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A baggage handling system (BHS) in airport is an unified system for moving the passengers’ baggage in designated time.
Input baggage from the check-in counter travels to the baggage claim area or cargo handling terminal through this system. In
particular, entryway BHS consists of conveyors, X-ray and sorters such as tilt-tray to send the baggage to departing airplane
and it could have various problems for handling certain amount of baggage in restricted time such as baggage jamming at certain
merge point. This causes systemic error such as delay of the time, omissions of the baggage and even breakdown of the equipment
and inefficiency. Also the increasing maximum time of the baggage passing through the BHS could delay the flight schedule
and finally decrease the service level. Thus, the algorithm for controlling the flow of the merge is essential to the system. The
window reservation algorithm is the one of the most frequently used methods to control the merge configuration. Above all,
the reserve location, so called reserve ahead point, that allocates the window is important for the performance of the algorithm.
We propose the modified window reservation algorithm and the best reserve locations by changing the reserve ahead point in
the induction conveyors. The effect of various reserve ahead points such as the capacity and utility of the system were analyzed
and the most effective reserve ahead point combination was found. The total baggage processing time and the utilization of
the tilt-tray are properly considered when choosing the optimal Reserve ahead point combination. In the layout of this study,
the configuration of four conveyors merged into one tilt-tray is studied and simulation analysis is done by AutoMod®, 3D simulation
software. Through the simulation, the window reservation algorithm is effectively operated with the best combination of reserve
ahead point which reduces the maximum baggage travel time.

Keywords : BHS, Merge control, conveyers, Window reservation algorithm
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<Figure 1> Baggage Handling System Example
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<Table 1> Comparison of Q Airport and Experimental Assumption

Q Airport | Assumption
Number of merge conveyor 2 4
Width of conveyor 105¢cm 4 feet(122cm)
Verocity of merge conveyor Dynamic 2m/s
Length of previous system(X-ray etc) 86m 150m
Stopping space 70cm 80cm

max _’Fg}_% _%]EH %j”]' "]ZJ‘(Mathme)

R Reserve ahead point 91% W&

num

R~ Optimal Reserve ahead point
Qi A 8k AP &%
Uy SE Edo] o]-&F(Utilization factor)

AEe o] S Fale] 7 Aumo]o] o] EE Reserve ahead
point A& -5 thste] A FotE A2l EH Q)
Fobe Hdl 3 AIZK 7,,..), Reserve ahead point 9]
He(R,,,), BE Edo] o] &E(U,,)= A=t 1l

'num/s =

olojo] UH| ¥ £ HE Edfol9 &k F3E A7}
A T 9olA g A3 2

2 Ag o= ZE Reserve ahead pointol] thdh <A}
AQRFgS EEstdlon 1 5 ZF uo]o] gl W
2 Aghel 71 9= o] =2 Reserve ahead points
Akt wek AHE r & vAlEOR TP 849
Agke] 2= Reserve ahead point 23N R, )= =
Attt



Merge Control using Reserve Ahead Point in Baggage Handling System 65

32 4

1%

2t

Reserve ahead pointE W3}A|71H 2318 A A2
1,0507] olH, o T oJn] gl= e #
ahead pointel] I E JAARHFTES vigo
= AAL ANt A4

o]o] g}l ¥ Reserve ahead point©]T}.

Conveyor #1 Conveyor #2

750
740
730
700 720
710
700

690

670 680
1 2

Conveyor #3

720

710

690

680

w

3

o

Conveyor #4
760 780
740 760
740
720
700 700
680
660
640
640 620

720

680

660

1234567282910

Ruum

<Figure 6> Effects of various Reserve ahead Points

<Figure 6> 5 E¥e B wE 7P gaFeo] =
2 @ 7J9] Reserve ahead pointol]l thale] MaxtimeS
AlgE g aolt), 4 A 19 ol HE Eg o]
ofe] Wigt A" g 7] Wl Al HA Reserve
ahead pointE %3}35}0] window F-S st 49 7w
ojole] Wete] EdetS wl E#o]= o] S W
N7 E 2 AAue]o] Al THAl A Reserve ahead
pointE 3 ah= A-olA Ede] o] BV g2l
& 4 Ak b Maxtimeo] td 5 7%= FAS
74z 1 dwolo) 7k 1~3W A, 2 Zdwo]o 7} 1~5H A,
39 oo 7k 1~7H A, 41 o]} 7} 1~10 A Reserve
ahead pointZ o] &39S wWe] AxS ALgslqith. A3
el otst FAR 10U S sk Aagh 2H oA
A EFskel

2

Lol o
2 ' Maxtime®] ozt HAgke] A+t
225 7o Y& AMEE T A Ay 1
eserve ahead pointS AHE3}9S uj
AIgE EEFee A oR YEwt 2
G 2~39A X 7F FRlEd o, 33

+ Reserve ahead point<]

(LAY o o
=
o
S
I
(9S)
rE
gi
=

ZAuoloj= 3~4w A 91X, 40 ZAujo]oj= 24w A 91X
7F frolg s YEhl S SE Moiﬁ} WPE}H F a2
#= BMe Tl & 184 R, E E i
<Table 2> A Fdl= Ad & O(Qm,,l)OH ek A
olch. BHSOIA AA 3k Ao G vhe Fad
% % dhtoly] whizel & AgelA AN F Eahie A
gol Gyt YEAE Q0 Watl wel Bt
ojoll m=w HA 1,050719] @, Hlal + &d= HA
S A 187 F o] et EFEA Sol o HEH
o g UegEs & 5 Sk
{Table 2> Total throughput of the BHS
Qtotul Qtvtal
for overall output | for Main effect analysis
Mean 30328.6086 30329.9444
Standard Error 1.0539344 448415673
Median 30331 30332
Mode 30339 30348
Standard Deviation 34.1513778 19.0246658
Sample Variance 1166.31661 361.937908
Kurtosis 9.9235759 -0.30345575
Skewness -1.75466853 -0.69417207
Range 377 64
Minimum 30041 30289
Maximum 30418 30353
Sum 31845039 545939
Count 1050 18

= it + Reserve
ahead pointoﬂ Eﬂﬁ}o% HH z2¢ 3 MR, )= N3
sttt R, = Wt 7152 Foks Hd 53 Al
A Fok= Ay &% HE E 2]
R, (3-2:3-4)01H, R & dety] 8k 7159
2 A o3 2
WA, F 2 EA e Al 1870 Hdde] g HE
Edo] o] &5 (U, HHE <Table 3>} 2t} 1,050 7}
of AA Akt 1870 kel gk HE Ego] o] E&
HlaL gl A eI o] mEW, AA 9E Eyo] o]&
9] #Hyto] 0.9941150] 187]) kel HE Ego] o] &
£0] 0.99392111 2 M2 th2x] grol AAH 187] Ao
o8& ol FomehS & vk E3 A He] F
AFdigkel st 1871 ke HAH g 27F v
ATk R0l BT 0.9939

E Edoze gao] A o Tl &g
[e



66 Minhee Kim - Hyunwoo Shin - Junjae Chae

<Table 3> Utilization of Tilt Tray ZH R, ¥ A7 H3E<] Reserve ahead point ¥ 3}
o o _] W2 Maxtime 74E 53 BHS &84 Sdd 2%
18 combinations | total data(1050) st = 2l
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Standard Error 4.7069E-06 2 34E-05 <Table 5> Combination of Candidate Reserve Point and Maxtime
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Standard Deviation 1.9967E-10 0.000758 3332 522.3996
Sample Variance 3.9869E-10 5.74E-07 3-4-3-2 5364557
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