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For air express service providers offering various express delivery services such as overnight delivery and next-business day
delivery services, establishing quickly cargo loading plans is one of important issues owing to the characteristics of air express
business, i.e., a short amount of time is available to complete all cargo loading operations before flight departure after receiving
air express containers, pallets and bulks. On the other hand, one of major concerns in the air cargo loading planning is to make
a plan that insures the stability of an aircraft to avoid take-off, flight, and landing accidents. To this end, this paper considers
an air cargo loading planning problem, which is the problem of determining locations in the aircraft cargo space where air containers,
pallets and bulks to be loaded while insuring the aircraft stability, motivated from DHL and Air Hong Kong. The objective
of the problem is to maximize the total revenue gained from loading air express containers, pallets and bulks. To solve the
problem, this paper suggests a simulated annealing algorithm to overcome impracticality of the integer programming model devel-
oped by a previous study requiring excessive computation time. The results of computational experiments show that the heuristic
algorithm is a viable tool for establishing express cargo loading plans as giving robust and good solutions in a short amount
of computation time. Scenario analyses are performed to investigate the effect of the current activities of air express carriers
on the revenue change and to draw practical implications for air express service providers.

Keywords : Air Express Service, Cargo Loading Planning, Simulated Annealing Algorithm

1. Introduction

Air express market has rapidly expanded during the past
two decades, e.g., the intra-Asia market has grown in excess
of 6.5% per annum in recent years [2]. Air express service
providers such as FedEx, UPS, and DHL offer various ex-
press delivery services such as overnight delivery and next-
business day delivery services. Although on-time delivery is
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a key issue for providing the express delivery services [15],
there are many obstacles disturbing them such as late arriving
cargoes and late-generated loading plans. Moreover, the serv-
ice providers receive cargoes until 30 minutes before flight
departure to catch as many as cargoes [3]. This implies that
a short amount of time is available to complete all operations
before flight departure including establishing loading plans.

One of major concerns in the air cargo loading planning
is to establish a plan that insures the stability of an aircraft
to avoid take-off, flight, and landing accidents. See Park et
al. [9] for the aircraft operational risk. Therefore, this paper
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considers an air cargo loading planning problem, which is
the problem of determining locations in the aircraft cargo
space where air containers, pallets and bulks to be located
while insuring the aircraft stability. As reviewed below, pre-
vious research except for Kim et al. [3] did not or simply
considered the aircraft stability restriction. Instead, we con-
sider all of stability restrictions considered when planners
in an air express carrier establish manually a loading plan
in practice. The objective of the problem is to maximize the
total revenue gained from loading cargoes.

We confine our review to previous studies after 1985 be-
cause Martin-Vega [6] provided a comprehensive review of
the literature on the air cargo loading planning. Ng [8] sug-
gested a multi-criteria goal programming model for max-
imizing the cargo loading and minimizing exceeding the ca-
pacity of an aircraft. Amiouny et al. [1] consider a special
case of our problem with the objective of making a center
of gravity be as close as possible to a specific target point.
Their heuristic produced good solutions in terms of solution
quality and computation time. Later, Marthur [5] suggested
a better heuristic algorithm for Amiouny’s problem. Thomas
et al. [11] presented a case study in FedEx using the same
aircraft model used in our research. To solve the problem,
they suggested a heuristic algorithm consisting of two phases :
the first phase generates an initial loading plan using an in-
teger program without specific objective function; and then
a feasible loading plan is generated by recursively eliminat-
ing non-preferred containers from the initial solution until
the solution satisfies all constraints. Mongeau and Bes [7]
considered the problem with the objective of maximizing the
total weight of cargoes and suggested an integer program
while considering three stability restrictions : total weight
limit of cargoes, weight limit of locations. Recently, Yan
et al. [13, 14] considered a loading planning problem in a
hub-and-spoke system by considering different destinations
of cargoes. However, the stability restriction was not consid-
ered in these studies. Lurkin and Schyns [4] proposed an
integer program by considering multiple destinations of
containers. Vancroonenburg et al. [12] considered the loading
problem with the objective of maximizing the total profit
obtained from delivering containers while minimizing devia-
tion of the aircraft’s center-of-gravity. Finally, Kim et al.
[3] considered the problem, the same as in the current paper,
motivated from DHL and Air Hong Kong. They defined the
problem as methods used when planners in Air Hong Kong
manually make loading plans and suggested an integer pro-

gram to solve the problem.

The current paper extends Kim et al. [3] who suggested
only an integer program, which itself is not a viable tool
especially in the air express industry where cargo loading
plans should be quickly established as described above.
According to a manager in Air Hong Kong, planners in the
company make a cargo loading plan within 20 minutes due
to the characteristics of their business. However, the integer
program requires more than 20 minutes in many cases in
obtaining an optimal solution as reported in Section 4.
Therefore, the current paper suggests a quickly-running heu-
ristic that can obtain good solutions. In addition, to draw
practical implications for air express service providers, sce-
nario analyses are performed to analyze the effect of their
current activities.

The remainder of this paper is organized as follows. The
next section describes the problem along with stability
restrictions. Section 3 presents a simulated annealing (SA)
algorithm with methods for generating an initial solution and
improving the solution. Section 4 summarizes the results of
computational experiments and scenario analyses. Section 5
concludes the paper by summarizing research results and of-
fering future research directions.

2. Problem Description

The problem considered in this research is to determine
the locations of containers, pallets, and bulks while satisfying
the stability restrictions of an aircraft, Airbus A300-600 in
<Figure 1>. Since a detailed description on the problem is
given in Kim et al. [3] and a long description is needed
to exactly define the problem, this section shortly describes
stability restrictions, which are major concerns in the air car-
go loading planning.

There are four types of the stability restrictions for the
aircraft : cumulative load limit; location load limit; lateral
load imbalance limit; and center-of-gravity restriction. These
limits are essential for the sake of safe take-off, in-flight,
and landing of the aircraft. First, each zone depicted in
<Figure 1(b)> has its own cumulative load limit. The cum-
mulative load limit of a zone implies that the total weight
of all cargoes in previous zones located on the left or right
side of the zone and itself should not be more than the limit
of the zone. For example, the total weight of all cargoes
loaded in zones A, B, C, D, E should not be more than
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<Figure 1> Cargo Space of Airbus A300-600 (adapted from Kim et al. [3])

the cumulative load limit of zone E. Second, the location
load limit implies that the weight of cargoes loaded in a
location depicted in <Figure 1(a)> should not be more than
the limit of the location. Third, the lateral load imbalance
limit implies that the weight difference between left and right
lanes of the aircraft denoted in <Figure 1(b)> must not ex-
ceed the imbalance limit. Finally, the center-of-gravity re-
striction is literally related to maintaining the aircraft’s cen-
ter-of-gravity after loading all cargoes and having crews on
board. Since it requires a lengthy explanation, we omit the
detailed description to avoid duplication. See Kim et al. [3]
having described it in detail along with examples.

Now, the problem considered in this research is defined
as follows : the problem is to determine the loading locations
of containers, pallets, and bulks in the aircraft cargo space
while satisfying stability restrictions defined above and fin-
ishing all loading operations before the closing time of the
aircraft, with the objective of maximizing the total revenue
gained from loading the cargoes. The closing time is the
last time that all cargo loading operations should be finished
before flight departure. It is assumed that a location is com-
posed of three different positions. In <Figure 2>, dots repre-
sent positions, the numbers in parenthesis represent position
numbers, and shaded rectangles denote containers. It is as-
sumed that containers, pallets, and bulks arrive at different
times according to real practice. It is also assumed that no
cargo is loaded on the aircraft before solving the problem.
Finally, the other assumptions made in this research are :
reshuffling cargo locations in the cargo space is not al-
lowed; and repackaging containers, pallets, and bulks is not
allowed.

locaton
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<Figure 2> Location and position (adapted from Kim et al. [3])

3. Solution Algorithm

To solve the air cargo loading problem, this paper devel-
ops a SA algorithm, which is one of meta-heuristics that
avoid falling into a local optimum by sometimes accepting
neighborhood solutions with worse objective values. The SA
algorithm consists of solution construction and improvement
phases, where an initial solution is constructed by a greedy-
type heuristic and improved by a method of generating new
solutions and the ordinary SA procedure. Let container, pal-
let, and bulk be container for convenience.

An initial solution for our SA algorithm is constructed
through a greedy-type heuristic : select a container with the
highest revenue among unloaded containers; determine a po-
sition in the cargo space where the selected container is lo-
cated; and check its feasibility in terms of constraints in the
model of Kim et al. [3] including stability restrictions defined
above.

To explain in more detail, let C be the set of unselected
containers, P the set of unoccupied positions in the cargo
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space. The container giving the maximum revenue i is de-

termined using

K
1 = argmaxr;
=xe

where 7; is the revenue of container i. The best position of
container j* to be located is determined by considering the
load limit of the location including the position as :

j =arg min[Lj—wi, |Lj > w;}
JEP

where L; is the load limit of the location including position
j and w; is the weight of container i. However, if there is
no available position, container i* is never added in the re-
cursive routine of generating the initial solution. This routine
continues until all sets of containers and their positions are
determined.

A solution with selected containers and their positions in
the cargo space could be infeasible in terms of constraints
in the model of Kim et al. [3]. To make it feasible, we re-
cursively eliminate containers, each giving the minimum rev-
enue among selected containers, until the corresponding sol-
ution satisfies all required constraints.

Next, to improve the current solution (or initial solution),
a neighborhood solution is generated by adding m containers
into the current solution. That is, value m is randomly chosen
and m containers are randomly selected among non-selected
containers in the current solution. Then, m selected contain-
ers are randomly located at empty positions in the cargo
space. Although one may think that those containers may
be better being located at the best empty positions as in the
solution construction method, a series of preliminary tests
has indicated that locating at empty positions randomly chos-
en is better than locating at the best empty positions. If the
resulting solution is infeasible, we recursively eliminate con-
tainers randomly chosen from the current solution until all
constraints are satisfied.

If the solution is improved, the move to the new solution
is accepted. Otherwise, the move can be accepted with a
specified probability controlled by a temperature. Our SA
begins a high temperature and the temperature is decreased
with a certain rule, called the cooling schedule or annealing
schedule in the literature. The temperature is kept the same
for a certain number of iterations, called the epoch length.
The epoch length L is set to 4 [n - (n-1)/2], where f is

a parameter to be determined and n is the number of
containers. The initial temperature ¢, is set as follows. First,
n moves are made and the average increase in the objective
function value A is calculated with uphill moves only, and

. -1,
then #, is computed as e ' =

Fo where Fy is a parameter
to be determined. The temperature is decreased in such a
way that the temperature at the k-th epoch is given by #
= r * tie1, where r is a parameter, called the cooling ratio,
i.e., at each iteration, the temperature is reduced in accord-

ance with a geometric cooling schedule.

4. Computational Experiments

This section presents the performance of the suggested SA
algorithm over the direct application of the model suggested
in Kim et al. [3]. In addition, it presents the results of scenar-
io analyses on air express service providers’ activities to
draw practical implications. The SA algorithm and the pro-
gram to generate the integer program were coded using the
C computer programming language and the experiments
were performed on a personal computer with Intel (R) Core
(TM) i7-2600 operating at 3.40 GHz clock speed. After a
series of preliminary tests of the SA algorithm, parameters
Fo, B, and r were set to 0.79, 100, and 0.99, respectively,
and value m was randomly selected from the discrete uniform
distribution with a range of [1, 2].

To show the performance of the suggested SA algorithm,
computational experiments were performed on randomly
generated test problems with the data specific to Airbus
A300-600. Based on the information obtained from Air Hong
Kong, we randomly generated 250 test problems, 10 test
problems for each of all combinations of five different per-
centages of containers arriving at 30~60 minutes before the
scheduled flight departure time (20%, 30%, 40%, 50%, 60%)
and five levels for the number of arrived containers (10, 15,
20, 25, and 30). A high percentage of containers arriving
at 30~60 minutes before flight departure implies that container
loading operations should urgently completed in order not
to delay flight departure and vice versa. Note that about 40%
of containers arrive during this time period and the others
between 4 and 1 hour before flight departure in practice.
We used the aircraft-specific data such as the load lime of
each zone and the cargo-related data such as the arrival time
of containers summarized in Kim et al. [3]. For the test,
optimal solutions were obtained by directly solving the in-
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teger program using CPLEX 12.6.1, a commercial opti-
mization software package. We set a time limit to be 3600
seconds in the CPLEX to avoid unnecessary excessive run-
ning and compare with lower bound solutions (obtained by
CPLEX) if no optimal solution could be obtained within the
time limit.

The test results for the performance evaluation are sum-
marized in <Table 1>, which shows the percentage deviation
from CPLEX solutions and the number of test problems (out
of 10) that the SA algorithm gave better solutions than
CPLEX. It can be seen from the table that the SA algorithm
gave good solutions, e.g., the overall percentage deviation
from optimal solutions (or lower bounds) was 4%, 3.6% ,
4.2%, 4.4%, and 2.9% for the cases of 20%, 30%, 40%,
50%, and 60% of containers arriving at 30~60 minutes before
flight departure, respectively. In particular, the SA algorithm

Hwa—-Joong Kim

obtained better solutions than CPLEX for some test prob-
lems, e.g., three test problems in case of 60% arrival and
30 containers. On the other hand, the performance of the
SA algorithm is robust to the change of the container arrival
percentage and the number of containers. That is, the per-
formance of the SA algorithm is not significantly affected
from the parameters.

<Table 2> summarizes the CPU seconds of the SA algo-
rithm and CPLEX tested. The overall computation times of
the SA algorithm were significantly shorter than CPLEX
with the time limit of 3,600 seconds, i.e., the SA algorithm
was nearly ten times faster than CPLEX. It is notable that
the SA algorithm required significantly less than 20 CPU
minutes, which is the time that planners in Air Hong Kong
are allowed to take when making a plan. However, CPLEX

has taken almost 20 minutes and more than one hour in many

{Table 1> Performance of the SA Algorithm

Number of Percentage of containers arriving at 30~60 minutes before flight departure 0 I
containers 20% 30% 40% 50% 60% vera
4.3%(2.0%)" 2.5%(1.8%) 4.8%(3.1%) 5.4%(3.5%) 4.6%(2.2%) 4.3%(2.5%)
10 b
0 0 0 0 0 0
s 3.9%(2.3%) 3.3%(2.2%) 5.2%(4.3%) 3.1%(2.7%) 2.3%(2.0%) 3.6%(2.7%)
0 0 0 0 0 0
” 3.7%(2.7%) 3.5%(2.5%) 4.4%(3.4%) 6.2%(2.9%) 2.6%(2.3%) 2.7%(2.8%)
0 0 0 0 0 0
’s 43%(2.4%) 5.0%(2.5%) 4.6%(2.9%) 4.5%(2.4%) 2.8%(1.9%) 4.2%(2.4%)
1 1 1 1 2 1.2
30 3.9%(1.8%) 3.7%(2.0%) 2.0%(3.3%) 3.0%(1.6%) 2.2%(2.3%) 2.9%(2.2%)
2 2 2 2 3 2.2
Overall 4.0%(2.3%) 3.6%(2.2%) 4.2%(3.4%) 4.4%(2.6%) 2.9%(1.7%) 3.8%(2.5%)
v 0.6 0.6 0.6 0.6 1.0 0.7
‘average and standard deviation (in parenthesis) of the percentage deviations from the optimal solutions (or lower bounds).
*number of test problems (out of 10) that the SA algorithm obtained better solutions than CPLEX.
{Table 2> CPU Seconds of the SA Algorithm and CPLEX
Number of Percentage of containers arriving at 30~60 minutes before flight departure Overall
containers 20% 30% 40% 50% 60%
10 1.6(0.4)* 1.1(0.3) 1.0(0.3) 2.2(0.5) 1.1(0.2) 1.4(0.3)
0.0(0.0)° 0.2(0.1) 0.0(0.0) 0.0(0.0) 0.0(0.0) 0.1(0.0)
s 23(24) 3.7(2.2) 520.1) 9.8(5.8) 41024 5.003.2)
1.7(0.1) 0.2(0.0) 0.2(0.0) 0.4(0.1) 2.6(0.1) 1.0(0.1)
2 79.0(8.3) 80.5(9.4) 49.7(16.0) 83.1(7.5) 92.8(8.8) 77.0(10.0)
765.0(102.5) 749.3(111.0) 756.6(97.5) 988.8(152.4) 849.3(146.7) 821.8(122.0)
25 139.9(10.2) 133.5(9.6) 148.3(11.5) 142.8(10.7) 145.1(9.0) 141.9(10.2)
2809.2(807.4) 2840.2(889.2) 2927.0(803.3) 3215.4(815.8) 3166.5(908.5) 2991.7(844.6)
30 172.3(13.8) 177.0(12.3) 197.2(19.5) 185.6(21.4) 206.4(27.5) 187.7(18.9)
2347.3(798.7) 2029.6(928.5) 2640.1(773.8) 2529.4(760.0) 2641.4(758.7) 2437.5(804.1)
Overall 79.0(7.0) 79.2(6.7) 80.3(10.1) 84.7(9.2) 89.9(9.6) 82.6(8.5)
1184.6(341.7) 1123.9(385.8) 1264.8(334.9) 1346.8(345.7) 1180.7(362.8) 1250.4(354.2)

*average and standard deviation (in parenthesis) of CPU seconds of the SA algorithm.

baverage and standard deviation (in parenthesis) of CPU seconds of CPLEX.
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<Figure 3> Effect of Different Flight Departure Times

cases. On the other hand, their computation times dramati-
cally increased along with the number of containers as
expected. They increased also along with the container arriv-
al percentage although the increase rates were not significant
unlike the number of containers. This may be because in-
creasing the number of containers increases the problem-size
while the container arrival percentage does not. The standard
deviation of CPU seconds of the SA algorithm was around
10% of its average while that of CPLEX was more than
50% in many cases, i.c., the variability of the CPU seconds
of the SA algorithm is less than that of CPLEX. Therefore,
considering the solution quality and the computation time,
one may regard the SA algorithm as a viable tool for making
a loading planning of air express cargoes.

To draw practical implications, we further conducted sce-
nario analyses to investigate effects on changes in revenue
when the aircraft departs earlier than the scheduled departure
time and the time required for lifting a container up to the
cargo space door is reduced. These analyses were performed
based on the information obtained from the current activities
of air express service providers. UPS is letting depart his
aircrafts to alleviate congestion in UPS air hub, named
Worldport. However, one may think that this may reduce
the revenue of UPS because some cargoes may not be
caught. On the other hand, DHL, UPS, and FedEx are trying

to reduce the lift-up time in order not to delay flight de-
parture. Under this background, their effects are analyzed
by variating flight depart times and lift-up times in the da-
ta-setting. The flight departure time was varied from noon
set by Kim et al. [3] to 11:40 in decrements of 2.5 minutes
and the lift-up time was varied from 300 seconds set by Kim
et al. [3] to 260 seconds in decrements of 5 seconds. We
generated 10 test problems for each combination of the flight
departure time and the lift-up time and randomly set to
U(20%, 40%), U(40%, 60%), and U(60%, 80%) of contain-
ers arriving at 30~60 minutes before flight departure for
non-urgent, moderately-urgent and urgent container arrival
situations, respectively. Here, U(a, b) is the uniform dis-
tribution with a range of [a, b].

<Figure 3> shows the effect of different flight departure
times on the rate of revenue change compared to the original
departure time. It can be seen from the figure that the revenue
decreased as the flight departure time became earlier as
expected. For example, if the flight departure time was changed
from noon (original schedule) to 11:40, i.e., 20 minutes earlier
than the original schedule, the revenue decreased 0.7%p,
2.2%p, and 4.9%p for non-urgent, moderately-urgent and urgent
container arrival situations, respectively. This implies that air
express service providers should be cautious when letting
their aircrafts depart earlier than the original schedule.
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<Figure 4> Effect of Different Cargo Lift-up Times

<Figure 4> shows the effect of different lift-up times on
the rate of revenue change compared to the original lift-up
time. It can be seen from the figure that the revenue slightly
increased as the lift-up time of containers reduced as expected.
For example, if the lift-up time reduced from 300 seconds
to 260 seconds, i.e., 13% reduction, the revenue increased
0.9%p, 0.9%p, and 0.8%p for non-urgent, moderately-urgent
and urgent container arrival situations, respectively. This im-
plies that air express service providers should make their effort
to reduce the lift-up time and more generally writing to im-
prove the productivity of cargo loading operations and ware-
housing operations as described in Song et al. [10].

5. Conclusion

This paper revisited a previous study having considered
the problem of planning the loading of air express cargoes
motivated from DHL and Air Hong Kong. The problem
is to determine the locations to be loaded in an aircraft while
maintaining its stability. The objective of the problem is
to maximize the total revenue obtained from loading con-
tainers. The current paper suggested an SA algorithm be-
cause our previous research suggested an integer program
requiring a long computation time. Computational experi-

ments were performed to evaluate the performance of the
SA algorithm and derive some managerial implications for
air express service providers. The test results showed that
our SA algorithm could give good solutions within a short
amount of computation time. Therefore, it can be argued
that the SA algorithm may be a viable tool for air express
carriers including Air Hong Kong needing to quickly estab-
lish air cargo loading plans. In addition, scenario analyses
showed that air express service providers could experience
revenue drop if letting their aircrafts depart earlier than the
original schedule and revenue rise if decreasing the container
lift-up time.

This research can be extended in several ways. First, re-
location of containers already loaded in the aircraft should
be considered because more containers may be loaded by
relocating the containers. Second, it is worthwhile to consider
the uncertainty of the cargo weight and arrival time. Third,
the problem of jointly determining cargo loading and pack-
aging plans is a meaningful research direction. Finally, the
problem considering different directions of cargoes is worth-
while to be considered.
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