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One-to-many vehicle-cargo matching model considering consignor
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Abstract: With the development of the freight platform market, the problem of asymmetric information between
vehicles and consignors has been effectively alleviated, and there is still room for improvement in the satisfaction of
car owners and consignors, vehicle loading rate, and the cost-borne by consignor. In the context of transportation ca-
pacity supply exceeding freight demand, the satisfaction of the consignor becomes the key factor affecting vehicle-
cargo matching and platform competitiveness. To make the solution of vehicle-cargo matching more desirable to the
requirement of the matching party and attract more customers, a new model is proposed by considering the consignor.
The two parties to the vehicle-cargo matching are regarded as the customer side and the service provider involved in
logistics services according to the definition of a logistics streamline network. Considering the closeness between the
consignor’s requirements for cargo integrity, time and cost of transportation, and the motorists’ actual service of trans-
portation, the matching degree is defined. Then, a matching satisfaction model is constructed to maximize the match-
ing satisfaction, and an improved genetic algorithm is designed and solved using Python. Three different models of
vehicle-cargo matching are compared on the data of the platform. The result shows that the average vehicle loading
rate of the proposed model is 31.2% higher than the one of the one-to-one matching model, and the cost of the con-
signor is 4.3% lower. Compared with the one-to-many vehicle-cargo matching model with transportation cost as the
target, the average consignor satisfaction increased by 16.2%, and the cost borne by the consignor decreased by
2.9%. It reduces the total cost borne by the consignor and maintains a high consignor satisfaction and vehicle loading
rate while being more in line with the actual scenario.

Keywords: logistics engineering; vehicle-cargo matching; improved genetic algorithm; consignor satisfaction; logistics
streamline network

1 Introduction success rate, which cannot fully meet the needs of both

parties and is not conducive to the low-carbon, green,

]

There are common problems, such as insufficient in- and high-quality development of road ‘[1ransportation[1 .

formation exchange and low utilization rate of transport- There is still much room for improvement in terms of the

ation resources, in China’s road freight market. The asym-  opicie 1oad rate and the freight cost of the cargo owner.

metry problem of vehicle and cargo information has
been effectively alleviated with the development of net-
work freight platforms. However, with the increase in
the number of platform sources of goods and vehicles,
how to improve satisfaction in vehicle-cargo matching
and vehicle full load rate has been crucial to enhancing
the competitiveness of the platform. The manual screen-

ing and imperfect matching model algorithm have a low

The supply and demand matching satisfied by the owner
and the owner, the high-quality service level, and the
creation of value for customers is the vitality of the de-
velopment of the network freight platform.

At present, the research on vehicle-cargo matching in
network freight platform mainly focuses on the construc-
tion and design of vehicle-cargo matching models and
algorithms. According to different matching modes, the
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relevant research on vehicle-cargo matching at home and
abroad can be summarized into three categories: “one-to-

LIS

one matching”, “one-to-many matching” and “many-to-
many matching”®. For one-to-one matching, the net-
work freight platform schedules the transportation capa-
city and matches the unique cargo orders and vehicles
for vehicle owners and cargo owners, which is the
vehicle-cargo matching mode adopted by most plat-
forms at present. As for one-to-many matching, one
vehicle matches multiple orders simultaneously, and one
order can only be transported by one vehicle. The match-
ing scheme is formed by matching the owner of one
party in the matching subject with multiple consignors in
the other party. Concerning many-to-many matching,
one vehicle can match multiple orders, and the goods of
one order can be matched with multiple vehicles. Among
the three matching modes, one-to-one matching mode re-
quires that vehicles are paired with goods one-to-one.
Even if there is spare space in the vehicle, other goods
cannot be loaded, resulting in problems such as low
vehicle occupancy rate and poor matching results”. The
matching result of the many-to-many matching mode in-
cludes one vehicle matching multiple vehicles and one
cargo matching multiple vehicles. It is relatively simple
that one cargo matches multiple vehicles. Typically,
when a particular order involves a significant volume of
freight, multiple vehicles need to be assigned simultan-
eously for transportation. By distributing the goods to
enough vehicles, a high vehicle occupancy rate can be
achieved. The challenge of many-to-many matching
mode is essentially a one-to-many matching problem. In
one-to-many matching mode, the vehicle occupancy rate
can be increased by transporting goods for multiple con-
signors. For consignors, this mode can also reduce the
payment of transportation costs and is an expected win-
win matching mode!®. Therefore, this paper studies the
one-to-many matching mode to seek a reasonable match-
ing for vehicles and cargo.

The development of the vehicle-cargo matching mod-
el primarily focused on cost in the early stages, con-
structing the model with minimizing cost. In the trans-
portation of general goods on roads, transportation costs
account for a high proportion of total costs. For the con-
venience of modeling and solving, it is usually directly
targeted at minimizing transportation costs as the object-
ive function. Lu et al. developed a vehicle transporta-

tion cost model for large-scale freight vehicles in the
road network, aiming to maximize transportation cost
savings'”!. Zhang Feng proposed a vehicle-cargo match-
ing model to minimize transportation costs from the
standpoint of transportation alliance!®. Mou et al. estab-
lished the matching mode with the objective function of
maximizing matching efficiency while minimizing

matching costs!”.

As the demand for vehicle-cargo
matching increases, both parties not only consider cost
factors but also have increasingly high requirements for
product quality and service. Matching satisfaction has
become an important factor affecting the survival and
development of network freight platforms. The research
on the vehicle-cargo matching model has gradually shif-
ted towards constructing models with the objective func-
tion of maximizing satisfaction. Yang et al. considered
the fairness of the vehicle-cargo matching, proposed
three types of indicators, and established an optimiza-
tion model maximizing the matching satisfaction of both
parties®. Zhang et al. analyzed the transaction willing-
ness of matching subjects, selected the indicator affect-
ing the common willingness of both vehicle and cargo
parties, and constructed a model maximizing willing-
ness to settle!”’. Ni et al. considered the heterogeneous
needs of vehicle owners, cargo owners, and platforms,
and constructed a multi-objective optimization model in-
cluding time-sensitive satisfaction'”. Guo Jingni pro-
posed a fuzzy group decision-making method to maxim-
ize the total matching satisfaction between both
"] The satisfaction of both the vehicle and the
goods includes cost factors, matching the willingness

parties

and needs of the main parties, which is more in line with
the current reality of car-goods matching. In summary, it
can be found that there are more and more optimization
studies considering satisfaction. However, the quantitat-
ive factors of satisfaction are relatively single, which
cannot well interpret the actual needs of customers. In
this paper, the factors of transportation costs, arrival
time, and the integrity of goods are comprehensively
considered to ensure that the satisfaction indicator is
more aligned with actual needs. Under the current situ-
ation where the supply of road freight transportation ca-
pacity exceeds the demand for freight transportation!'?,
it can significantly enhance the economic benefits and
competitiveness of network freight transportation plat-
forms to improve the satisfaction of shippers!’®). The
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vehicle-cargo matching model focused on optimizing the
satisfaction of shippers is better aligned with the current
supply and demand conditions in the actual road freight
market.

Based on the above research, this study aims to optim-
ize satisfaction by considering transportation costs, ar-
rival time, and cargo damage. By combining with the stre-
amlined supply and demand network, we build a one-to-
many vehicle-cargo matching model and develop an en-
hanced genetic algorithm to solve it. Compared with the
one-to-one matching model and the matching model
aiming to minimize transportation costs, the constructed
model is analyzed from the perspectives of matching satis-
faction, cargo owner’s cost, and vehicle load rate, which
provides a reference for the research on further improv-

ing vehicle-cargo matching.
2 Vehicle-cargo matching model

2.1 Problem description and hypothesis

Assuming that the network freight platform has re-
ceived n orders from shippers within a certain period, the
problem aims to allocate the orders to m truck drivers
within the freight platform. Each truck driver is assigned
one or more shipper’s orders. Each truck driver will pick
up the goods and deliver them to their respective destina-
tions.

The definition of a logistics streamline network is in-
troduced'*!. The streamline network is a weakly connec-
ted directed graph. V;; is the node at the level i and layer
J in the streamline network. The matching process invol-
ves one-to-many vehicle-cargo matching, where a vehicle
may match with one or more cargo owners’ goods. Upon
being matched with the corresponding goods, the vehicle
will go to the respective goods pick-up points based on
the optimal matching solution. Once the goods have been
picked up, the vehicle will transport them to the corres-
ponding delivery points. The solid line indicates the flow
lines between adjacent nodes, while the dashed line in-
dicates potential flow lines between adjacent nodes. The
streamline network of one-to-many vehicle-cargo match-
ing transportation activities is depicted in Figure 1.

When the vehicle is overloaded with goods mid-jour-
ney, it can easily cause damage to the cargo and take an
excessive amount of time, affecting the subsequent de-

livery time. The alteration of transportation routes will

Match Transport

Pickup Delivery

Vehicle

point point

Fig. 1 The streamline network for vehicle cargo matching
transportation activities of one to many

also increase transportation costs. When matching veh-
icles with cargo, ensure a vehicle is loaded with goods
from no more than three different shippers. Therefore, it
is assumed that a vehicle must load goods from no more
than three consignors.

The hypotheses of this paper are as follows:

(1) Each vehicle can be matched with goods from up
to three orders.

(2) Each order should be matched.

(3) It is assumed that the volume of goods carried by
the vehicle does not exceed the maximum capacity.

(4) The loading and unloading time and cost of trucks
at each pickup and delivery point are not considered.

(5) The truck maintains a relatively stable average
speed during each trip.

(6) The average fuel consumption level of the truck re-
mains consistent during transportation.
2.2 Model parameter description

The descriptions of the symbols required for model
construction are shown in Table 1.
2.3 Owner matching satisfaction formula definition

The degree of similarity between the characteristics of
logistics organization schemes in terms of item quantity,
logistics service time, and logistics costs, and the cus-
tomer’s requirements in terms of item quantity, service
time, and logistics costs, between any two adjacent lay-
ers of nodes in a streamlined network structure, is re-
ferred to as the matching degree!'”. The essence of lo-
gistics activities is that logistics services meet logistics
needs. In this paper, both parties involved in the vehicle-
cargo matching are considered as customers and service
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Table 1 Description of model parameters

Symbol Description Symbol Description
t The actual time spent on transportation services Pj Expected damage factor of goods j
q Integrity of goods during the actual transportation a; The maximum damage coefficient of the goods j
The cost that the customer needs to pay during the actual
e . Ci Unit freight for the vehicle i
transportation process
T Customer’s expected shipping service time i The rated load of the vehicle i
0] Customer’s expected integrity of goods during transportation Vv The average speed of the vehicle transport process
E Customer’s expected transportation costs Lj The distance the goods jare transported
. . . The matching degree between the actual freight plan between
The customer can receive the latest time for the delivery to be M (Lag.e) ) ) ) ) )
T Vi oV »4-€) the point v, jand V, ;is the matching satisfaction degree of the
completed S ' ’
cargo owner
Minimum goods integrity acceptable to the customer during . .
or ) F() Generalized cost function
transportation
EN The maximum shipping cost acceptable to the customer f@® The owner’s actual cost of lost time
m Total number of vehicles (owners) f(T) Shipper’s expected cost of lost time
n Total number of goods (owners) f1(T")  The maximum time loss cost acceptable to the cargo owner
i Any vehicle,i = 1,2,3,--,m H(q) Owner’s actual damage cost
J Any cargo,j=1,2,3,---,n HQ) Owner’s expected damage cost
K The type of goods,K = 1,2,3,4 £(Q")  The maximum damage cost acceptable to the cargo owner
Collection of cargo points (one cargo corresponds to a pick-up )
P . . . f(e) The owner’s actual transportation cost
point and a delivery point)
dap The shortest distance between aand b,a,b € P S3(E) Shipper’s expected transportation cost
) ) The maximum transportation cost acceptable to the cargo
(dap)1  The maximum distance between aand bacceptable to the owner F(EN)
owner
Ji,J2 Pick-up and delivery points for goods j,J;,J> € P Ak The moment when Class K goods begin to deteriorate
[le s sz] Time window for delivery of goods j Bj The latest tolerance factor of the owner for goods j
The moment when Class K goods deteriorate to the point
Zj Actual delivery time of the goods j Bk
where they lose value
Bj Latest time tolerance factor of goods j 6’f< Rate of deterioration of Class K goods at time 7,z € [Ay, Bx]
The penalty cost per unit time of the owner when the goods
W; L. Pj Owner’s expected damage factor for goods j
Jj arrive late
qj The total weight of the goods j aj owner’s maximum damage tolerance for the goods
Pk Unit price of goods type K 4 The point of departure of any vehicle
o . A decision variable that means 1 if the vehicle i is matched to
oK Rate of deterioration of type K goods at time ¢ Xij

the cargo j, 0 if not.

providers participating in logistics services. Since the
quantity of goods transported in transportation services is

a fixed value, the degree of similarity between supply

and demand for item quantity is equivalent to the degree

of similarity between supply and demand for goods in-

tegrity. The matching satisfaction of the cargo owner

[15]
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can be defined as the degree of closeness between the
characteristics of the vehicle transportation plan of the
owner’s vehicle in terms of cargo integrity, transporta-

1
M (ge=] | FEa0-FT0VEY TP
Viova F(T.Q.E)~F(T",Q".EM |’

O’

where, F() is a generalized cost function, aiming is uni-
fy the units of time, goods integrity, and cost in different
dimensions into cost units. The generalized cost func-
tion is calculated according to Equation (2)[16].

F(t,q,e) = i)+ f2(q) + f3(e) ()
where, F(t,q,e) is the cost to be borne by the cargo own-
er in the actual freight plan provided according to the
needs of the cargo owner; F(7T,Q,E) is the shipper’s ex-
pected cost of transport services in terms of time, goods
integrity, and expenses; F(T",0",E") is the maximum
cost of transportation services acceptable to the cargo
owner.

(1) To calculate the cost of time loss, the soft time
window is used to quantify the time cost ', The goods
of order j are delivered within the time window
[le,sz]. If goods are delivered earlier than time 7,
the vehicle owner must wait until time 7';;, which has no
impact on the cargo owner. If goods are delivered later
than time Tj,, the time penalty cost to the cargo owner
will incur. The time penalty cost is calculated as

0 t;j<Tp
o= { Wiltj=Tp) f;' > Tj'z

For the owner, the expected situation is that the goods

3)

will arrive on time within a certain time range without
incurring time delay costs as shown in Equation (4). The
time requirement of the cargo owner is a range, but the
actual owner may not be able to deliver to the desig-
nated location within the specified time. If the goods are
delivered later than time T'j,, the cargo owner will pay
the time penalty cost. A coefficient §; called the latest
time tolerance is defined and depends on the urgency of
the owner’s demand. The acceptable time range for the
shipper is a range, so the fluctuation range of the value
of the latest time tolerance coefficient will not be very
large. There are different values for different customer
coefficients, so it is necessary to determine the analysis

based on analyzing a large amount of data. The maxim-

tion time, and transportation costs, and the owner’s re-
quirements for cargo integrity, transportation time, and
transportation costs. Its function expression is

F(t,q,e) € (0,F(T,Q,E)]
F(t,q,e) € (F(T,Q,E),F(T",Q",EM)] (D
F(t,q,e) € (F(T",Q",E"), 0]

um time cost acceptable to the owner is calculated as
shown in Equation (5).

[T =PTpBi—Th), “4)

[T =Wi(TpBi—Th). Q)
(2) Osval et al. pointed out that perishable goods have
three stages in their life cycle, and perishable goods will

continue to rot over time!'!.

The relationship bet-
ween the rate of goods deterioration and the time of such
logistics products is shown in Figure 2, showing a linear
distribution. f € [0, A] is the first stage, the quality of the
goods is intact, and the deterioration rate of the goods is
0. re(A,B] is the second stage, the quality of goods

changes visibly, the deterioration rate of goods develops

. . . . t—A
linearly, and the deterioration rate is 6; = B-A°

+o0] is the third stage, in which the deterioration of

te[B,

goods is very serious, the deterioration rate of goods is

beyond the acceptable range, and the goods lose value.

120 1
100 t
80
60
40 t
20

Rate of cargo deterioration (%)

A B C
Time (h)

Fig.2 Change in deterioration rate of cargo over time

The formula for calculating the actual cargo damage

cost is:
0 t€[0,Ak]
@)= q,;pro% te[Ag,Bg]l . (6)
+00 t € [Bg,+o0]

The loss of goods is determined by the nature of the
goods themselves, which is unavoidable. However, the
owner’s expected damage is as little as possible, so a

coefficient p;(0 <p; < 1) is introduced to represent the
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owner’s expected damage, as shown in Equation (7). The
cargo owner has a maximum cargo damage tolerance for
the goods, which is defined as «;. The maximum cargo
damage cost acceptable to the cargo owner is shown in
Equation (8).

(3) For transportation cost calculation, point o is the
starting point of any vehicle; (doh)l represents the max-
imum distance of the truck to the pick-up point J; ac-
ceptable to the cargo owner, where d,j, < (d(, 7\ )1, (dojl) |
is determined according to the requirements of different
cargo owners. When the vehicle owner transports the
goods from multiple cargo owners, the cargo owners
share the transportation costs. The costs borne by each
cargo owner include the costs of the vehicle from the
vehicle starting point to the pick-up point and the costs
of the vehicle from the transit point to the delivery point
of the goods. d,j,represents the actual distance between
the previous node visited by the vehicle and the current
destination of the goods. d, ;, represents the shortest dis-
tance of the owner’s goods from the place of origin to
the destination. (dJ. Jz)l represents the maximum dis-
tance acceptable for cargo transport by the owner, where

d]ljz <(d]1J2)1.

fx@={ oo read g
pjqjpiby T €Ak, Bkl

FO s et O

f(e) =dyy ci+day,ci, )

S3(E) = dy i, (10)

FEY) = (dog)1ci+(dy 1) 16 (11)

2.4 Model building

Since the cargo owner is concerned about the benefit
goal from the individual perspective, the average of the
overall matching satisfaction is calculated to reflect the
matching effect more intuitively. The objective func-
tion is to maximize the average matching satisfaction. A
MILP formulation of the proposed problem is presented
as follows

m n
max Z = Z Zl Vl,,-l/[Vz,,‘ (t.q, e)xij/”, (12)

i=1 j=

S.t.

m

Diwj=1, j=120m, (13)
i=1
n
x;<3, i=12,---.m, (14)
J=1
n
xquj<Ql’ i:1,2,"',m, (15)
j=1
GT). j=12-m. (16)

Equation (13) ensure that each goods must be trans-
ported and can only be transported by one vehicle. Equa-
tion (14) guarantee that each truck delivers the goods of
up to 3 owners. Equation (15) ensure the feasibility of
loads. Equation (16) ensure that the vehicle needs to
complete the delivery of the goods before the latest de-
livery time specified.

In the case of one-to-one matching mode, the Equa-
n .
tion (14) are ijlxij =1,i=1,2,---,m

3 Improved genetic algorithm based on vehicle-cargo

matching

3.1 Algorithm selection

At present, there are many intelligent optimization al-
gorithms to solve complex optimization problems, such
as particle swarm optimization, ant colony optimization,
simulated annealing algorithm, and genetic algorithm.
The particle swarm optimization and ant colony optimiz-

[19-20

ation are suitable for path optimization!"**%. The simu-

lated annealing algorithm is more suitable for combin-
ing with other algorithms due to its slow convergence *'/.
The genetic algorithm with fast convergence rates is rel-
atively successful in solving optimization problems >,
The proposed vehicle-cargo matching problem aims to
find the matching scheme to maximize the average matc-
hing degree. An improved genetic algorithm is devel-
oped to solve it.
3.2 Algorithmic flow design

In general, the work flow of genetic algorithms is
shown in Figure 3.
3.3 Algorithm implementation
3.3.1

Generally speaking, the coding method of the al-

Chromosome coding

gorithm should be determined according to the actual
situation of the problem, and the natural number coding
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Chromosome
coding

v

Population
initialization

Calculate the fitness |4
function value

Are the termination N Select, cross
conditions met? — Remqval' O.f abnormal
individuals
Y Mutation
Output the Removal of abnormal
optimal solution individuals
\
4 Create a new
End population

Fig.3 Genetic algorithm flowchart

method is adopted in this paper. There are n goods and
m vehicles participating in the matching. In coding, a
natural number string containing n different numbers in
the range of [1,n] is randomly generated, and then m—1
separators are randomly inserted into the string. The
string is divided into m segments, and each vehicle is re-
sponsible for the transport of one segment of the goods.
There is no cargo in the middle between two adjacent
separators, which indicates that the vehicle responsible
for this section is idle.

For example, given that there are 10 cargo and 6
vehicles to be matched, an individual can be obtained
from the initial population, as shown in Figure 4.

3.3.2 Population initialization

Different from the general situation of population ini-

tialization, this paper needs to pay attention to whether

P |1 ]2]3]4a]5]6]7]s]

asfsfifr]a]2]6]

(a) Crossover step I

(c) Crossover step 111

Random string of

| 14328105976 | natural numbers

Insert delimiters

| 14[328[fl0s]o]76 | M

Fig. 4 Encoding renderings

the vehicle can carry the matched total weight of cargo,
and whether each truck can match the cargo of three
owners at most. Therefore, the above two constraints are
taken into account when randomly inserting splitters,
which improves the efficiency of the algorithm.

3.3.3 Cross operator improvement

Different from the common cross-operation mode of
genetic algorithm, the vehicle-cargo matching problem
seeks to find the optimal match between different vehi-
cles and goods. The general cross mode does not include
the problem of transport order, so the partial matching
cross mode is selected . Partial matching crossover en-
sures that the genes in each chromosome appear only
once, and no duplicate genes appear in each chromo-
some. Partial matching intersections are described in de-
tail below.

In order to eliminate the duplication, the matching re-
lationship of each chromosome is established in the
crossing region, and then the matching relationship is ap-
plied to the repeating genes outside the crossing region
to eliminate the conflict.

Step 1: As shown in Figure 5(a), several consecutive
genes in the same position in the two parent chromo-
somes were randomly selected.

Step 2: Exchange the selected genes of the two sets of
chromosomes, as shown in Figure 5(b).

Step 3: Establish a mapping relationship according
to the two groups of genes exchanged, as shown in

pr{t]s|s]1][7]6]7]s8]

p3f2fsfafs[4f2]0]

(b) Crossover step 11

ctl4]s]s]i]7]e6]2]3]

clsl2fsfafs[i]7]s]

(d) Crossover step IV

Fig.5 Cross process
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Figure 5(c).

Step 4: Perform conflict detection and repeat mapp-
ing until there is no conflict. According to the mapping
relationship, the conflicting genes of the two parent
chromosomes that are not exchanged are replaced. Fi-
nally, all the conflicting genes will be mapped to ensure
that the new pair of offspring genes formed are conflict-
free. The resulting offspring chromosomes are shown in
Figure 5(d).

3.3.4 Mutation operator improvement

Due to the need to consider the order of pick-up and
delivery points when matching vehicles and goods, the
general variation method can not guarantee the sequence
of owners through the cargo node, so the improved vari-
ation operation is adopted. A segment of a gene separ-
ated by a separator is randomly selected and the se-
quence of gene segments is mutated. The mutation pro-

cess is shown in Figure 6.

Pl [ 4 1]7]6]2]3]

Cl[4 1[7]6]2]3]

Fig. 6 Mutation process

3.3.5 Selection operator based on elite reservation

In addition to the roulette strategy, the algorithm uses
the elite retention strategy. By retaining a certain amount
of excellent individuals from the parent group, the al-
gorithm further iteratively optimizes the total population
with other newborn offspring individuals.

4 Computational experiments

4.1 Benchmark instances

The data in this paper was obtained from an online
freight platform on the domestic Internet, including
cargo weight, starting point, destination, route length,
cargo type, and so on. The data of long-distance trans-
portation goods originating within Shaanxi Province is
selected and preprocessed to obtain the data with high in-
tegrity. match the transportation distance with different
types of goods to generate the time requirements of the
owners. Based on the transportation distance and differ-
ent types of goods, the time requirements for the owner
of the goods are generated. For perishable fruits and ve-

getables, the time requirements for the owner are more
strict, while for other goods that are not easily perish-
able, the time requirements are relatively less strict. In
the test instance, the average speed of the vehicle is
taken as 55 km/h. To ensure the randomness of the time
requirements, a random number is taken from the inter-
val [0.9—1.1]. The ratio of distance to average speed
multiplied by this random number is the time require-
ment for the owner of the goods. When the goods are
fruits or vegetables, the time requirements are strict and
calculated according to the above interval; when the
goods are livestock products, the interval is multiplied by
a factor of 1.05; for other types of goods, the factor is
1.1. The information generated is shown in Table 2.

In this case, the starting point of goods is all around
Xi’an, and the study is on long-distance transportation
between cities or provinces. In solving the problem, the
starting point of goods is simplified to the same point.
4.2 Result analysis

In the calculation example, a truck with a rated load
of 28 tons of 9.6 meters and a truck with a rated load of
35 tons of 14—17 meters are used for transportation. The
truck uses No. 0 diesel and the price is 7.62 yuan/liter.
The fuel consumption of 28 tons of truck No. 0 diesel is
0.2 liters/km, and the fuel consumption of 35 tons of large
truck diesel is 0.3 liters/km. The case uses 30 batches of
cargo data, and a total of 30 trucks with a load capacity
of 28 tons (No. 1-15) and 35 tons (No. 16-30) are ana-
lyzed and calculated.

4.2.1 Basic result analysis

Aiming at the vehicle and cargo matching model con-
structed above, the improved genetic algorithm is ap-
plied to solve the problem with the goal of the highest
matching satisfaction of the cargo owner. The conver-
gence process of the algorithm is shown in Figure 7.

In this case, 30 vehicles were used to transport 30
batches of goods. In the obtained results, only 23
vehicles were used in the cargo matching process, and
7 vehicles were idle. The transportation cost of the own-
er was CNY32835.75, the cargo damage cost was
CNY6 808.46, the time cost was CNY2 245.95, and the
total cost borne by the owner was CNY41 890.16. The
average satisfaction of matching between the shipper’s
demand and the actual delivery is 0.889, and the total
cost is CNY41 890.16.
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Table 2 Information about the consignor’s order
Consignor Type of goods Weight (t) Terminal position Distance (km ) Time requirement (h)

1 other 16 (130.372 612, 46.813 512) 2269.21 41.77
2 vegetable 10 (107.244 575, 34.368 916) 156.41 2.83
3 fruit 15 (104.966 864, 33.376 032) 383.39 6.59
4 vegetable 16 (107.657 391, 35.736 864) 194.24 3.33
5 fruit 17 (108.671 612, 31.953 391) 267.71 4.70
6 vegetable 16 (112.182 456, 37.195 601) 431.16 7.37
7 other 17 (101.809 569, 36.605 708) 693.87 12.15
8 Animal product 10 (110.050 395, 40.582 228) 700.86 11.91
9 fruit 8 (106.681 415, 35.548 815) 246.16 4.40
10 Animal product 15 (113.837 541, 34.053 251) 451.45 8.02
11 vegetable 16 (106.356 518, 38.560 407) 523.13 9.07
12 vegetable 14 (111.480 398, 33.313 316) 261.04 4.60
13 vegetable 14 (114.654 576, 37.905 816) 648.1 11.27
14 other 10 (116.872 433, 38.320 367) 836.64 14.61
15 Animal product 17 (107.776 097, 30.660 553) 424.84 7.34
16 vegetable 12 (106.295 494, 38.479 579) 517.62 9.10
17 fruit 14 (104.119 566, 35.848 851) 470.25 8.45
18 Animal product 13 (111.231406, 35.622 63) 252.14 4.43
19 vegetable 18 (111.676 607, 35.303 015) 271.2 4.89
20 fruit 12 (101.809 569, 36.605 708) 693.87 12.30
21 fruit 16 (110.688 546, 36.103 999) 251.66 4.43
22 Animal product 15 (123.426 644, 41.795 236) 1512.58 27.56
23 vegetable 16 (111.773 58,30.175 342) 535.18 9.54
24 Animal product 11 (115.567 392, 29.850 441) 799.9 13.92
25 Animal product 21 (98.514 322, 39.751 246) 1103.77 19.87
26 vegetable 15 (105.650 555, 36.570 781) 387.99 6.59
27 Animal product 15 (113.982 485, 34.725011) 463.66 8.27
28 vegetable 15 (104.626 438, 28.772 052) 743.48 13.13
29 Animal product 16 (120.856 417, 37.341 418) 1124.25 19.63
30 other 13 (98.226 473, 39.806 466) 1128.23 20.21

4.2.2 Comparative analysis

(1) Model comparison

Hereby, we studied the computational performance of
the proposed vehicle-cargo matching model compared
with the current road freight transport model with the

minimum transportation cost®* and the “one-to-one mat-

ching” model adopted by most platforms. Matching satis-
faction, cost, and load factor are the factors related to the
improvement of the competitiveness of the current net-
work freight platform. Various cost data can reflect the
impact of each model on the cost, and the number of

vehicles required can directly reflect the saving of trans-
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Fig. 7 Improved genetic algorithm convergence process

port capacity. Based on the data in Table 2, the results
are respectively shown in Table 3, Figure 8, and Figure 9.

From Table 3, Figure 8, and Figure 9, we can see that
compared with the matching model with the minimum
transportation cost, the matching satisfaction of the cargo

owner is increased by 16.2%. The cargo damage cost and
time cost are controlled, and the total cost borne by the
cargo owner is reduced by 2.9%. Compared with the
matching model with the minimum transportation cost,
the matching satisfaction of the “one-to-one” matching
model is increased by 21.9% when the vehicle capacity
is increased by 36.3%, while the matching satisfaction of
the proposed model is increased by 16.2% when the
transport capacity is increased by only 4.5%. The per-
formance of improving satisfaction is better than that of
one-to-one matching. The total cost borne by shippers is
decreased by 4.3% and the average load rate is increased
by 31.2%. The one-to-many matching model with the
greatest owner matching satisfaction can improve load
rate and reduce cost while maintaining high owner satis-

faction.

Table 3 Model comparison results

One to many matching with maximum

Matching Contrast model index ) )
satisfaction of cargo owner

Minimizing transportation costs is One to one match with maximum

the goal of one-to-many matching satisfaction from cargo owners

Average matching satisfaction 0.889
Transportation cost (CNY) 32835.75
Damage cost (CNY) 6 808.46
Time cost (CNY) 2245.95
Total cost (CNY) 41 890.16
Average load factor 0.601
Match the desired truck (veh) 23

0.765 0.933
28721.22 38812.73
7224.79 4.846.04
721343 97.57
43159.44 43756.34

0.612 0.458

22 30

Compared with the “one-to-one” matching model, the
biggest advantage of this model is that the load rate is in-

creased by 31.2%, the transport capacity is saved by

50,000 0 One to many matching with maximum satisfaction of cargo owner
8 Minimizing transportation costs is the goal of one-to-many matching

45’000 8 One to one match with maximum satisfaction from cargo owners .
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Fig. 8 Cost comparison

23.3% and the total cost is 4.3%, which means that the
vehicle owners will get more benefits. The benefits are
mainly attributed to the 15.4% savings in transportation
costs. However, the cargo damage cost and time cost in-

creased by 40.5% and 225.0%, respectively. The “one-to-
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Fig. 9 Comparison of satisfaction and loading rate
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many” vehicle and cargo matching model is more suit-
able for the vehicle owner.
(2) Algorithm comparison
To evaluate the performance of the improved genetic
algorithm, the results obtained by this algorithm were
compared with those obtained by the standard genetic al-
gorithm®*!. In this comparative experiment, the paramet-
ers of the standard genetic algorithm, such as population
number, chromosome number, and mutation probability,
were the same as those of the improved genetic algo-
rithm. The number of iterations was set to 3 000 times,
and the algorithms ran independently 10 times. The com-
parison results are shown in Figure 10. The average con-
vergence iteration times of the improved genetic al-
gorithm is about 500 times, the average convergence
time is 34 s. The optimal matching satisfaction is 0.889,
and the accuracy is 90%. The average convergence itera-
tion times of the standard genetic algorithm is about
2 400 times. The average convergence time is 195 s, and
the optimal satisfaction is 0.889 and 80%, respectively.
Therefore, it can be found that the improved genetic al-
gorithm has better-solving efficiency, and the situation
that the standard genetic algorithm easily falls into local
optimality has been improved.
0.90
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Fig. 10 Comparison of algorithm solutions

(3) Model applicability analysis

The one-to-many truck-cargo matching model consid-
ering the satisfaction of cargo owners is proposed based
on the background that the supply of freight transporta-
tion capacity exceeds the demand for cargo freight. The
satisfaction of cargo owners can have a greater impact on
the realization of vehicle-cargo matching. The vehicle-
cargo matching problem with satisfaction is more in line
with the current supply and demand in the road freight

market. However, in reality, there will also be a shortage

of transport capacity in a specific period where the im-
pact of freight owners’ satisfaction degree on the match-
ing of vehicles and cargo will be reduced. To adapt to
this special situation, the expected time delay cost,
freight damage cost, and transportation cost of freight
owners in model (1) should be increased accordingly to
ensure the applicability of the model under the situation

of insufficient transport capacity.
5 Conclusions

The vehicle-cargo matching problem studied in this
paper aims at the long-distance transport scenario of
multi-variety goods in road freight transport. The prob-
lem is prioritized with the consignor’s satisfaction and
takes into account the costs associated with the categor-
ies of goods. The one-to-many vehicle-cargo matching
model is established. The model is in line with the cur-
rent supply and demand situation of the freight market
and improves the load rate of highway freight vehicles.

This research has developed a “one-to-many” vehicle-
cargo matching model aimed at maximizing the satisfac-
tion of cargo owners and taking into account factors such
as transportation time, cost, and cargo damage. The mod-
el is verified through case study analysis based on freight
data from a network freight platform. The one-to-one
vehicle-cargo matching model achieves high satisfaction
for cargo owners and reduces time and damage costs, but
suffers from low load rates and a certain degree of waste
in transportation capacity, which leads to higher trans-
portation and total costs. In contrast, the proposed one-to-
many matching model without significantly comprom-
ising the satisfaction level compared to the one-to-one
model reduces the number of vehicles required and the
total cost borne by the cargo owners, which is more
aligned with the actual matching needs.

In the proposed model, the starting point of every
vehicle is set to the same starting point, and the time and
cost of loading and unloading goods is considered. In fu-
ture research, dynamic location information of vehicles
and cargoes and loading and unloading costs can be con-
sidered, which improves the vehicle-cargo matching and
is aligned with real-world needs.
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