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Abstract - At present, more and more e-commerce logistics use airfreight. To further optimize the
freight loading problem, this study first established the freight loading optimization model,
improved the genetic algorithm to solve the model, and made an example analysis. It was found
that the load utilization rate was 96.63%, and the space utilization rate was 92.95% in the scheme
obtained by the algorithm proposed in this study, which was higher than those of the other two
algorithms. In the aspect of calculation time, the method proposed in this study could obtain the
optimal scheme in 56.78 s. The experimental results show that the proposed algorithm performs
better in the loading optimization problem and can be further promoted and applied.
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1. Introduction

With the development of economy and network,
e-commerce enterprises have also been booming,
and their distribution area is no longer limited to the
domestic but over the world. At present, the logistics
modes of e-commerce include waterway, land, and
air, and airfreight is fast and efficient, which is
favored by more and more e-commerce enterprises.
Airfreight plays a very important role in the global
transportation industry [1, 2]. In airfreight, it is first
necessary to place the cargo on the aircraft. If the
loading is unreasonable, it will cause a waste of
space [3], which is not conducive to cost control [4].
Therefore, how to realize the optimization of freight
loading has become an important issue in aviation
logistics. Peng et al. [5] analyzed the airfreight data
of the first three months of 2018 and designed a
multi-programming-based air cargo redistribution
model that could effectively balance the cargo
utilization of flights. Considering the fragility and
weight distribution of items, Paquay et al. [6]
proposed a mixed-integer linear program to solve
the packing problem and verified its effectiveness by
testing on a small example. Roesener et al. [7]
analyzed the cargo loading problem and developed
an advanced tabu search method to solve the
combination problem considering factors such as
cabin load, balance, and time constraints. Nance et al.
[8] designed a two-dimensional bin packing
algorithm based on tabu search, compared it with
other algorithms, and found that the algorithm
needed fewer aircraft to complete the loading task,
although it took more time. In this study, the freight

loading optimization model was established, the
genetic algorithm was improved to solve the
problem, and the example analysis also verified the
effectiveness of the method. The present study
contributes to realizing the freight loading
optimization and improving the efficiency of e-
commerce logistics.

2. Airfreight Loading Model

2.1 Airfreight Loading Problem

The center of gravity determines the flight
stability of the aircraft and has an impact on fuel
consumption [9]. Therefore, in cargo loading, it is
necessary to ensure the center of gravity position of
the aircraft, and the solution formula is:

c- %“2 ()

where M, refers to the moment of a unit load device
(ULD) [10] and F; refers to the gravity of a ULD. In

the practical calculation, the center of gravity is
expressed as:

C - LEMAC
C%MAC = W X 1000/0 (2)

where pAC refers to the average aerodynamic
chord length of the aircraft and | gpmac refers to
the distance from the reference point to the leading
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edge of the average aerodynamic chord. The above
two values are given by the aircraft manufacturer.

At present, in e-commerce logistics, the services
provided by airlines can be divided into two types:

(1) Loading by the belly of passenger aircraft: it
refers to carry cargo with ordinary passenger
aircraft. The main cabin of the aircraft is used for
carrying passengers, and the belly is used for
carrying cargo. The flight and route are fixed, and the
carrying capacity is large. There are many
requirements for the size of the cargo.

(2) Loading by all-cargo aircraft: it refers to carry
cargo with the aircraft whose cabins are all used for
loading cargo. This kind of aircraft has a very large
cargo capacity and has no large restriction on the
size of the goods; therefore, it has a wide prospect in
e-commerce logistics. Therefore, this study mainly
analyzed loading by all-cargo aircraft.

2.2 Model Assumptions

To facilitate the calculation, it is necessary to
make some assumptions before the model is
established:

(1) the loading space is a regular rectangle;

(2) the goods are rectangular;

(3) the center of gravity of the goods is its
geometric center;

(4) the influence of bulk cargo on the center of
gravity is ignored;

(5) the goods can be placed at will;

(6) the influences of fuel weight and temperature
are ignored;

(7) the goods are sent to the same destination
without unloading halfway.

Modeling
In the process of modeling, some parameters
needed are shown in Table 1.

Table 1. Model Parameters
Meaning
ULD type, B=12,...,h
The maximum available quantity
of type B ULD
The actual quantity of type B ULD
used
The maximum carrying capacity
of type B ULD
Weight of type B ULD

Parameter
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The maximum volume of type B
ULD, Ve = LWsHg

Length of type B ULD

Width of type B ULD

Height of type B ULD
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i Length of the I _th cargo,

i=12,..,n

W, Width of the | -th cargo

h Height of the i ¢} cargo

M; Mass of the | -th cargo

V, Volume of the | -th cargo,

vV, The maximum loading volume of
the cargo hold

M o The maximum carrying capacity
of cargo aircraft

M emp The empty weight of cargo craft

(X, Yo,Z,) | The initial center-of-gravity
coordinates of cargo aircraft

(%, Y;,z) | The center-of-gravity coordinates
of the I -th cargo

( 0 Py (/’z) The center-of-gravity coordinates

of cargo aircraft after loading
with cargo |

|.Xdownv Xup]

The center-of-gravity range in the
direction of the length of cargo
aircraft

|.yd0wn’ yupJ

The center-of-gravity range in the
direction of the width of cargo
aircraft

0.2,

The center-of-gravity range in the
direction of the height of cargo
aircraft

lsdown ’ sup _|

Range of the security coefficient
of center-of-gravity

The objective

h
maxZ =y X,

B=1

function of the model is written as:

S 5] )

h
i=1 B B=1 i=1

The constraints of the model is written as:

DM+ Gy Xy <M, 4)
i=1 B=1

h

D VeXg <V, (5)
B=1

h n h

DY MG MX, (6)
B=1 i= B=1

h n h

DDV <D VX, 7)
B=1 i=1l B=1

Xg < Ng (8)
h
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2P =4 (20)

1 n

2M;

i=1

The meaning of the constraints is as follows:

* equation (4): the total weight of cargo shall not
exceed the maximum carrying capacity of cargo
aircraft;

* equation (5): the total volume of cargo shall not
exceed the maximum loading volume of cargo hold;

* equation (6): the total weight of cargo in a
single ULD shall not exceed its maximum carrying
capacity;

* equation (7): the total volume of cargo in a
single ULD shall not exceed its maximum volume;

* equation (8): the actual number of ULDs used
shall not exceed its maximum available quantity;

* equation (9): cargo can only be loaded into one
ULD;

* equation (10) - (12): the center-of-gravity
coordinates of cargo aircraft after loading cargo;

* equation (13) - (15): the center-of-gravity
constraints of cargo aircraft;

* equation (16) - (17): the relationship between
the deviation of the center of gravity of cargo aircraft
in different directions and the security coefficient of
the center of gravity;

* equation (18) - (20): the center-of-gravity
coordinates of the j -th cargo.

3. Solution by Genetic

Algorithm

Improved

The loading optimization problem is an NP-hard
problem [11], which is difficult to solve. In this study,
the model was solved by the improved genetic
algorithm. The genetic algorithm has good
applicability in solving optimization problems;
therefore, it has good applications in fields such as
machinery and electrical engineering [12, 13]. Its
basic flow is shown in Figure 1.

nitialize populatior

/

Calcualte fitness [«

Mutation

A

Crossover

A

/
Satisfy termination N

P Selection
condition?

p'd

/

Output result

Figure 1: The Flow of the Genetic Algorithm

Although the genetic algorithm has many
advantages, it also has some problems, such as easy
to fall into the local extremum and low convergence
speed. Different steps of the algorithm are improved
to get a better performance in cargo loading
optimization.

First of all, in the coding part, this study adopted
digital coding rather than conventional binary
coding.

Suppose there are N ULDs, numbered as 0~n-1,
and the length of the chromosome is represented by
m . If there are 10 ULDs, numbered as 0~9, and eight
freight spaces, then eight numbers are randomly
selected from 0~9 as one solution, ie, a
chromosome, for example, chromosome (3, 1, 4, 6, 8,
7, 5, 2), which represents the placement order of
ULD.

In operator selection, the roulette method is
adopted in this study.
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After calculating the fitness sum of the whole
population, the probability that each chromosome
can be inherited to the next generation is calculated.

If the population size is N and the fitness of
chromosome i is f;, then the probability that i will
be selected is:

pi=x (21)

i=1

Finally, through the roulette operation, the
number of times each chromosome is selected is
determined using the random number in [0, 1].

In the aspect of the crossover operator, the
partially matched crossover (PMX) method is used.
For a pair of chromosomes, several genes are
randomly selected:

A: 234567891,
B: 657132894.
The location of the genes is exchanged:
A: 237132891,
B: 654567894.

Conflict detection: according to the exchange
results, it is found that there are two “1” in A and two
“5” in B, i.e., two ULDs that are numbered as one are
placed at freight space 4 and 9 respectively in
loading scheme A, and two ULDs that are numbered
as five are placed at freight space 2 and 4, which
does not conform to the rule that one ULD can only
be placed in one freight space. Therefore, transform
is needed through mapping relationships to ensure
that the genes have no conflict. The final results are
as follows:

A: 467132785,
B:314567912.

To preserve the excellent chromosome in the
mutation operator, inversion mutation is used. For a
chromosome,

214536789,

the genes between 5 and 7 are inverted

completely, then
214763589.

After the above operation, when the set number
of iterations is reached, the algorithm ends, and the
output result is the optimal solution of the loading
optimization model.

4. Example Analysis
It was assumed that an e-commerce company had
40 pieces of goods to be transported, and the

specifications of the goods are shown in Table 2.

Table 2. Cargo Specifications

Number| Length/| Width/| Height/ | Weight/
m m m t
1-6 290 80 90 38
7-10 480 90 100 4.2
11-14 | 100 100 100 0.8
15-18 | 300 80 200 1.3
19-25 | 280 200 120 4.8
26-31 | 170 170 100 1.5
32-40 | 180 170 100 2.6

The maximum carrying capacity of the cargo
aircraft used was 110468 kg. The ULD used had two
types, A and B. The parameters of the model are
shown in Table 3.

Table 3. Specific Parameters of the Model

Parameter Numerical value

B 2
Type of ULD A B

NB 1 3

Mg 6804 kg 1588 kg
Gy 110 kg 125 kg
Vi 11.6 m? 3.9m3
Lg 318 cm 156 cm
W 224 cm 153 cm
Heg 163 cm 163 cm
Vi 675 m?

Mp 100t

M emp 181t

(X0 Yor Z0) (2560, 244, 150)

Xaouns Xup [0~20 cm]

Yioun: Yon [0~20 cm]

O, Zou [0~10 cm]

_Sdown'sup 20%~40% ba
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It was assumed that the population size of the
improved genetic algorithm was 150, the
maximum number of iterations was 1000, and the
mutation probability was 0.1. The loading
optimization model was solved, and the loading
scheme obtained is shown in Table 4.

Table 4. Loading Scheme

Goods No. Number of Placement
loading layers | direction

ULD A

1-3 1 1

7-8 2 1

15-16 3 4

32-37 4 1

ULD B1

4-6 1

11-14 2 2

17-18 2 1

ULD B2

19-23 1 1

26-28 2 2

9-10 2 1

ULD B 3

24-25 1 1

29-31 1 1

32-40 2 2

According to the above loading scheme, the
utilization rate of the cargo hold was calculated,
and the result is shown in Figure 2.

u Load utilization rate  m Space utilization rate
9
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97+
96 [
95+
o4

97.8

96.4 96.7
95.6

Utilization rate/%

92r
91+
90
89

Bl B2 B3
Type of ULD

Figure 2: Cargo Hold Utilization

It was seen from Figure 2 that the load
utilization rate of the loading scheme obtained by
the algorithm proposed in this study was above
95%, and the space utilization rate was more than
90%. After calculation, the average load utilization
rate of ULD was 96.63%, and the average space
utilization rate was 92.95%. The algorithm
proposed in this study was compared with the
simulated annealing algorithm and genetic
algorithm, and the results are shown in Table 5.

Table 5. Performance Comparison of Different

Algorithms
Simulated | Genetic The
annealing | algorithm | algorithm
algorithm proposed
in this
study
Load 91.68 93.21 96.63
utilization
rate/%
Space 87.24 89.33 92.95
utilization
rate/%
Calculation| 978 256 56.78
time/s

It was seen from Table 5 that the load
utilization rate of the algorithm proposed in this
study was 5.4% and 3.7% higher than the other
two algorithms, and its space utilization rate was
6.5% and 4.1% higher, respectively, which showed
that the loading scheme obtained by the algorithm
proposed in this study was more excellent. In the
aspect of the calculation time, it was found that
only the algorithm proposed in this study was
shorter than 100 s, and the other two algorithms
needed a long time to get the results. Overall, the
algorithm proposed in this study had a better
performance in loading optimization.

5. Discussion

With the development of e-commerce, logistics
and aviation are more closely linked. The booming
e-commerce enterprises have brought a broad
market for aviation logistics, promoting the
continuous progress of aviation logistics, and its
demand is also growing [14]. In e-commerce
logistics, to maximize the advantages of aviation
logistics, it is necessary to improve transportation
timeliness as much as possible, ensure the safety of
goods, and reduce costs. At present, research on
aviation logistics includes ground distribution path
planning, freight forwarding, airport management,
etc. [15], but research on loading optimization is
relatively few.

In this study, the optimization model of freight
loading was solved by the improved genetic
algorithm. The analysis results of the example
found that the loading scheme obtained by the
algorithm had a 96.63% load utilization rate and a
92.95% space utilization rate; compared with the
other two algorithms, the utilization rate of the
algorithm proposed in this study was significantly
higher, which showed that that scheme was more
reasonable for cargo loading arrangement and
made full use of space.
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The comparison of the calculation time also
found that the algorithm proposed in this study
needed less operation time, i.e., it could get a better
scheme faster; therefore, it had a better
performance in loading optimization.

The loading optimization problem is a key point
of aviation logistics. In the future development, to
achieve better loading optimization, in addition to
obtain a better loading scheme using the model
designed in this study, we can also:

(1) separate business flow from logistics: e-
commerce enterprises should integrate the freight
information, and then the airlines should carry out
unified loading to improve the loading efficiency
and the capacity of ground transportation;

(2) establish a perfect logistics information
system to effectively and accurately transfer
information;

(3) establish freight centers according to the
freight volume of local e-commerce enterprises to
reduce the cost of road transshipment.

6. Conclusion

In this study, a loading optimization model was
designed and solved using an improved genetic
algorithm. Then, in the analysis of the example, the
comparison with the other two algorithms that the
method obtained by the algorithm proposed in this
study had a better utilization rate, shorter
calculation time, and better performance in solving
the loading optimization problem, which can be
further promoted and applied in practice.
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