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Abstract

Purpose: presenting of results evaluation after implementation of the new developed load optimization model and
model adequacy analysis in order to prove the efficiency by reducing of the main loading time criteria. Methods:
experiment, heuristics, statistics, imitation modeling. Results: the developed load optimization model passed all
verification procedures and the experimental data analysis enhanced its relevance in an aircraft load optimization
process. Discussion: Some parametric statistical adequacy criteria were analyzed to point, that the aircraft load
optimization model cannot be checked with their help. Thus, an optimization model with time criteria can be analyzed
for adequacy with non — parametric T- Wilcoxon criteria. The article presents the experimental data research that
demonstrates the difference between model parameters and real duration of loading / unloading procedures in real time
conditions. The imitation model shows the minimization of an aircraft loading time after model’s implementation. So,
the following verification results can be considered as a final part of the integrated multicriterial load optimization
model’s effectiveness.

Keywords: aircraft load optimization model, aircraft loading time, multicriterial optimization, statistic
criteria, T — Wilcoxon criterion.

1. Introduction Technically and formally, the model is verified, as it
matches the main requirement — loading time

In  optimization tasks in an aircraft cargo . oo (Table).

transportation industry, the accuracy index is a
synonym of the adequacy, which can be 2. Review of publications
characterized as a coherence of the parameters of the
model and the original process. Such characteristic
can be a fragmentation value, average value or the
other statistical evaluation [4, 10].

However, the accuracy in aircraft loading models
cannot be a goal itself, as a loading process can face
with systematic errors, for example last minute cargo
and its handling operations. Therefore, the accuracy
checking criterion cannot be considered as dogma.
But the author implements another valuation of
adequacy — consistency. It implies the identical
changes of input and output data and the right
functional relationships of the loading process.

For testing the developed optimization model for
adequacy, the wverification process should be
executed. The verification procedure contains two
sorts of data: data, collected before the optimization
model implementation procedures and data produced
as a result of the imitation modeling in Blender 2.83
Beta Version in area of Microsoft Visual Studio
Code but in real time conditions, implying the series
of different flights and schemes of cargo loading.

The verification aspects in aircraft optimization
models were mentioned in a few scientific
researches [1-3].

The M. Kublanov mentions in his research the
heuristic approach towards the aircraft flight
dynamics that uses the detailed “physical” analysis of
the high quality relationship of ruling impacts and
parameters of aircraft movements with the aim of
getting closer and more accurate results [6]. This
approach should take into account the requirements to
the finite results without pursuing to answer the
countless questions about the statistically balanced
sample’s distribution. The approach is based on the
priority of the "physical" data rather than the
statistical value.

I. Stimac analyzed the existing capacity of the
airport infrastructure, ground handling equipment
and aircraft type implementation with vertical
assessment refers to verifying the introduction of a
particular type of aircraft according to predefined
criteria in accordance with the availability of airport
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infrastructure and ground handling and horizontal
assessment, which includes variable criteria and
relates to the selection of an airline business model,
and depends on weight factors [8].

Various works are being tested by the
mathematical optimizers as in works of V. Lurkin &
M. Schyns [7].

3. The aim of the research

The aim of this work is the representing of the
results of the integrated multicriterial load
optimization model, and highlighting its value by
presenting the evaluation results after model’s
implementation.

Research tasks:

- the selection of the adequacy criteria;

- optimization model evaluation.

4. The selection of the adequacy criteria

The statistics contain a large amount of criterion that
evaluates various models’ characteristics. But in our
finite case, we can use only a few of them. Student’s
t-test does not fit for developed model’s evaluation.
The main criterion — the aircraft loading time and
model processing time can be linked only between

each other. If the real and modeled loading time are
in different selections, they are non-dependent and it
becomes non feasible to analyze a connection
between them.

Fisher criterion also cannot be used in model
evaluation. This is not an absolute criterion, and, it
should be associated with the statistical correlation
together to get feasible results [5, 9]. Fisher criterion
provides the similar dispersions of two selections
that were not provided by our case.

Since research criterion (aircraft loading time and
model processing time) are based on frequency
utilization and does not include assignment
parameters, non parametric criteria will be more
feasible for model adequacy evaluation.
Mann-Whitney U-test also does not match with the
model requirements as the selection is dependant.
Therefore, the T — Wilcoxon criterion for load
optimization model’s evaluation  will be more
appropriate as it compares a few weights of the
dependant selection (weights before and after the
model implementation). Decision- making algorithm
for load optimization model adequacy’s evaluation
(shift’s evaluation) is shown on Fig.1.

Number of measurements
that are compared?

=

Minimum 2 (maximum 18)

Number of analyzed
selections?

2 — experimental and control
selection

I

I

I

Quantity changes,that can
be ranges by intensity

1

criteria

T — Wilcoxon

Fig. 1. Decision- making algorithm for load optimization model adequacy’s evaluation

5. Model evaluation

There are 2 types of hypothesis:

H,: Parameters after the experiment are less
than the parameters after experiment.

H, : Parameters after the experiment exceed the
parameters after experiment.

The sum according to the rank column is Y=171
The correctness of matrix is checked based on a
control sum computation:

DX

_ (@+n)n _ (1+18)18

= =171,
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The sum of the column and the control sum are
equal. It means that the ranging was processed
correctly. Now, we point the directions that are non
typical, in our case — positive. Table shows these
directions and their respective ranks are marked.
Sum of ranks of these «occasionaly directions
represents the empirical value of T — criterion:

T=) R, =10+8.5+12+1=31,5 2)

The table of critical values for T-Wilcoxon test
for n=18:

Temp =32 (p<0.01),
T, =47 (p<0.05).
In current model the empirical value falls into the
T'value area: T, <T, (0, 01).

Hypothesis Ho is accepted. The parameter after the
experiment does not exceed the parameters after it.

Table

The matrix of rank parameters according to T-Wilcoxon criterion

Before tperore | After, tarer | A(toerore-tarier) | Absolute value of difference | Rank number of difference
1.96 1.75 -0.21 0.21 15
15 1.45 -0.05 0.05 2.5
1.55 1.50 -0.05 0.05 2.5
1.1 0.83 -0.27 0.27 18
1.08 0.83 -0.25 0.25 17
1.8 1.92 0.12 0.12 10
1.28 1.17 -0.11 0.11 8.5
1.14 1.25 0.11 0.11 8.5
1.33 1.50 0.17 0.17 12
1.9 1.67 -0.23 0.23 16
1.85 1.75 -0.1 0.1 7
15 1.42 -0.08 0.08 6
1.56 1.50 -0.06 0.06 4
0.8 0.73 -0.07 0.07 5
1.1 0.92 -0.18 0.18 13
1.08 0.93 -0.15 0.15 11
1.2 1.00 -0.2 0.2 14
15 15 0 0 1
Sum 171

As the approval of the model adequacy, the
results of an experiment were demonstrated on
Fig. 2. and final dynamics of average parameters of
loading/unloading operations were provided (Fig. 3.)
The experimental loading time before the model
implementation is located in the column 1, loading
time processed in the program — is located in the

Iw:,

“Texp.1, hr
=T mod., hr
—Texp. 2, hr
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Fig. 2. The experimental results of loading / unloading
operations IL-76 TD

column 2, experimental loading time after the model
implementation is located in the column 3.

The results after integrated multicriterial aircraft
load optimization model are shown on the Fig. 3.
The average time of loading/ unloading procedures
for 18 flights was minimized to 7%, on multileg
flights — to 12%.

hr

1.50

1,40

Texp. 1, av.

T mod., av.

T exp. 2, av.

Fig. 3. Dynamics of the average parameters of
loading/unloading operations
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6. Conclusions and future research directions

The following integrated multicriterial load
optimization model was created in order to exclude
the bottle necks that appear in cargo load planning
procedure. In this case, author considers some
contradictory aspects on the assignment stage, so the
model seeks to simplify the cargo loading
procedures in such a way, to predict their destination
according to the multi leg avoiding the overweight
and reloading procedures. The efficiency of the
model was proved by the 18 experiments and
checked for adequacy by T — Wilcoxon non
parametric criterion. The experimental data defines
that the load optimization process, which includes
the working 3 — D model on the planning stage
substantially reduces the time for loading and
consequently cuts operation costs.
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OuinoBaHHA iHTerpajJbHOI MYJIbTHKPUTEPiaJBbHOI MoJe/i ONTHMIi3alii 3aBaHTa’KeHHS TNOBITPAHUX

KopaoIiB

JIroTHa akameMis HarioHanpHOTO aBiarfiiiHoro yHiBepcurery, Byid. JoOpoBonbschkoro, 1, KponuBHHUIIBbKWMIA,

VYxkpaina, 25005
E-mail: ielyzavetamaliukova723@gmail.com

Mera: mpencTaBieHHSI pe3yJbTaTiB OLIHIOBAHHS ITICIS BIPOBAKEHHS PO3POOIEHOT MOJENi ONTHMi3arlii
3aBaHTaXXCHHS Ta aHali3 aJeKBATHOCTI IIi€i MOJEN 3 METOI JIOBEACHHS 11 e(EKTUBHOCTI, 3a JIOTIOMOT OO
3MEHILIEHHS TOJIOBHOTO KPUTEPII0 — yacy 3aBaHTaXXCHHS. MeTOAU: eKCIIEpUMEHT, €BPUCTUKA, CTaTUCTHKA,
iMmiTariiine mopemoBaHHs. Pe3yabTaTu: po3pobieHa MOAENb ONTHMI3allii 3aBaHTKEHHS NpOWILIA yCi
npouenypu Bepudikamii, a aHami3 eKCIepUMEHTaJIbHUX JaHUX MiIBUINUB 11 3HAYYNICTh Y mpoleci
aBianiliHoro 3aBaHTaxxeHHs. Q0rosopenHs: Po3risaHyTo Aeski napaMeTprUuHi KPUTEPii OLIHKU aleKBaTHOCTI
Mojieiei I 3a3HadeHHs, 10 e(PEeKTHBHICTh MO ONTHMI3allil 3aBaHTaXXEHHS HE MOXe OyTH OIliHeHa
caMe 3a muMH Kpurepismu. Tomy, omnTHMIi3alliiiHa MOIETh 3 YaCOBUMH KpHUTEpIAMH Mae OyTH
NpoaHali3oBaHa Ha TpPEeAMET aJeKBATHOCTI JIMINE 3a HelmapaMeTPHYHHMU KpUTepisMH, a came — 3a T—
kputepieM Binkokcona. CtaTTs Hamae pe3yibTaTH aHai3y eKCIIEPUMEHTAIbHUX AAHHUX, 110 JeMOHCTPYIOTH
PI3HUIIIO MIX ITapaMeTpaMH MOJIEI Ta PeabHOK TPUBAIICTIO TIPOLIEAYPH 3aBaHTaXeHHs / pO3BAaHTAKEHHS Y
peanbHHX yMOBax. ImitariiiHa Mozenb miATBepIKY€e MiHIMI3allif0 Yacy 3aBaHTa)KEHHS MICIIs iMIUIEMEHTaIi1
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onrtuMizaniiHoi mogeni. Omke, pe3ynbTaTd Bepudikamii MoJeNi MOXYTh PO3LIHIOBATHCS SK 3aKIFOYHA
YacTUHA JOCHI/KCHHS e(EeKTUBHOCTI BIOPOBAKEHHS  1HTETPOBAaHOI MYJIBTUKpHUTEpianbHOI Mozemi
ONTHMI3allii 3aBaHTaXKEHHS IOBITPSHUX KOPaOIiB.

KiouoBi ciaoBa: Monenb onTHMi3alii 3aBaHTaXEHHs MOBITPSIHUX KOpaOJiB, dYac 3aBaHTaKEHHS,
MyJBTHKpPHUTEpiajbHa ONTHMI3aLlisl, CTAaTUCTHYHI KpuTepii, T— kputepiit Binkokcona
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He.]'lbi npeacTaBJICHUC PE3YJIbTAaTOB OLCHKU MOCJIC BHCAPCHUA pa3pa60TaHH01‘/'1 MOJACIN OIITHMH3ALIUHU
3arpy3Kd W aHaju3 aJeKBaTHOCTH JIaHHOW MOJEIM C IeNbl0 MOATBepkKAcHUA e€ 3((HEeKTUBHOCTH, C
ITOMOIIPI0 YMEHBIIIEHUS TIIABHOTO KPUTEPHUS — BPEMEHH 3arpy3kd. MeToabl: SKCIEPHUMEHT, YBPHCTHKA,
CTaTUCTHKA, UMUTAIIMOHHOE MOJIeIMpoBaHue. Pe3yabTaThl: paspaboTaHHas MOJEIb ONTUMU3AINH 3arPy3KH
MPOIIIa BCEBO3MOXKHBIE POLEAY Pl Bepu(UKAIMY, 8 aHAIN3 SKCIIEPUMEHTAIBHBIX AaHHBIX TOAYEPKHYI €€
3HAYUMOCTh B  TIpollecCe€  aBHAIMOHHOM  3arpy3ku. Oocy:xkaenue. PaccMOTpeHBI  HEKOTOpPHIE
mapaMeTPUICCKUC KPUTCPUN OLCHKU aJC€KBATHOCTH MOI[CJICI‘/’I n OTMECTHUTH TO, YTO 3(1)(1)CKTI/IBHOCTB MOJCIN
ONTUMH3alusd 3arpy3ku HE MOXKCT 6I)ITI) Ol€HCHAa HMMCHHO II0 J3THM KpUTCPHUAM. HOZ—)TOMy,
ONTHUMH3ALUOHHYIO MOJIENb C BPEMEHHBIMU KPUTEPUSIMU CIIEAYET aHATU3UPOBATh HA IMPEeIMET aJeKBaTHOCTH
JUIIG C TIOMOIIBI0 HEMapaMeTPUIEeCKHX KPUTEpHeB, a UMeHHO — 1o T— kpurepuro Bunkokcona. Crarbs
IPENOCTABIIAET PE3yNbTAaThl aHAIN3a OJKCIIEPUMEHTAIBHBIX NaHHBIX, KOTOPBIE IEMOHCTPHUPYIOT pPa3HULLY
MEX/y mapamMeTpaMu MOJCIH U PealbHON JUTMTEbHOCTRIO TMPOIEAYPhl MOTPY3KH / pasrpy3Ku B PEabHBIX
ycIoBUsX. VMHTanMoHHas MOJeNb  TOATBEpXJaeT MHUHUMHU3AIUI0 BPEMEHH 3arpy3Kd  IOCIe
MMIUIEMEHTAIA ONTHMH3AIMOHHON Mozenu. Takum oOpa3om, pe3ynpTaTbl Bepu(UKAIUKW MOJEIA MOTYT
OBITH pacleHEHbI KaK 3aKIIIOYUTENIbHAS YacTh HCCIeA0BaHHS () ()EKTUBHOCTH BHEAPEHUSI HHTETPUPOBAHHOM
MYJIETUKPUTEPHATLHOW MOJIEIIA ONITUMU3AIINY 3aTPY3KH BO3AYIIHBIX KOpadIieH.

KuarodeBble cioBa: MoAenb ONTHMM3ALMK 3arpy3Kd BO3JIYIIHBIX KopaOjeil, BpeMs 3arpys3ku,
MYJBTUKPUTEPHATbHAS ONTHMHU3ALMS, CTATUCTHUECKUE KpUTepuH, T— Kputepuii Buiikokcona
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