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Abstract

Purpose: development of a new load optimization algorithm in order to solve the aircraft load optimization problem
with further implementation it to the innovated load optimization model. Methods: heuristics, formalized approach,
computer modeling. Results: the innovated load optimization algorithm was designed, which implies the containers
groups’ assignment with minimization of loading time. Discussion: Most of studied scientific works contain various
descriptions of bin packing problem’s solutions, knapsack optimization models and also outline a term of “aircraft
cargo loading” as a problem of container selection, packing and cargo loading into the aircraft compartment. These
models are concentrated on separate features, whereas the real load optimization problem is inextricably linked with
aircraft handling and operations. This innovated load optimization model consists in decomposing the loading problem
and also implementation of a new priority load planning algorithm. The following algorithm refers the predefined Unit
Load Devices’ assignment in the aircraft cargo compartment in priority order to unload them according to data’s
documentation without exceeding weight and balance constraints and with loading time reduction and consequently
cutting handling and operation costs.

Keywords: bin packing problem, aircraft load optimization, aircraft load planning algorithm, aircraft loading time,

ULD (Unit Load Devices), priority loading criteria.
1. Introduction

Optimizing the cargo loading operations is an
essential part of a constant development for the air
companies. The stakeholders that are involved in the
process have multiple objectives. Sales department
seeks for maximizing profit and simultaneously
minimizing costs while ground handling department

aims to reduce the handling effort. Aircraft
operations work  with fuel consumption’s
optimization and Unit Load Device (ULD)
utilization.

ULDs are used to consolidate cargo items before
loading into the aircraft cargo compartment by
different devices such as hydraulic lift (fork lift) [1].
On the next loading stage they are being moved
manually to their final position with a roller floor’s
utilization, before finally being fixed by nets to the
finite position to avoid mis-loading [8].

Mis-loading consequences:

- aircraft compartment’s damage during the
flight;

- runway excursion while operating take-off or
landing;

- loss of control of the flight. [8]

Loading of air cargo is always in a full
compliance with the generally used regulations and
limitations, the loading procedures and also with the
instructions given by stuff that is responsible for the
loading process for a particular flight. Such loading

instructions must satisfy the requirements for cargo
distribution and trim in the aircraft compartment’s
documentation.

As air cargo transportation is a sort of a very
challenging business which depends on a turnaround
time and fights for a load time reduction, the career
simultaneously should follow the aircraft safety
constraints without spending too much operation
costs on it. The article contains a description of an
algorithm, which clarifies the priority assignment
process of containers (ULD) matching the multiple
constraints with further unloading of cargo in a finite
order.

2. Review of publications

The topic of cargo load optimization was mentioned
in a large amount of scientific works.

The earliest time, the load optimization problem
was presented as a cutting and packing problem and
also referred to simulated annealing [6,7].

This problem was described as a Bin packing
Problem by A. Trivella and D. Pisinger [12].
Nowadays authors implement heuristic rules which
examine the impact of the number of different types
of items on the loading efficiency [2].

A. Bortfeldt & H. Gehring implemented an
integrated greedy heuristic which means the usage of
specific genetic operators towards generated
stowage plans which are reflected in a complex data
structures, related to this problem [4].
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Also load optimization problem is represented as
multi container loading problem, with solving
integer linear models [13].

Various works are linked with heuristic solution
are based on the load bearing strength in order to
avoid the fragility of cargo [3]. A large amount of
researches contains mathematical modeling with
optimum solutions for 3D container loading problem
— mixed integer linear programming [5].

3. The aim of the research
The aim of this work is the development of a

specific load optimization algorithm, which
simplifies the load planning with formalizing it to
Python  program  language  with  further

implementation into the new optimization model.

Research tasks:

- parameters’ description;

- sorting rule’s description;

- load optimization algorithm’s description;

- writing a pseudo-code with formalizing it to
Python program language.

- development of three-dimensional
optimization model with priority criteria.

4. Parameters description

As the requirements and the objectives are
formalized in previous stages of a research [10], the
main objective will be the aircraft loading time,
which has to be reduced and implies handling
operations’ time. The loading was divided into three
transportation legs which are the part of one route.
The following load optimization approach is
improved by combination of a formalized part and
heuristic approach. Heuristics was based on data,
collected after interviewing the load planning staff.
The parameters are divided into three groups and are
presented in the Table.

load

Table
Parameters of the load optimization model
General Aircraft Container Cafgo
para- sections
parameters parameters
meters parameters
i Number of containers Number
Capacity, C '| of sections,
Cj S
n
Maximum Weight of the i Maximum
The payload, container, wj payload,
number |y W,
of legs, me E— n.
L, Cargo Dimensions, d;
compart- | Weight of the loaded |pjmensions,
ment’s container, d
- - . . sn
dlmelgsmn, Witoad, W jioaq W Kjoad

General constraints:

1. Compatibility. An aircraft can only carry
items that are compatible with it [7].

2. Typology of containers. The containers are
homogeneous.

3. Position. Each item may be packed at any
location inside a bin orthogonally, that is, the edges
of the item are parallel to those of the bin. There is
no overlapping inside the container.

4. Rotation. Container can be rotated only to 90
degrees.

5. Storage. Cargo is stored at the storage and
will be moved to the platform/ramp;

6. Unloading Sequence. A container can be
unloaded if the floor above it is also unloaded.

7. Integer values and variables. Containers
dimensions and the coordinate values of the items in
the bin are positive integers.

Specific constraints:

1. Load bearing strength. Maximum pressure
that can be applied on the top of a container.

2. Weight limit. Items packed in each container
cannot exceed a given maximum weight.

3. Weight distribution. The weight is distributed
within the container according to finite criteria
(priority of delivery).[11]

5. Sorting rule

The containers are sorted by the priority criteria.
There are three cases of sorting rule:

Case 1. The cargo is loaded on the departure
point and will be unloaded at the final point of
destination, L1.

Case 2. The cargo is loaded at the midpoint and
will be unloaded at the final point of destination, L2.

Case 3. The cargo is loaded on the departure
point and unloaded at the midpoint, L3 (Fig. 1).

[ Roue ]

Fig. 1. Sorting rule’s description
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6. Load optimization algorithm

The problem reflected at this research is described as
follows: the aim is to define the assignment of
rectangular shaped bins in the aircraft cargo bay
respecting safety and other specific constraints. Load
operations should be finished before the closing time
of the aircraft in order to increase the total profit
from the processed freight.

Step 1. There are 15 sections (S, ) in IL-76 T

cargo compartment. Sections are divided into three
group sections. Each group S;,S;j,S¢ has a finite
number of sections. S;=4;S;=6; S, =4. Each
section has its own dimensions ds (Xs. Vs, Zs, )-
zg, isapriori<Z, as the dimensions of c; cannot be
more than D (1):

Zs, <Z; vz,

(D)

Step 2. Each section has a finite maximum
Weightwsn, which cannot exceed the maximum

overall aircraft payload, W, (2):

Ws, Wmax : VWs, . )

Step 3. Container is going to be loaded according
to the sorting rule if the weight of it w; does not

exceed the maximum weight of the aircraft cargo
sectionwsg_ (3):

Step 3 repeats until all containers, that fit the
selected section are loaded.

Step 4. Repeat step 1, step 2 and step 3 related to
other compartment sections.

The flowchart of the following algorithm is
shown in the Fig. 2.

27 EWa | No
J Yes
4; <D ‘_|
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Fig. 2. The flowchart of load optimization algorithm
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7. Pseudo coding of a new load optimization
algorithm

For modeling of the algorithm that is being
respectable to all general constraints of the aircraft
should be done following the constraints towards the
separate aircraft cargo section. We calculate it from
the data based on flight manual of the IL-76
Annex 3 [9].

Algorithm 1
/I FOR ALL ¢;

(let i=1, k< 50000 (kg), i ++ integer)
e //READ ¢

e //READ Yy

(let x>1, y>1, z>1; X= D, y<b,

2<D:yyz +4)

e /11FY9%yz < Dyz THEN
« //READ ki
(leti=1,2,3;i ++)
e //ELSE
e //READ Cin | (n=1)
J1E G € Ly, THEN

o /[ READ Algorithm la
e //ELSE

« //READ L, (n=1)
« //END

The algorithm 1 presents general order of load
planning at the time of containers’ distribution
according to their route (leg) origin.

The next stage provides three algorithms on the
stage of containers’ sorting after their route
characteristics. Algorithm 1a represents order for
containers of a group section Sk, algorithm 1b
represents order for containers of a group section S;,
algorithm 1c represents order for containers of a
group section S, respectively.

Algorithm la
o J/FOR (listof «Cin)€ L1
(let k=1<50000(kg), ++, integer, i>0)

e /[ READ w
o (letk=1,2,3,...n, i>0, integer, i++)

o JIFWiSWs THEN
leti 15} =1112.13.14)

e //LOAD — Sk
/| ELSE

/I READ Wit
e LOAD >k

/I REPEAT UNTIL Ws, = Wi,
/I END IF

o] Wklaad - Wk <0>1

Algorithm 1b
// FOR (list of «Cimy € L2

(let j=1<50000(kg), ++, integer, i>0)

/I READ w,

(let j=1,2,3,...n, i>0, integer, i++)

e Wi SWs THEN
(leti 1811=11,1213.14)

e« //LOAD 5
/| ELSE —

/I READ Win
e LOAD 5

/I REPEAT UNTIL Ws, = Wi,
/| END IF

O leoad - WJ <0>1

Algorithm 1c
// FOR (list of «Ci») € L3

(let i=1<50000(kg), ++, integer, i>0)

/I READ w;

(let k=1,2,3,...n, >0, integer, i++)

JE Wi SWs THEN
(let! {513=11,12,13,14)

e //LOAD —>Si
/| ELSE
// READ Wiss

e« LOAD 5

/I REPEAT UNTIL Ws, = Wi,
/| END IF

o] Wiload - WSi <0>1
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Pseudo-code was translated to Python script in
Visual Studio Code environment with integration to
Blender Modeling Program Version 2.83. Beta
(Fig. 3,4)

Fig. 4. Load optimization model

8. Conclusions and future research directions

The load planning optimization means an effective
assignment of container groups with reducing of
loading time, which means the number of cargo
reloading/unloading in order to reduce all the costs
per a one flight.

Air companies search the instruments for the best
payload utilization including fuel consumption’s
optimization and rising of profitability. The last
efforts of load optimization solutions are often
limited by the aircraft’s safety constraints, and often
considered separately from them. The presented
algorithm provides a solution how to manage the
cargo loading process considering all safety
constraints and route characteristics.

Cargo air freighters can improve their operations
with implementation of the presented prototype and
approach. Last-minute cargo may be transported in
larger volumes and handling costs can be
significantly minimized.
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IIpiopuTeTHHIT aJIrOpUTM 3aBAHTAKEHHS SIK YACTHMHA ONTHUMI3aliiiHOI MoJei 3aBaHTAKEeHHS MOBITPAHUX
KopabaiB

JIbotHa axkanemis HamionaneHOro asiamiiiHoro yHiBepcuteTy, Byl. JoOpoBoibcbkoro, 1, KpomuBHUIBKHI,
VYkpaina, 25005

E-mail: ielyzavetamaliukova723@gmail.com

Merta: po3poOKa HOBOTO ajrOpUTMY ONTUMI3allii 3aBaHTAKEHHS 3 METOK BHPIIICHHS NMPOOJIEeMH ONTUMAIBHOTO
3aBaHTaXCHHS MOBITPSHUX KOPAOJIIB 13 TIOJANBIIMM BIIPOBAHKSHHSAM JITOPUTMY Y HOBITHIO MOJIEIh ONITHMI3aIlil.
Metoan: eBpucTHKa, (opmamizamis, KOMII'IOTEpHE MOJENOBaHHA. Pe3yapraTu: OyB pO3pOOJCHUI HOBUIMA
QITOPUTM OITHMI3allii, SIKUI Mependadae po3TallyBaHHS TPy KOHTEHHEpIB, MIHIMI3YIOUM 4Yac 3aBaHTAKCHHS.
OOropopeHHsl: BinblIicTh BUBYEHHX HAYKOBHUX Ipallb MICTATh PI3HOMAHITHI XapakTEPUCTHKH BUPIIICHHS
mpo0JieMu MaKyBaHHs, ONTUMI3aLiiiHI MOJIENi PIOK3aKa, a TAKOXK BUIUIAIOTh TEPMiH «3aBaHTaXKEHHS MOBITPSIHUX
KOpaOImiB» SK MpobiieMy BHOOpPY KOHTEHWHEpIB, MAKyBaHHS Ta 3aBaHTAKCHHS Y BaHTAXKHUHU BIJICIK MOBITPSHOTO
kopabma. Taki mMojeni CKOHIIEHTPOBaHI Ha OKPEMHX acIeKTaX, B TOH dHac sk, y peajbHOMY Haci, mpobiema
ONTUMI3allii TICHO TOB’s3aHa 13 3AIMCHEHHSM XCHIUTIHTOBHX oIepalliii. Buine3asHaueHa HOBITHS MOJEINb
ONTHUMI3allii 3aBaHTAXECHHS Iepeadayae JEeKOMITO3UINI0 MPOOJeMH 3aBAaHTAKCHHS Ta BIPOBADKCHHS HOBOTO
MPIOPUTETHOTO AITOPUTMY HOro IUlaHyBaHHsA. JlaHWil alrOpuTM BITHOCHUTBCS 1O MEXaHi3My MONEPEIHBOTO
po3TalnryBaHHS 3ac00iB TAaKETYBaHHS Y BAHTAKHOMY BiJICIKY ITOBITPSHOTO KOPaOIIsl 3a3/1aJeTib, Y MPIOPUTETHOMY
MOPSIIKY, 3 METOI0 BHBAaHTAXXCHHS 3TiHO JOKYMEHTIB, i3 BUKIIOUCHHSM MEPEBHUIICHH TOITyCTUMHX 3HAUCHbH i3
LNEHTPYBaHHA Ta 3aBaHTAKEHHS Ta 13 3MCHIICHHSIM 4Yacy 3aBaHTAKCHHS Ta IOCIIIOBHHM CKOPOYCHHIM
XCHJUTIHTOBUX T4 OTIEpaIliiHAX BUTPAT.

KirouoBi cioBa: mpoOnema ©akyBaHHS, ONTHMI3Allil 3aBAaHTAXEHHS IOBITPAHUX KOpaOiiB, aIropuT™M
IUTaHyBaHHs 3aBaHTAXCHHS IOBITPAHMX KopabiiB, uac 3aBantakeHHs, ULD (3acobu makeTyBaHHS), KpUTEpii
MPIOPUTETHOCTI 3aBAHTAXKCHHS.
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[IpuopureTHblii aJropuT™M 3arpy3km KaK 4YacTb ONTHMHU3ALMOHHOW MoJeau 3arpy3Kd BO3IYLIHBIX
KopaoJei

JletHas akamemuss HanmoHaIbHOTO aBHAIMOHHOTO yYHHBepcHTeTa, yil. JloOpoBoibchkoro, 1, KponmuBHHUIBKUH,
VYkpauna, 25005
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Hean: Pa3paboTka HOBOTO airopuTMa ONTHMHU3AIMH 3arPY3KH C IENBI0 PEIICHUS MPOOJIEMBI ONTUMAIbHON
3arpy3Ke BO3JYIIHBIX KOpaOyiel ¢ JalbHEUIIMM BHEAPEHHEM alrOpuTMa B OOHOBIIEHHIO MOJIENb ONTUMH3AIIIH.
Mertoabl. 3BpUCTHKa, (opMalIn3alns, KOMITBIOTEpHOE MojeiupoBanue. PesyabTtaThl: Pa3paboTaH HOBBIH
JITOPUTM ONTHMHU3ALUU, KOTOPBIM MPeycMaTpUBAET PACIOIOKEHUE IPYII KOHTEHHEPOB MUHUMU3UPYS BpeMs
3arpy3ku. O0cys;kaeHue. BOIBIIMHCTBO M3YUYEHHBIX HAy4YHBIX TPYAOB COJEpPXKAT pa3iIM4YHbIE XapaKTEPUCTHKU
pemeHnst mpoOIeMBl YIIaKOBKH, ONTUMH3alMOHHBIE MOJCTH PIOK3aKa, a TakKe BBIACIIIOT TEPMUH «3arpy3Ka
BO3AYIIHBIX Kopabneil» kak mpoOieMy BbIOOpa KOHTEHHEpPOB, YNMAaKOBKA M 3arpy3Kd B TPY30BOH OTCEK
BO3AYITHOTO KOpabist. JlaHHBIe MOIENM CKOHIICHTPUPOBAHBI HAa OTACNBHBIX AacleKTaX, B TO BpeMs Kak, B
peaTbHOM BpEMEHH, MpodjeMa ONTHMU3AIlMH TECHO CBs3aHA C OCYIIECTBICHHEM XCHUIMHTOBHX OIEpaIni.
BrimeynomsiHyTass 0OHOBIEHHSI MOJENb ONTUMH3AIUU 3arpy3Kd NMPeIyCMaTpUBaeT JCKOMIO3UIHIO MPOOIEMBI
3arpy3Kd M BHEAPEHHE HOBOI'O IPUOPUTETHOrO ajlropuTMa e€ IuiaHupoBaHusA. J[aHbI aIrOpuTM OTHOCHTCA K
MEXaHU3MY TPeJBAPUTENFHOTO Pa3MEeIleHHs CPEACTB MAaKETUPOBAHMS B TPY30BOM OTCEKE BO3YITHOTO KOpaldiis B
TPUOPUTETHOM MOPAAKE, C LECJIbIO BBITPY3KH COTJIACHO AOKYMCEHTOB W HC HNPEBbINIAA JOMYCTUMBIC 3HAYCHUA T10
LICHTPOBKE M 3arpy3Ke, a TaK K€ C YMEHBIICHHWEM BPEMEHHM 3arpy3KH M IOCIEIOBATEIBHBIM COKPALIEHUEM
XCHJIMHT'OBBIX 1 OINICPAallMOHHBIX 3aTpart.

KnrodeBbie cioBa: mpoOieMa YIAaKoOBKH, ONTHMH3AaLUs 3arpy3KH BO3AYNIHBIX KOpalOjed, alropuTM
TUTAHUPOBAHMS 3arPy3KH BO3AYLIHBIX Kopabieid, Bpems 3arpysku, ULD (cpenctBa makeTHpoOBaHHS), KPHUTEpiil
MPUOPUTETHOCTHU 3a3PYy3KU.
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