% > B* 4 Ap g Bl blde P FERIZ o p RF T RIE ~FLX A7 >
AEFFE - FA AW T RRREE S M AMEE AL g BERY
HW R FRR g R oRRmimy a4 » 2% 0 B AR AR RARR A F §
B #gA G N & LiFR F Y (Deep learning) > @ * GPU i3 TRt & » & %4
10 B+ antEid B (Fh* ?‘ 2017) > 4p B FEIZ 4o @] 2- 1 #957 ©
AT EZE ( Artificial Intelligence )

Strong Al #2328 ( Machine Learning )

Weak Al REABRB/GEEENEE e =
SELE SR i e Tt BT I*E—'.F—E(Deep Learnlng)

DNN CNN RNN
1950’s 1960's 1970’s 1980’s 1990’s 2000's 2010's
1 ] 1 1 1 1 1

>
A #4EBig Data AT GPU - TPU - APUFfTEEE
W2-1 X 2EFBM %
(F# %k : TensorFlow+Keras FEF ¥ - A 1 FERHBT « 2 F - M2 1)

PREEY AR LRT Y ¢ TR @00 F- A £l Sy
TR A ke 80 k’mﬁiﬁgﬁ‘ﬁi’ﬁﬂAWm%%ﬁﬁwwmﬂﬁ’i%
T L ik A Y S URE Y sk AR A D 2R 4 7 SR
AP RAFE > SEEAOTHEY FY DI EFEFRP] A MR S

AFH O FSEE AT RS BIER D E R 0 A A Y $ PR B PR

Eﬁ?ﬁ%?ﬁi%gq\l AePTRENEEE G0 e o R X BT OUGd BESY i
BT R TR FAFHY EFEA  RREY SEF Y - BA L 0 RA KA

5 % B (Artificial Neural Network)#3] » & % * K18 {735 5 ¥ 2 5 Wil 7R
8



&

S KBLTH e
el

BREOTRITHEFFVEE AT AT ERREAD TV TR RALA

}&

“Sm

SALNZ|GE  REA SRR ML A TR D BoER A 8 S A I R e B 0] BiEk K
e (g 2 (Neuron) > 2 = @ ] > 4 73 4@%] » (Input) ¥ ﬁ?] ' (Output) e77if
Fe o @ SRR IS RERGHT Y 0 3 S0 4REREL 0 % A 1943 & 5 w32 8 R McCulloch
2 g 7 Pitts £ T3 10 M-PHCA] » wer) en TS0 g A el H0R) A g
Emad B PGB RE > fiss F3F 5P E R IR ARSI N M - AR 0 B
rh 1949 & Hebb # 1 sc %4 (5~ i@t 4558 & 59 Hebb 2P| ~ %A 1957 & Rosenblatt 31 :&
7R A ® (Perceptron)shfE s ~ A 1962 & Widrow 32 p if st~ 2 & > 3% 7 77 7 30
B SRR ST LT LR DAA
A GRRASLIPA G R A SRR R R %J (Sensory
Input) ~ # & (Integration) ~ & ¥ 5] '(Motor Output) % = = # i > 4 5 =~ (Neuron)_jf

FAGARMAAE A L BHEA B pad R d A g AR L KR

QWD H GG Bl N AT o A B (Fd A R P R B
460 % (Dendrites) ™ /€% FI485% 8 6 4 S0 5 o @ » iz 3o 7 5 BHFR 300 5935 8 2

BAMRBEEEAROES > Ld EEH LA %’E.%J»lmﬁhf:(Axon)buﬁﬁ-f'Jf—!

~

3

o A9 S e Bidg s S o B {8 B RfJ(Synapse)iz Bl A Faafig 0 A G

~E

+

E&\
—n\—

2R £ (SeungSub, Jehun, Hyunjung, Soyeon, & Jinho, 2017) » H 4¢ ErBi
Bl 4e ] 2- 2 #77F o

Microglia Oligodendrocytes
; - / Myelin sheath

Neuron ‘ .

Neuron

Dendrite -Synapse

Astrocytes

B 2-2 2 $3 55 B F

(75 k& : https://ithelp.ithome.com.tw)



EHLUFREEAAFERNE IR ER P Y

pae 3R ERZE fEREAYHRBA 2 FELSER TEE A A2
DR AN AN BB T AR A LB RPERT B E L FE S N (B 2-3)
FARRFL 2o RAPLF T LT 2T REBL S F BFR - S8 1 FE

oo R p B R o BRI o TR p B R g R o 1Y

et e E FABEA LI $E v o

W 2-3 4 1gEpes 7 H
(FRXR: 2230 750

-8 PBie

F 75 4 Bpr o Internet of Things(IoT) > % — fE & SRR HF > SR E RS LT
BRBEEFT AL BLBTARLRKE o7 BRI RE &SSP SRS
2 (RFID)~ WiFi~ 232 = kS B0 E > e idkira,da- BE
LR PR E RSP e ToT BT B AR blhek B

AR QB ERENR  VEELFNAAXE LAWY R BERETH A

=

PR TGRS P EGEEAE R VAT B A AT A

EARP AL g E A P FRETDEN (RS, 2015) ¢

GSI1/EPC global s £ > ji 4 32 1 & Fx AutoID F 2% % (MIT AutoID Lab) # 1999
£ pE ARAE S EPC kb 10T $ivH &8 » EPC(Electronic Product Code)it# !
*2 RFID % £ # 0 1oT & * PRF% > o ¥ 5 RFID Reader ¥ RFID tag i 3 {5 3 % Sifoipe
R BEFK 2 RFID FRLHA BH TR S BER B BE » 2
EZFH RPFEFTRTALEN o 02 23R RFID i A#H e &5 ki EPC

Global Network # > % Z “Electronic Product Code Global Network” » B X i & -7 UPC
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$oF ORBZFH Q‘}]?Mv\#‘r
(Universal Product Code) st~ 7 & 1545 > B> 2 e in B T4 7 il » 3 < £ 04

+ & 4 (Biswas & Giaffreda, 2014) -

¥4 T %1 ¢ European Telecommunications Standards Institute (ETSI)#-IoT %]
AARTR > RRERE T KR Z K B o IR R 2- 40 g0k 5 HEE
B e # > ¢ 35 RFID ~ & 3 & g 4§ (Wireless Sensor Network, WSN) ~ 13“5% N B
(Embedded Intelligence) > ¥ 4+ %47k 5 cfe 32 g\ ;-I»L Ty TV EX Rk
KT AL E S EAERPREBIHE RRA S L ERNDT BRI R
MEREEHXEFE I ARELPRRF T J W EBREIG LD ORER T
ARG A EF AT IR 22 %% L 4 b 2 23 8 (Cloud Computing) »

PorRRBRA P Bk M2 AR GA B B L RE R Pl R R

\

BEEHBERE A o B EREFMmps 2L EHEEL > #4457 PRESR
BReh2 P EREEF AT SfcE kA F - BEE SRR 2 BRI E ek
FpFoE o 7 EIABAEA S A T HET > X7 AR M PRI 0 X R R AT il

Ppo RiLEfARY AN BE A RHL IR —‘Fﬁ‘mi{g F (Hada & Mitsugi, 2011) -

Y AR A%

JE A & Web Server Smart Home Cloud Control
4E B8R 4G/5G Bluetooth Wi-Fi ZigBee WiMAX
B fo & RFID Sensor E-Tag Reader MEMS

Bl 2-4 Foie=z K EHR
(FRXR: 221 78R
1 B2 4444 B 37 21 (M2M, Machine to Machine) 5 2% &7 £ % B ar B 515 B R i
REHN A B BB ST - RIS SRR ERY S -
A R @ - B & ¢ E(Concentrator) iT i BeiphiEF B o BN R &
(Smart meter) & & ~ &% 5 Bcdp 4t > £ M2M A if (Gateway) B 453 3% B 41 & 1 A
- (Base station)

BB E(sensor) s * AT PIH B IRB P gt Bl L ;ﬁ O OREREHE S BT
11



FH L IFRPEEA AFERINE PR EERY Y
HEe £y pBELAN S o 2 R¥ 553 & 8 (node) ~ W if (gateway) ~ M % {5342
= (cloud) > #e¥d T % su(Microelectromechanical Systems, MEMS) 4t 45 /5 a0 f 30 5L #ic (B
B E AL E (smart device)i R BIE > LM< EREF RAFTHBEEWHE G AT 5%
FEE S FEHmET Y MEMS 3 20 M 42 s @37~ 80 S A2 F B3R

(Czurak, Maj, Szermer, & Zabierowski, 2018) °

FEPBFANVLF S ATEMORPHEIAL R ER LT PR S IT o 0
S AFEN B o PERR AR KR > TR KBTS RE T F R
B RERE FRERZIRPIBLBRGE BRI EFLERES > Gd i

VB R
L F R A 0

—\

v

SRR W A 0 AT AT Sk > B B R R R

WEHE? ER S FHERE VHRBIEEMMBEE TR 4o r T 5.0 HF

Fl* g p T BT PN R T 2 RFID 3 2 i g B4 i o

B Y AR A RSB R E2 LR R PRy BEEd ks
%

E o R L BT AR L el g

PP T LR S AR R R B TR S - B R
BECBAENZEHERBERM A RAFEEFLG & FUPFFRERED

FRARTLE  REFABERAE ARG RPIBERE > - BN T RS

— ~ Arduino UNO R3

@] 2- 5 Arduino UNO R3

(7 k& : Store.arduino.cc)

12



$o® ORBZFH- Q‘}]?ek\#‘r
ArduinoUNO R3(%®] 2-5) 5 - 85 & % Mcdb 4] F > * Atmel AVR en8 =~ fy 7 »
AR BB B G B E  E B RASES SAEAT AT 0 e % 80 C RS

R FRB o ¥ d USB i ~ éﬁ;‘lﬁzﬁi%]/\#@‘:@ ~Vin #rir = A N BT R o R
RIS Gl X/ Ahh - aqgwfi?ﬁi%]:". BRESVEMRTE =0V ant » 7 _e;af%gu;{gﬁ],\ :
B ELF A0 X OAS B W OR kol jTap ?,Jiﬁi%]/\ ) fg;’@;éﬁ%ﬂzﬁ;?w =B F
S H B grin it (7 PWM B -

= ~ Raspberry pi(#% %)

¥ 2- 6 Raspberry pi(#% %)
(FAR %R 2 5T ")

Raspberry Pi(B] 2- 6)%_— #cd Linux 7% % 3L i KA R HE & P 7 % d 2 REF %

AEEHTEF  MMBEHABEEF L P A A-B S A5 Python 258 2 % -

AEIDIEE R R FefeVa s o AAfed - i L EM P (Broadcom) ) A e

ARM % 4 700MHz BCM2835 /&g % ~ 256MB szt (B 4] 5 512MB e fd ) & *
SD + = ;15 G5 4l > 2 $j - B Ethernet ~ & @ USB /6 ~ 122 X445 85 )

1 HDMI o RCA 24+ # 11 £ 3 -

= ~ AppsBee ZigBee 2.4G RO ~ CO

%] 2- 7 AppsBee ZigBee 2.4G(CO)
(F# %% : Appsduino)
13



EHLFRIEEA LFERRE YR UCEER Y

AppsBee % 7| ZigBee 4% v = £ - B & 5 Arduino 3+ i enZigBee e "L 5 (B 2- 7) »
TS A E 4248 0 Arduino SRRREH N 0 2 Z RS EE S Y o WA TR
Bis 054 42 51 2.4G SR & 5 CC2530 2 4 36 % (3020 SHE % 5 & & CC2591 » &Y
Fool o B EAE B MR K4 B EERE s 4 £ ZigBee & AP E w4 o
B iEAel v 5 UART &2 10 %ri=dr4)enii H 3 v > @ AppsBee 3 L+ it %ﬁfr} [

A %8 Arduino - i@ % % F R P 22 47 ;% B (Libraries) » 2% i * "*‘ B AR 1E o
FooBmmA

- ~PT100 R B BRI B+E B i B

(A) PT100 ;8 & & Bl B (B):E B #& 3 E(0~5V@0 ~ 300°C)/24V
W2-8ERREPE

(FF- % - A R 30)

PIZRBER > &% PTI00 T3 B EFEF > HE24V IR fI* T L Rieis
RIEFABE SHREEREFIME AP TR EAERFERI RFFLE L
F(R2-8) 1 & ZRE01300RFERZET RRERBERZEEL 2 R
BB eI R TR o

= ~MQ136 H2S Sensor

Bl 2- 9 MQ136 3 i =
14



(FR*R:FFTI)

PIERESVERT T BRLE 204 2L 0 TR A -

\

= ~ Multichannel Gas Sensor

%] 2- 10 Multichannel Gas g /B &

(F#L %k : Seeedstudio)

ST L F AR R R(F 2- 10)} 22 MICS-6814 ¥ & & » 7 14 (5| % #6444 48 5

T BRET UL - FI R F N F e AF A F TR

Poz- AR FMESHRE  TRESAHZET FF ARSI 5 TR R
B SFay DB iy 0 ATy BEE NO2 & NH3 S 73 8 o

7z ~ CO Sensor

B 2- 11 NAP-505M & i#| &
(FR KR @)

- § BRI E NAP-SOSM(RI 2- 11)Ep &b ® % i chmhat ¥ - § il f A
g Rl Be L AP SR St B0 NAP-SOSM At 8t 2 5 ¥ 2 [ hob HE A
1 TR TEENRRTERAF PR & EF AT F Y 1,000ppm 2 p

15



5 Hp L

CEFRITEE A LB UL R P

FCOZE 2P R2PXREPE-

I ~ CO2 Sensor

¥ 2- 12 MH-Z19B B 7 &
(FAR %R S E A 3)

= § R R % MH-ZI19B( 2- 12)» 5 NDIR #£¢ $0:0 = /h U AR R % » 17

A
W

FRHCTAPARRL TRt RE FHERES T E 1 2 B BIE F Wk
d 02 5000ppm> H § T4 BE L LG PR E B 3G BT D
BB 2 PWM gt > 2 @ % ke o = § B 43um it £ 2 e b s

Tolddosg > Fla B 0@ % @ E P R PR EF WIER R -
=8 FIHEINEE

F7 8- fda M A @ % ®il # % 47 (Ultra High Frequency, UHF) & 4 7 i

S 241 2485 GHz ehISMAFE K2 Fl 20 » S @A AT R nT 3 ¥ 45
B8 (Frequency Hopping) » # A P F ZE cnF4E > T8 5 B R A  B A TP

¥ (Personal Area Network, PAN) o & 7 Hjtrd 1994 & B 48 B > > 2016 # 6 * F#

50 0 KA TR ANF R ET ~ M 4L F 7 Bluetooth Low Energy (BLE)* £ { #

#ofe zxiﬁﬂﬁ?,gﬁ‘_mﬂ’ HEHR AL I 300 = o @%} i B2 3 24Mbps °

F7 507 corpmask § GME B H o § L0286 0 k£ E ) ki
BEHIL @ 4= 5 300 2 ¢ @iiE B T 24Mbps. & ¥ A dpi g Y R 4 (broadcast)
[ 55 7 ir 400 Mesh( ) B drp BT £B B T - $f-
PR A TS H S AR o & K T el 0 R L g
44258 (PAIRING) # & % 3 4% 2 (BROADCASTING) £ o — #F % e #5822 34

16



$-4 ﬁ&i?ﬁ‘*%gﬁ
15 Mesh ¥ 85 5 0enim A0 - " &E7 5002 @ LwAt - 0k
PR S 0 T 1T B E Bnode) T A # R MPRL 5 R - jRikd
TR - RGBS R T Mesh i RECH R E BRI 5 R

¥ 2R (P2, 2007) o

AETEBRHNRFE I ARV FEF DY F R VR - RET AR

=
o
(@]
<
1S
et
Pl
L
)
U1
o
3‘«*:
g
ltt
s\.\.
“\
A
=
=H
2
"
=3

WFivengdd o ¥ L 32 ek e (mesh) -

TERFTRBE LT > REIH KR

\\x,
é}%
2%
pud
fmp
(¥
=
A
5
pac
pud
fmf
%
s
fmf
(\x
o3

'«@% /f 2o s PHEEFE LR EFESR R FR Tﬁ%ﬁ;’i‘ﬁ"ﬁ“ - & B
LR R ALY R %@%JF& & BEF) 5 L3k % 4F e broadcast iF i 0 B
RACBT S GE 2 LpF PR 2 ERRTHREA G SR R L BEGL @
#h(relay station) » B F| @iE et LR E 2 =BT L o o MBS g] o @ ﬁ*’ v O

F7tracMo #fThF M 0 BEE P> R EFARA LR FSHATATE 0 A2 tracMo £

CHRAR S R BIARR L -

CEE T S A

¥ 7 iz &> RSSI(Received Signal Strength Indication #1{z f; L5 & 45 77 ) Tzl
e s owifl T RF LRt s o H o3 3 Bl4cB 2- 13 RSSI g =35 2
PoeE B %Jﬁﬁdﬁmi‘a be o 12 B % R 7] (Signal Attenuation Model) #T4 { F| eh 7 3
Lo RARBrR 3 0 L7 @ RSSI B fFax > ¥ &% B 279 24 & (Gaussian curve fitting
technique) & £_% #7 £ /f $ ##7(Gaussian smooth technique) %k RJZ 3 5L » #-= & beacon i%
WP E AN RBROE S B~ FRRIRBEEENEE TR RS R

B %= B % (centroid localization algorithm) f# ;- %' 3¢ (Shen, Yang, He, & Huang,

2016) -
=
B
N %
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S CU IR E A LRSI LR SR Y
WM2-B3Fp =T EH

(FH%A: 255 AR
TG R e B bldod it sl & R 2 imi2 (Angle of Arrival, AOA) &
A * ARt R TR RGP E IO o AR Bk
JENES > BRI B B4 S e D e e gL sy Bher Rl g o
e @EOp kR e o 4of B3A B afle S p e 7iF
A GEA I FhE MM BEE Y B2 QBT L B2 28 c AOA T2 ABEE §
5 & BT rls(Multi-path) 2. 325880 ¥ 2 0f B2 R FRECHER PR T
BRER D & ok dafosi Ay S8 p Ry SR EGR T > 347 R i 2 i A4 JEYLY B
BE P o i PR 2 22 (Time of Arriva, TOA) Fl:EpFF £ 2 (>
(Time Difference of Arrival, TDOA)R| € 4| * 2 5L fccnpF fF & (7 2 > > @ & BL22 & 8
ZEAEEFRHINA ZRENTHME] RS T T FEREAGED IS B
b SR A RET P ERTE N ERAAR S2ZRFEFERORHRE > 2 R
A P EXRARSFHRRDE o PP 3 A SIERID A B TDOA eafis;t »
FITE P AL A B TDOA #rh 2 enT g B M2 ZEF o b 3 Nk ahat s F4r )
oo R AR SRATOP R S T ) R PSR R L RS A R
2 P fTilBLse B w i=i% RSSI» 1% RSSIBL T =7 F B2 B & Al REE A >
2T e A P P iz it 2. RSSI Sl VR Jﬁ#fxﬁ’«;ﬁgm derl A A

A2 (G. Mao, 2007) (N.Patwari, 2003) «

AN T o 7 R N LR IR R R T o R R R Tk
od BERCFEAIKE) > £ 7 beacon & 80 7 M (Gateway) > 2 1 s ¥icyy PR E AR
$ o ¥ BEAA K &~ beacon BIRENFEM B NE &3 FAS S THRSSIE 0

ERAE R R T NFEEE o

B WiFi B 3 0 el B AURIERS 5B L7 2 WiFi i L A

24 WiFiﬁﬂifi%@ B P REERHRES J“f;i,ﬁir,d MAREAR S o B A2 3

vy
I

VRETHFfMYEROBLE R #HE .ﬂ;ﬁd M4 B HE ~ 2 WiFi &:id » ¥] BLE

FhEZia2ie WFiEd > @40 i d BE A~ 2 B i S ERFT S 238

W
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44

- F ﬁ%i?ﬁ‘éﬁbﬁ

REdirt o 2743 @ REE (Pei, etal, 2012) -

Pz s dpRidfrininfi iz > 7 22 FFER

5
1. WiFi 2 =3 ¢

_BE‘"'Q)()\—'

R DR R ST T O

— 'g ]L%fkb/};q;f r'g

DESITHRRLE ~ mERE S e R
L&

e ER O o A JREGNE LT A

YRR

HR TR PR R

2. B9 LB R WIFI i - B G REEET v ¥ WA £ ID
HERPE L T B ID B hE T e

3. EAUSHEFREHIRFID) D S E 5 G BB 0 T BTG SR R
el ah R %2 2 Rty > BIE AT R 872 54 0

EEERE R T

4. b amPFE A wWiEE S

Pt RehE R R

% Wﬁt.ﬁ‘}jri\' % %"/}};’l

P m o LR Rk FER B F D

o

LET

Sk

SRl S S E

SR E FORE L R

it UWB #tieas & & F &~ 3 B st

e T RS 5.0 15 0 2

S o el R CERIB R AN

CRIE G RUREERE S £ R > R I P RTAE

FRETE FIUMHERTE
#4254 (Ultra Wide Band, UWB )
BALEF R omEE2 S HX

BRI & D P RPGE AT B BT 0 b i

UL I g R AL S 1 g E

T EF o SAAPEOTE BRI S i PP B

METREYEREET AT poeh N 4 ZigBee B iF 0 & ZigBee i jiveh
TEHER? L FPET L P RREZ TP LR o
S AL 5o
78 PEAHEH
L A ARERH S A P T AR 0 R R Bk A e (7 2

Rrd it E > BE5EmHRE LI b T
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EH N RFRFEEA I FERIE IR ER Y

BWBALF VRSB ERTHN > RBERFEHEIIT AF 572 8 48
Bl o g Tk @A AR D Ao UERBFLZH AL ARBRE

¢

-
}“\rr

FA G RAEA > Ukl RAIK N RSSO LB {FEF TR S
o A A RAHFREPEHAFRRR DR R PP RFTRET A RDRERE T
VI RIRE R R A SRR R PR 3 RS e e SRR

HELTEENEEEIPEAITR -

I

4%

WRA P A ofed kM- ERRMIL 0 R LTMFDG - ORI B

BAERA) S L P 5 ARER g AT, FERYR ALY ERSR

- v

&=

RS

=\

oo B PR P B AP G IrRHEFERRES o 77 % D*(Dijkstra's
algorithm) &/ & Z 2 FH BRI E > 2 LEPE Rl 7PEFREHF R - GF g
TAE (2 AHEF,2018) -

WEAGFLUT AP * WY P RCLEAZEL I FL D G2 T T8 E

Koo R AR 50 e T REB RSB L SR b

/4
Kol
&
e
=
»

WHABE A o R U R A AP @Ry R 4 o T g

RAURKEEFHE o RY DT HIERMA L PR TEREFRLRG

\

=

FEPENFHERCERIRERFBEEFER - RFH R ZPEL T AT
A BT ER EAREFEY S REANRES R Kk B okehiE
T WL ERIERIE S T2 BAHTBEL  TREB G LT >4 5 2y
AW E A B LR ff’ﬁmT%@%%ﬁoww~ﬁ@% Aol 2- 140 # 2

;/’f\‘ LN #EJ _g? Fm,&\;}a\\z L ““\f; _g? #-‘ A ﬁ %"ugﬁf@ ) ]g l’é._;f}:-l 'f‘ii%—j_éﬁ’;?;f{/é‘g\:
PE2 B A F oA B EA TR SPBARZE TR YGIFE A
eEHEPF S B AF 1T AT LR FHEAN DR A PR 2- 15 R A F

T BEzY R o 235 W EERE B R0 R

N

BRWAVLIE TRPFIRAS - FRLE o
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<L '»?}}?c/a\ﬁ

Fl2-143 4 ~ PR BEA

(FH &k ¥ AFEEBE L »)

CLASSIC APPROACH @VA® AERONES APPROACH

N
S e e REACH300Min 6 MIN SR

«— 2 hoses attached to drone:
« water supply
+ electricity power
(ensures endless flight time)

W2-15§F& 48

(F#. % & : Aerones)

FIWEARKLVE I ER I AR TRBEETERR RSB LA S T

MEFLILLARNL 2R c AP MUY LAPEXL 2P gy >4 5 Up

A8 5 RA A U E A R R S (Webcam) T AR # i 0 {17 B Hgm e ®
ViR sl B AT B HETAR IR 0 BT N PR B R HO R A

TS o p AL A < BFg ) &4 T Dragon Firefighter | ei% 5 i 17 # B £ R Al4e

B2- 16 % & § ek shik 7o BB of Stk b odt S i Rk f S Ky
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BH LRI E A LFE RS PR R T

3

LEE SRS TS TSR T R NNV L ¥ ]

R ITEREEFE LSRN R R (Jing & Jian-hui, 2009)

B 2-16 52 Fi8E L

(Y EEESCEE §
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BIE EEB LR

$23 EEPLLR

il

-8 AAFEFE

%8 E T By B AR R E By S KRB ERE Y A L g iy o
B IR A ASEARIL ) P WEZ O REESRN F o4 B2 EFCREY R0
AR FP AP T B A LR KT A 4T/ H A X Bh e S o

RO ACE AP e LR A ERYp IR R e TR TR TR
%%@$ﬁ7&%£ﬁ#%w’% seenficdp i TYURE SRR E s 2 A
DUGRCT] Rl R S R A L AR A SRR i B2 R 2 0 U] s
P TR AN 7 ke R 2 R RS BRI TR
VR SRS SRR I3 EranEL > ¥ AR S BRLIB I L

v?’ BT «Er- a—ﬁ-«‘)ll eﬁf*—m y = ;ﬁ‘if_ ﬁ& ,’_:-!é v, = A g,:l‘gﬁ o

R S S LIRS g T8 SRR Rty £ 8 S S SR RIE: £53
BABYEAZEHBREI BT > FARIRFE LIRS P B4R il 4 £ F R
Fw o~ R W3- 15 A LA BRI ARSI AL o
-~ ﬁgg_g;sﬁi

WEEFY - BRECEANTRY EYEHIEEFHRD - A E R
Bz ¢ g AT B4 T8 TEERA TP EFRpNE
Wt A 2 B B R BE G o BBEY R - A A HE S v
FTAREHE A FIFROIBFE Y ) DI v RIFRART S o B - A D
Ra > vRGvEp ¥2F EBET 54 FREMNEFEY FrHhEsie s

B 1R A R (PRS0 X NI AR (RAS,2015)

s %;»;u ?} 3

REDTAHY FRERENEORE R RRAIFERY > NAGRAD 2 o 4
FRAg o R R B CADR G MNE R ok R LA B R

S
A (AN gl B R ERRE RN DERFFREY) R I B EE
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EH N RIFRFEEA I FERIRE YRR ERY Y

e EY DA blhel B R A B ERT BN £ BB ER R Y

LB ERTER L B EL 2BV ATE RELT WA SRS AP EL

AT R

wT
T wE

:

HE YRR HEESE

EEA
A
=

# oyl sAR A

I

£ i EEAR A «+

Vi A RR AL o

h 4

#ERY
FEE

b

Y

3 I 3 AE AR A

REE
AEFHE

ﬁﬂ%%
B 3-1 A 147 E iy AodZ i 42§
(FR xR : 223 750

2. AERIEY

TE A ﬁm)"éﬁ#f}l v B frv_ﬁ‘ﬁﬂ)\ r’rJFA FLIE T A Bg s A F > TR LS
R ER S 2 EY L0 o bl ¥

'%

E

ot B VI B EER 2 F Y e



5% BEP LR

BWEIMD SR SFEEBED FRFIT A o blde

B B op e Bidd Vb OSRER Y pP dF B D R (T AR o

SERRAZA KT A 5 2 2 B0 3 R 2 SR A SR £

ERE I0®RRFE R

R R A H P ] RA RIS BRI § R R F O o RS R I B Y SR g enth

= Fg (B 3-2) »

TR B RE TR

Be 22 A a @R ap T TRFHFENTEY D
FART T AL B E T R et 2 AR EAEY

A SR 2 VR VRN R 2 s S

H2S+CO.csv

)

Select Columns in Dataset

)

Clean Missing Data

N YN MY

)

[A,/

Select Columns in Dataqet

Split Data )

7

( Linear Regression )

~—

( Training Model

N

( Score Model )

\m

N

( Evaluate Model 3
F3-2 BEFVHIUF

(FR&R: 28758 FHH)
$- & EP il
AF P FRRE R el A E T R E A R KD

25
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S R E A LT ERAE O PR E B ]

=S ERREE ERE S R AL LT o TR )-SR

SERHPLER T PG AR S R TR RETEFR L

~

dOABNEES 0 B A Ak

N —

R ST AP B TR 0 e AR 2 R Rl B

4.»
W
1'3
IR

FAOREEFRES e B 22 k5% nfIE A1 FERE1EE -T47 8

RALFEERIE AR B RN BT SRS L BRI SERE Y

TEH A NS WU FE A RiE e KA AMFLER I AL ERERY o BiE S AR
KEFTERETFA ALY @Y 0T 2 JoTtalk & B8 B LRI B 57

ZFMRHBLRNET LK > BET S48 U R R TR

IPEI EIRE S 5?%1] WL & Lo ﬁ“b REPE { ATOR ’FJ?\)% AR TP

BERAHEL A A ART T AR R DR A RRE R B Ay E Y

AR BERE Y R RS L FHEE UL R TR ol E R Rt R

AUCER R R AT G FRERT A E S S LR R R B

BRBTRLr B3R TAIFMET D GESF2 BFM v B2 e g @

AR e ZE S BRBERERE 0 M E iRk E 2 Arduino i\‘%ﬁ*’k’d*{f*/“

AR B AR A BEF i WA R EE B8 Arduino A 5 & BiF (F A7
ARBERERAY 4T 0 A Hd ZigBee 2.4G Module(AppsBee RO) *F i
T F BP0 %% Baud Rate Tk #clE > R A @R EFABE R 2
RIE G R TP VS R BRI B2 0 T S

1. Multichannel Gas Sensor

Sd USB:i M4t -1 TR T 15 16 zigbee FH v 4k e sensor SV L 4 5 A4 1
R R %ﬁé o ERRAR o~ - IEEER RS S ENAELA(E 3-3)

26



5% ®IHPLULR

B 3- 3 Multichannel Gas Sensor % % i§ £ 8
(FH & APT 5 FHE)
2. MQ-136 H2S(#% * & ) Sensor

Zd USBi 443 51 4 7 R T 1516 zigbee #F L 4% H sensor 5V R 4 5 A %

RPIBEREL - ETRA -~ - Fd RE - EE LA 3-4) -

] 3- 4 H2S Sensor § %% id 3§

(FHR*R: 2750 75 %)
3.  CO Sensor

Zd USB i 443 51 4 7 R T 1516 zigbee #F L 4% B sensor 5V & 4 5 A4 %

BRIBAR L - T MM — (ERHE AEA B 3-5) -

27



EHLCIFRTEEAIFER LIRS ERY Y

®] 3- 5 CO Sensor ¥ “if & F
(FR %R : 22 FHW
4. CO2 Sensor

&d USBi 443 51 4 7 R T 1516 zigbee #F L 4% H sensor 5V & 4 5 A %

BRIBARL - T RA - FRE RS R LR(F 3-6) -

B 3- 6 CO2 Sensor 5 %% £ §
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ABSTRACT

The situation at the scene of the fire is changing rapidly. How to collect and analvze the most immediate fire information,
providing the most effective information for disaster decision-making has always been an important issue. This paper
proposes an [ntelligent Fire Point Sensing System (IFPSS), which proposes fire condition prediction based on artificial
intelligence technology as well as large amounts of gas and temperature data in fire scenes collected by loT devices. The
IFPSS collected actual gas and temperature data from the simulation room where the actual fire test was conducted.
Taking carbon monoxide (CO) and hydrogen sulfide (HaS) data as an example, the artificial intellipence analysis of
IFPSS uses linear regression algorithm to establish artificial intelligence model After training and testing the model, an
accuracy of up 1o 84.4% predicts whether the fire process is in the very early stages of'a fire.

Keywords: Fire Point Sensing, Internet of Thing. Artificial Intelligence. Linear Regression

1. INTRODUCTION

Rapid changes in fire conditions are difficult to predict. In addition to establishing appropriate fire protection concepts,
more importantly, early detection of fire occurrence times is a critical moment to reduce fires when fires occur. After all,
everyone is reluctant to see the casualties and property damage caused by the fire. However, exploration amd data
collection by firefighters at the scene of the fire is a way of causing casualties. Therefore, how to collect information
through fire-fighting equipment has become another way to effectively reduce casualties [16. 18]. M. Bahrepour et al.
proposed a system combination of the sensors and a detection algorithm [1]. where the sensors can be deploved in many
places for different requirements. Moreover, based on the FFNN and the Nawe Bayes classifier to assort sensory
information, the system can compute complexity and accuracy rate of the detected data. Furthermore, an evacuation
system with warning function for the investigation of fire can effectively reduce the damage. Z.C. Zou et al. proposed a
system utilized Geo-spatial data, using web-GIS based spatial decision support system [19], 1o provide reliable fire
notice. effective fire suppression, and adaptable evacuation strategies for occupants, which will enhance evacuees’
survival possibility in building fires. However, how to analyze the data collected by various fire fields, predict the exten
of fire spread and the degree of combustion, and obtain the expected fire detection tramning model is still a hot topie [3, 4].

This paper proposes an intelligent detection module to provide the very early fire detection technology to assist indoor
environmental waming notification and fire source detection. Through the data collection system after the collection, the
artificial intelligence calculation engineering simulation is carried out, and the calculation result is more accurate by the
big data method. The remainder of this paper is organized as follows. Section 2 introduces some related works about loT
and artificial intelligence technology. Section 3 provides the details of the implementation for [FPSS system. Section 4
presents experimental results and shows the performance. Finally, we conclude this paper and provide directions of
future work in Section 5.

2. RELATED WORKS

The Intelligpent Fire Point Sensing System (IFPSS) proposed in the paper combines artificial intelligence technology and
1oT technology for early fire detection. This section introduces the relevant technologies applied in this paper.

1.1 Fire detection and Evacuation Guidance System

In order to avold and reduce damage from fire, early fire detection can help to extinguish fire as early as possible.
Theretore, early detection and monitoring of fires is a very important and critical moment. Pasquale Foggia et al. propose
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a method to analyze videos acquired by surveillance cameras to detect fire [6]. The detection algorithm proposed by
Philip E. Dennison et al. uses high-spectral data to detect fire and fire temperatures by the radiation emitted by the flame
in short-wave infrared (SWIR)[5]. However, if a fire has already occurred, an efficient Evacuation Guidance System
plays an important role. A portable fire evacuation guide robot system proposed by Young-Duk Kim et al. can collect
information about the fire environment and guide the trapped person to evacuate from the fire [10]. By using the
simulation of the fire scene on the "Black House" experimental platform, Ran Haichao et al. [14] analyze an Intelligent
Evacuation Navigation System and propose some suggestions including the location of the exit location, the location of
the Intelligent Acoustic Emissions Discharge Indicator, and the choice of sound and visual guidance. However, the
above method is still in the experimental stage.

2.2 Artificial Intelligence {Al)

The 19505 scientists solved the problems of mathematical logic derivation through computers, and Alan Turing proposed
the famous Turing test to show that the machine has the potential to be mtelligent. Becanse of being limited by the
slower processing on the hardware and network, there was no major breakthrough of Al technology. Until the leap
forward of Machine Learning in the 2010s, the wave of artificial imtelligence re-emerged. Thanks to the decline in
hardware costs and the enhancement of computing power, a large amount of data can be processed through machine
learning. Machine learning is basically a way for computers to use existing historical data, to derive a model, and to use
these models to predict the future, Through the improvement of information cellection and algorithm, and the correction
and feedback based on the learning results or prediction accuracy. the wisdom of the machine is continuously improved,
and finally the effect of amificial intelligence is achieved. Majid Bahrepour et al. performed accurate residential fire
detection by using the best sensor combination criteria and studied the applicability of feedforward neural networks
(FFMN) and naive Bayes classifiers in Al technology [1]. Tom Toulouse et al. uses a machine learning-based approach
to compare and analyze fire color detection rules and methods based on image processing [15].

2.3 Intermet of Things (loT)

The Intemet of Things (1oT}) is a cluster network [8] that allows devices in physical space to exchange data or control
signals through mutual transmission, The Internet of Things (loT) network can be distinguished into three levels as the
sensing layer, the network layer, and the application layer. When the devices in the sensing layer communicate with
different domains or servers, thev must communicate with each other through the network layer to facilitate mutual
nformation exchange and transmission, usually by wired or wireless network technology and cloud application
technology to assist. and with high-reliability network transmission function, each device can be connected by the
sensing layer, and all devices can be transmitted and received through the Internet technology, so that various types of
the value-added applications or systems can be controlled or remotely monitored via the Internet [11]. Based on the loT
technology. K-M. Yu et al. constructed an intelligent evacuation guidance system [17] to provide the optimal evacuation
path to the asylum in case of environmental crisis as a reference for satety evacuation at critical times. Huan-Po Hsu et al.
proposed a comprehensive intelligent evacuation guidance system [9] which combines evacuation route planning
techrology and sudio-visual evacuation guidance technology to provide the best route to evacuate in a short time.

How to combine artificial technology and the IoT technology to collect fire farm related information and analyee it, and
then predict the fire situation i a series of practical issues [1, 2, 3].

3. IFPSS SYSTEM

ln order to provide firefighters with more information on fire scenes for disaster relief decisions, this paper proposes an
Intelligent Fire Point Sensing System {[FP35) for fire detection and early environmental detection. The IFPSS proposes
fire status predictions through antificial intelligence techniques based on large amount data of gas and temperature in fire
scene collected by loT equipment. The system architecture of the IFPSS shown in Fig. | consists of three layers:(1)
Sensor layer; (2) Network layer; (3) Application layer, where the fire data is collected by Sensor layer, transferred by
Metwork layer, and analyzed in Application layer to propose a predictive fire information

In the edge of the IFPSS, that is Sensor layer, data collection of temperature and gas is performed through a plurality of
terminal sensors, which are built on Arduino boards. The Arduino board transmits the collected data to the sensing
receiver of the microcomputer (Raspberry Pi) via an external Zigbee wireless transmission device [13, 16, 18]. In the
network layer, IFPS5 system uses Raspberry Pi 3B+ to receive information through Python program and form network
transmission medium through 4G external module. In the application layer, the collected data is uploaded to the Internet
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of Things platform, loTalk, for streaming. The device management according to the loTtalk classification characteristics,
and the collected data is stored in a database to aveid data loss. Finally. an Artificial Intelligence Analysis (AlA) in
Application layer provides fire status predictions by importing some collected data. There s more detail implementation
information of the [FPSS as follows.

3.1 Sensing Layer

Like a general early waming system [7]. the sensor is connected to the Arduine use signal cable to provide power, and
then the Zighee 2.4G Module expansion board (AppsBee RO) on the Arduino is used to set the Baud Rate frequency to
transmit the sensing data for indoor temperature and fire commeon gas. There are three modules in the sensing laver: (1)
temperature module, (2) gas module and (3) transmission module. In the temperature module. the temperature converter
detects the change process within 300 °C by using the PTI100 resistance high temperature probe, and transmits
information through Zighee (RO). In the gas module, since the gas sensor board connected to the analog line is not
subject to Universal Asynchronous ReceiverTransmitter (LJART), the Multichannel Gas Sensor and MO 136 H2S Sensor
are combined. The CO and CO2 sensors connected by digital sipnal lines can operate independently. All sensors are
powered by 5V and transmitted by Zighee (RO). Finally, the transmission module is composed of Arduino UNO R3 and
ZigBee 2.4G Module (AppsBee CO) and is connected to Raspberry Pi 3B+, The transmission module sequentially
receives the information with the same baud Rate transmitied by AppsBee RO.

Ay b

L3N

i

——
O & &

Figure 1. IFPSS system archilecture Figure 2. Graphical Layveut Window of loTtalk
3.2 Network Layer

The Raspberry Pi at the network laver receives information from the sensing layer through the AppsBee CO built in
Arduine. By using python program to upload the received values through the Raspberry Pi 4G module, all data are
transmitted to the IoT platforny ToTtalk. via the mobile network. loTealk is a novel platform in the network layer of [T
technology. 1t is a link control platform proposed by ¥ _-B. Lin et al.[11] to easily integrate all loT devices. All devices
on loTtalk can correspond relationship. such as a device capable of temperature detection, and the other side is the motor
of the water-cooling device. When the temperature is higher than a certain level. the motor can be adjusted by loTralk to
set the conversion formula. Hence, the temperature detection and the motor can be more easily integrated with each other.
The principle of loTtalk is to integrate the application interface in the device by the application interface and the
integration with the application management system, so that the developable device can connect to the loTialk using the
Internet connection. Moreover, with the easy-to-understand connection-structure-management-interface of loTtalk, the
relationship between the two devices is connected in series. Therefore, all devices can be easily managed by loTtalk.

When the terminal device is connected to the loTtalk platform, the platform will generate corresponding application
software to handle the compatibility problem Users can classify devices according to devices function or features, and
develop loT device feature as special input or output capability. In loTtalk, the sensing devices with detection functions
and the ones with display functions are called input device feature (IDF) and output device feature (ODF), respectively.
The IDF can be connected to the ODF via the snmall circle join object in the Graphical Layout Window shown as Fig. 2.
If a link between 1IDF and ODF has only one nput function, then this link is called single join. Otherwise. a link
containing multiple input functions is called mulriple join. When the user selects the device, the Graphical Layout
Window will appear from the library to retrieve the list of devices registered in the device mode, and distinguish the
input and output characteristics, and send or receive the loT device message via the network.
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3.3 Application Layer

In the application layer of IFPSS, Artificial Intelligence Analysis (ALA) is used to provide some predict information for
firefighters according to the detected data stored in the database. Since the detected data in the environment during the
fire have not been processed, so firefighters not only can’t understand the contents of their data, but also can’t know the
changes in the environment. Theretore, this study uses artificial intelligence to analyze and improve the judgment of the
fire point, The Fig. 3 shows a process flow diagram of the Artificial Intelligence Analysis. In order to achieve
aforementioned goal, the detected data needs to be input into the artificial intelligence model. After the data-cleaning
step, the uncorrelated data is first excluded, and all the data is optimized and sorted. The data is divided into training sets
or test sets, and the training model is used for data training and then testing. Using the training set data, the artificial
intelligence and neural network-like algorithms are used to build the training model. The training set data is imported
into the training model for effectiveness modeling training. After establishing the training model and the test model. the
loss function or accuracy of the training model is evaluated through the test set data. 1fthe loss value is too large, ermor
correction and weight adjustment will be performed, and the model will be retrained until the error is optimized and the
training is completed. According to real environmental data or instantanecus envirommerntal data, the artificial
intelligence model can predict whether the environmental temperature anomaly will cause harm to the environment, and
if so, it must conduct a very early hazard notification,
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Figure 3. AlA process Figure 4. Sensor lyyout of the simulation room

4. EXPERIMENTAL RESULTS

This section shows that the actual application of this I[FPSS system is built into the fire test environment to collect data
changes in the indoor fire environment, and to use artificial intelligence algorithms to predict and verify the resulis of fire.

4.1 Experiment Environment

The experiment is to build a room type simulated one of a long-term care institution, and carry out an actual ignition test
to observe the fire phenomenon of the indoor fire field and conduct fire analysis. Shown as Fig. 4, the simulation room
has a total area of 10-meter x B-meter and is divided into two areas which are the fire room and the non-fire room,
respectively. A medical used bed is placed in the fire room and is ignited by the experimenter on the bed. In this
simulation room, IFPSS sets 4 gas sensing points shown as black starts and 4 temperature sensing points shown as white
starts, while gas sensing poinis are responsible for collecting several common gases such as carbon monoxide{CO),
carbon dioxide (COz), hydrogen sulfidefH:5), ammonia{NH;), and nitrogen dioxide {(NO:), etc., and temperature sensors
up to 300 degrees Celsius. These sensors use wireless sensing network technology and clustering in the indoor
environment, while the Cluster Head Node, abbreviated as CHN, tansmits data to loTialk for data exchange and
processing through the Raspberry P'i and LTE network technology. Through the data collection of gas and temperature,
the change of gas and temperature in the fire environment is observed, and then the fire state is analyzed. The equipment
in the experiment of IFPSS are carbon monoxide (CO) sensor, carbon dioxide (CO:) sensor, hiydrogen sulfide (H25)
sensor, nitrogen dioxide (NO:) sensor, Temperature sensor, Arduino UNO B3 with ZigBee Module, and CHN, which the
number of each kind of the equipment is 44444161, respectively. It is worth mentioning that CHN includes one
Arduing UNO R3 with ZigBee Module and one Raspberry Pi with 4G LTE Module in order to avoid problems such as
data transmission in the experimental environment without setting up a wired or wireless network.
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Referring to Fig. 4, the pas sensor at the upper left can detect the smwke flow when the smoke exhaust window of the
environment 15 opened, and the gas flow condition can be easily observed when the door is opened at the lowest door.
Because the main purpose of this experiment is to observe the fire in the fire room, so only the temperature sensor is
installed in the non-fire room for sensing, and the rest will be set in the fire room for temperature sensing. In order to
avoid high temperature or wall blocking signals, the CHN is set on the outer wall of the environment side. From the
experimental site of observing the actual fire, it takes only 3 minutes for the fire to grow to a dense smoke, and it can be
densely covered in the entire space. If the data obtained in this experiment can be analyzed, the early identification of the
fire can not only improve the safety of the indoor environment, but also reduce the difficulty caused by the unclear
environmental conditions in the fire disaster relief,

4.2 AlA process

The purpose of the [FPSS fire test s to predict whether there is a fire in the space under the gas concentration by the gas
concentration information. In other words, the concentration of gas collected by the IFPSS platform should be trained
before predicting whether there is a fire i the space. The sensor device in the IFPSS collects concentration data of
carbon monoxide (C0), carbon dioxide (CO2), hydrogen sulfide (H25), ammonia (NH3) and nitrogen dioxide (NO2) as
well as temperature data. However, in order to quickly verify this purpose, the most important gas concentration
information at the fire site, carbon monexide (CO) and hydrogen sulfide (H25), was imported mto the Microsoft
Machine Learning Studio platform to construct the Al model of ALA process in [FPSS. The Microsoft Machine Learning
Studio platform is a tool for quickly building models from ready-to-use algorithms and module libraries.

The application of the IFPSS platform to early fire prediction can be divided into two phases (1) training experiments (2)
prediction experiments. In the process of the training experiment shown in Fig. 5, a total of 20249 gas concentration
data were imported. where the gas concentration data of H25 and CO were 3,509 and 16,680, respectively. In the data set,
“Senor D", "Device ID", "Gas Type”, "Concentration Value®, "Collection Time", and "Burn" are used as features in the
training model, where the value of “Burn™ is 0 or | to represent there is no a fire in the space or there is a fire in the
space, respectively, After cleaning data step of excluding the outliers and the re-confirmation of the feature value field,
the data set is divided into a training set and a test set, wherem the traiming set and the test set respectively account for
75% and 25%. By building a training model using linear regression and training set, the training model and the test set
are used to build a score model and an evaluate model to confirm the accuracy of the training experiment. As with the
AlA process described in Fig. 3, after adjusting the parameters in the training moedel, the appropriate training model is
combined with the predictive experiment shown in Fig. 6.
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Figure 5. Traming Experiment Figure . Predictive Experiment

In the process of the predictive experiment, a total of 11,168 new gas concentration data by the "web service input” were
imported into Machine Learning Platform, where the pas concentration data of H25 and CO were 2,746 and 8,422,
respectively. Moreover, the feature fields of the new gas concentration data are the same with the training data; After the
process of predictive experiment, the number of correct predictions and false predictions was 9430 and 1,738,
respectively. In other words, the prediction accuracy was 84.4%.Conclusions and Future Works
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5. CONCLUSION AND FUTURE WORKS

This paper presents an Intelligent Fire Point Sensing System ([FP55) and the experimental framework. In the paper, a
simulation room based on the actual long-term care facility room is established and conduct real fire experiments. By
deploying common gas and temperature sensors in a fire, [FPSS collects actual gas and temperature data from the fire
field. Taking carbon monoxide (CO) and hydrogen sulfide (H2S) data as an example, the mixed data are imported into
the Microsoft Machine Learning platformy, where a linear regression algorithm is used to build an artificial intelligence
model. After training and testing the model, an accuracy of up 1o 84.4% predicts whether the fire process is at a very
early stage of the fire occurrence. The next step in this study will be to increase a variety of sensors on the IFPSS to
collect more diverse gas and temperature data. Further, thermal imaging cameras are used to collect fire images [3].
Through a large and diverse range of gas, temperature and image data, deep leaming algorithms are used to build Al
prediction models to more accurately predict the evolution of fire. Through the prediction of the fire process, [FPP'SS will
provide firefighters with more accurate disaster relief information to reduce disasters and casualties.
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