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Abstract. The rapid development of cross-border e-commerce in online to offline
(O2O) mode has brought more opportunities and challenges to the development of logis-
tics industry. Aviation logistics is the most important way of cross-border logistics, the
optimization of which plays an important role in e-commerce enterprises and logistics
enterprises. This study studied the types of aircraft and the arrangement of air routes
in the process of aviation logistics. The route optimization of passenger cabin and full
cargo transportation was discussed respectively. A model was established and the op-
timization method was designed. Finally example analysis was performed. The results
showed the designed method could achieve the maximum profit and the optimization of
distribution routes. This study provides some references for the optimization of logistics
distribution of cross-border e-commerce and is beneficial to the further development of
the cross-border e-commerce logistics industry.
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1. Introduction

Online to offline (O2O) mode can improve the efficiency of commodity sales
and the consumption experience of users [1]. It breaks the barrier between
traditional enterprises and the Internet and promotes the integration of online
and offline businesses. Logistics distribution is a very important part of the
O2O mode, and its optimization can effectively improve the competitive edge
of enterprises. Site selection of experience shops and logistics distribution path
planning are important parts of the O2O mode. Whether the distribution path
is reasonable will directly affect the delivery time and efficiency [2]. Therefore,
the problem of route optimization is very important in logistics distribution [3].

Deng et al. [4] proposed the hybrid genetic tabu search algorithm for the
minimization of total cost of logistics transportation and route optimization and
found that the method had high convergence speed and calculation efficiency
through simulation experiments. Wang et al. [5] studied cold-chain logistics
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distribution, analyzed route optimization based on hybrid genetic algorithm,
and proved the effectiveness of the method through numerical simulation.

Jiang et al. [6] proposed a logistics distribution path optimization method
based on genetic algorithm and ant colony optimization algorithm, and veri-
fied the effectiveness of the method through simulation experiments, indicating
that this method can effectively optimize the logistics distribution path. Chen
et al. [7] proposed a hybrid cuckoo search (HCS) algorithm for vehicle distri-
bution path optimization, compared it with other existing algorithms through
MATLAB.

The results showed that the algorithm was significantly superior to other
traditional algorithms in terms of optimal solution and average solution, and
could effectively optimize the logistics distribution path. In the O2O cross-
border e-commerce, the traditional vehicle delivery can no longer meet the needs
of cross-border logistics. The cross-border logistics industry includes aviation
logistics, overseas warehouses and so on. Compared to the traditional land
transportation, aviation logistics is faster and more convenient in picking up the
goods, which can satisfy the requirements of cross-border logistics better.

As the main form of cross-border logistics, the optimization of aviation lo-
gistics is of great significance to the e-commerce enterprises and logistics enter-
prises. In the field of air cargo transportation, price is an important part that
affects corporate attitude [8]. Only by reducing their own logistic transporta-
tion costs can the logistics enterprises provide the client companies with lower
prices and attract more business. In order to reduce the transportation cost
and improve the transportation efficiency, aviation logistics needs to consider
the aspects of air transportation, aircraft model selection, route arrangement
and ground distribution. Aiming at the problems of aircraft type loading and
route arrangement, this study studied two transportation modes of passenger
plane belly compartment carrying and full cargo plane carrying, and verified the
validity of the model through model construction and concrete example analysis.

2. Overview of O2O mode

O2O mode refers to the combination of online and offline. Through online pur-
chase and offline consumption, merchants can publicize their products through
the advantages of the Internet and provide more convenient services for con-
sumers. As a new business mode, the O2O mode has developed rapidly with
the development of economy and Internet technology. It combines online and
offline perfectly, which not only provides consumers with a convenient and fast
platform, but also provides offline experience stores that can be experienced
personally, helping consumers to feel the quality of products better.
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3. Logistics distribution under O2O mode

3.1 Distribution mode classification

3.1.1 Direct distribution

Direct distribution means that the e-commerce company sets up logistics distri-
bution system for distribution in order to meet the needs of its own products.
The advantages of direct distribution are that it can not only provide consumers
with better distribution services and make the enterprise control the distribu-
tion system better, but also can protect the safety of enterprise information and
avoid information leakage. The disadvantage is that the investment cost of the
direct distribution is relatively high, which requires a large amount of manpower,
material and financial input. These investments aggravate the cost burden for
enterprises, especially in the case of small distribution demand, which is easier
to drag up the cost and reduce the benefits. The flow chart of direct distribution
mode is shown in Figure 1.

Figure 1: Flow chart of direct distribution mode

3.1.2 Third party distribution

Third party distribution means that the e-commerce enterprise cooperates with
the third party logistics enterprise, entrust the logistics business of the company
to logistics enterprises, and let the logistics companies complete the distribution
of products of the e-commerce enterprise. The advantages of third party distri-
bution are that it can not only reduce the expenditure in logistics and logistics
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cost, but also increase the core competitiveness of the enterprise and improve
the service efficiency of the enterprise and the customer service experience. The
disadvantage is the lack of logistics control. It is difficult for the enterprise to
timely obtain information under the third party distribution, and the enterprise
is faced with the problems of fund risks and information security. The flow chart
of third party distribution is shown in Figure 2.

Figure 2: Flow chart of third party distribution

3.1.3 Mixed distribution

The mixed distribution mode refers to the combination of direct distribution and
third-party distribution, which develops strengths and avoids weaknesses, and
achieve the effect of strong alliance. The comprehensive use of both methods
can not only minimize the investment cost in logistics, but also meet the needs of
logistics distribution, so as to gain competitive advantages. The disadvantage of
mixed distribution lies in the difficulty of unified management and the problem of
information security. However, compared with its advantages of high efficiency
and low cost, mixed distribution is still favored by many e-commerce enterprises.

3.2 Development status of cross-border e-commerce logistics and
distribution

The development prospect of O2O cross-border e-commerce is very promising,
but there are also some problems in logistics distribution, such as:

(1) Low consumer satisfaction. Most cross-border e-commerce enterprises
use international express to deliver goods to overseas consumers. The high
delivery cost and long delivery time, as well as the adverse factors such as
customs seizure, bring unpleasant shopping experience to consumers.

(2) Difficulties in goods replace and return. Once the need to return and
replace goods purchased across the border occurs, it is a relatively difficult thing
to deal with. High logistics costs and long time have caused inconvenience to
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return and replace goods, which has done more harm than good to both sellers
and buyers.

(3) Goods are easy to lose. Due to the large number of logistics operation
procedures and long distance, problems can easily occur in the delivery process,
especially in some less developed countries and regions. Once the goods are lost,
it is difficult to regain them according to the logistics information.

4. Distribution path optimization model construction

Cross-border logistics distribution is mainly based on aviation logistics. Aviation
logistics is a high speed and efficient method of transportation. It transports
goods by cargo plane or passenger plane, flies on the established routes and
realizes the spatial displacement of goods. Aviation logistics includes the whole
process of goods transportation from the beginning to the end, which also means
the whole process of air transport, logistics transit and ground distribution. This
study only focus on the optimization of the air transport route.

The arrangement of cargo transport routes can greatly affect the cost and
time of cargo transport. On the premise of meeting the transportation require-
ments of e-commerce enterprises and delivering goods within the specified time,
airlines can obtain the maximum transportation profits through reasonable ar-
rangement of routes.

At present, there are mainly two ways of air transportation: one is passenger
plane belly compartment carrying, the other is full cargo plane carrying. These
two transportation methods include different types of aircraft, and the trans-
portation capacity of different aircraft types is quite different. Therefore, it is
necessary to discuss these two methods separately.

4.1 Path optimization of passenger plane belly compartment
carrying

4.1.1 Model Construction

Before establishing the model, it is assumed that all the goods can be loaded
into the aircraft, and the transportation is carried under ideal conditions without
considering the loss of the goods or other interference factors in the transporta-
tion process.

The parameters involved in model construction are as follows:

A stands for airport set, a ∈ A ; T stands for time set, tj stands for a specific
time, tj ∈ T ; M stands for the aircraft type geometry, m ∈ M,um stands for
total number of aircraft type m, and dm stands for the transportation capacity
of m. Space-time network node is:n = (e, s, t) ; hmat stands for the number
of aircraft type m in the airport a at tj ; L stands for segment set, l ∈ L; I(n)
stands for the segment of flying into the space-time network node n; O(n) stands
for the segment of flying out of node n; Fl stands for the total flight time of
segment l; fm stands for maximum daily utilization of aircraft type m; G stands
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for goods set, g ∈ G,Bg stands for the total demand for cargo g; Cm
i stands

for the total operating costs to segment l of aircraft type m; VQ stands for unit
variable cost of cargo transshipment in airport a; rg.ml stands for unit revenue
of cargo g in aircraft type m and segment l; pmi stands for passenger revenue of
aircraft type m in segment l; yg,ma stands for transshipment volume of cargo g
of aircraft type m in hub airport a, a′ ∈ A; yg,mi stands for the volume of cargo
g transported by aircraft type m on segment l; xmi stands for whether to use
aircraft type m to fly on segment l, xm1 ∈ {0, 1}; ygi stands for the transportation
volume of cargo g on segment l.

From the above parameters specifications, the following equations can be
obtained.

The maximum return is:

maxZ =
∑
m∈M

∑
g∈G

(∑
l∈L

yg,ml rg,ml −
∑
a∈A

yg,ma′ va′

)

+
∑
l∈L

∑
m∈M

pml xml −
∑
l∈L

∑
m∈M

cml xml

]
.(4.1)

Aircraft flow balance constraint is:

hm,a,tj−1 +
∑

l∈I(n)

xml = hm,a,tjt +
∑

l∈O(n)

xml ,

n = (m, a, tj), a ∈ A,m ∈ M, tj ∈ T.(4.2)

Aircraft quantity constraint is:

(4.3)
∑
a∈A

hm,a,zn +
∑

l∈O(ct)

xml ≤ um,m ∈ M.

Aircraft utilization rate is:

(4.4)
∑
l∈Lm

Flx
m
l ≤ 7umfm,m ∈ M.

Flight coverage constraint is:

(4.5)
∑
m∈M

xml = 1, l ∈ L,
∑
g∈G

∑
l∈L

yg,ml ≤ dmxml ,m ∈ M.

The cargo volume of aircraft type m is smaller than the total volume of the
airplane:

(4.6)
∑
m∈M

∑
l∈L

yg,ml ≤ Bg, g ∈ G.

Volume of cargo g in aircraft type m cannot exceed the maximum demand:

(4.7) yg,ml ≥ 0, xml ∈ {0, 1},m ∈ M, l ∈ L, g ∈ G.
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4.1.2 Benders decomposition algorithm

The Benders decomposition algorithm was used for calculation, the aircraft type
selection was taken as the main problem, and the path optimization is solved as
the sub-problem respectively.

Suppose the variable xml satisfies the constraint condition of type selection,
then

max
∑
g∈G

(∑
l∈L

rgl y
g
l −

∑
d′∈A

yg,aa′ va′

)
,

∑
g∈G

∑
l=L

ygl ≤ dmxml ,m ∈ M,

∑
m∈M

∑
l∈L

ygl ≤ Bg, g ∈ G,

ygl ≥ 0, g ∈ G, l ∈ L.

Suppose πl, l ∈ L and δg, g ∈ G are dual variables of the sub-problem, then
the following equations can be obtained:

min

∑
l∈L

∑
m∈M

(dexml )πl +
∑
g∈G

Bgδg


,t∗

,

∑
l∈L

πl + δk ≥ rml , g ∈ G,

πl, l ∈ L, δg ≥ 0, g ∈ G.

The following equation can be obtained according to the dual theorem:

Max

min

∑
l∈L

∑
m∈M

(dexml )πl +
∑
g∈G

Bgδg

+
∑
l∈L

∑
m∈M

pml xml −
∑
l∈L

∑
m∈M

cml xml

 .

Suppose the optimal vertex of feasible domain is , then the following equa-
tions can be obtained:

Max

(
η +

∑
l∈L

∑
m∈M

pml xml −
∑
l∈L

∑
m∈M

cml xml

)
,

η ≤
∑
l∈L

∑
m∈M

(dmxml )πl +
∑
g∈G

Bgδg,

hm,a,tj−1 +
∑

l∈I(n)

xml = hm,a,tj+1 +
∑

l∈O(n)

xml , n = (m, a, tj) , a ∈ A,m ∈ M, tj ∈ T,

∑
a∈A

hm,a,tn +
∑

l∈O(ct)

xml ≤ um,m ∈ M,
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∑
l∈Ln

Flx
m
l ≤ 7umfm,m ∈ M,

∑
m∈M

xml = 1, l ∈ L,

xml ∈ {0, 1}, l ∈ L,m ∈ M.

4.1.3 Case analysis

Some flights of an airline were randomly selected for the study. Five sets of data
are shown in Table 1.

Table 1: Related data
No. A B C D E

Passenger segment 60 100 500 1400 1400
Cargo segment 0 0 200 200 200

Passenger aircraft type 6 6 6 6 6
Cargo aircraft type 0 0 1 1 1

Cargo carrying capacity (piece) 6300 10000 30000 55000 64000

The cost of aircraft shipment, transport and passenger revenue are based
on the average level of domestic airports. Assume that the average passenger
seating rate capacity of an aircraft is 70 percent, and that passengers carry 10
kilograms of luggage. Aircraft type parameters are shown in Table 2.

Table 2: Aircraft type parameters
Aircraft type A318 B737-300 B737-500 B737-900 B757-300 B777-200

Cargo loading vol-
ume (cubic metre)

21.21 30.2 23.3 52.5 114.1 162.0

Number of passen-
gers

107 149 108 215 280 0

Payload (ton) 3 3 2.5 6.5 9 100

Five sets of data were calculated according to the model and algorithm, and
the results are shown in Table 3.

Table 3: Related data
No. A B C D E

Calculated time (sec-
ond)

2.3 3.1 15.6 100.7 116.3

Error rate (%) 0.01 0.05 0.06 0.07 0.08
Objective function
value (yuan)

2705600 4306000 19500000 48657200 55042100

As can be seen from the above table, the algorithm in this study could
complete the calculation of the data in a relatively short time, and the error



960 YINGKAI WANG

rate was also small, which proved the reliability of the algorithm. By comparing
the data, the fifth group got the greatest benefit. It showed that this method can
significantly improve the income of airlines in the premise of fully considering
the cargo transportation demand.

4.2 Path optimization of full cargo plane carrying

(1) Model construction
xij stands for the number of planes in the aircraft flow network arc (i, j); ynij

stands for transport volume of the n-th batch goods transported on the cargo
flow network arc (i, j) ; N stands for the goods set, n stands for the goods of the
specified batch, n ∈ N ;Cij stands for the cost on the arc (i, j);Tn

ij stands for the
transportation cost of the n-th batch goods on the arc (i, j);En

ij stands for unit
revenue of the n-th batch goods on the arc (i, j);Ui stands for unit handling
cost of goods i; AF stands for total available flights; FF stands for set of festival
of flight ; CF stands for flight ring set; BFn stands for the total demand for the
n-th batch goods; K stands for the maximum capacity of an aircraft; SA stands
for airport set; NF stands for aircraft flow network arc set; NPn stands for the
set of arcs for the transport of the n-th batch goods.

From the above parameters specifications, the following equations can be
obtained.

The maximum return is:

maxZ =
∑
n∈N

∑
ij∈NPn

En
ijy

n
ij

−

 ∑
ij∈NF

Cijxij +
∑
n∈N

∑
ij∈NPn

Tn
ijy

n
ij +

∑
n∈N

∑
ij∈NPn

ynij (Ui + Uj)

 .

Aircraft flow balance constraint is:∑
j∈NF

xij −
∑

k=NF

xki = 0, ∀i ∈ NF.

Cargo flow balance constraint is:∑
j∈NPn

ynij −
∑

k∈NPn

ynki = 0,∀i ∈ NPn, ∀n ∈ N.

Operating aircraft cannot exceed the total number of aircraft:∑
ij∈CF

xij ≤ AF.

The total amount of transported cargo must be less than the maximum load
capacity of the aircraft: ∑

n∈N
ynij ≤ Kxij , ∀ij ∈ FF.
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The volume of transported cargo cannot exceed the total demand:∑
n∈N

∑
ij∈NPn

ynij ≤
∑
n∈N

BFn.

xij ∈ 1, ∀ij ∈ NF, ynij ≥ 0, ∀ij ∈ NPn.

CPLEX optimization software was used to obtain the results.

(2) Case analysis

Suppose there are three Boeing 747-200s that carry out 30 times cargo trans-
portation between 8 cities. Each aircraft has a load capacity of 100 tons. The
routes are short-distance routes of 1,500 kilometers and long-distance routes of
3,000 kilometers. The transportation modes were divided into short-distance
transportation, medium-distance transportation and long-distance transporta-
tion. Short-distance transportation means direct transportation. Medium-
transportation can be carried out directly or in one transshipment. Long-
distance transportation can be carried out directly, in one transshipment or
multiple times transshipment, i.e., a mixed transportation method, which is
also called the hybrid scheme. According to the model and software, the four
schemes were calculated, and the results are shown in Table 4.

Table 4: Related data
Scheme The number

of aircraft
Flight fre-
quency

Average
loading rate

Transshipment
rate

Optimal
value (yuan)

Calculated
time (sec-
ond)

Direct transportation 3 28 60.1% 0 21007000 4.1
One transshipment 3 28 65.3% 5.8% 22080600 13.5
Multiple times trans-
shipment

3 28 67.8% 9.7% 22809700 1100

Hybrid scheme 3 28 66.9% 9.3% 23001200 402

According to the calculation results, the benefit of direct transportation was
the worst. Although the efficiency was high, it was not conducive to the full
utilization of the aircraft. The loading rate and income of one transshipment
were improved, but the effect was slightly lower than that of multiple times
transshipment and hybrid scheme. The hybrid scheme had the most advantages.
According to the hybrid scheme, the flight routes of the three aircraft are shown
in Figure 3.

5. Discussion

With the development of economic globalization, cross-border e-commerce is
developing rapidly, which is an important means for enterprises to carry out
international trade [9], and is also an important driving force for the growth of
China’s foreign trade [10, 11]. In cross-border e-commerce enterprises, cross-
border logistics is an important part. Only by reducing the cost of international
logistics and improving the satisfaction of consumers can the development of
cross-border e-commerce enterprises be better promoted.
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Figure 3: The flight routes of aircraft in the hybrid scheme

In the O2O model, cross-border e-commerce directly faces consumers, re-
duces the intermediate links of transactions through Internet communication,
reduces the cost of transactions [12], and the transaction speed is also relatively
fast. However, there are many problems in logistics transportation, such as
long transportation time, high logistics cost, difficulties in return and replace-
ment, etc. The current cross-border e-commerce mainly adopt the international
express delivery, overseas warehouse and other modes. International express
delivery is mainly by air and sea. Aviation logistics is a fast and convenient
logistics mode, which is favored by cross-border e-commerce enterprises. In
order to meet the requirements of e-commerce enterprises, aviation logistics en-
terprises must vigorously improve customer satisfaction and gain advantages
in the fierce competition. Air logistics not only refers to the transportation of
goods in the air, but also to the transshipment, ground distribution and other
links. The optimization of route paths is of great significance to reduce cost and
improve efficiency. The optimization of distribution path is aimed at reducing
transportation cost [13]. Li et al. [14] combined GA and ACA to build a logistics
distribution model, which achieved good results. Wang et al. [15] improved the
ant colony algorithm, solved the problem of collaborative allocation of forward
logistics and reverse logistics, and verified its effectiveness in the optimization
of distribution path.

In this study, two cargo transport methods of passenger plane belly compart-
ment carrying and passenger plane belly compartment carrying were used for
optimization research respectively. Through the model construction of two cargo
transport methods, the calculation method of maximum benefits was obtained,
and then different schemes were used for calculation in the actual analysis. The
case analysis showed that the proposed method in this study has shorter calcu-
lation time and lower error rate, which proved the effectiveness of the method.
Then, in terms of the aircraft type selection and route arrangement, it was also
proved that different aircraft types and route selection will greatly affect the
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earnings of airlines. Therefore, calculating the two and finding the best solu-
tion will play an important role in reducing transportation costs and increasing
logistics revenue.

6. Conclusion

In the O2O model, cross-border e-commerce cannot leave the support of aviation
logistics. The aircraft type selection and route arrangement of the passenger
plane belly compartment carrying and the full cargo plane carrying are studied in
this study. The validity of the method was proved by the model construction and
calculation. The method in this paper can produce results in a short period of
time and has good practicability, which also demonstrates the impact of aircraft
type selection and route arrangement on revenue. Through reasonable aircraft
type selection and route arrangement, it is possible to reduce transportation
costs, improve transportation efficiency, and effectively improve the competitive
advantage of aviation logistics enterprises in the premise of meeting the logistics
needs of e-commerce enterprises.
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