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ABSTRACT

The fire management in rack type warehouses is a very important and essential element. Usually, a
fire is first produced smoke, then a flame is produced, leading to a fire. Generally, smoke detection
systems have smoke detectors installed in all of the rack spaces and detect smoke early on and deliver
the correct location. However, if there is not enough space in the rack to install smoke detectors, or if
all racks do not have smoke detectors installed, one smoke detector is installed at the top of the rack
to manage the surrounding racks. If the smoke detector detects smoke in this configuration, it is not
possible to determine which of the grouped racks is generating smoke. Therefore, this study proposes a
system to efficiently locate the position of the smoke-producing racks. For this purpose, the camera is
installed on a stacker crane that loads and leaves products in a rack warehouse. Image frames are
transmitted in real time from fixed cameras so that the difference images are calculated reliably. The
images obtained detect the direction of smoke using a technique called dense optical flow, an algorithm
that detects the movement of an object. The purpose of this paper is to develop a highly reliable fire
detection system that detects the location of the racks in which smoke occurs by moving the stacker
cranes in the detected direction and repeatedly.

© 2020 KKITS All rights reserved

KEYWORDS: Rack type warehouse, Smoke detector, Stacker crane, Image processing, Optical
flow, Smoke direction

ARTICLE INFO: Received 20 December 2019, Revised 31 January 2020, Accepted 7 February 2020.

"Corresponding author is with the Computer Science and Chungcheongnam-do, 31080, KOREA.
Engineering, Kongju National University, 1223-24, E-mail address: jwkim@kongju.ac.kr

Cheonan-daero, Seobuk-gu, Cheonan-si,



Journal of Knowledge Information Technology and

1. A &

A ok
2 2
N

,

m]I‘,
w
o o=
= ol

o)

r2

4

2

o,
lu)
of
ol
)
=
]

o
o
=N
ofl
o
b=t

rlo
—>':’ [e3
[t
zl
u:Y
An
)
d

&2 [
S
e
HH ok oo
lo ok oan
NS B
of =2

e ORI

~ i
de 2 oo
> o (T o
of N o ofl rr
oo b 1 o o

o
ol
(d
fru
2
M
lo
e
>,
o
e
e
>
%0,
[ [
o
o
©
%0

_g
oo
(@)
Q
ot
DS
oft
St
S
=
dlmt
ox
o
ox
-IN
ro,
r“.\(_),
o
=
El

R
o
A,
|o
f
toly
)
=
o=
>
toly
By
>
>
o
S
2
2
(S )

o
c
aul

oy
N
N, T
it
i
NG
9‘1‘,
2
]y
2
lo
B

re
N
o
N
N
Ao
oxl

1o
o
wr N
y
il
2
%9,
o)
|
H
I
I
o
0

2
Y
o
>
N
tfu

U A

f
2 Ho g dy
)

T 23 (67 Fo VDo Hof e o7
#A77E AAE dF racke #eldnh 1719
4

BT 4+ 9] 3T 2 He F Yk

2 =edAe 22, 3 e 718 d7172A

ksl g BAANE AARAA o
A% 4%Y A ¢ & Qe

7
g sds] A8 A7 #AT A7 YA o

N

T A

o

M
2

ARE ez 9ae B5HUA onx Zz
AAE olgstd Hzel Q7] BAAZ olFae

Q
e a7 s do.
=T T 28AM A71EA 71 olrA
TAetH, A= olrA

=
s A71e] TAAR Foprtes W

Systems(JKITS), Vol. 15, No. 1, pp. 1-10, February 2020

zeader ofnA ZzA4Y A%E
1, 54AE AR 2 SF A7 33 o)

F 1L A71#A71Y FF
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Figure 1. Computer Vision Process
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Figure 5. High Reliability Fire Detection System
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private ActQI71E7ITCP mActEtherClass = new ActQI71E71TCPO;
public PLCEtherDriver(string PLC_IP, int PC_NetNo, int PC_StNo, int PLC_NetNo,
int PLC_StNo)

mActEtherClass. ActConnectUnitNumber = 0;
mActEtherClass.ActCpuType = 34;
mActEtherClass.ActDestinationlONumber = 0;
mActEtherClass.ActDidPropertyBit = 1;
mActEtherClass.ActDsidPropertyBit = 1;
mActEtherClass.ActHostAddress = PLC_IP;
mActEtherClass. ActiONumber = 1023;
mActEtherClass. ActMultiDropChannelNumber = 0;
mActEtherClass.ActSourceNetworkNumber = PC_NetNo;
mActEtherClass.ActSourceStationNumber = PC_StNo;
mActEtherClass.ActNetworkNumber = PLC_NetNo;
mActEtherClass.ActStationNumber = PLC_StNo;
mActEtherClass.ActThroughNetworkType = 0;
mActEtherClass.ActTimeOut = 10000;
mActEtherClass.ActUnitNumber = 0;

mActEtherClass.Close();
mActEtherClass.Open0;
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Figure 7. Connection to stacker crane
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| stacker craned] %AAZ ddd FHE write ( DataWriteaddr="W210" )

X/nteFlireDataChe’ck o é)lcEtheanver\Y«RITE WORD, BL(;%(])(([};IS .mDataWriteaddr, 3, ref Ipsdata[0]); Il 48332 9924
stacker crane®] ©]% A& write ( FireRequest="W < it Vi v
WriteCheck = plcEtheanver WRITE_WORD_BLOCK(this.mFireRequest, 1, ref Ipscheck[0]); gPé?ZCeL(ILSJ]]!)C[g{VIdth *Slzlcéllcg?‘gghgr;@nal new - OpenCySharp.CPlusPtus Poini(SlceWidth, 0 new
Ob]ect DOWNI0] = Slice(Iplimage_original, new OpenCySharp.CPlusPlus.Point(iSliceWidth,
Slmage ongma] Helght - (iSliceHeight)), new CvSize(iSliceWidth * 2, iSliceHeight));
1%] 8. & F,H ﬂ E_IE]] ?_] 9] 0] = Dg r’i’lo bject_LEFTI0] = Slice(Iplimage_original, new ~OpenCvSharp.CPlusPlus.Pont(©0, iSliceHeight), new

CvazeﬂShceWndth iSliceHeight * 2));

1 Object_RIGHT[0] = Slice(Iplimage_original, new OpenCvSharp.CPlusPlus.Point(fplimage_original Width -
Flgure 8. Movement Command of stacker crane (WS]ICE\’Cldth), iSliceHeight), I?newngSlzeg(llS\ice\X/\dth,olglc;ceHelghr[p* 2): -

11 9719) Wakeo|E 2 e Ak
public Object{] OpticalFlowFarneback_ob(Object!] obj, RichTextBox rich, PictureBox pic) {
CalcOpticalFlowFarneback(prev, curr, flow, pyrScale, level, winSize, iterations, polyN, polySigma,
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. ] . . + “Right : * + iRight. ToString0 + “\r\n"

string str = string.Format(“http={0}&rtsp={1}", nzdata.Http, nzdata Rtsp); + “Detect Count : * + iSum.ToString0) :

k X rich.Text = sRtn;
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