Robot Design for Fire Detection and Data Processing
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ABSTRACT

In this paper, an autonomous mobile robot for fire detection is designed. The robot is equipped with thermal sensor
which rotates for wide range of detection. The fire detector A2TPMI is used. A data processing method for robust fire
detection is also implemented. AD converter and Kalman filter is applied to remove noisy signal from the fire detection
Sensor.
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Fig. 2 Design of the mobile robot for fire detection

O3 AR 2Re A AL
Fig. 3 Picture of the mobile robot for fire detection

2.3 PSD AlA
z3ol wAEE §7] fsliA 6709 PSDAIME
ARESEAT PSD A&7 8= 10780cmeo] i, Ato] ¢

Obstacle

% 4. PSDMIA S| B X 7=
Fig. 4 The arrangement of PSD sensor

2w 60°olth BAA Wiow 2RI A}
ol¢] A7} 15ecmole] Eole™ EAE 333
Alzglolt), 919 17 4% PSDAIM ] wlx] FRE



A E A 23 A7 2 dely A

R AL SleHB.

2.3 A2TPMI 414

FAAAE e d AMA A2TPMIZ AHEE
ok A9 FF AL 45V T 51V, AN &Y A
2 025V T (Vee - 0.25V)olt).  AlMe] SHA|ZE
< derq o 90msolw FHuf 150msolvh. B2
2°+2°, dubgor 7 Hd 1279 HE WIS
M A ek a7 55 4 A A=z HE HYES
el o glok

..... !

O s Oy 22 1

=]
L=
(55

I8 5. ¥ MAQl A2TPMIS| AE H
Fig. 5 The detection range of A2TPMI sensor

a9 65 MEEEHE AMS @ 41X ¢ Scanning
HeE HoFr

Detection distance : 1m
’ A2TPMI

180° 0°

a2l 6. 9 HZE scanning 22l (0°7180°)
Fig. 6 The scanning range of fire detection(0°~180°)

7% Scanning H$E 0°7180°
7hAlela, A2TPMIAIA 9] & HE W= ImE 3%

n. Zok Zefof o[ A2TPM GC[O[E X 2|

th3E 2 ¢l IR(Infinite respone filter) = ykE-2 el Wk

Fot ZE WA A 4 13 2o] A A
21(Time update equation)¥ 2] 2] =4 744l

A
Al
ol

(
(Measurement update equation) 2. & ¥t}
A1) o3 2k

T, ZAaj"k_l-I- Buy,
Py =AP,_ AT+ Q
2@)e thet 2
K,=pP, H'(HP, H'+ R)™*
x/;;zaj",:-i- Kk(zk—Haj",:)

P= (I - K,H)P;

33 2% Iy HA49 & Ao

Znt e e gol A= tedt 2tk
z, € R"E A 3Y 349 o g, € R'E ¥
e 349 94 :
OﬂE—]_O/] Oﬂ% %)k‘, ekE .’Ek.f.i

k
- - =T — =
Pk‘ = E{ekek ]'E_‘ %j_ }E)]—EH _’_Zé

%/l_, e;E T —

k
= F e 34 o,

33



A5A AlE

F(AAM dloly ghe

34 2% dE WAY Y A A
=A

Zivk e A A M9 BEL ‘9=
(Predict)”® “A A (Correct)”S A& WhE S=83c}
52 4R I3y WA 4] AX £A4E YER AL Q)

tH6]I8].

B AP AT
iii). 397 : =4 g A4 (84)
« K= P H" [HP  H™+ R
«2,=27+K |2~ Hai]
* P= P - KHP

iv). o) 2t Aol 01,12 & X g5}
92 A Ak

A 4

29 AE PR AdelN R0 Haw
= o5 Aol Fashd, ole) FRAYe] HolAok ot
el

o
o,
o
lo,
)
e
i\—t_"
o
ki)
I
i)
[kl
o
Il
o |

@ %o B wolx7h WARE A ¥ 5 Aok
el 2k AEY A% dolHE A AL B
& gt

40 T T T T T T

—#— No filtering
BN Kalman Filtering

thermal
"
&

20 Zé 2|4 éﬁ 2|8 3b 3|2 3‘4 E)IE 3‘8
Time[0.1/s]

a7 7. a™E fIxle] AZ ool Ji=

Fig. 7 Detection data graph of Fixed location

a9 8 M 3AAA Scanningstd AES
dolg] 2 =5 yehdith 27 8olM= 2§ 73 H]
WIS W FAEE HE AE Bl AR
H BAeA HEE 357 wiEel & Wslele Ao
o] gltk

thermal
W
53]

—— No filtering
39l * Kalman Filtering

20 22 24 26 28 30 32 34 36 38
Time[0.1/5]

a3 8. Scanning A& ClolEl Tzf=
Fig. 8 Scanning detection data graph

a7 9ol = AAR e Edelx
MNEetir =5 HE 2o
e zellA = 4 ge] HlelH



A E A 23 A7 2 dely A

thermal

50 52 54 56 58 60 62 64 66 68 70
Time[0.1/5]

O 9. ¥ AE dolg =
Fig. 9 Fire detection data graph

[ o 2
oY fole

& 1A E 18 9oA A& diolHE v astd]
Lhebde)
H1.¢ 4% Holg
Table 1. Fire detection data comparison
A& W Az A
29 dEE ol% & 34°C 90°C
vt A& 31°C 106°C
V.Z E

=R e Aol sl Az & ¢
A AN 9 AHE 7S 7 2ES A

o}
Aol thete] Atk SARAE Hs 4
A
1

N

ADAWESL 29 BEE ALgEa 1 A9E
7,8 904 malr.
ol olef A4 WA Agdte] Aol

Jod 4% 2 Aol U 2o AT o
A AFe golch

zatel 2
2 o7 DEUEIIERS HTAUIIEHE
of xjdsjalol Ao R SHE HPAY

This research was financially supported by the
Ministry of Education, Science Technology (MEST)
and Korea Institute for  Advancement  of
Technology(KIAT) through the Human Resource
Training Project for Regional Innovation.

ik

tn 28
[1] o153, Heh®, FAF, “tHAlA o] A=A
2 FEARE FHAF(L), HIEnEEE]
SASER RS =73, pp.133, 2003.
oY, ofHl, 2T WI A v FHa
3} Wl B3 A7, F=sAasts =%
A, A234 A4z, 2009
[B] #A7tE, “nSUGlA SoludAGe] &84
of #gh A7, F=shALYets] =EA|, A3
# A1, 2009
A 9] 359, “AAY Azt 4 7E,
It 71E7WEAIH, 2006. 03
Chien, T.L. Guo, H. Su, KL. and Shiau, S.V.
"Develop a Multiple Interface Based Fire
Fighting Robot", ICM2007 4th IEEE Inter-
national Conference on Mechatronics, pp. 1-6,
May 2007
[6] Greg, W. and Bishop, G. An Introduction to
the Kalman Filter, Department of Computer
Science, July 2006.
[7] Brown, RG. and Patrick, Y.C. Instroduction
to random signals and applied kalman
filtering third edition, John wiley & Sons,
1997
Sangpetchsong, K. Introduction to Unscented
Kalman Filtering, http://www.mathworks.com
/matlabcentral/fileexchange/24917-introduction-
to-unscented-kalman-filtering

2

—

4

—

5

—_

8

[

35



A A5A Al

r—{n

MAE 271

M(Yong-seon Moon)

g 2AUE AT

M2tk (Young-nam Seo)

12009 29 AU Al AS
:,Lz‘;L;)r(::lzﬂ/\})

2009 ~ A . AW 3t
A AAAEF-s T HAA

: Robotics, Microprocessor

1Lr2(Nak-yong Ko)

1985 A& Hsta Ao A S2-3}

(&b
1987 A-goista gl Ao A
33D

1993 A2Histar skl
1997~1998, 2004~2005
Visiting research scientist
19929 ~ A . ZAWTA AA SRR
A

# T A ol

A1 A2 stz shukap
u]= Camegie Mellon Univ.

: Robotics, Al, Microprocessor

= AH8i(Sang-hyun Roh)
20079 29 : £ANTN AAFE
2 (FeAh
20091 29 : =AU AHAAF
3} j,}(l%}ﬂ /\],)

2000 ~ @A - A AAp kAL
A F)

# T Aol

23 Ale], BE Ao, AlE

[k

36

?-

4= (Jongkyu Park)

198411 24
2 (FsHAh

199083 24 :
sh (A A

L g4

Fopofsta A4

Fopsha AA-

A7 A9



