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1 UvVOoD

Dilezitou ¢asti letiStni infrastruktury
je systém odbavovani zavazadel. Systém
zajist'uje identifikaci, tfidéni a dopravu
zavazadel vSech cestujicich. Pfitom ¢as na
odbaveni je omezen — vSechna zavazadla
musi byt pfipravena 10-15 minut pied
odletem. Naroky na systém odbavovani
zavazadel se zvySuji s rostoucim poltem
cestujicich, letd a letovych destinaci.
Jedinym feSenim je plné automatizovany
systém odbavovani zavazadel.
Automaticky systém by mél piedevsim
eliminovat chyby v tfidéni, které jsou Casté
pfi ruéni manipulaci a které jsou nejCastéjsi
pfi¢inou ztraty zavazadel. Pro analyzu a
vylepSovani systému odbavovani
zavazadel mize byt s Uspéchem vyuZit
simula¢ni model.

2 ODBQVQVANi ZAVAZADEL NA
LETISTICH

Systém odbavovani zavazadel [4],
provozu letidf, ma tii hlavni ukoly
(Obr. 1):

e dopravit zavazadla od odbavovaci
piepazky k voziku nebo kontejneru
v odletovém prostoru,

e dopravit zavazadla od piiletu k
odletu pfi tranzitu,

e dopravit zavazadla z letadel, ktera
pravé pristala, na vydejovy karusel
pro cestujici.

Proces zafina u  odbavovaci
prepazky. Jeji pracovnik vlozi udaje o letu
do pocitage, vytiskne visacku s Carovym
kédem, ktery obsahuje veskeré udaje o
letu, a pFipevni ji na zavazadlo, které zvazi.
Zavazadla nejprve projdou bezpecnostni
kontrolou. Poté  dopravnik  dopravi
zavazadlo k soustavdé skenerl, které
pre¢tou &arovy kod. Od této chvile je v
kazdém okamZiku pocitatovy systém
informovan o  pohybu  zavazadla.
Automaticky skener ¢arovych kédi miva

1 INTRODUCTION

The baggage handling system is an
important part of the airport infrastructure.
The system transports, screens and sorts
the bags of all passengers. The available
time is limited: all bags have to be ready
10-15 minutes before flights are departing.
With escalating number of passengers,
flights and destinations, baggage handling
systems requirements are increasing. There
is no doubt about it — automated baggage
handling is the only way to go. The system
should eliminate the mis-sorts that can
frequently happen with manual handling,
and which are the most important cause of
lost bags. For investigation and
improvement of baggage handling process
simulation model can be used.

2 AIRPORT BAGGAGE

HANDLING SYSTEM

A baggage handling system [4] that
belongs among the most important sub-
systems of airport operation has three main
jobs (Fig. 1):

e move bags from check-in area to
the departure gate,

e move bags from one gate to another
during transfers,

e move bags from the arrival gate to
the baggage-claim area.

The process begins at check-in
desk. The agent feeds the flight itinerary
into a computer; a tag with flight
information in the form of a bar code is
printed and attached to each piece of
luggage. Conveyors take bags through X-
ray machines and other security devices.
After that an array of automatic bar-code
scanners scan the labels on every piece of
baggage. Hereafter the system knows
where the bag is at all times. The automatic
bar-code scanner is usually able to scan the
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Gsp&Snost okolo devadesati procent. V
ptipadé, Ze se skeneru nepodafi visacku
precist, tiidi¢ vyklopi zavazadlo na stanici
ruéniho kédovéni. Po ruénim sejmuti kddu
se zavazadlo vraci na standardni cestu.
Zavazadla putuji dal na tfidici dopravnik,
ktery podle pokyni fidiciho systému
posunuje zavazadla na skluzy jednotlivych
let. Chyby pfi tfidéni jsou noéni mirou
manaZerd odbavovani zavazadel, protoze
zpusobuji dodatecné naklady a zpozdéni
dodani zavazadla. Proto jsme vénovali
pozornost vlivu UspéSnosti tfidéni 1 pfi
naSich simulacich. Po eventualni kontrole
se zavazadla nakladaji na voziky ¢i
kontejnery jednotlivych letd. Zavazadla z
letadel, ktera prave pfistéla, jsou roztfidéna
na tranzitni a cilova. Cilova zavazadla jsou
dopravena dopravnikem na néktery z
karuselli, kde na né€ jiz Cekaji cestujici,
ktefi praveé pfiletéli. Soucasti systému je i
automaticky sklad pred¢asné odbavenych
zavazadel a zavazadel, kterda na tranzit
musi cekat.

bar codes on about 90 percent of the bags
that pass by. The unidentified bags are
routed to another conveyor to be manually
scanned. The conveyor system equipped
with junctions and sorting machines has to
sort all of the bags from all the different
airlines and automatically route them to the
proper departure gate. When a bag comes
to a junction, a machine called pusher
either lets it pass or pushes it onto another
conveyor. Sorting errors are the biggest
fear of airport managers responsible for
baggage handling operations because of
the high costs and delays they can cause.
That is why we have started our simulation
with this problem. Bags coming off a plane
are already sorted, so it is easy to keep
transferring bags separate from the
terminating bags. When the bags get to the
baggage-claim area, they are loaded onto a
conveyer that deposits them onto the
carousel. For transfer baggage or baggage
which has been checked early there is a
temporary storage system.

wnp] VYKLADKA VYZVEDNUT] fumemnp-
I PREKLADKA
& NAKLADKA TRIDENI PREPRAVA SNIMAN ODBAVENI
SKLAD

Obr.1 Zjednodusené schéma procesu odbavovani zavazadel na letistich

% wmenp!  UNLOAD CLAIM  fumsmap
l TRANSFER
& e MAKE-UP SORTING TRANSPORT SCREENING CHECK-IN  |enmmmms
STORAGE

Fig.1 Simplified flow chart of airport baggage handling process
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3 MODELOVANi  DOPRAVNIKU
JAKO SYSTEMU DISKRETNICH
UDALOSTI

Dopravniky  (Conveyors)  jsou
jednim z prostiedkii pro modelovani
dopravy materidlu v programech pro
simulaci systémd diskrétnich udélosti.
Simulaéni program Witness 2008 [5] ma
definovany dva typy dopravnikii — kazdy
znich ma dvé formy: pevné (Fixed) a
akumulujici (Queuing):

e indexované (Indexed) dopravniky,
jejichz délka je déna poctem Césti
(Parts) — objekta, které prepravuji a
rychlost indexem, coZ je cas, za ktery
se Cast posune o jednu pozici.
Skute¢nou velikost ¢asti na tomto typu
neni mozné modelovat, podstatné jsou
pouze polty Casti a jejich vzdélenost
dané po¢tem mezilehlych pozic.

e spojité  (Continuous)  dopravniky,
jejichz délka a rychlost jsou dény
pomoci  standardnich  fyzikélnich
jednotek. Tyto dopravniky uz umoZiuji
modelovat rozdilné rozméry Casti
popsané systémovymi atributy délka
(Length), 8itka (Width) a vyska
(Height).

Propojeni dopravnikdi navzdjem a
s ostatnimi prvky modelu je popséano
vstupnimi a  vystupnimi  pravidly.
Indexované dopravniky maji definované
dvé diskrétni udalosti — vstup a vystup
Sasti. U spojitych dopravnikld je mozZné
jesté do libovolné vzdalenosti od konce
nebo pocatku dopravniku umistit senzory,
pro které jsou definovany dalsi udalosti
podle faze pfechodu cCasti pies senzor.
Krom& podatku a konce Ilze u
indexovanych dopravnikli popisovat pozice
Casti pomoci indexti (celd C(cisla), u
spojitych  dopravnikli pomoci senzorli
(redlna ¢&isla). K vizualizaci dopravnikii 1ze
pouzit fadu grafickych prvkd, nejvhodnéjsi
je pouziti cesty (Path), kterd nejvice
odpovida realité.

3 MODELLING OF CONVEYORS
AS DISCRETE EVENT SYSTEMS

Conveyors are one of the means for
material transport modelling in programs
for simulation discrete event systems.
Witness 2008 simulation program [5] has
defined two basic types of conveyors —
each of them has two forms: fixed and
queuing:

e Indexed conveyors whose length is
given by the number of parts — objects
to be transported and size by the index
time that is the time in that parts move
by one position. Real sizes of parts
cannot be modelled using this type.
The number of parts and their distances
given by the number of intermediate
positions are essential.

e Continuous conveyors whose sizes and
speed are given in standard physical
units. These conveyors enable to model
different sizes of parts described by
means of system attributes Length,
Width and Height.

Connection of conveyors to each
other and with other elements of a model is
described by input and output rules.
Indexed conveyors have defined two
discrete events — input and output of parts.
Continuous conveyors enable to place
sensors at any position on the conveyors.
For sensors additional events can be
defined depending on the phase of part
passing the sensor. In addition to the front
and rear the position of parts on indexed
conveyors can be described by indices
(integers). For continuous conveyors
sensors can be used for positioning of parts
(real numbers). Conveyors are visualized
by a number of graphics; the most suitable
graphic element is Path that most of all
corresponds with reality.
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4 POPIS MODELU ODBAVOVANI
ZAVAZADEL

Vytvofeny model jednoduchého
procesu odbavovani zavazadel (Obr. 2)
popisuje  Cast systému  odbavovani
zavazadel po piiletu letadel: identifikaci
zavazadel podle cérového kodu, jejich
predtiidéni na cilové a transitni zavazadla,
roztiidéni transitnich zavazadel podle
kone¢né destinace a dopravu cilovych
zavazadel na vydejové karusely. Popsany
systém je modelovan pomoci desiti
vzajemné propojenych spojitych
dopravnikd. Rychlost pohybu zavazadel je
stejnd na vSech dopravnicich. Jeji velikost
Ize ménit, je pouZita hodnota 1 m.s™. Jsou
dopravovana ze tii terminélti podle predem
stanoveného  rozvthu na  centralni
dopravnik. Tento rozvrh miZe byt
deterministicky (podle letovych radil) nebo
nahodny (podle dlouhodobych udaji). Ve
vytvofeném modelu vstupuji zavazadla do
systému rychlosti 1 zavazadlo za 3
sekundy vdavce 1000 zavazadel. Jsou
nahodné sméfovana na jeden ze ftfi
terminald v poméru 2:1:1.

4 DESCRIPTION OF THE
BAGGAGE HANDLING PROCESS

The model of a simple baggage
handling process (Fig. 2) describes a part
of baggage handling system: baggage
identification by means of bar codes, their
pre-sorting into terminating and transit
baggage, sorting of transit baggage
according to their destination and transport
of terminating baggage to reclaim
carousels. This system is modelled using
ten connected continuous conveyors. The
baggage movement speed is the same for
all conveyors. Its size can be modified; the
value of 1m.s” is used. Baggage is
transferred from three terminals to the
central conveyor according to the schedule
specified in advance. The schedule can be
deterministic (according to timetables) or
random (according to long-term data).
Baggage enters the model at | piece per
3 seconds in the batch of 1000 pieces.
They randomly directed to one of three
terminals in the ration 2:1:1.

0g Terminal 2

Obr. 2 Simulacni model jednoduchého procesu odbavovani zavazadel jako soustavy
dopravniki
Fig. 2 Simulation model of simple baggage handling process as a system of conveyors
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Zavazadla na centralnim
dopravniku  prochazeji  automatickym
sniméanim &arového kédu (Obr. 3). Carovy
kod je ptecten s volitelnou
pravdépodobnosti spravného pieéteni. Tato
hodnota zavisi na pouZitém systému Cteni
¢arového kodu (jednoduché laserové
snimace kolem 65 %, kamerové systémy
s rekonstrukci ¢arového koédu az 90 %,
snimace RFID vice nez 90 %). Transitni
zavazadla jsou tfidéna a pifesunuta do
oddélenych skladii podle destinaci.
V modelu jsou pouzity &tyfi transitni
destinace (Londyn, Frankfurt, Berlin a
Rim).  Neidentifikovanda  zavazadla
sneznamym  Carovym  kédem  jsou
presunuta do zvlastniho skladu, kde se
musi zpracovat ru¢né. Cilova zavazadla
(destinace Praha) pokracuji aZ na vydejovy
karusel, ze kterého si je cestujici
vyzvedavaji. U vydajového karuselu jsou
pouzity dva proménné  parametry:
praméma hodnota pozornosti cestujicich a
maximalni poet ob&hld zavazadel na
karuselu. Zavazadla neodebrand z karuselu
jsou po dosazeni maximélniho po¢tu ob&hu
presunuta do zvlastniho skladu.

Baggage on the central conveyor
goes through bar code automatic scanning
system (Fig. 3). Bar codes are read with
optional probability of correct reading.
This value depends on used system of bar
code reading (simple laser scanners about
65 %, camera systems with reconstruction
of bar code up to 90 %, RFID scanners
more than 90 %). Transit baggage are
sorted and moved into separated storages
according to their destinations. Four transit
destinations (London, Frankfurt, Berlin
and Rome) are used in the model.
Unidentified baggage with unknown bar
codes is moved into a special storage
where they must be handled manually.
Terminating baggage (destination Prague)
continue to the reclaim carousel where
bags are to be collected by passengers.
There are used two variable parameters in
the model: the average value of passenger
attention and the maximum number of
baggage rounds on the carousel. The
baggage uncollected from the carousel is
moved after reaching the maximum
number of rounds into another special
storage.

Screening

e

Obr. 3 Detail snimani ¢arového kédu
Fig. 3 Detail of bar code scanning

5 SIMULACNI EXPERIMENTY NA
MODELU

Na vytvofeném modelu ¢&asti
procesu  odbavovani zavazadel byla
provedena fada simulac¢nich experimentd,
ve kterych se ménily i1 délezité
parametry:

e (spéSnost Cteni Carového kodu

zavazadel pfi prichodu snimafem
(postupné 65 % az 100 %),

10

5 SIMULATION EXPERIMENTS
WITH THE MODEL

A number of simulation experiments
were carried out with the created model of
the part of baggage handling process.
Three important parameters parameter
were varied during them:

e successfulness of baggage bar code
reading at scanner (from 65 % up to
100 %),




V. Hanta, J.PoZivil — Modelovani jednoduchého systémui... T&L — 14/08

e (spéSnost cestujicich pii e passenger attention to identification
identifikaci svych zavazadel (50 % of their baggage (50 % up to 90 %),
az 90 %) e the number of baggage rounds on

e pocet ob&hil karuselu (1 obéh az 8 the carousel (I round up to 7
obéhtl). rounds).

Tab. 1 Pocty nevyzvednutych zavazadel vzhledem k pozornosti cestujicich
Tab. 1 Numbers of uncollected baggage depending on passenger attention

Obéhy karuselu P°z°.‘,“ ?St Nevyzvednuta zavazadla
cestujicich
Carousel rounds 4 Uncollected baggage
Passenger attention

2 50% 54

2 60% 18

2 70% 9

2 80% 3

}\; 2 90% 0
| Prvni série simula¢nich The first series of simulation
i experimentli sledovala polty zavazadel experiments monitored the number of
neodebranych  z vydejového  karuselu baggage uncollected from reclaim carousel
’ v zavislosti na primémé pozornosti depending on average passenger attention.
cestujicich. Dil¢i vysledky pro dva ob&hy The partial results for two carousel rounds
;— karuselu jsou shrnuty v Tab. 1. Pak byla are summarized in Tab. 1. Then the
; zjisfovana minimalni hodnota pozornosti minimum values of passenger attention
cestujicich  potiebnd  pro  zajiSténi needed for guaranteed total collection of
spolehlivého odbéru v8ech zavazadel baggage depending on the reclaim carousel
v zavislosti na poCtu ob&hu zavazadel na rounds were found out (Tab. 2). In the
vydejovém karuselu (Tab. 2). V zavéreéné final series of experiments the dependence
fadé experimentll byla sledovana zévislost of the number of read and unread bar codes
poltu Usp€Sné a nelspéSné prectenych on the quality and reliability of the
Carovych kodh na kvalité a spolehlivosti scanning system was observed (Tab. 3).

snimaciho systému (Tab. 3).

Tab. 2 Minimalni potiebna pozornost cestujicich pro odbér vsech

zavazadel
Tab. 2 The minimum needed passenger attention for total baggage
collecting
Obéhy karuselu Pozornost cestujicich
Carousel rounds Minimum passenger attention
1 94%
2 87%
3 81%
4 1%
5 61%
6 55%
7 49%

1
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Tab. 3 Pocty prectenych a neprectenych c¢arovych kodii v zavislosti na ispésnosti snimani
Tab. 3 Numbers of read and unread bar codes depending of scanning successfulness

Usp&nost

ééf-:;néiho Destinace Destinace Destinace Destinace Destinace éérovy kéd
hide Lo.nd)"{l Fraflkfl!rt Bt.arlin. Bim ‘ ; Pl:aha. nepiecten

it Destination  Destination Destmzftlon Destination  Destination  Unread bar

v iaf hai London Frankfurt Berlin Rome Prague code

code scan
65% 106 134 58 29 311 362
70% 113 141 62 32 333 319
75% 124 152 65 37 360 262
80% 133 164 70 40 386 207
85% 143 173 77 43 416 148
90% 149 184 81 e 446 96
95% 154 193 86 47 467 53
100% 167 201 86 51 495 0

6 ZAVERY 6 CONCLUSIONS
Letistni systémy zpracovani The baggage handling system at an

zavazadel maji rozhodujici vliv na
spokojenost cestujicich. Jsou popsany dva
piipady systémil zpracovani zavazadel na
velkych letistich (1995 Denver [1], 2008:
Terminal 5 Heathrow [3]), které meély pii
otevieni  velké  problémy. V obou
piipadech doslo k velikym ztratam, kterym
se bylo mozné vyhnout, pokud by byla
provedena simulace navrhovaného systému
zpracovani zavazadel zaméfend na uzka
mista a vliv ndhodnych selhani né€kterych
subsystém.

V ptispévku je popsan jednoduchy
model odbavovani zavazadel vytvofeny
v prostiedi simulatoru  Witness  2008.
Simula¢ni model je zaloZen na systému
vzajemne propojenych spojitych
dopravnikti. Zakladem bezporuchového
chodu systému zpracovani zavazadel je
spravné  pieCteni  Carového  kodu
piidéleného zavazadlu. Proto byl zkouman
vliv uspésnosti jeho pfecteni na odbaveni
zavazadel. Dale byl zkoumén vliv
pozornosti  cestujicich pfi  vyzdvihnuti
zavazadel. Simulace se ukézaly jako
Gspésné. Simulaéni experimenty prokazaly,
Ze pouzitd metodika umoziluje modelovat i
slozit&jsi systémy zpracovani zavazadel na
letistich. Dalsim krokem je vyuziti modelu
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airport plays a crucial role in keeping
travellers satisfied. There are described
two cases of baggage handling systems at
large airports (1995 Denver [1], 2008:
Terminal 5 Heathrow [3]) that have great
problems on the day of opening. In both
cases enormous losses were created that
could have been eliminated if simulation of
the designed systems should have carried
out with the aim directed to identify
bottlenecks and effects of random failures
of some subsystems.

In the contribution, a simple model
of baggage handling created in Witness
2008 simulation program is described. The
simulation model is based on a system of
connected conveyors. Essential for its
error-free operation is correct scanning of
bar codes of every piece of baggage. That
is why effects of scanning successfulness
on baggage handling were examined.
Further, influence of traveller attention to
baggage recognition was examined.
Simulation approach has proven to be
successful. Simulation experiments show
that used method enables to model also
more complex airport baggage handling
systems. The next step is to use simulation
model for evaluation of capacity pro
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vyhodnoceni kapacitnich pozadavki a pro
testovani mozZnych zmeén v systému fizeni
odbavovani zavazadel.

requirements and for testing of planned
changes in the system control.

Recenzia/Review: Ing. Gabriel Fedorko, PhD.
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