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Abstract—Seasonal factors will lead to changes in tourists' 

demand for scenic spots in different seasons, which will affect the 

traffic network and road conditions, and then affect the 

convenience and efficiency of tourists arriving at scenic spots. 

Based on the adjustment and analysis of seasonal factors, this 

study puts forward an algorithm for measuring the spatial 

accessibility of Sanya tourist attractions. Principal component 

analysis is used to denoise the data of Sanya tourist attractions in 

different seasons, and independent component analysis is used to 

extract the data characteristics of Sanya tourist attractions in 

different seasons after denoising. On this basis, the spatial 

accessibility index of Sanya tourist attractions is calculated by 

combining the spatial information of Sanya tourist attractions 

and GIS technology, and the spatial accessibility of Sanya tourist 

attractions is analyzed, and the spatial accessibility measurement 

model of Sanya tourist attractions is constructed to realize the 

spatial accessibility measurement of Sanya tourist attractions. 

The experimental results show that the spatial accessibility 

measurement method of Sanya tourist attractions is effective, 

which can effectively improve the accuracy of accessibility 

measurement and shorten the accessibility measurement time. It 

aims to help decision makers plan and optimize tourist routes 

and improve the efficiency and convenience of tourists arriving 

at their destinations. 

Keywords—Seasonal factors; adjustment analysis; Sanya 

Tourist Attractions; spatial accessibility measure; GIS technology 

I. INTRODUCTION 

As a famous seaside tourist city in China, Sanya has a 
unique natural environment and rich tourism resources. With 
the rapid development of tourism, the spatial accessibility of 
tourist attractions has become an important factor affecting the 
development of tourism. However, seasonal factors have a 
significant impact on the spatial accessibility of tourist 
attractions [1-3]. Therefore, it is of great practical significance 
to study the spatial accessibility measurement algorithm of 
Sanya tourist attractions based on seasonal factor adjustment 
analysis. Sanya has many famous tourist attractions, such as 
nansan, Yalong Bay Tropical Paradise Forest Park and Tianya 
Haijiao. With the development of tourism, the spatial 
accessibility of tourist attractions has become an important 
indicator to measure the development level of tourism in a 
region [4]. Tourist attractions with high spatial accessibility 
can attract more tourists, create more economic benefits and 
promote the sustainable development of tourism in Sanya. 

Zhou Haitao [5] and others revealed the spatial distribution 
characteristics of red tourist attractions in Inner Mongolia by 
means of kernel density and geographical concentration index. 
Based on the road planning function of Gaode map, the road 
traffic conditions were obtained in real time, and the spatial 
accessibility measurement model of red tourist attractions was 
constructed. The influencing factors of accessibility differences 
were clarified by using geographical detectors. This method 
can comprehensively consider the spatial distribution 
characteristics of scenic spots, traffic network and road traffic 
conditions, and comprehensively evaluate the accessibility of 
scenic spots from multiple angles. However, depending on the 
path planning function and road traffic data provided by Gaode 
map may have a certain impact on the measurement results. 
Wang Hao [6] and others, based on the statistical yearbook of 
Xinjiang road network and the official data of Xinjiang Culture 
and Tourism Department, analyzed the spatial distribution 
characteristics of scenic spots of 4A level and above in 
Xinjiang by using the network analysis method, kernel density 
analysis method and geographical concentration index of GIS, 
and analyzed the spatial accessibility from two aspects: scenic 
accessibility and regional accessibility. This method can 
accurately calculate the shortest path and time between scenic 
spots, thus providing more accurate results of scenic 
accessibility analysis. However, the reliability of the data needs 
to be verified. Wei Liu [7] and others use the spatial grid 
method to divide the research scope, count the number of 
residents in the research scope, and use the API interface of the 
network map platform to obtain the expected travel time data 
of residents. On this basis, according to the accessibility model, 
the fairness of public transport accessibility in Xi 'an is 
analyzed by using fairness coefficient and Lorenz curve. This 
method can quickly obtain the calculation results, but the data 
source is limited. Ma Shuhong [8] and others calculate the 
travel cost of public transport according to the data planned by 
real-time routes. Arcgis is used to analyze the accessibility of 
urban agglomerations, and theil index and fairness coefficient 
are used to get the difference characteristics of public transport 
accessibility. The calculation results of accessibility and 
fairness of this method are accurate and the coverage is limited. 

Based on this, this paper puts forward an algorithm for 
measuring the spatial accessibility of Sanya tourist attractions 
based on the adjustment and analysis of seasonal factors, 
aiming at exploring how to better eliminate the influence of 
seasonal factors, improve tourists' travel experience and 
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promote the sustainable development of Sanya tourism through 
in-depth research on the spatial accessibility of Sanya tourist 
attractions. By extracting the data characteristics of Sanya 
tourist attractions in different seasons, this paper analyzes the 
spatial accessibility of Sanya tourist attractions, constructs a 
spatial accessibility measurement model of Sanya tourist 
attractions, and effectively adjusts and analyzes the spatial 
accessibility of Sanya tourist attractions due to seasonal 
factors. This method can effectively measure the spatial 
accessibility of Sanya tourist attractions, improve the 
measurement accuracy and shorten the measurement time. By 
studying the influencing factors of the spatial accessibility of 
Sanya tourist attractions, it provides scientific basis and 
decision support for the prosperity and development of Sanya 
tourism. The research contribution of this paper: 

1) Denoising the data of Sanya tourist attractions in 

different seasons, extracting the data characteristics of Sanya 

tourist attractions in different seasons, considering the changes 

in seasonal demand, traffic network, and other factors, 

assisting decision makers in planning and optimizing tourist 

routes, improving the efficiency and convenience of tourists 

arriving at their destinations. 

2) Based on the spatial information of Sanya tourist 

attractions and GIS technology, the spatial accessibility index 

of Sanya tourist attractions is calculated, so as to evaluate the 

spatial accessibility of Sanya tourist attractions, provide 

scientific basis and decision support for the development and 

planning of Sanya tourism, and make positive contributions to 

improving tourism efficiency and promoting economic 

development. 

II. FEATURE EXTRACTION OF SANYA TOURIST 

ATTRACTIONS DATA IN DIFFERENT SEASONS 

Due to the fact that different seasons attract different types 
of tourists and have an impact on the number of tourists, 
transportation network, etc. By extracting data features of 
Sanya tourist attractions in different seasons, it is possible to 
analyze the changes in demand for Sanya tourist attractions and 
the operation of transportation and facilities during different 
seasons. Count the number of tourists to tourist attractions in 
Sanya during different seasons, understand the characteristics 
and travel preferences of the tourist group, help formulate more 
accurate Sanya tourism planning and marketing strategies, 
conduct seasonal factor adjustment analysis, optimize traffic 
management and resource allocation, and improve the spatial 
accessibility of Sanya tourist attractions. Therefore, in order to 
effectively measure the spatial accessibility of Sanya tourist 
attractions, first, principal component analysis is used to 
denoise the data of Sanya tourist attractions in different seasons. 
Then, independent component analysis is used to extract the 
features of the denoised data of Sanya tourist attractions in 
different seasons. 

A. Sanya Tourist Attractions Data Noise Reduction in 

Different Seasons 

Based on the principle of constrained optimization, obtain 
abnormal data of tourist attractions in Sanya in different 
seasons and flexibly represent them. 

The data of tourist attractions in Sanya for different seasons 

has n  dimensions, and each dimension includes a layer rjd
, 

which also has rl  dimension layers. Set the value at position i  

of the r  dimension 
j

 layer in the data of Sanya tourist 

attractions in different seasons to 1 2, ,, rji i iy
. The process of 

obtaining the expected value 1 2, ,,
ˆ

rji i iy
 of Sanya tourist 

attraction data in different seasons is as follows: 

  
1 2, , 1 2, ,, , |

ˆ | |1 ,1
rj rj rj rj

G

i i i i i i i d rj ry y G d r n j l     

 (1) 

In Formula (1), 
|rj rji d

 is the expected coefficient of Sanya 

tourist attraction data in different seasons, and G  is the 
constraint condition in Sanya tourist attraction data in different 

seasons. The abnormal data 1 2, , , rji i is
 of tourist attractions in 

Sanya obtained from different seasons is as follows: 

1 2, , 1 2, ,

1 2

1 2

, ,

, , ,

, , ,

ˆ
rj rj

rj

rj

i i i i i i

i i i

i i i

y y
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  (2) 

In Formula (2), 1 2, , ,
rji i i

 is the abnormal data index of 
Sanya tourist attractions in different seasons. 

Based on the above calculation results, the abnormal data 
of Sanya tourist attractions in different seasons will be 
removed, and then the principal component analysis method 
[9-11] will be used to denoise the data in Sanya tourist 
attractions in different seasons. Principal component analysis 
(PCA) is a commonly used data denoising method, which 
transforms the original data into a new coordinate system by 
linear transformation, so that the largest variance appears on 
the first coordinate axis, the second largest variance appears on 
the second coordinate axis, and so on. The final principal 
components are linear combinations of original data changes, 
and these principal components are sorted according to their 
variance. 

Construct a three-dimensional coordinate system using the 
component decomposition method in Sanya tourist attractions 
of different seasons, and the data vectors in Sanya tourist 
attractions of different seasons in the coordinates are: 

           1 2, ,
T

p p pZ x Z x Z x Z x S x N x      (3) 
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In Formula (3), 
   ,p pS x N x

 represents the 
p

-
dimensional signal and noise vector of Sanya tourist attraction 
data in different seasons. 

By using the minimum noise separation transformation 
method, the data from Sanya tourist attractions in different 
seasons are linearly transformed, and the process is as follows: 

    , 1, 2, ,T

i iY x a Z x i p 
  (4) 

In Formula (4), 
T

ia
 is the transformation coefficient of data 

from Sanya tourist attractions in different seasons, and 
 iY x

 
is the transformed data from Sanya tourist attractions in 
different seasons. Through the above transformation, it can be 

seen that each band in 
 iY x

 exists independently of each 
other, and the obtained result is the maximum signal-to-noise 

ratio iYSNR
 of data from Sanya tourist attractions in different 

seasons. The acquisition process is as follows: 

    
    

var

vari

T

i i p

Y T

i i p

Y x a S x V
SNR

Y x a N x B


 (5) 

In Formula (5), ,V B  is the covariance matrix of signal and 
noise in the data of Sanya tourist attractions in different 
seasons. Based on the above results, complete the data 
denoising processing for Sanya tourist attractions in different 
seasons. 

B. Feature Extraction of Sanya Tourist Attractions Data in 

Different Seasons 

Independent component analysis (ICA) is a data analysis 
method applied in signal processing, neural network and other 
fields. Its core idea is to assume that the observed 
multidimensional signal is a linear mixture of multiple 
independent components, each of which has its own statistical 
distribution. The purpose of ICA is to decompose the mixed 
signal into independent components through certain linear 
transformation, so as to realize signal separation and feature 
extraction. When ICA is used to extract the data features of 
Sanya tourist attractions in different seasons, it is generally 
necessary to preprocess the data first, such as using PCA to 
denoise the data to eliminate the noise and interference 
information in the data. Then, ICA algorithm is used to linearly 
transform the preprocessed data to extract the independent 
components hidden in the data. Using independent component 
analysis method, extract the features of Sanya tourist 
attractions data in different seasons after denoising. 

Set 
 Z x

 as the original data vector of Sanya tourist 
attractions in different seasons, and the data vector of Sanya 
tourist attractions in different seasons after minimum noise 

separation transformation is 
 Y x

. Retain the first k  term in 

 Y x
 and reset the other 

p k
 terms to zero, in order to 

obtain the dataset of Sanya tourist attractions in different 

seasons for the first k  term of 
 Y x

 and perform minimum 
noise separation inverse transformation on it. The process is as 
follows: 

         

       

 

1 2

1

, , , ,0, ,0

1 ,2 , ,

i

Tk

k

T

p

i Y t t

t

Y x Y x Y x Y x

Q x Q x Q x pQ x

Q x SNR a Y


    
    






     (6) 

In Formula (6), 
   k

Y x
 is the dataset of Sanya tourist 

attractions in different seasons obtained from the first k  term 

of 
 Y x

, 
 Q x

 is the dataset of Sanya tourist attractions in 
different seasons obtained from the minimum noise separation 

inverse transformation, ta
 is the conversion amount during the 

transformation, and 
p

 is a constant. Based on the above 
calculation results, construct an orthogonal matrix for the 
dataset of Sanya tourist attractions in different seasons, and the 
process is as follows: 

       

11 12 1

21 22 2

1 2

1 ,2 , ,

p

T p

i

p p pp

a a a

a a a
W Q x A Q x Q x pQ x

a a a

 
 
       
 
    (7) 

In Formula (7), A  is a singular matrix with zero 
eigenvalues. Calculate the matrix based on the third-order 
center distance to obtain the independent component skewness 
of Sanya tourist attraction data for different seasons. The 
process is as follows: 

     det det 0 det 0W A 
  (8) 

In Formula (8), 
 det A

 is the independent component 
kurtosis of the obtained data of Sanya tourist attractions in 
different seasons. Sort the data of Sanya tourist attractions in 
different seasons based on the obtained independent 
component skewness, in order to obtain the characteristics of 
Sanya tourist attraction data in different seasons. 

III. MEASUREMENT OF SPATIAL ACCESSIBILITY OF TOURIST 

ATTRACTIONS IN SANYA 

The measurement of spatial accessibility of Sanya tourist 
attractions is based on the data characteristics of Sanya tourist 
attractions in different seasons, combined with the spatial 
information of Sanya tourist attractions and GIS technology, to 
calculate the spatial accessibility index of Sanya tourist 
attractions, and evaluate the spatial accessibility of Sanya 
tourist attractions. These results can provide scientific basis for 
tourism planners in Sanya, helping them understand the 
changes in spatial accessibility of tourist attractions in Sanya, 
and carry out reasonable resource development and Sanya 
tourism route design. 
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A. Analysis of Spatial Accessibility of Tourist Attractions in 

Sanya 

Assuming mSY
 represents the temporal accessibility of the 

spatial node m  of Sanya tourist attractions, it describes the 

shortest time average value of the spatial node m  of Sanya 
tourist attractions reaching other nodes. The mean temporal 

accessibility of all nodes is the temporal accessibility SY  of 
the entire Sanya tourist attraction space, and its calculation 
formula is as follows: 

 
1, 1

1

det / ( 1), [1, ]

/

s s s

m mv mv

m v

s s s

m mv

m

SY W SY Y m

SY SY Y






 




  



 





  (9) 

In Formula (9),   represents the number of nodes in the 

Sanya region, and 
s

mSY
 represents the time accessibility of 

node m  under travel mode s , 
s

mvSY
 represents the time 

barrier between node m  and node v  in the Sanya tourist 

attraction space using travel mode s , and 
sSY  represents the 

time accessibility corresponding to travel mode s  in the study 
area. 

Construct a set of travel modes S , which includes three 
types of travel modes: car travel, motorcycle travel, and bicycle 

travel. Assuming 
s

mvY
 is the travel time generated by travel 

mode s  on the designated road section, it can be calculated 
using Formula (10): 

s mv
mv s

mv

r
Y

b


   (10) 

In Formula (10), mvr
 is the distance between node m  and 

node v  in the space of Sanya tourist attractions, and 
s

mvb
 is the 

speed of the existing section mvr
 under travel mode s . 

Assuming that mSV
 represents the economic cost distance 

corresponding to node m  in the Sanya tourist attraction space, 

it describes the minimum average cost of node m  to other 
nodes in the Sanya tourist attraction space. The average time 
accessibility corresponding to all nodes is the time accessibility 
SV  corresponding to the Sanya tourist attraction space, and its 
calculation formula is as follows: 

 
1, 1

1

det / ( 1)

/

s s s

m mv mv

m v

s s s

m mv

m

SV W V Y

SV SV Y





 




 



 





   (11) 

In Formula (11), 
s

mSV
 represents the cost accessibility of 

node m  under travel mode s , 
s

mvV
 represents the cost of node 

m  using travel mode s  to reach node v  in the Sanya tourist 

attraction space, and 
sSV  represents the cost accessibility of 

using travel mode s  in the study area. 

The generalized travel cost usually includes the following 
types: 

1) Parameter comprehensive cost 
z

mvV
: 

s
z s s mv

mv mv mv

c

Y
V Y VOT Y

Y




 

    
   (12) 

In Formula (12), VOT  is the unit time cost,   and 


 are 

adjustment coefficients, and cY
 is the time threshold. 

2) Parameter time cost 
S

mvV
: 

s
S s s mv

mv mv mv

c

Y
V VOTY VOTY

Y




 

   
   (13) 

3) Comprehensive cost 
ZH

mvV
: 

SinZH s s

mv mv mvV VOTY 
      (14) 

In Formula (14), 
Sin s

mv  is the travel cost incurred from 

node m  using travel method s  to node v . 

4) Travel cost 
CX

mvV
: 

CX smv
mv mv mvs

mv

VOTr
V r

b
 

     (15) 

In Formula (15), 

s

mv
 is the fuel consumption generated by 

using travel mode s  on section mvr
. 

Using the weighted shortest travel time method, calculate 
the time of the Sanya tourist attraction space at each node to 
reflect the spatial accessibility of Sanya tourist attractions. The 
calculation formula is: 

1 1

/x y xy y

y y

y x x

A

p e

 

  



 





 

 

           (16) 

In Formula (16), xA
 represents the weighted time for the 

shortest travel in Sanya's tourist attraction space, and xy
 

represents the minimum time that should be consumed for the 

shortest distance in Sanya's tourist attraction space, 
 y  
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represents the capacity of Sanya's tourist attraction space and 

the degree of connection with other cities, xp
 represents the 

number of people in Sanya's tourist attraction space, xe
 

represents the gross economic product of Sanya's tourist 

attraction space, 
y

 represents the location parameter, and   
represents the spatial range of Sanya's tourist attraction. The 

smaller the xA
 value, the higher the spatial accessibility of 

tourist attractions in Sanya is. 

The comprehensive weighted average travel time is used to 
measure the accessibility of tourist attractions in Sanya, and the 
calculation formula is: 

i ix xx xIA A r                  (17) 

In Formula (17), xIA
 represents the spatially weighted 

shortest average travel time of tourist attractions in Sanya, ixxA
 

represents the shortest average travel time, and ixr  represents 
the travel weight. 

Based on the above calculation formula and the urban 
spatial gravity model, the shortest spatial time of tourist 
attractions in Sanya is calculated using the following formula: 

/ b

mn x m n mnI IA d 
    (18) 

In Formula (18), mnI
 represents the spatial interaction 

force between tourist attractions in Sanya, 
b

mnd
 represents the 

shortest time corresponding to the shortest spatial distance of 

tourist attractions in Sanya, m  and n  represent the spatial 

scale of tourist attractions in Sanya, and b  represents the 
spatial distance friction index of tourist attractions in Sanya. 

Using the potential model, calculate the spatial interaction 

potential xJ
 of tourist attractions in Sanya, and the calculation 

formula is: 

1

/
n

b

x mn m n mn

m

J I d 


 
         (19) 

Traffic impedance is related to factors such as residents' 
travel modes and transportation environment, and is a physical 
factor that measures the difficulty of travel. Combining traffic 
impedance with the spatial road characteristics of Sanya tourist 
attractions, taking into account both time and cost impedance 
factors, this paper introduces them into the spatial accessibility 
analysis of Sanya tourist attractions, and improves the spatial 
accessibility analysis of Sanya tourist attractions. The function 
expression is: 

1 2( )i i
i x

j

T F
J

w

 





       (20) 

In Formula (20), i  represents the traffic resistance value, 

1  and 2  represent the coefficients to be labeled, iT
 

represents the time resistance value, iF
 represents the cost 

resistance value, and jw
 represents the regional importance. 

B. Construction of Spatial Accessibility Measurement Model 

for Sanya Tourist Attractions 

Based on the analysis of spatial accessibility of tourist 
attractions in Sanya, a measurement model for spatial 
accessibility of tourist attractions in Sanya is constructed. 
According to the time schedule and various data obtained, 
there are four main types of models for measuring the spatial 
accessibility of tourist attractions in Sanya, namely physical 
accessibility evaluation models, comprehensive index models 
based on residents' spatial preferences for tourist attractions in 
Sanya, analysis models based on differences in residents' 
spatial motivations for choosing tourist attractions in Sanya, 
and analysis models based on temporal and spatial behavior, 
use these four models to measure the spatial accessibility of 
tourist attractions in Sanya. 

1) Physical accessibility evaluation model: This type of 

model is often combined with shortest distance, coverage, 

gravity method, etc. to describe the spatial distribution of 

transportation vehicles in Sanya's tourist attractions. The most 

commonly used indicators for evaluating the supply and 

demand of transportation vehicles are the distance from 

residents' residential areas to the location of tourist attractions 

in Sanya, as well as the spatial scale, capacity, and 

construction quality of tourist attractions in Sanya. 

Based on the two evaluation indicators of shortest distance 
and scale capacity, the calculation formula is: 

minm mv
v

i v

m

m

D d

S
C

P












  (21) 

In Formula (21), mD
 represents the shortest distance from 

the starting point to the destination, and mC
 represents the 

spatial capacity of tourist attractions in Sanya, mvd
 represents 

the geometric centroid distance, min  represents the minimum 

function value, vS  represents the total area of spatial facilities 

construction in Sanya tourist attractions, and mP
 represents the 

total population of the city. 

Due to the fact that physical evaluation models are more 
commonly applied to the same transportation vehicle and have 
certain limitations, the two evaluation indicators of shortest 
distance and scale capacity have been modified. The shortest 
distance from residents' residences to the location of Sanya 

tourist attractions is mmD
, and the effective coverage range of 
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Sanya tourist attractions is vvC
. The physical accessibility 

evaluation model is: 

 


 
mv

mm vv i

d K

R D C E

          (22) 

In Formula (22), K  represents the effective coverage area, 

E  represents the accessibility difference index for residents to 

access the spatial facilities of Sanya tourist attractions, and 


 
represents the population density of transportation users. 

According to geographic information system (GIS) 
classification [12-13], differences in residents' age, income, 
and other factors are statistically analyzed. Combined with the 
distribution of population living space, the degree to which 
different residential areas are covered by the spatial facilities of 
Sanya tourist attractions is compared, and an evaluation of the 
physical accessibility of Sanya tourist attractions is completed. 

2) Comprehensive index model Based on residents' spatial 

preference for Sanya tourist attractions: For residents, each 

type of Sanya tourist attraction spatial facility has its unique 

characteristics, which can meet the specific needs of specific 

subjects. At the same time, residents have various preferences 

for Sanya tourist attraction spatial facilities. Due to the fact 

that the audience level of tourist attractions in Sanya depends 

on multiple reasons, a comprehensive index model (IEI) is 

established using two indicators: attractiveness and separation 

to analyze residents' demand and preference for Sanya tourist 

attractions. The comprehensive index model takes residents' 

preference for Sanya tourist attractions as a weight coefficient 

and uses Likert scale scale to represent the spatial preference 

of Sanya tourist attractions. The expression of the 

comprehensive index model for Sanya tourist attractions is: 

( ) ( )ij k k j k ijF P W s   
     (23) 

In Formula (23), kP
 represents the preference coefficient of 

different residents for the spatial facilities of different Sanya 

tourist attractions, ( )j kW
 represents the indicator that attracts 

residents to choose, s  represents the measurement value of the 

spatial separation degree of Sanya tourist attractions, and   
represents the spatial separation coefficient of Sanya tourist 
attractions. 

Based on GIS output classification, a visual map with 

( )ij kF
 values is obtained to analyze the spatial distribution of 

tourist attractions in Sanya. 

3) Analysis model Based on spatial motivation differences 

of residents choosing Sanya tourist attractions: This type of 

analysis model is based on the gravity model and presents the 

analysis results through GIS and spatial distribution models. 

Considering the behavioral ability of residents to choose 

spatial facilities in Sanya tourist attractions and the differences 

in simulated space, the selection motivation is divided into 

k


 and k


. The calculation formula for the analysis model of 

spatial motivation differences in Sanya tourist attractions is: 

( )

( ) ( )

ij r

j r j r

k k kj

G
M D

T 




 
           (24) 

In Formula (24), kjT
 represents the spatial value of Sanya 

tourist attractions, r  represents the serial number of Sanya 

tourist attractions spatial facilities, ( )j rM
 represents the scale 

of Sanya tourist attractions spatial facilities, and ( )j rD
 

represents the service range of Sanya tourist attractions spatial 
facilities. 

4) Analysis model based on temporal and spatial behavior: 

This model mainly analyzes the actual travel schedules of 

residents and the spatial travel schedules of Sanya tourist 

attractions, and combines them with spatiotemporal variables 

to calculate the comprehensive service deprivation coefficient 

of Sanya tourist attractions. The model considers the matching 

degree between residents' personal schedules and the spatial 

schedules of Sanya tourist attractions. Analyze the 

accessibility of this model from three perspectives: 

a) The calculation formula for measuring the 

spatiotemporal accessibility of tourist attractions in Sanya is: 

1 2 1 2

1 2 1 2

( , , ) max( , , , )

( , , ) min( , ) ( , , )

AB

T T AB

U z t t z t t f

U z t t z f U z t t
 







      (25) 

In Formula (25), 1
t

 and 2
t

 represent the comprehensive 
time period, z  represents the location of spatial facilities for 

tourist attractions in Sanya, and 
f

 represents the number of 
spatial facilities for tourist attractions in Sanya during opening 

hours, 1 2
( , , )

AB
U z t t

 represents the accessibility ability of 

residents to reach 
f

 in both time and airspace during the 

comprehensive time period, while 1 2
( , , )

T T
U z t t

   represents 

the accessibility ability of residents to reach 
f

 in the shortest 
travel time during the comprehensive time period. 

b) The calculation formula for measuring the 

spatiotemporal needs of spatial facilities in tourist attractions 

in Sanya is: 

2

1

1 2( , , ) ( ) /

t

t t

t

H z t t N z dz a 
            (26) 

In Formula (26), 
( )tN z

 represents the individual 
residents' demand for the space of tourist attractions in Sanya, 

and a  represents the demand cycle. 

Combining the space accessibility of Sanya tourist 
attractions with the space requirements of Sanya tourist 
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attractions, the analysis model based on time and space 
behavior is: 

1 2 1 2 1 2( , , ) ( , , ) ( , , )T T tz t t U z t t H z t t
 

       (27) 

In Formula (27),   represents the weights of time and 
spatial indicators. 

By calculating the spatiotemporal accessibility of Sanya 
tourist attractions and the spatiotemporal needs of facilities in 
the model, combined with temporal and spatial indicators, the 
results are output through GIS. 

In order to facilitate calculation and analysis by unifying 
various indicators, the range standardization method is used to 
obtain the calculation formula as follows: 

( ' min ') / (max ' min ')j      
      (28) 

In Formula (28), 
 j  represents the standardized values of 

time-domain and spatial indicators, '  represents the original 

values of time-domain and spatial indicators, max '  

represent the maximum function, and min '  represents the 
minimum function. 

Due to the strong objectivity and high numerical accuracy 
of the entropy method, it can effectively reduce the weight of 
indicators and be affected by subjective factors. Therefore, 
using the entropy method [14-15] to determine the weight of 
each indicator can better reflect the impact of evaluation 
indicators on the evaluation results. The calculation formula is: 
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In Formula (29), jR
 represents the proportion of 

indicators, je
 represents entropy, jg

 represents the 

coefficient of difference, and jW
 represents the weight 

coefficient. 

The comprehensive accessibility measurement results of 
the four models are: 
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 (30) 

Through the above steps, the spatial accessibility 
measurement of tourist attractions in Sanya can be achieved. 

IV. EXPERIMENTAL ANALYSIS 

A. Experimental Environment and Data Sources 

As a tourist destination in the tropics, Sanya has many 
natural landscapes, such as beautiful beaches, magnificent 
mountains and tropical rainforests. These natural landscapes 
not only attract many tourists, but also become an important 
feature of Sanya tourism. In order to verify the validity of the 
spatial accessibility measurement algorithm of Sanya tourist 
attractions based on seasonal factor adjustment analysis, the 
experiment is implemented in MATLAB simulation software 
environment. Taking Coconut Dream Corridor, Yalong Bay, 
Haitang Bay, Jiajing Island, wuzhizhou Tourist Scenic Area, 
Fenjiezhou Island and Nanwan Monkey Island as spatial nodes, 
the data set of Sanya tourist attractions is divided. Through 
questionnaires, interviews and other means to collect tourists' 
evaluation of scenic spots, tourism motivation, consumption 
behavior and other information. Collect relevant data from 
government departments, tourism websites, scenic spots 
management offices and other channels, such as the number of 
tourists, tourism income, ticket sales, etc. Using big data 
technology, through analyzing data sources such as online 
search, social media and travel booking websites, we can get 
information about tourists' attention and preferences to Sanya 
tourist attractions. 

There may be some noises and missing values in the 
collected tourism data, which need to be preprocessed, 
including data cleaning, missing value processing, abnormal 
value processing and so on. For example, removing duplicate 
data, correcting erroneous data, filling in missing values, etc. 
Due to the seasonal factors in Sanya, the popularity and 
demand of scenic spots may be different in different seasons. 
Summer is the peak of tourism in Sanya, and many beaches 
and water sports attractions will become more popular. In 
winter, some hot springs and tropical botanical gardens may be 
favored by tourists. Therefore, it is necessary to consider the 
change of seasonal demand when analyzing the data of Sanya 
tourist attractions. According to the seasonal characteristics of 
Sanya tourist attractions, the data can be divided into different 
seasonal segments. Generally speaking, the tourist season in 
Sanya is mainly concentrated in winter and summer vacations 
and holidays, and the data can be divided into seasons 
according to the date. Based on the data collection, 
preprocessing and seasonal segmentation of Sanya tourist 
attractions, the accessibility of Sanya tourist attractions at each 
node is measured by using the spatial calculation method of 
Sanya tourist attractions. 

B. Analysis of the Measurement Effect of Spatial Accessibility 

of Tourist Attractions in Sanya 

Accessibility can reflect the difficulty of interconnecting 
one region with other regions. In order to verify the 
effectiveness of the spatial accessibility measurement method 
for tourist attractions in Sanya, the accessibility of this study is 
understood as the average travel time from a tourist attraction 
in a certain administrative region of Sanya City to tourist 
attractions in other administrative regions. The average travel 

time 
s  of tourist attraction   in Sanya is expressed as: 
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In Formula (31), 


 is the number of tourist attractions in 

Sanya, and 
g  is the travel time from point 


 in the region 

to point 


 through the shortest route in the transportation 
network. 

Select Coconut Dream Corridor, Yalong Bay, Haitang Bay, 
Jiajing Island, wuzhizhou Tourist Scenic Area, Fenjiezhou 
Island and Nanwan Monkey Island as the evaluation index. 
The smaller the value, the better the spatial accessibility 
measurement effect of Sanya tourist attractions. The average 
travel time of tourist attractions in Sanya is shown in Table I. 

TABLE I.  AVERAGE TRAVEL TIME OF TOURIST ATTRACTIONS IN SANYA 

Sanya Tourist Attractions s /min 

Coconut Dream Corridor 151.35 

Yalong Bay 120.86 

Haitang Bay 101.65 

Jiajing Island 125.42 

Wuzhizhou Tourist Scenic Area 78.24 

Fenjiezhou Island 81.24 

Nanwan Monkey Island Ecotourism Area 74.43 

According to the data in Table I, the average travel time of 
seven tourist attractions in Sanya is 74.43min-151.35min. 
Among them, the Nanwan Monkey Island Ecotourism Area, 
with the shortest average travel time of seven tourist attractions 
in Sanya, is about 74.43min, and this tourist attraction in Sanya 
has the best spatial accessibility. Followed by Wuzhizhou 
tourist Scenic Area, about 78.24min, the average travel time of 
Sanya tourist attractions is the Coconut Dream Corridor, about 
151.35min, and the spatial accessibility of Sanya tourist 
attractions is the worst. Therefore, the method in this paper can 
effectively measure the spatial accessibility of Sanya tourist 
attractions, and has a good effect on measuring the spatial 
accessibility of Sanya tourist attractions. 

C. Precision Analysis of Spatial Accessibility Measurement 

for Sanya Tourist Attractions 

In the process of calculating the spatial accessibility of 
tourist attractions in Sanya, the Lorentz curve and fairness 
coefficient are key indicators for judging fairness. Among 
them, the fairness coefficient is based on the Lorentz curve, 
and the fairness coefficient value can be calculated based on 
the area ratio in the Lorentz curve graph. Therefore, the 
fairness coefficient is used to calculate the fairness level of 
spatial accessibility of tourist attractions in Sanya. Randomly 
select 10 time periods as experimental data samples, calculate 
the fairness coefficients for 10 time periods, and compare the 
fairness calculation results of the method of reference [7], the 
method of reference [8], and this article with the actual results. 
The comparison results of fairness coefficients between 
different methods are shown in Fig. 1. 
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Fig. 1. Comparison results of fairness coefficients of different methods. 

According to Fig. 1, the fairness coefficients calculated by 
different methods in different time periods are different. 
Comparing the actual results with the methods in this paper, 
literature [7] and literature [8], we can see that the methods in 
this paper are in good agreement with the actual results, while 
the methods in literature [7] and literature [8] are far from the 
actual results. This shows that the fairness calculation of this 
method is more accurate and can effectively improve the 
accuracy of spatial accessibility measurement of Sanya tourist 
attractions. This is because this method combines the 
advantages of principal component analysis and independent 
component analysis, and can consider the characteristics and 
problems of data more comprehensively. Principal component 
analysis can reduce the dimension of multivariate to a few 
principal components and extract the main features of data. 
Independent component analysis can extract the independent 
components from the data, further denoising and simplifying 
the data. By using these two methods comprehensively, the 
characteristics and problems of data can be considered more 
comprehensively, thus improving the accuracy of spatial 
accessibility measurement of tourist attractions. 

D. Time Analysis of Spatial Accessibility Measurement for 

Tourist Attractions in Sanya 

On this basis, further validate the spatial accessibility 
measurement time of Sanya tourist attractions using the 
method proposed in this paper. Compare the method of 
reference [7] and the method of reference [8] with the method 
proposed in this paper, and obtain the spatial accessibility 
measurement time of Sanya tourist attractions using different 
methods, as shown in Fig. 2. 

According to Fig. 2, with the increase of the number of 
time periods, the time for measuring the spatial accessibility of 
Sanya tourist attractions by different methods increases. When 
the time period reaches 10, the measurement time of the 
method in reference [7] is 14.7ms, that of the method in 
reference [8] is 17.6ms, and that of this method is 4.8 ms. 
Therefore, it takes a short time to measure the spatial 
accessibility of Sanya tourist attractions by this method. This is 
because, this method constructs physical accessibility 
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evaluation model, comprehensive index model based on 
residents' spatial preference for Sanya tourist attractions, 
analysis model based on residents' spatial motivation 
differences in choosing Sanya tourist attractions, and analysis 
model based on time domain and spatial behavior. The 
physical accessibility evaluation model can transform complex 
spatial relations into simple distance and time calculations; The 
comprehensive index model based on residents' spatial 
preference for Sanya tourist attractions and the analysis model 
based on residents' spatial motivation differences in choosing 
Sanya tourist attractions can measure tourists' preferences and 
choices from different angles, thus avoiding complex spatial 
optimization algorithms. These models comprehensively 
consider the influencing factors of the spatial accessibility of 
Sanya tourist attractions from different angles, including 
physical accessibility, tourists' preferences, tourists' choices 
and spatio-temporal behaviors, so as to reduce repeated 
calculation and invalid calculation, thus saving calculation time. 
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Fig. 2. Measurement time of spatial accessibility of tourist attractions in 

Sanya using different methods. 

V. DISCUSSION 

According to the experimental results, the spatial accessibility 

of Nanwan Monkey Island Ecotourism Area is the best, while 

the spatial accessibility of Coconut Dream Corridor is the 

worst. This shows that when planning tourist routes or 

promoting tourist attractions in Sanya, priority should be 

given to those scenic spots with good spatial accessibility, 

such as Nanwan Monkey Island Ecotourism Area and 

Wuzhizhou Tourist Scenic Area. For scenic spots with poor 

spatial accessibility, such as Coconut Dream Corridor, more 

resources need to be put into improvement, such as adding 

traffic lines and improving the service level of public 

transportation. The spatial accessibility measurement 

algorithm of Sanya tourist attractions based on seasonal factor 

adjustment analysis proposed in this paper has high accuracy 

and reliability. Therefore, in practical application, this method 

should be given priority to improve the accuracy and 

efficiency of spatial accessibility measurement of Sanya 

tourist attractions. With the increase of the number of time 

periods, the time for measuring the spatial accessibility of 

Sanya tourist attractions with different methods increases. 

This shows that in real-time monitoring or high frequency 

measurement, we need to pay more attention to computational 

efficiency and resource consumption. Therefore, in practical 

application, the appropriate number of time periods should be 

selected according to the specific situation to balance the 

calculation efficiency and measurement accuracy. 

VI. CONCLUSION 

In this paper, the spatial accessibility measurement 
algorithm of Sanya tourist attractions based on seasonal factor 
adjustment analysis is proposed. Through the study of the 
spatial accessibility of Sanya tourist attractions, this paper puts 
forward the method of seasonal factor adjustment analysis. By 
extracting the data characteristics of Sanya tourist attractions in 
different seasons, combining with the spatial information of 
Sanya tourist attractions and GIS technology, this paper 
analyzes the spatial accessibility of Sanya tourist attractions, 
constructs the spatial accessibility measurement model of 
Sanya tourist attractions, and realizes the spatial accessibility 
measurement of Sanya tourist attractions. This method has a 
good effect of measuring the spatial accessibility of Sanya 
tourist attractions, which can effectively eliminate the influence 
of seasonal factors, improve the accuracy of accessibility 
measurement and shorten the time of accessibility 
measurement, so as to measure the spatial accessibility of 
tourist attractions more objectively and accurately. This not 
only provides a scientific basis for the development of tourism 
in Sanya, but also helps to improve the tourist experience. 

However, there are still some limitations in this study. For 
example, there may be some deviation when collecting data, 
and the seasonal influencing factors of some scenic spots may 
be complicated. Therefore, future research can further expand 
the data sources and enhance the accuracy of data, and at the 
same time, deeply study the seasonal influencing factors of 
different scenic spots, so as to adjust the analysis methods 
more finely. In addition, we will explore more efficient and 
accurate measurement algorithms by combining research 
results in other fields, such as artificial intelligence and 
machine learning. At the same time, we can further expand the 
research scope and combine the development of Sanya tourism 
with environmental protection, cultural inheritance and other 
related fields to promote the sustainable development of Sanya 
tourism. Through continuous in-depth study and improvement 
of seasonal factor adjustment and analysis methods, we hope to 
provide more valuable scientific basis and decision support for 
the prosperity and development of Sanya tourism. 
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