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Effective adjacent baggage split method of Baggage Position Control

System to prevent double loading of baggage
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Abstract

In this paper, we propose a method to effectively split the adjacent baggage that is moving on

high speed conveyor of airport. The proposed method calculate the Angle Histogram(AH) that

inspects background pixels within radius r based on the center point of the adjacent baggage. After

that, the adjacent baggage is segmented by finding split angles at the AH. We also improved the split

quality of adjoining baggage by repeatedly correcting the center point to correctly split adjacent

baggage of asymmetric size. And the calculation time of AH is reduced about 1/3 by using the

symmetry property of the circle. Experiments have shown that 93% of all adjacent baggage images

are correctly segmented and the proposed method is effective.
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Unstable Baggage

FahEe] gEgA BT 5 o FIHE oA BAIs

BPg3 AA] £l sidslr] el BPCS[bI7E Bz A del
%9lE|9it}. BPCSE Fig. 29 7bo] $7aHE-S 9148k u) e}
BQHE ok v E wAske Aloe AT 53], nlds-
Ao} L Q1A SahE i ZﬂOHA v Aoi7le] 53]
2 olgl WL, el SulE S5 A arge) ks
FAISH BT AAZAE A2 9130 oS Fasi,
BPCS(Baggage Position Control System) gz’ﬁjﬁfdm
EtherCAT
,,,,,,,, \ AN 4 e
1 7
2" Position 1% Position
Control Part Control Part

B ETETre) om0l || el o]
O <=0O0<=0 ><O<:'O<:'O O <=0

15T Baggage Position Control

2" Baggage Position Control

Control Part Vision Part

Fig. 2. BPCS Layout

$-2]9] Aol A AotH BPCS[5]E ziH|o]oHl EAdol| A
FahE o] a4 Q14 Q) eRIAUE o] &5to] 475t
71 3’}Binary image)s Qi ok Zﬂ‘ﬂ oﬂ 2%k 914
LU 9} 2 B HHE Aoji 2

e
o
Lo
UN
3
4
)
o
o
_O|L
x|
A
_O|L
Ed
o
o
E{OL
s
feu
L oon .
N o

_|~
o
o 2

2

2

ro o
&ti]ﬁi Rl
4

R
=

i
:(I)lé
x
oy fo
ol
ol
X
o

B
Jot

P

de o
T
rir
[
1>
o T

=4

ol ol

o

o 4
rO
i)
oX
0
T
&
g
ED
k1
[
i)
i,
2
ig
-,
k1

M
o
=~ mg
g K
L)
ol N
[o
2
oo
_O|L
)
fio
]
il
4
_O|L
il
oX,
[iss
] i“%
e 2

o rf o
oy o
4 X
e )

_, _ﬂ, il
]
o
M
-
_V‘.i
_?L
-lN
N
)
2
o
[

;9‘ ™

N

R=)

i

2

=2

i oHo Mo o

= 3ol 71H}o}oq s BRCSE 3
g A= A E o] 71wzl =
2o E%sm A o 0.7seculol] 43 l@ SRR
S5k Ane) 4 Aele ghusol et

W ksl Bejsta ek 93 ) RO us Aol
B340 FeHEE A PR Aol AE B2 Bk



Effective adjacent baggage split method of Baggage Position
Control System to prevent double loading of baggage 35

HH EAEA EHJES o]8dl dlA7|HHEdge-Based) £ N2 h= Aol A WHA]A] ¢47] wiiel], Q14 TE]E L
W, gde] | ~E 1 F ZARL AAIGK(Threshold)S o83 ¥ AIE D58l ER sgstar Ak Az Ulell w27 Q1 FalES
A 719KPixel-Based %= Histogram-Based)&- W, od]  Eeeles duelss abkenh. W] Awe] Helg ﬂoH gjelx
A5 fFAMIE o] &8 P 47|iHRegion-Based)7|HF 28 of| 93] Q1A= o193 [2 18k v o] Aejgit.
WHER FRAG6]. WA oA 7 GRS e AAK EPSZ2°-{0, 1) o714 (x, y)o] AEE 24 4 pePl AP
7I9kete] JAReS Feehs WHORA, F5ol Wzksh oA E]L # 12 vl gk ghs ofwjstar g o mAW M, ¢
o] AAA o] oA = A5 2nke 949 FE2T T e 9ol AR (FaH)el tigh #hs ovleta Ao s wdeTh
ALt A E o] g3t G B UF-E gEoR o)A gron Oa] Ao QA FahE GAellA] I ko] e e
T w3719 7|uko 2 ARREnh theo s S e thE Y Hoh B wE HAlEo] EAgth Fig. 39 Wit ¢
WS ] S| AEORS VMO R S RS wite] RS F grebEe] Whis QI oR e o ET) wEEA
Fdol BRI el w77t UeH] 2 S 2 AdE o] Wol YEhve 54& & veRda ltk

718 = glek, e, 3|~Eafo] 1494 WA HHE

UERZ] wiitel] 997de] 229 AR1 37 4RE &85 4 gl

o] glrh tiEAo® AAH R JAA 2HS T3 B

W71} AR HA gl 7]ukek Otsud i [8]] itk A =R

2 Qd97mE AR e 2394%] AR S

(similarity-measure)ell 9]3) 93-S st WPoR 3ol

U QA SRS skt Ajtek slo® dEA] Atk

EHE@, ol W o 72 X4 H(Region Growing)g ©]
9], [10]¢] Utk e} SellA] A s T2

oo
St
o 2
o

Fig. 3. Visual characteristic of

— o

71,&‘1]9} W 7AS A4M3)7] 93k WHER o1& 5123 o] oA Two adjoined baggage (there are
- - - a lot of background pixels at the
ol A E AMANELS SN A o A E = = Z3k5 o)
el /1A AR S A o= APdshs b= M3et] ot adjoined area — red circles)
I A Adeke YEAQ) S el Jar
g o shel BEaidwatershed)7lwre] dues  F e S TRl ofelal A SAS olgdie] <lid
[11], [12]elth B4 augZ5e A% Hakcell Tore @82 Toshs e Atk Alekd W] 718
segmentation)otol ] Qe LSS AEA 0w Ay olIHolE A $okE Gae] T4 pol WA el A o
2 QTS AT [13], [14]. T2} BEaRe dugze AAEY] 75 ZARIL polil wid Hdo] B + Wies
T E(gradient) 34 A4 2 m}A(marker) 84 5 Axe S FRHToRA A FokES BT WA BRIzl
PAS ez o]—tq FURG AT %’:Xﬂ(over—segmentaﬁon)[13], [15] olal] QlaFl Jido] 1 FERIA oA E FhES AU
7 28] Wl Z71H9) Wikmerge) GElE o] Wadt  GOHE WAL FEHEe) Hu) A]E ZupAL n)Re] 4AE
5 9lo] B Alzko] Zm¥). ufeby chgsﬂr 2o Azto] Ak AR elel Tkl Ak well Q145 ek AR A o
AN QA FoE RS 98 Benre dueEe Agst WM ok A eke 2eE 9 AAHQ L Fig.
L AL A ow Bilsa 4 oF Zrom 7}y A5l thaiAE ofefellA] FAIA o= gt
Center point moving procedure
1) Finding the
center point p. 2) "AH Creation 6) Splitting the B
lll. The Proposed Scheme and InSpection . vt angte Histomram | & ™! using & andgy
Adiacent Baggage B
23] Qa3 Aol BPCSS] nlatelA] 14 ——_—
Q1% SoHEe ARE Al gl el 7} SakEel gk 914 adesana g | | 9 Moo te
ar gmin, AH(i center point
9 RPYRE Aol R FAsoksty] uhel ofe] 714 Axelst weminAHG) | | (From p. o pn)
- _ suchthat, 0@, ) >m/2
g3 $Ae e eqshe 7IE B gl A8skes ve v Y
7:5_]'74]7]‘ O]D]' E ln_':’\ﬂfoﬂjﬂ Xﬂol'—&]”_‘ o]—]j R D]’ 75]’ ‘/F‘—O‘]’% E%koﬂ 4) Decision
whether to move
‘ﬂ ]'3]’7(] Age] ‘:ﬂ/\i W=7 24:@]—01— ] '/I:“E_% Tf:a]ﬂ‘ 7]'_”3]’1:]'. the center point No
Ak e 270e) Q1 ek Helg vhoR Sl 37 olgel i, ) < T
1) ol TS 4854 B A ek, AR | =
2 BPCS7F A85= 38 g5k A 370 o]de] F3l=o] Fig. 4. The Split procedure of Adjacent Baggage Image



36  Journal of The Korea Society of Computer and Information

D 973 F3E] FNHH AR 47

WA el A Q1aE 1R EkE B FAA pst ul g
AL zAlsl7] Yok vk & AAsI) oju =
of yHol 4 Bol Aok ghel 33k gko A (

}\]7(4 p% 7}

()3} o] 24t

Lmax ~ min +

= 5 Ymax ~ Ymin +

min’ 2 min (D

theo® QHGY Pl g B ZAE AF 0 re
Fobe G A7l HlElete= 2 (2) o oJa AtE) o714
Area(= 53V% Bel 99271 Fahe goolth

Area(B)
T

2)

2) Angle Histogram A4
Aok Wil 7] ofolt]ol= AN ol Hol Y= vl
=4 7

24 542 olgte] ¢ QE9lo]

i
2m/N= 24455} Z]% 2 o] BEY A =

A AEE s A A WM BER S 3T
Atk Fig. 5 (@)= 1A sl B89 AHS 7-817] 13 AR
(=d NI FAH p(HFSDE F
2t nAO= A w7 =49 -’F% A AHZ HoFr.
Fig. 59] IF o= &

oA 256 x 2567 & Z4ak3ih.

%0 180 270 360
Degree sampling index, N=360

(a) Center point and N(
inspection samples with
radius rlyellow line)

b) Angle Histogram generated by
N inspection samples

Fig. 5. Angle Histogram with radius r, N=360
3) B 7 2]
iAoMA= o) GAlelA ek AHE o] &3t 7] ke
& RUS] A% AL Y e Fenk A ek RUS
A% A1 e ARRIA w7 2 Ao] 714 wo] vk )

(Bin)2lg xo] they:= 4= 6ist 6+ argminiAH(i)g]r
argmin AH(j) ol 28] A9, La7he the Waks 7hxok
s17] wizol F 7t Ake] 90, 6)= w2hrt & 218 7RI,
o714 ol - [jE{0, 1, -, N-1}e AEHE ?fi}i

H(bin)9] 25 Sveta, 6, )= 08 9ol A7 Vi
sh= SRR A (3)3 o] ojErh

6, @ =min (|6 -6, r-16-61) O

Fig. 6& & 22 2387t o3t 65 2472 4743 ARl 34181
HolFal 9lom Fig., 72 #8% ZuE HolFEr

¢

270
Degree sampling index, N=360

(a) Two split angles

in baggage image (b) Two split angles in AH

Fig. 6. Two split degrees at AH and image

Fig. 7. Separated adjacent
baggage image by two split Angles

4) AR o] g% 3= £ Mk
L ‘%74101]*1 AHZHE] TﬂH =& 7k <, of 7 £
E olgslo QA ok A | e
?3}%«1 717} 73l 0}7%1 X}Ol 73k
gt ol A ek T4
gato] Eelsly] miell FAF Al w
shze] =71 2pol7}F @A SH }1% A
A Asl7] faf Qe os *ﬁ*éfﬂ
7(4 /\OE ]
=z Q1
S EEN gu FHoZ AR
o F47e] A=A 8] wFolck
ZJM

>

o X o
ﬁ o

T

(SIS

._ﬂ. ﬂ]loo % _{n U
2

s

oo

rlo

4 R

M
ol

ol
@5
ﬁl of
0 o
r
o =
ox 2

Moo Ayl HToMT e ofy
=
fr Mo

Wy 1o %
& ok o
i,
o2
fel
_>L

eI 2
Ly
Sl
N
"y
o
SN
e B
o,
.

i
ks

ro

2l
il
rr
g
2

9

oM
e
%ﬁ =
ia!
i

2 b
N
rlo
tlo Py
N
2z
i
=2

14
2AlE Sds) 918 2
2 Zo] Basi,

o

fru
N
2
k)
N Fr

o ot

o
ol
QL
£l
M
et el



Effective adjacent baggage split method of Baggage Position

Control System to prevent double loading of baggage 37

255

63

o)

191

255 255

(a) (b)

Fig. 8. Split angles and result in an adjacent baggage
image with different size

“‘Eii

e TAF oF o= TAA pok WAE v
7t 6, o= FAH=A p, poll o8l AdE= e $4d
po(TH 7] F1 FAlghoke] a2t (Buclidian) 712
dpe, pa)7h B8 FYA Tol g}l wiRkIA| ol upe} A4 €t
oltl, 712] dp.p)7t HEA] To13d -9 A Fokee] $4A
P poei QU0 Shal A2 AHE 73t
gt SAA dlolE I a(pa,pm)<T§ e )
HokFig 43420, 4 Fokee] M2 ads gl
A pre Ak ol Wl ”““01 ol EAlsl] A%
TS olEsl] flsiA otk ﬁ,pﬁhz A pellA
714 wo] YEh = Bk dlg o]
poIA W17 Fdo] B2 5 WHp, p,)a e shAA oz
AR ol geHA "k TR HHlolE 24 dp.p.)< T
%

ol TAA pot Mz A pacl t'ﬂﬁ‘r F AWK, AIA
sl T4 dlolE

M
e

N
Y
Y

o Ho
o

Hu
:.é
O
N
>,
ﬁ
r
N
>,
ml

63

191 191

255 255

(a) Spht line(red) by p. of1* step(b Spht line(red) by p, of 2™ stey
63 127 191 255 63 127 191 255
0 - 0

o (2]

=
©

63 63

191 191

255 255
(c) Split line by ps of 3step
(center point moving finish)

(d) Split result

Fig. 9. Split improvement by center point moving

V. Experimental Result and Application

T

%

Y
o

kA e BPCS®] ] F-oll A
ok v AR Aol ok FdsHE 9
Fhelekel @A el AFEE A, 3
Intel i5 CPUS} 16G H 52| 7} AREH {eh. & 10171¢]
Feo] FEglom A0S BPCSe 9dAe 3747
W FHHAT. E ] A7 FL 4,0960]
bl WA upe} 7p A oo, /el o] 8% ke
Sk ‘}Fé}% 7150 Wt 28 3307x210"x150", 54
560x360"> 250", th& 800-<500"*x300"S WH&sl= 4512
E2 A Table 12 #lke Wil 2]3) -ﬁa]E 214
ok A3 wolerh A2 A 101789 1A ke
G T oF 93%(947]1)* et Faigit) Snke 7ﬂ A=A
53779 A ke Qe ok AATE Gl v
ofef = Z]—rx% FAREE
T fI37] wiitoltt. =, widE o] AR ro] /el W
Houbr Atz € AHE 78 -+ Il sl guke Bet

e CER CELE

[o
2

5]
=

= 4
OE&FUZ
réiSZm

12

U

'IT R
=

8T

15
N
huy

T

i

[ cs:’i
O]
ﬂH

o
b, o}i

o & o

Table 1. Split result of adjacent baggage by proposed method
Original Result NO.' i cer?ter
point moving
h h |
‘ ‘ |
y y
3

BPCSS] M- v ARk Ak Q03] 8 el o)
oo} Hek. BPCS7F 4851 45 48 el e o) o
0.7 sec ool 917 55K A7t ghRlolof Lelgl ohE



38

Journal of The Korea Society of Computer and Information

Table 2. AH generation using symmetry property of xy coordinates.

01 N4 < N/4 #By using symmetry, the range of sampling angle is reduced to 1/4

02 A6 < 2n/N #The unit angle according to the sampling number, N, of circle

03 |Ar < 1/nr  #The unit distance according to the sampling number, nr, of radius r

04 |AH < new int [N] #The number of Bin of AH is chosen the sampling number, N, of circle

05

06 for n <0 to N4-1:

07 fori < 1 to nr:

08 X = iAr * cos(nA®) + pc.Xx #x coordinate according to sampling

09 y = iAr * sin(nA8) + pc.y #y coordinate according to sampling

10

11 #AH calculation using symmetry property

12 AH[N+0*N4] < AH[n+0*N4] + B[ x+pc.x, y+pc.yl #Quadrant 1

13 AH[n+1*N4] < AH[n+1*N4] + B[-y+pc.x, x+pc.yl #Quadrant 2

14 AH[N+2xN4] < AH[n+2*N4] + B[-x+pc.x, =y+pc.y] #Quadrant 3

15 AH[N+3*N4] < AH[n+3*N4] + B[ y+pc.x, =x+pc.yl #Quadrant 4

16 |# B-binary image, background pixel-1, foreground pixel—0
AEE A2 B SHkEAl Alojd 4= glrh Ak HHS B Al A FHAR A& TS A8 BET #
WY S 2inh 2h i el AR she A 2akgoRd  Agel tiE B3NS ol8SI9th Table 28 xS
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Table 3. Execution time comparison of processing methods according to number of center point moving
#Center Moving 0 1 2 3 4 5
mean mean mean mean mean mean
Methods (sec) std (sec) std (sec) std (sec) std (sec) std (sec) std
Non Symmetry 0.180 0.003 0.363 0.011 0.535 0.002 0.721 0.008 0.912 0.005 1.087 -
Symmetry 0.067 0.001 0.134 0.002 0.200 0.002 0.264 0.004 0.333 0.003 0.401 -
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()
Fig. 12. Applying the proposed algorithm to BPCS

V. Conclusion
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