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ABSTRACT Customized tourism is gaining more andmore attention in the era of the prominent personaliza-
tion of tourists. Private customization has disadvantages such as high cost and resource consumption. To save
resources and costs from the three aspects of travel companies, tourists, and society, it is proposed to bring
similar tourists together and customize travel itineraries for tourists. Online resource information related to
tourism and transportation help companies customize the itinerary more efficiently and accurately, and the
itinerary has a detailed schedule. In this method, we first cluster visitors according to their heterogeneous
needs. The relevant online information collected is then combined with the needs of each visitor in the tour
group to build and solve customized models of the tour itinerary. Finally, the price of the tour itinerary is
determined. At the end of this paper, we discussed what level of clustering makes visitors most satisfied.
It proves that this approach can be customized for tour groups. Visitors show a certain level of satisfaction
with this customized format. However, the applicability of this method needs to be further verified on a larger
range of data sets.

INDEX TERMS Customized tourism, heterogeneous demand, tourist clustering, model optimization.

I. INTRODUCTION
The service industry plays an important role in the world
economy [1]. Tourism is a kind of service industry, which
provides scenic spots, accommodation, catering, and other
related services [2]. Tourists’ demands for tourism products
are increasingly personalized [3], and the personalization of
tourism products is getting more and more attention from
tourism companies and tourists [4], [5]. With the advent of
COVID-19, visitor preferences have changed, and capturing
visitor needs has become even more important [6], [7]. Gen-
erally speaking, the customization of private tourism must
take full account of the individual needs of tourists, but it
also increases the cost of tourists and tourism companies.
Everyone traveling alone increases the social pressure of
traffic and environmental problems. Some scholars have sug-
gested that tourism has strong resilience. With the efforts of
the government, the tourism industry, and other parties, it is
only a matter of time before the tourism industry recovers
[8], [9]. The emergence of COVID-19 has brought about a
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rethink on tourism, and some scholars have proposed the
need to rethink tourism in terms of sustainability, and social
and public interest [10], [11]. Scholars have also proposed
group tourism [12], [13], in which tourists within a group
travel to the same destination by the same means of transport,
and tour companies design itineraries for their groups. The
group tour usually helps tour companies to secure lower
prices for attractions, hotels, and restaurants, which in turn
reduces tourist costs; tour companies customize itineraries for
the entire group rather than for each individual in the group,
which saves company resources; and tourists within the group
travel by the same mode of transportation rather than indi-
vidually, which reduces transportation costs. Compared with
private travel, group travel greatly reduces energy consump-
tion and improves social welfare. However, in reality, each
tourist has his preference, and the preference of tourists in
the same group may produce irreconcilable conflicts, such
as one person wanting to go to A scenic spot, while another
person refuses to go to A scenic spot. If conflicts of hetero-
geneous preferences are avoided and tourists with common
interests are allowed to travel together, then personalized
travel itineraries can be achieved to a greater extent. In this
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way, the welfare of tourists, tour companies, and society
can also be improved. Studies have shown that a tour group
composed of strangers can better improve the quality of
group members’ interactions, and the interaction opportuni-
ties may have a significant positive impact on the satisfaction
of tourists’ travel experience [14]. In low-familiarity groups,
tourists in smaller groupsmay have higher overall satisfaction
[15]. With similar interests of tourists in the group, the tour
company can more comprehensively cover each individual’s
needs when customizing the tour itinerary, increasing the
overall group satisfaction. Increasing tourist satisfaction with
the tour itinerary can in turn provide a reverse incentive to
participate in the tour.

Currently, most travel agencies only offer itineraries, not
detailed schedules, including attractions, restaurants, and
accommodation. Tourists often know little about the desti-
nation and have a high degree of autonomy. It is necessary
to accurately customize the detailed schedule taking into
account the length of stay, travel time, time window of the
place, etc. This gives visitors a clear idea of the itinerary.

It is a very complicated process to arrange a tour route
for a tour group, which needs to consider the popularity of
the place, the favorable rating, the degree of meeting the
comprehensive needs of the tourists in the group and other
aspects. Therefore, it is very difficult for the tour company
to customize the tour itinerary according to the experience.
With the development of tourism and computer technology,
the research on smart tourism has attracted great attention
[16]. At present, a large number of tourism resources and
traffic data have emerged on the tourism websites, such as
the price, rating, comments, suggested play time, opening
time and the transportation time between places, etc. Tourism
companies can make full use of the online resources brought
by new technologies to assist them in providing customized
services of tourism products. These tourism data can quantify
the problem of itinerary customization, and help travel com-
panies more accurately and efficiently customize the itinerary
that meets the current trend and the needs of tourist groups.

In summary, this paper proposes to customize tourist
itineraries with time schedules for tourists based on their
needs after dividing them into different groups using online
information. Figure 1 shows the tourist group itinerary cus-
tomization problem, which is divided into two steps. The first
part is to gather tourists with similar interests together by
using the clusteringmethod according to the needs of tourists.
The second part is to obtain online information related to
attractions, restaurants, hotels, etc. for model solving. In the
objective function, consider the popularity, favorability and
overall satisfaction of each visitor in the team, and consider
the scheduling problem of custom modeling. The price of the
trip is then determined based on the number of tourists in the
group.

Finally, the customizationmodel is illustrated by 20 groups
of tourists traveling in Xi Shuang Ban Na, China. This arti-
cle discusses what level of clustering would make visitors
most satisfied; It verifies that team customization can be

personalized for different groups according to different needs,
which can save the cost of tourists; Tourists express a certain
level of satisfaction with the itinerary and price.

II. LITERATURE REVIEW
This article first clusters tourists with similar needs, and then
tailors the travel itinerary according to the needs of tourists
in the group. This paper divides the problem of tourists’
travel itinerary customization into two steps: clustering and
itinerary customization. This can avoid non-conciliatory con-
flicts between group tourists, and can also reduce costs from
the aspects of society, enterprises and tourists. At the same
time, this article clearly obtains the needs of tourists for
itinerary customization, fully considering the preferences of
tourists. It combines tourist clustering, group travel itinerary
planning and tourism customization, which is a new attempt.
At present, there are few academic achievements directly
related to this paper, but many scholars have developed the
application of the tourism industry from one of these aspects.
For example, some scholars have studied the application
of clustering in the tourism industry; Some scholars have
also studied the problem of tourism itinerary planning with
heterogeneous needs in groups; In addition, some scholars
have carried out research on the issue of recommending travel
itineraries according to the needs of tourists. These studies
provide good ideas and support for this paper. Therefore, the
paper divides the existing relevant research into three parts:
user clustering, travel recommendation, and group travel.

A. USER CLUSTERING
User clustering is the aggregation of similar people together,
and current research on user clustering in the tourism indus-
try includes several aspects. On the one hand, the tourist
market is subdivided into different categories for different
tourist characteristics, and then the corresponding marketing
strategies are proposed according to the characteristics of
each tourist market. D ’Urso et al. proposed the Bagged
Clustering method, which is more stable and flexible, and
is applied to the tourism market segmentation to lay a foun-
dation for future tourism marketing [17]. Özel and Kozak
clustered the tourists according to their eight travel motives
and got five different groups of tourists to segment the Turk-
ish cultural tourism market [18]. Otoo et al. clustered the
elderly travelers according to their motives and segmented
several heterogeneous markets, which is beneficial for future
marketing efforts for each segment [19]. On the other hand
research on collaborative filtering by finding similar travelers
to make travel recommendations for new tourists. Schiaffino
and Amandi matched users with other users with similar
interests and preferences and combined user profiles and
demographic information to recommend tours and packages
to tourists, improving the accuracy of recommendations [20].
Jiang et al. used users’ photos and texts to elicit their travel
preferences and accurately mine similar users based on sim-
ilarities in travel preferences as a way to personalize travel
recommendations [21]. Esmaeili et al. provide tourists with
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FIGURE 1. Tourist clustering and tour itinerary customization based on heterogeneous needs.

personalized lists of tourist attractions based on similarities in
their interests, trust, reputation, relationships, and social com-
munities. This method improves recommendation efficiency
and can be used to recommend other products and services in
tourism and other social businesses [22]. Some other studies
help enterprises manage by clustering tourists. Lee and Han
grouped tourists with similar travel itineraries and provided
them with services such as tour buses, drivers, and guides,
saving tourists’ costs [23]. Derek et al. clustered tourists by
their activities at the destination, the framework can describe
the demographic characteristics of each group and travel pat-
terns, providing specific destination management [24]. Using
GPS trajectory data, Liu et al. revealed three micro-temporal
and spatial modes of ‘‘daytime climbing,’’ ‘‘night climbing’’
and ‘‘all-day sightseeing’’ through cluster analysis, which are
of great significance to the tourism management of scenic
spots [25].

B. TRAVEL RECOMMENDATION
Not much research has been done on travel customiza-
tion, but some scholars have researched travel itinerary
recommendations based on tourists’ personalized needs.
Travel recommendations can help tourists reduce information
search costs and improve decision-making efficiency, mak-
ing tourists generate more positive experiences and satisfac-
tion. Rodríguez et al. proposed a travel design model with
interactive features considering tourists’ needs and regional
realities [26]. Chiang and Huang proposed a near-automated
travel schedule planning service where users can replace

unsatisfactory travel units with specific travel units with bet-
ter recommendation accuracy [27]. Yuan et al. helped tourists
select a destination’s travel experience from a huge amount
of travel blog data so that tourists can arrange their travel
plans efficiently [28]. Kotiloglu et al. first use collaborative
filtering to identify a set of optional points of interest, and
later use an iterative taboo search algorithm to solve the travel
route recommendation problem considering constraints such
as available days, opening hours, and budget [29]. Liao and
Zheng propose designing day trip routes in a time-dependent
stochastic environment that can design more realistic and
personalized routes for tourists [30]. Ji et al. not only con-
sidered tourists’ preferences but also the heterogeneity of the
spatial structure of attractions to optimize the tourist expe-
rience and help tourists travel more enjoyably [31]. Zheng
et al. proposed a multi-objective evolutionary algorithm for
tourism route recommendation based on the decomposition
of two-stage and Pareto hierarchies, which recommends bet-
ter distribution and diversity of tourist routes, so that the
recommended routes can better meet the personalized needs
of tourists [32].

C. GROUP TRAVEL
Most tourists prefer to travel with friends, family or others,
i.e., in a group, and it is important to tailor a personalized
tour to meet the needs of the group tourists. Some scholars
have researched group tourism. Garcia et al. propose ‘‘aggre-
gation’’ and ‘‘crossover’’ strategies, where ‘‘aggregation’’
combines the preferences of everyone in the group into one
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preference, so that the system can treat a group of tourists
as a single tourist to obtain their needs, while ‘‘crossover’’
ensures that the preferences of all tourists in the group are
equally considered [33]. Anagnostopoulos et al. tried to find
a route that satisfies all tourists in the group to a certain
degree, and proposed that the route that one tourist in the
group is satisfied with may be very different from the route
that all members of the group are satisfied with [34]. Ruiz-
Meza and Montoya-Torres proposed a mathematical model
of travel routes that take into account individual preferences
and group equity, and minimizes the environmental impact of
traffic [35]. Liao et al. propose a ‘‘join and diverge’’ strategy
for conflicts in tourist groups, allowing members to have
some ‘‘separate time’’ to enjoy their respective trips, but also
‘‘together time’’ to create shared memories’’ [36]. Kargar
and Lin cover the locations that all tourists expect to visit in
the tour itinerary within the constraints of guaranteed travel
distance, time, and cost, and attempt to maximize equity
among tourists, which ensures that all members are motivated
to participate in group tours [37].

III. PROBLEM DESCRIPTION
Visitors are clustered according to their individual needs,
dividing visitors with similar interests into small groups.
Tailoring the itinerary to each visitor in the cluster according
to their needs can reduce costs for tourists, travel companies
and society. Firstly, the personalized needs of tourists are
obtained, then the tourists are clustered and grouped accord-
ing to their personalized needs. Finally, the tourism itinerary
customization model is established and solved by combining
the collected online information related to tourism resources
and the needs of tourists, and the corresponding price is given.
In the problem of tourist clustering and tourism itinerary
customization based on heterogeneous needs, a tourist men-
tioned in this paper refers to one or more people with the
same needs. For convenience, note U = {1, 2, . . . ,m},L =

{1, 2, . . . , 7},U ′′
= {1, 2, . . . ,m′′

},F = {1, 2, 3, 4},K =

{1, 2, 3},N0 = {0},N1 = {1, 2, . . . , n1},N2 = {n1 +

1, n1 + 2, . . . , n2},N3 = {n2 + 1, n2 + 2, . . . , n3}, N =

{1, 2, . . . , n3},DAY = {1, 2, . . . , day}.
A description of the meaning of the symbols involved

in describing this tourist clustering and trip customization
problem is given below.
T = {T1,T2, . . . ,TU }: The set of tourists with customized

tour needs, where Tu denotes the uth visitor, u ∈ U .
C = {C1,C2, . . . ,C7}: The set of tourist needs, where Cl

denotes the lth need, l ∈ L. C1 denotes hotels, C2 denotes
restaurants, C3 denotes travel time, C4 denotes attraction
type, C5 denotes whether the time is adjustable, C6 denotes
must-see attractions, and C7 denotes no-go attractions.
Du = {du1, du2, . . . , du7}: The value of each demand, each

visitor has a different expectation for each demand. Where
dul denotes the value of demand Cl of the visitor Tu, u ∈ U ,
l ∈ L. The values may be a single value or a collection of
discrete values.

W = (w1,w2, . . . ,w4): The weights correspond to differ-
ent requirements, here only C1∼C4 requirements have the
corresponding weights, the weights are calculated from the
visitor’s score, wl indicating the weight of the l requirement,∑
l∈L

wl = 1.

G = {G1,G2, . . . ,Gn}: The visitors were clustered into n
tourist groups.
T ′′

= {T ′′

1 ,T ′′

2 , . . . ,T ′′

U ′′}: Tourists in the same group after
clustering, where T ′′

u′′ denotes the u′′
th visitor in the group, u

′′
∈

U ′′, T ′′
⊆ T .

TIMEt : Tour time for Day t , which is determined by the
tour company, t ∈ DAY .
V = {v0, v1, v2, . . . , vn3}: All locations including attrac-

tions, restaurants, hotels, where vj denotes the jth location,
j ∈ N ∪ N0.
commentj: Number of comments for the jth location, j ∈ N .
scorej: Score for the jth location, j ∈ N .
stayj: Expected length of stay at the jth location, j ∈ N .
taj: Arrival time of the jth location, j ∈ N ∪ N0, where ta0

indicates the arrival time of the origin/destination.
tej: Departure time of the jth location, j ∈ N ∪ N0, where

te0 indicates the departure time of the origin/destination.
trafficjj′ : Drive time from the jth location (includ-

ing origin/destination) to the j′th location (including ori-
gin/destination), j, j′ ∈ N ∪ N0.
xj: Decision variable, indicating whether the jth location is

selected, with ‘‘1’’ if selected and ‘‘0’’ otherwise, j ∈ N .
ytjj′ : Decision variable, whether day t goes from location

j (including origin/destination) to location j′ (including ori-
gin/destination), ‘‘1’’ if yes, ‘‘0’’ otherwise, j, j′ ∈ N∪N0, t ∈

DAY .
rj: To express the constraint that there can be no subloops

in the trip customization model does not make any sense, j ∈
N ∪ N0.
[aj, bj]: Time window constraint for the j location, where

the time window for the restaurant is set to be within a
fixed time (e.g. set = at noon) and the other locations are
time window constrained according to the actual opening and
closing times, j ∈ N .
typej: The type to which the j site belongs, j ∈ N1.
clj: The level at which the j location is a restaurant, as deter-

mined by the per capita price level of local dining, j ∈ N2.
hlj: The level when the j location is a hotel, j ∈ N3.
hpj: Prices when the j location is a hotel, j ∈ N3.
commentj, scorej, stayj, typej, clj, hlj, hpj, are online infor-

mation resources available on the Platform.
The problem to be solved in this paper is how to cluster

tourists according to the above variables, and to customize
the travel itinerary with time arrangement for each tourism
group.

IV. PRINCIPLES AND METHODS
A method of tourist clustering and tour itinerary customiza-
tion based on heterogeneous demand is given here, and a
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specific description of the basic principles and computational
steps of the method is given below.

A. TOURIST SIMILARITY CALCULATION METHOD
To subsequently cluster the tourists, the calculation of sim-
ilarity between tourists is first performed. Different tourists
have different needs for their travel itineraries, and differ-
ent needs are calculated in different ways, and the degree
of similarity among tourists is also different. When tourists
customize tourism products, they usually put forward require-
ments related to hotels, restaurants, travel time, attractions,
etc. Here the requirements used to calculate similarity are
‘‘hotel,’’ ‘‘restaurant,’’ ‘‘travel time,’’ ‘‘Attractions.’’ Before
giving the similarity calculation method for different require-
ments, we define the function Q(x, y) to express the degree
of similarity between x and y below.

Q(x, y) = 1 −
|x − y|

|x − y|max
(1)

The following is the similarity calculation method of dif-
ferent demands of tourists.

1) HOTEL
‘‘Hotel’’ can be divided into different stars, here ‘‘3-star,’’ ‘‘4-
star,’’ and ‘‘5-star.’’ In practice, it is found that the price of a
hotel of the same star level may vary greatly. Therefore, the
way of ‘‘hotel level + hotel price’’ is adopted here to express
the similarity of the demand of different tourists for the hotel.
When C1 = ‘‘hotel,’’ the value of du1 is the set of two discrete
values, du1 = {d1u1, d

2
u1}, where d

1
u1 represents the demand of

the uth tourist for ‘‘hotel level’’ and d2u1 represents the demand
of the uth tourist for ‘‘hotel price.’’

The similarity between the expectations of visitors Tu and
visitors Tu′ for ‘‘hotel level’’ is:

sim1
uu′ = Q(R(d1u1),R(d

1
u′1)) u ∈ U , u′

∈ U (2)

where R(·) is a sorting function whose return value is the
number of bits of the variable sorted from lowest to highest
in the ordered hierarchy.

The similarity between the expectations of visitors Tu and
visitors Tu′ for ‘‘hotel prices’’ is:

sim2
uu′ = Q(d2u1, d

2
u′1) u ∈ U , u′

∈ U (3)

In calculating the similarity of tourists’ demand for
‘‘hotel,’’ the importance of ‘‘hotel rating’’ and ‘‘hotel price’’
is measured. The importance of ‘‘hotel level’’ is set as ρ1 and
the importance of ‘‘hotel price’’ is set as ρ2 and ρ1 + ρ2 = 1.
The similarity between the demand of tourists Tu and tourists
Tu′ for ‘‘hotel’’ is obtained as follows.

S1uu′ = ρ1sim1
uu′ + ρ2sim2

uu′ u ∈ U , u′
∈ U (4)

2) CATERING
‘‘Dining’’ is a hierarchical demand, and we consider classify-
ing restaurants into three levels according to their per capita
consumption prices: Level 1, Level 2, and Level 3. The level

is to express the demand of different tourists for the ‘‘restau-
rant.’’ ‘‘The demand value of du2 is a single value. The
similarity between the demand for ‘‘dining’’ of visitors Tu
and visitors Tu′ is:

S2uu′ = Q(R(du2),R(du′2)) u ∈ U , u′
∈ U (5)

where R(·) is a sorting function whose return value is the
number of bits of the variable sorted from lowest to highest
in the ordered hierarchy.

3) TRAVEL TIME
The value of the travel time du3 is a set form with multiple
discrete values, where each discrete value represents a travel
date for the tourist. The value of whether the travel time is
adjustable du5 is a single value and has only two values, ‘‘1’’
for ‘‘adjustable’’ and ‘‘0’’ for non-adjustable.

du5 =

{
0, the travel time is adjustable
1, the travel time is non-adjustable

u ∈ U

(6)

When both tourists’ travel time can be adjusted, the degree
of similarity of tourists’ travel time is expressed by the over-
lap of the two tourists’ travel dates; when at least one tourist’s
travel time is not adjustable, the identical travel time of the
two is recorded as ‘‘1,’’ otherwise it is ‘‘0.’’ Therefore, the
similarity between the demand for ‘‘travel time’’ of tourist Tu
and tourist Tu′ is:

S3uu′ =


0, du3 ̸= du′3 and du5 + du′5 ≤ 1
1, du3 = du′3 and du5 + du′5 ≤ 1
du3 ∩ du′3

du3 ∪ du′3
, du5 = du′5 = 1

u ∈ U , u′
∈ U (7)

4) ATTRACTIONS
The value of attraction type du4 is a set with multiple discrete
values, and there are five attraction types to choose from,
namely ‘‘natural scenery,’’ ‘‘recreation,’’ ‘‘folklore,’’ ‘‘food
and shopping,’’ ‘‘history and culture.’’ Visitors will choose
the type of attractions they want to visit. The degree of
similarity between two tourists is expressed in terms of the
degree of overlap between the types of attractions selected by
them. However, before this, it is necessary to check whether
there is any conflict between the ‘‘must-go scenic spots’’
and ‘‘no-go scenic spots’’ proposed by tourists. If there is
any conflict, the similarity of the demand for ‘‘scenic spots’’
is directly recorded as ‘‘0’’; If there is no conflict, tde cor-
responding formula is used to calculate the similarity. The
value of ‘‘must-see’’ du6 and the value of ‘‘don’t-see’’ du7
are both the set form with multiple discrete values. Visitors
can specify multiple places they want to see or not. In sum-
mary, the similarity between visitors Tu and visitors Tu′ for
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‘‘Attractions’’ is:

S4uu′ =


du4 ∩ du′4

du4 ∪ du′4
, du6 ∩ du′7 = du′6 ∩ du7 = ∅

0, else

u ∈ U , u′
∈ U (8)

5) TOTAL SIMILARITY
The degree of influence of different demands on the total sim-
ilarity value among tourists varies, so the total similarity value
is obtained by considering the combination of the similarity
of each demand by tourists with its weight. The calculation
formula is as follows:

Suu′ =

4∑
f=1

wf S
f
uu′ , u ∈ U , u′

∈ U (9)

where the value of wf is calculated from the scores given by
all visitors, f ∈ F . The sum of all visitors’ scores (on a scale
of 1-5) for the importance of each of the above four needs was
recorded as grade1∼grade4, whereupon we obtained.

wf =
gradef
4∑

f=1
gradef

, f ∈ F (10)

B. VISITOR CLUSTERING GROUPING
Based on the above similarity calculation method the total
similarity value between two different visitors can be
obtained and the visitor similarity matrix is:

S =


S11 S12 · · · S1m
S21 S22 · · · S2m
...

...
...

Sm1 Sm2 · · · Smm


Based on the similarity matrix, the visitors are clus-

tered using the hierarchical clustering method. The distance
between classes is calculated using the maximum distance
method. The distance between the two furthest points in the
two class clusters is used as the distance between the class
clusters.

(1) Calculate the similaritymatrix based on the information
of the visitors, with each visitor as a class in the initial stage,
and calculate the similarity.

(2) Combine the two most similar visitors into one class
and continue to calculate similarity with the other classes
(using the maximum distance method).

(3) The two categories with the greatest similarity continue
to be combined, and so on.

(4) Until the similarity between each class is less than a
certain threshold δ, stop merging.
At the end of clustering we get several groups of visitors

and the visitors belonging to the same group can be guaran-
teed to have a total similarity above a certain threshold.

FIGURE 2. Hierarchical clustering process demonstration diagram.

C. CUSTOMIZATION OF TRAVEL ITINERARY
After dividing the tourists into different groups, the tour
itinerary needs to be customized for each group of tourists
separately. Grouping tourists can reduce the cost and cover
the needs of each tourist to a greater extent. In the tourism
itinerary customization problem studied in this paper, the
objective function of the model needs to be determined first,
and then the tourism itinerary modeling is established.

1) DESCRIPTION OF THE OBJECTIVE FUNCTION
During a trip, users want to visit as many places as possible,
and the needs of each traveler within the group need to
be considered when building a customized itinerary model.
In addition to meeting the needs of tourists, the hotness
and favorability are also very important, which reflects the
popularity of the location and the quality of the tourist expe-
rience. So the following three factors are proposed here to
be considered in the objective function: hotness, favorability,
and tourist satisfaction. The objective function has multiple
objectives, which need to be balanced to make the overall
objective as optimal as possible.

a: SATISFACTION DEGREE CALCULATION METHOD
When calculating the degree to which a place meets the needs
of a tourist group, it is necessary to consider the needs of each
tourist in the group. Themethod of calculating the satisfaction
of visitor demand differs for the three categories of locations:
attractions, restaurants, and hotels. The degree to which the jth
location meets visitor demand is noted as sj and is calculated
as:

sj =



1
N (T ′′)

m′′∑
u′′=1

typeu
′′

j , j ∈ N1

1
N (T ′′)

m′′∑
u′′=1

Q(R(clj),R(du′′2)), j ∈ N2

1
N (T ′′)

(ρ1
m′′∑
u′′=1

Q(hpj, d2u′′1)

+ ρ2

U ′′∑
u′′=1

Q(R(hlj),R(d1u′′1))), j ∈ N3

(11)

where typeu
′′

j is calculated as:

typeu
′′

j =

{
1, typej ∈ du′′4

0, typej /∈ du′′4
j ∈ N1, u′′

∈ U ′′ (12)

b: HEAT CALCULATION METHOD
The popularity of a place can be determined by the number
of comments on the place. The more comments there are, the
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more visitors there are. The number of comments reflects the
popularity of the scenic spot. The number of comments dif-
fers greatly among the categories of scenic spots, restaurants
and hotels. Here, the number of comments is standardized to
express the hotness of each location. The hotness of the jth
location is noted as hj, which is calculated as:

hj =
commentk

max
− commentj

commentk
max

− commentk
min

k ∈ K (13)

where commentk
max

indicates the maximum number of com-
ments for the location corresponding to the set Nk and
commentkmin indicates the minimum number of comments
for the location corresponding to the set Nk . commentkmax

=

max{commentj|j ∈ Nk , k ∈ K }, commentk
min

=

min{commentj |j ∈ Nk , k ∈ K }.

c: FAVORABILITY CALCULATION METHOD
The favorable rating of a location is obtained through the
rating of the location, with higher ratings indicating a better
experience for the visitor. The ratings between the three
categories of attractions, restaurants, and hotels are also rep-
resented separately here, with the favorable rating of the jth
location noted as pj, and the specific relationship between the
ratings and favorable ratings as:

pj =
scorekmax − scorej
scorekmax − scorekmin

, k ∈ K (14)

where scorek
max

indicates the highest rating for the location
corresponding to the set Nk and scorekmin indicates the lowest
rating for the location corresponding to the set. scorek

max
=

max{scorej|j ∈ Nk , k ∈ K }, scorekmin = min{scorej|j ∈

Nk , k ∈ K }.

2) MODELING OF TRAVEL ITINERARY CUSTOMIZATION
After clarifying the objective function in themodel, the subse-
quent tour itinerary customization model will be performed.
In this model, the starting point and the ending point are the
same and fixed. Since the first day of the tour starts at the
starting point and each subsequent day starts at the hotel, the
departure time of the starting point and the hotel is set to ‘‘0.’’
Each day’s tour time is constrained accordingly. The dining
time of the restaurant needs to be set with a corresponding
time window. Each attraction has a time window according
to its opening and closing time. The hotel is used as both the
end of one day and the start of the next day, so there is no
need to set a time window.

The model of this travel itinerary customization problem
is represented below. Where α, β, γ indicates the degree of

importance of hotness, favorability, and satisfaction.

max z =

∑
j∈N

(α · hj + β · pj + γ · sj) · xj (15)

∑
j∈N

y1oj = 1 (16)

∑
j∈N

ydayjo = 1 (17)

∑
t∈DAY

∑
j′∈N

ytjj′ ≤ 1, j ∈ N ∪ N0 (18)

∑
j∈N0∪N

ytjj′ =

∑
j′′∈N0∪N

ytj′j′′ , j′ ∈ N1 ∪ N2, t ∈ DAY

(19)∑
j∈N

ytjj′ =

∑
j′′∈N

yt+1
j′j′′ , j′ ∈ N3, t ∈ [1, day− 1] (20)

ytjj′ + ytj′j ≤ 1, j, j′ ∈ N , t ∈ DAY (21)

rj − rj′ + n3 · ytjj′ ≤ n3 − 1, j, j′ ∈ N , t ∈ DAY (22)

ytjj′ = 0, j, j′ ∈ N3 ∪ N0, j = j′, t ∈ DAY (23)

tej + trafficjj′ −M · (1 − ytjj′ ) ≤ taj′ , j, j′ ∈ N , t ∈ DAY

(24)

taj′ ≤ tej + trafficjj′ +M · (1 − ytjj′ ), j, j′ ∈ N , t ∈ DAY

(25)

taj + stayj −M · (1 − xj) ≤ tej, j ∈ N (26)

tej ≤ taj + stayj +M · (1 − xj), j ∈ N (27)

tej = 0, j ∈ N3 ∪ N0 (28)

taj ≥ aj, j ∈ N1 ∪ N2 (29)

tej ≤ bj, j ∈ N1 ∪ N2 (30)∑
j∈N

∑
j′∈N

ytjj′ · (stayj + trafficjj′ )≤TIMEt , t ∈ DAY (31)

Equation (15) indicates that the objective function com-
bines three aspects of location hotness, favorability, and
the degree of satisfying visitor demand; equation (16) and
equation (17) specify the start and end points of the route;
equation (18) indicates that each location can be selected
at most once; equation (19) specifies the connectivity of
attractions and restaurants within the same day; equation (20)
indicates that the previous day must end with a hotel and
the next day begins with a hotel, specifying hotel connec-
tivity; equation (21) indicates that there can be no returning
streams; equation (22) indicates that there can be no sub-
loops; equation (23) specifies that one must travel from one
point to another; equation (24) and equation (25) are used
to calculate the arrival time for location j; equation (26) and
equation (27) are used to calculate the departure time of
location j; equation (28) specifies that the departure time from
the starting point and the hotel is ‘‘0’’; equation (29) and
equation (30) are the time window constraints; equation (31)
constrains that the daily travel time must not exceed a certain
value.
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TABLE 1. Tourists and demand information.

D. DETERMINATION OF TOUR PRICE
Usually, the more people in the group, the lower the price.
The price of the tour is related to the number of tourists
willing to participate in the tour at the lowest price with it,
if it is within the number of people, the price of the tour
product will be set to that lowest price and stop; otherwise,
take the next lowest price corresponding to the range of the
number of participants; Step two: compare the actual number
of tourists willing to participate in the tour at the next lowest
price with it. The actual number of tourists willing to join the
tour at the second lowest price is compared with it, and if it is
within the number range, the price of the tour product is set
as that second lowest price and stopped; otherwise, step two
is repeated until a feasible price is found.

To obtain the group information of tourists and cus-
tomize the subsequent itinerary, we first obtained the needs
of tourists. In January 2023, we selected 20 tourists who
wanted to visit Xishuangbanna from local travel agencies in
Shenyang to participate in this study, and collected informa-
tion on tourists and their needs (TABLE 1). In general, a fam-
ily or several friends traveling together have the same needs,
so they are called ‘‘a tourist’’ here. The price determination
problem involves the number of participants in the tour, so it

is necessary to obtain the number of people included in each
tourist. The unit of ‘‘hotel price’’ is ‘‘yuan/person/night.’’ The
number of participants, but whether the tourists join the group
tour or not is related to the price. The discount pricing method
is used to determine the price of group tourism. Different
number of participants correspond to different discounts. The
price discount function is shown in Formula (32). According
to the tourists’ expected tour price to determine the total
number of participants under different discount prices. Step
one: take the lowest price corresponding to the range of the
number of participants, compare the actual

Discount(p) =



dis1, 0 ≤ p < p1
dis2, p1 ≤ p < p2
dis3, p2 ≤ p < p3
dis4, p3 ≤ p < p4
dis5, p ≥ p4

(32)

V. EXPERIMENT
The proposed model was coded using GAMS (General Alge-
braic Modeling System) and solved using solver CPLEX
on a personal computer with 32GB of running memory,
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TABLE 2. Scoring the importance of visitor need.

AMDRyzen 7 5800X@3.8GHz, 512G SSD and 64-bit Win-
dows OS and programmed for a maximum execution time of
two hours.

A. DATA SETTINGS
Restaurant level is determined according to the per capita
consumption price of local restaurants in Xi Shuang Ban Na,
with the per capita consumption price of first-class restau-
rants below RMB 60, second-class restaurants between RMB
60 and 90, and third-class restaurants above RMB 90. The
tourism types ‘‘1,’’ ‘‘2,’’ ‘‘3,’’ ‘‘4’’ and ‘‘5’’ are ‘‘natural
scenery,’’ ‘‘recreation,’’ ‘‘folklore,’’ ‘‘food and shopping,’’
‘‘History and Culture.’’ Each tourist can propose the attrac-
tions that he/she must visit or does not want to visit. Expected
travel price refers to the price at which tourists expect to join
a group tour.

Tourist similarity is not only related to the similarity degree
among the four requirements of ‘‘hotel,’’ ‘‘catering,’’ ‘‘travel
time’’ and ‘‘attractions,’’ but also related to its importance,
which is scored by tourists (full score: 5) (TABLE 2) and
calculated according to formula (10).

After obtaining the tourist demand and the weight of each
demand, the total similarity of tourists can be calculated and
tourists can be grouped. According to the clustering situation,
the grouped situation can be obtained and the travel itinerary
can be customized for the tourist group. To customize the

itinerary to meet the tourists’ needs, we need to obtain
online information related to tourism resources. The prices,
reviews and ratings of attractions and hotels are obtained
from ‘‘Go.com,’’ the tour time of attractions is obtained from
‘‘Ctrip,’’ and the prices, reviews and ratings of restaurants
are obtained from ‘‘MeiTuan.’’ The latitude and longitude
of the locations are called by using excel to the latitude and
longitude query interface of Baidu map API, and the full
name of the location should be entered when calling to get the
online information of the attractions, restaurants and hotels
(TABLE 3).

The driving time between the two locations is calculated
using Baidu Map API, and the batch route calculation inter-
face of Baidu Map is called through Python language. The
longitude and latitude of the two locations are input, and
then the driving time between the two locations is obtained
(TABLE 4).

B. IMPACT OF GROUP SIZE ON TOURISTS’ SATISFACTION
According to Table 2 and Equation (10), the
weights of ‘‘hotel,’’ ‘‘catering,’’ ‘‘travel time’’ and ‘‘attrac-
tions’’ are 0.25, 0.30, 0.19 and 0.26. Combining the
weights with tourists’ demand, the similarity matrix of
tourists is calculated from equation (2) to
equation (9) (TABLE 5).
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TABLE 3. Basic information on locations.

TABLE 4. Driving time between locations (unit: hour).

After obtaining the visitor similarity matrix, the clustering
results were obtained by clustering the visitors using the
hierarchical clustering method (Figure 3).

This section discusses the variation in tourist satisfaction
under different groupings. With the same number of people,
the more groupings and the smaller the number of people in

each group, the more personalized and expensive the tour
route is likely to be. Too much or too little grouping may
lead to tourist dissatisfaction, so this section explores to what
extent the grouping approach makes tourists most satisfied.
When everyone is grouped into one group, the minimum
similarity of tourists within the group is 0.3; when every-
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TABLE 5. Visitor similarity matrix.

FIGURE 3. Visitor clustering map.

one is grouped into two groups, the minimum similarity
of tourists within the group is 0.7, 0.3; when everyone is
grouped into three groups, the minimum similarity of tourists
within the group is 0.7, 0.75, 0.66; and when everyone is
grouped into four groups, the minimum similarity of tourists
within the group is 0.7, 0.7, 0.75 and 0.66. It can be seen
that the more groups there are, the higher the similarity
of tourists within the group will be. This section investi-
gates the satisfaction values of 20 tourists for the route,
the price, the number of people, and the total satisfaction
value for different grouping cases. For the same number
of people, as the number of groups increases, the route
becomes more and more personalized, and the satisfaction
of tourists to the route gradually increases; the satisfaction

of tourists to the price gradually decreases; the satisfaction
of tourists to the number of tourists gradually increases. The
total satisfaction was affected by route, price and number of
tourists. The total satisfaction showed a trend of increasing
first and then decreasing. When the tourists were divided
into three groups, the total satisfaction reached the highest
value. In practice, tourists should be divided into several
groups according to the similarity, price and number of group
tourists.

C. ANALYSIS OF ITINERARY CUSTOMIZATION RESULTS
FOR DIFFERENT TOURIST GROUPS
Based on the discussion about grouping, the grouping with
the highest satisfaction in this case was chosen to discuss the
results of travel itinerary customization with different needs,
that is, participants were divided into 3 groups. According
to the actual attention of tourists to popularity, praise and
satisfaction, experts used the analytic hierarchy method to
obtain the weights: α = 0.4, β = 0.3, and γ = 0.3. Combined
with the information about tourists’ needs, it was decided to
customize the itinerary for 4 days, and themaximum tour time
per day was set to 4 hours, 10 hours, 10 hours, and 4 hours.
Formula (14)∼Formula (30) is used to model the itinerary
customization problem. The itinerary of the group of two
tourists (TABLE 6) and the route view (Figure 5, Figure 6
and Figure 7) are obtained. In the figure, red, green, blue and
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FIGURE 4. Visitor satisfaction under different groups.

TABLE 6. Results of tour itinerary customization for different tourist groups.

purple represent the tour routes of the first, second, third and
fourth days respectively.

The customization of the above two tourist groups is a
four-day tour to Xishuangbanna, and the tourists have slightly
different demands. Under the same parameter Settings and
calculation time, the two kinds of tour customization results
are different. Both tour itineraries are for 17 locations, 13 of
which are the same and 4 are different. The degree of differ-
ence between the two itineraries reached 24%, which shows
that this itinerary customization method can customize a
personalized tour itinerary according to the different needs
of tourists.

D. VISITOR ACCEPTANCE ANALYSIS
The price discount function here is:

Discount(p) =



100%, 0 ≤ p < 5
95%, 5 ≤ p < 10
90%, 10 ≤ p < 15
85%, 15 ≤ p < 20
80%, p ≥ 20

The corresponding prices for the three groups of group tours
at different numbers of people are obtained from the price
discount function.
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FIGURE 5. Visitor group 1 tour route map.

FIGURE 6. Visitor group 2 tour route map.

TABLE 7. Prices for different groups.

In group 1, according to the expected price of each tourist,
22 people accept the price of 1872, which has already reached
the number required for an 80% discount, so the group can
form a group at the price of 1872; Similarly, in group 2, it is
possible to form a group for 1829; In group 3, only the number
of people in the original price of 2445 reached the number of
people required for the discount, so the group was formed at
the price of 2445.

Generally speaking, whether tourists are willing to par-
ticipate in group tours is related to the route and price
after the group. However, in practice, some tourists do not
have a clear and clear understanding of the route and price,
so here we provide tourists with individual travel routes
and prices (TABLE 8), as a reference, to help tourists
determine whether they are willing to participate in group
travel.
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TABLE 8. Individual itinerary and price.
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TABLE 8. (Continued.) Individual itinerary and price.

To determine whether our method meets the needs of
tourists in the group for travel routes, and whether the group
travel model wins tourists in terms of price, we surveyed
20 tourists who were satisfied with the route and price given
the tourist’s individual travel route and price, and whether
they would like to participate in the group tour rather than the

individual tour. According to the survey results, the satisfac-
tion rate of tourists with group tour routes reached 3.8 (out of
5), 4.2 (out of 5) on group tour prices, and 17 out of 20 tourists
chose to participate in group tours, bringing the total number
of participants to 50. It can be seen that compared with
individual tourism, tourists are more accepting of the mode of
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FIGURE 7. Visitor group 3 tour route map.

group tourism, which confirms the practicality of the method
in this paper.

VI. CONCLUSION
In this paper, we propose a customized travel itinerary for
groups with similar interests. First, visitors are clustered
according to their heterogeneous needs to determine visitor
groupings. Then, aiming at the popularity of the location, the
praise rate, and the satisfaction of the needs of tourists in the
group, the online information resources related to tourism and
transportation are used to construct and solve the customized
model of the travel itinerary. Finally determine the price of the
itinerary, which is a detailed route with a specific schedule.
The method uses data from attractions, restaurants, hotels,
transportation, etc. to digitize and quantify the itinerary cus-
tomization problem and help tourism companies improve
customization efficiency. In addition to considering the needs
of visitors, the customization process also takes into account
the popularity and praise of each location, which is in line
with the actual habits of tourists when choosing a location.
Because when they travel, they usually consider whether the
place is popular and whether the place has a better rating.
Traveling as a group enables easier negotiation with suppli-
ers, resulting in lower prices, while companies save costs
and resources by sending only one customizer to customize
the itinerary for the group. Multi-person tours typically cost
less than individual tours and increase the opportunity to
interact with others. Tourists within a group use the same
mode of transport, eliminating the need for one person and
one vehicle, reducing carbon emissions and reducing traffic
pressure.

This approach can clearly capture the changes in tourist
demand after the COVID-19, while meeting the requirements
of sustainable tourism development. This method has certain
practicality and can provide tourists with more satisfactory
travel routes and prices at the same time. This article briefly
discusses the use of this method, but in practical application,
the degree to which tourists can be grouped can ensure the
satisfaction of both routes and prices, and further experiments

on a larger scale andmore times are needed. In practice, travel
companies can also determine the grouping method based on
experience, which requires cooperation between the method
and the tourism company.
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