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Abstract 

The joint development of cultural heritage protection and tourism is an essential part of sustainable heritage tour-
ism. Mount Lushan in China is such a site which in the past has had shortcomings in heritage protection and heritage 
tourism marketing. The present research addresses this issue by using digital technologies such as oblique aerial pho-
tography, 3D laser scanning technology, and 360 degrees panorama technology to digitize the Mount Lushan cultural 
landscape heritage site, integrating all elements to create a virtual tourism subsystem. It provides users with a virtual 
experience of cultural landscape heritage tourism and promotes cultural landscape tourism marketing. In addition, 
tourist flow and environmental subsystems were built through the integration of Internet of Things (IoT) technology 
and analytical models. The tourist flow subsystem can help managers to regulate tourist flow according to the tourist 
carrying capacity threshold. Managers can also conduct environmental health assessment and management through 
the "pressure-state-response" model provided by the environmental subsystem. Finally, a comprehensive platform 
was developed based on the system concept, which integrated the three subsystems and their functions, and devel-
oped different versions to provide a visual platform for tourists and managers. This study provides a new model for 
the joint development of cultural heritage protection and tourism activities.
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Introduction
Cultural heritage tourism is an increasingly prominent 
form of tourism globally, bolstered by heritage listings 
of UNESCO  [1]. Built environment or other forms of 
heritage are often regarded as a focus of social and eco-
nomic development  [2], and the tourism industry can be 
a driving force to promote heritage protection. Cultural 
heritage management departments generally assume 
asset ownership and daily management tasks, while the 
tourism industry is responsible for product develop-
ment and marketing  [3]. However, poor management 
of cultural heritage may lead to its degradation. Heritage 

sites may be damaged by fire or natural disasters, or by 
human-induced factors  [4]. For example, the large flow 
of people typical of popular tourist destinations may indi-
rectly damage the principal tangible and intangible cul-
tural value of a heritage site  [5]. It is thus imperative to 
strengthen the protection and management of heritage. 
The Internet has become an important marketing tool 
for tourism promotion  [6], mainly because it can speed 
up information dissemination. However, whether the 
website efficiently conveys travel information or effec-
tively promotes destinations is often uncertain as design-
ers tend to focus on aesthetics rather than content  [7]. 
In addition, the quantity and quality of information will 
affect the time it takes for users to visit the website pages, 
thereby further restricting the development of the tour-
ism industry.
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The "digitalization" of heritage can provide a suitable 
way to address these issues. Field surveys and map-
ping, photo files, and data collection are traditional 
methods of acquiring cultural heritage data, and these 
results have become an essential foundation for herit-
age protection  [8]. Novel and advanced technologies, 
such as digital photogrammetry and spectral imaging, 
are becoming more widely employed in heritage sci-
ence and are often used to comprehensively record, 
understand and protect historical relics and artworks  
[9]. Some examples of these advances include the use 
of drones to obtain high-resolution images and using 
the data for 3D modeling  [10]; using 360 degrees pano-
rama technology to obtain panoramic photos  [11]; or 
using terrestrial laser scanners to obtain point clouds. 
Such observations can be used to generate highly accu-
rate models or drawings  [12]. GIS also plays a vital role 
in protecting and utilizing cultural heritage. Using the 
Web and mobile GIS support, cultural heritage data, 
such as text, audio, or video stories, location informa-
tion, and images, can be obtained through portable 
devices. GIS has unique advantages for data collection, 
storage, and manipulation of datasets  [13]. By integrat-
ing historical building information models and 3D-GIS 
attribute data, the visibility and interactivity of the 
information models used in cultural heritage sites can 
be enhanced  [14]. Virtual reality (VR) technology also 
has exceptional value in tourism marketing and cultural 
relic protection, involving computer graphic rendering, 
artificial intelligence, networks, and sensor technology, 
and can virtually reconstruct and simulate cultural her-
itage. These are examples of effective "digital protec-
tion" of cultural heritage  [15] which can also assist in 
attracting more tourists  [16].

In addition to the digitization of heritage resources, the 
flow of visitors and its associated impact to the environ-
ment of heritage sites is also intimately related to heritage 
protection and tourism development, and this factor may 
also be assisted by advanced technology. The Internet 
of Things (IoT) can be used to monitor and manage the 
tourist flow, for example, beam sensors can be employed 
to count the number of tourists and use these numbers to 
improve tourist management  [17]. The adoption of video 
monitoring technology in combination with GIS can be 
used to analyze and visualize the spatial distribution of 
pedestrian numbers and flow in different areas, provid-
ing a strong foundation for tourist flow management  
[5]. Ground laser scanning technology, sensor monitor-
ing technology, and digital photography can be used to 
monitor and manage the local environment  [18–20], 
and IoT technology can dynamically evaluate whether 
environmental conditions are suitable to protect cultural 
heritage.

Such digital technologies have helped to promote the 
modernization of heritage tourism. Many studies have 
considered these issues from discrete and separated 
aspects such as heritage protection, tourism marketing, 
and tourism management, but less attention has given to 
the integration of heritage protection and tourism devel-
opment. Cultural heritage protection and tourism are 
interdependent by nature  [21], and a holistic approach 
to cultural heritage protection and tourism management 
is likely to be more effective for all concerned  [22]. This 
research will explore a sustainable development model of 
cultural heritage to construct a bridge between cultural 
heritage protection and tourism development via an inte-
grated platform approach.

Study site
Mount Lushan (29°28’-29° 40’ N, 115°50’-116°10’ E) is 
located in Lushan County, Jiujiang City, Jiangxi Province, 
China. Figure 1 shows the location and main attractions 
of Mount Lushan. It has a rich cultural and natural her-
itage and is known for its beautiful and unique scenery. 
The mountains, rivers, and lakes of Mount Lushan blend 
into landscape tapestry, and Buddhist, Taoism, Christi-
anity, Catholicism, and Islam coexist here. It is known as 
a mountain of culture, education, and politics. Histori-
cally, it has inspired artists, philosophers, and thinkers 
and inspired many famous works of art. Thirty churches 
and schools built in the 1920s remain, and 600 villas are 
influenced by the architectural styles of 18 countries. It is 
a site of historical importance to the Chinese Nationalist 
Party and the Chinese Communist Party, and many major 
meetings are still held here. It is a world-famous cultural 
landscape heritage site and one of the spiritual centers 
of Chinese civilization. Its main area covers 30,200 hec-
tares, and its buffer area is greater than 50,000 hectares. 
Ontological areas and buffer zones include ancient build-
ings, ruins, modern villas, stone carvings, alpine plants, 
waterfalls, and streams. Mount Lushan in its entirety for 
the conservation of the subtropical forest ecosystem and 
historical sites  [23]. These elements fully demonstrate 
the cultural and natural elements of the Mount Lushan 
World Heritage Site. Mount Lushan is listed as one of the 
top ten most famous mountains in China in 2003 and was 
rated as a national 5A Tourist attraction (5A is the high-
est level of China’s tourist scenic spots, representing the 
level of China’s world-class quality scenic spots) in 2007. 
These accolades have stimulated the rapid development 
of tourism in Mount Lushan, attracting tens of millions 
of tourists every year.

However, online and field research on Mount Lushan 
has revealed significant obstacles to the sustainable 
development of cultural heritage tourism in this area. 
On one hand, Mount Lushan promotes and displays the 
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cultural heritage landscape through tourism websites, 
such as the "China Lushan Network" (http:// www. china- 
lushan. com/). This approach only introduces this herit-
age site in a two-dimensional way (through pictures and 
text). Although there is a virtual tour section, tourists 
can only browse a few scenic spots via panoramic views. 
The possible immersion and interaction, and thus, the 
virtual experience, is not adequate or conducive to tour-
ism marketing in the heritage site. On the other hand, the 
increased influx of tourists has given rise to a series of 
ecological and environmental problems  [23, 24]. There 
is a lack of equipment to monitor the flow of passengers 
and environmental quality, and there is little visual man-
agement information or monitoring capability of tourist 
flow and environmental information. The quantity and 
quality of information available at a heritage site directly 
affects the time spent by users visiting the website and 
also affects the satisfaction of users (or tourists)  [25, 26].

Technologies and models
In the method of system thinking  [27], a cultural herit-
age tourism system can be divided into cultural heritage 
tourism resource elements, tourist flow elements, and 
environmental elements. Here we construct subsystems 
for each of these elements. Our approach involves the 

digitization of cultural landscape resources to realize a 
virtual cultural heritage tourism and marketing system. 
This subdivision into a virtual tourism subsystem, tour-
ist flow subsystem, and environment subsystem build a 
complete foundation for cultural heritage protection and 
tourism development. The technical flow chart of the 
holistic construction of these three subsystems is shown 
in Fig. 2.

Digitalization technologies
Different digital technologies were adopted for cultural 
tourism information, such as macro-topographic scenes, 
ancient buildings, panoramic views which considered 
the complex landscape composition, diverse tourism 
elements, and the wide geographical diversity of Mount 
Lushan. The comprehensive application of multiple digi-
tization technologies avoids the deficiencies associated 
with a single digitization technology and allows large cul-
tural landscape heritage sites to be comprehensively and 
systematically digitized.

For the large-scale terrain scene of Mount Lushan, it 
was necessary to purchase 350  km2 of digital orthophoto 
map (DOM) data and digital elevation model (DEM) data 
from the government and use image processing technol-
ogy to process the original data.

Fig. 1 Geographical location and main attractions of Mount Lushan

http://www.china-lushan.com/
http://www.china-lushan.com/
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We used an integrated production technology pro-
cess of 3D models, digital line graphs (DLG), DEM, and 
digital orthopedic maps (TDOM). The flow chart of 
this process is shown in Fig. 3. First, aerial photography 
was used to obtain oblique photography images  [28]. 
The flight route and altitude of unmanned aerial vehi-
cles (UAV) were planned, the aerial photography area 
was delineated, and then the UAV was equipped with 
a digital oblique camera, and stereo images were then 
extracted from the UAV videos for aerial triangula-
tion  [29]. Next, 3D models were constructed by creat-
ing point clouds, constructing irregular triangulations, 
and performing texture mapping. The 3D model results 
were edited to obtain the digital surface model (DSM) 
results and TDOM results. The DEM results were then 
obtained by editing the DSM results, and the original 
DLG data were collected from the 3D models. The DLG 
data were further supplemented and improved, and 
were redrawn through field surveys to improve their 
accuracy. Finally, contour lines and elevation points 

were generated to supplement the line elements in the 
DLG supported by the DEM results.

Terrestrial laser scanners allow rapid scans of meas-
ured objects. They can directly obtain high-precision 
scanning point clouds, efficiently carrying out 3D mod-
eling and virtual reproduction of historic buildings  [30]; 
here, we applied this approach to obtain point clouds of 
historical buildings in Mount Lushan. Using the point 
cloud data, the Smart3D software was used to perform 
fine 3D modeling.

360 degrees panorama technology can yield a 360 
degrees horizontal viewing angle and a 180 degrees ver-
tical viewing angle, and can integrate 360 degrees pano-
ramas in a virtual environment  [11]. We employed this 
technology, using a digital camera to take initial images, 
then using Photoshop for image stitching to form spheri-
cal and cube panoramas.

This study also used traditional data collection meth-
ods such as digital photography, digital video shooting, 
digital recording, image, and text scanning, and interview 

Fig. 2 Technical process of the subsystems in the holistic cultural heritage protection and tourism development
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records to collect cultural heritage resource information. 
We additionally employed a mobile collection method, 
using personal digital assistants (PDAs) to obtain real-
time wireless communication with the back-end system 
through the wireless data transmission network, and 
sent the collected cultural heritage coordinate data to the 
back-end system in real-time  [31].

Monitoring technologies
We employed IoT technology to monitor and manage 
the flow of tourists and the environmental conditions in 
the cultural heritage landscape. Video surveillance tech-
nology and electronic ticket checking technology were 
used to monitor travel traffic, and Internet technology 
was used to visualize surveillance data. First, cameras 
were set up at the entrance and exit of the scenic spot and 

near its main attractions to monitor the flow of tourists. 
Electronic ticketing technology was used to measure the 
total number of tourists entering the scenic spot. Then, 
an established tourist flow subsystem was used to pro-
cess tourist video data and obtain statistics of the flow of 
tourists in real-time. In addition, we used wireless sen-
sor technology for environmental monitoring in scenic 
spots  [32]. We installed sensors to measure the levels 
of harmful oxygen ion concentrations, sulfur dioxide, 
temperature, and humidity. Finally, we connected the 
environmental data with the established environment 
subsystem to display the environmental status of the cul-
tural heritage site in real-time.

Fig. 3 Flow chart of the integrated production technology process
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Models
To fully exploit the monitoring data, we applied several 
analytical models to strengthen cultural landscape man-
agement. Specifically, we combined a spatial carrying 
capacity model with the tourist flow monitoring data and 
the "pressure-state-response" (PSR) model for environ-
mental monitoring of the cultural landscape heritage site.

The spatial carrying capacity model was adopted to 
represent the tourist carrying capacity of Mount Lushan. 
The model refers to the number of tourist activities that 
can be effectively accommodated by tourism resources 
within a certain period and still maintain the quality of 
the resource. It can also reflect the capacity of the cul-
tural heritage landscape, which can be measured from 
the aspects of planar capacity and linear capacity.

The planar calculation method applies to areas with 
relatively flat terrain and relatively uniform distribution 
of scenic spots and reception facilities  [33], expressed as:

where C1 is the spatial carrying capacity (persons/day, 
i.e., the number of persons suitable for the scenic spot 
every day), A is the scenic spot  (m2), A0 is the reasonable 
area occupied per capita  (m2), and T is the average daily 
opening time (hours). Although the scenic spot is open 
24 h per day, tourists are mainly visiting during the day-
time, so T is set for 8 h in our study. t0 is the average time 
required for visitors to visit the scenic spot (h).

The linear capacity calculation method is suitable for 
tourism sites along a path, with the resource space capac-
ity expressed as:

If the path is incomplete and the entrance and exit are 
in the same position, tourists can only return by retracing 
their steps on the original path. In this case, the spatial 
carrying capacity formula becomes:

In Eqs. (2) and (3), C2 and C3 both refer to spatial carry-
ing capacity (persons /d). L is the length of the path (m), 
L0 is the length of reasonable possession per capita (m), 
and t1 is the return time along the original route (h). The 
total number of tourists calculated using the area method 
and the line method constitutes the resource space 
capacity of the cultural heritage landscape.

The PSR model was first proposed in 1979 to study 
environmental problems. It has become a commonly 
used model to evaluate environmental quality  [34]. In 
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the PSR model, "P" refers to the pressure index, which 
is used to describe the pressure applied to the ecologi-
cal environment under the influence of human activities. 
"S" refers to the state index, which is used to describe the 
status of the ecological environment. "R" refers to the 
response indicator, which describes the positive manage-
ment actions taken by human beings towards the eco-
logical environment. The PSR model answers three basic 
sustainable development questions: what happened, why 
it happened, and what will happen in the future.

Our study used this comprehensive evaluation index 
to reflect the ecosystem quality of Mount Lushan. A 
weighted summation method was used to perform the 
calculation  [35]:

where Z represents the comprehensive evaluation index, 
Xi is the normalized value of a single index, and Yi is the 
normalized weight of the evaluation index.

Case study verification
Heritage digitization and visualization
Multiple types of digitization
Digitized results are shown in Fig. 4a–i. For the 350  km2 
DOM, image fusion, color uniformity, stitching, and resa-
mpling were used to generate DOM data with a resolu-
tion of 0.2 m (Fig. 4a shows the spring scene in Guling). 
Using oblique aerial photography, we made 3D models 
of White Deer Cave Academy, Donglin Temple, Guling, 
and Mao Zedong Poetry Garden. The generated large-
scale scene 3D model has high accuracy, for example, the 
accuracy of the 3D model of Donglin Temple is 0.06  m 
(Fig. 4b). The DLG data collected only has a small margin 
of error that satisfies the accuracy of a 1/1000 scale map 
(such as White Deer Cave Academy shown in Fig. 4c).

Education, politics, architecture, natural scenery, reli-
gion, and other elements of typical cultural heritage 
landscapes were considered when conducting the digital 
modeling process. This process was based on 3D laser 
scanning, 3D modeling, 360-degree panoramas, and 
other technologies. These results are shown in Fig. 4d–f. 
3D laser scanner was used to model ancient buildings 
such as the White Deer Cave Academy, Mao Zedong 
Poetry Garden, and Xianren Cave and obtain delicate 
point clouds of the buildings. The point clouds contain 
important appearance features (as shown in Fig. 4d), such 
as the characteristic feature lines. The elevation, plan, 
and cross-sectional views of ancient buildings generated 
from the point clouds were combined with the collected 
DLG data to generate a 3D model with fine texture and 

(4)Z =
∑

(

Xi × Yi

)
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spatial characteristics (Fig.  4e). These 3D models can 
provide accurate and detailed information for cultural 
heritage protection. UAVs and ground collection equip-
ment were used to obtain aerial and ground panoramas 
of the cultural landscape heritage site in each season, and 
a total of 304 main scenic spots in Mount Lushan were 
collected (Fig. 4f ).

We collected and digitized materials from Taoist 
and Buddhist cultures, including ancient poems and 

paintings, ancient books, ancient cultural relics, his-
torical narratives, and written accounts by using tradi-
tional data collection methods. Figure 4g shows a stone 
carving, which is a poem (its title is "Peach Blossoms 
in Dalin Temple") written by a famous ancient Chinese 
poet. Other data on the heritage site (scenic spots, traf-
fic, shopping, accommodations, entertainment, tourist 
facilities, geological data, vertical zonal soil profiles, 
plant communities) were collected and digitized using 

Fig. 4 Digitization results for selected spots in Mount Lushan
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mobile data collection. Figure  4h displays 7,128 geo-
graphical names and addresses covering an area of 
about 350  km2 were collected. Figure  4i shows major 
geological and geomorphologic features of Xiufeng 
Mountain.

Virtual tourism of Mount Lushan
From the digitized results, a fundamental geographic 
information database and a cultural heritage resource 
database were constructed. The SuperMap software was 
then used to develop the virtual tourism subsystem. This 
software can manage a large amount of data, can support 
directly imported data, has high-quality rendering capa-
bilities, and can optimize the scene. The Lushan virtual 
tourism subsystem was developed into a display platform 
integrating sound, text, images, 3D models, maps, and 
various human–computer interaction technologies.

This subsystem has the following functions of 3D scene 
browsing:

1 Generation of a 3D terrain scene: the high-resolution 
DEM data of about 350  km2 superimposes with the 
multi-temporal DOM to generate a 3D terrain scene 
of Mount Lushan. The "majestic, peculiar and beauti-
ful" natural landscape features of the cultural heritage 
site can clearly be seen in Fig. 5a.

2 Generation of 3D architectural scenes: the original 
files of the oblique photography model data included 
many fragmented files, and the amount of data was 
enormous. We used SuperMap to process oblique 
photography models, including generating configu-
ration files, compressing textures, simplifying mod-
els and type conversion, meeting the needs of view-
ing oblique photography models on web pages, and 
achieving a smooth browsing experience. We located 
and integrated the processed 3D model of Donglin 
Temple into the scene (Fig.  5b). For the 3D model 
generated by laser scanning, we imported the con-
structed model data into the data engine provided by 
SuperMap and integrated it into the scene (Fig. 5c).

3 Integration of different types of 3D models: the 
oblique photographic and geometric modeling data 
were imported into the terrain scene and accu-
rately matched. By controlling the visibility of layers 
under different viewing angles, seamless switching 
between terrain scenes and 3D model data was real-
ized. When users viewing the model from a distance, 
the subsystem can display the DSM; when viewing it 
at a close distance, the oblique photographic model 
is displayed on the periphery, and the internal core 
building is loaded with an intricately detailed 3D 
model (see Fig. 5d). Users can also continue to zoom 
in to view the fine texture formed by the laser scan 

data (Fig. 5e). The subsystem also sets the number of 
objects and layers in the scene under different view-
ing angles to reduce the memory and video memory 
usage of the system to ensure the fluency and stability 
of the subsystem and speed up the browsing speed of 
the scene.

Assisted by GIS, the subsystem has the functions of 
query, recommendation, and popular science. When the 
user opens the subsystem interface and enters the query 
keyword through the interactive interface, the result is 
displayed on the left sidebar and in the 3D scene. The 
query results will be introduced in pictures and texts (for 
example, Fig. 5f, which shows a picture of a stone carving, 
and its poem). Based on the collected geological geomor-
phology and vegetation ecological data (Fig. 4i), we set up 
the query and positioning function of geological relics, 
vegetation, and other attribute information in the sub-
system, providing 3D elements, pictures, text, and other 
display elements, which is helpful to popularize the natu-
ral background knowledge of the heritage site to tourists. 
The subsystem provides an automatic roaming function 
for famous scenic spots and designed several common 
roaming routes. When performing automatic roaming, 
it will be supplemented by voice introduction. A "vir-
tual tour guide" is implemented, and the user can control 
the broadcast process of the route at any time. Figure 5b 
shows a roaming scene, and the roaming operation sym-
bol can be seen in the lower right corner. The subsystem 
can also simultaneously integrate panoramas. By clicking 
on the panoramic location in the scene, the 360 degrees 
panoramas of the current position is displayed as a pop-
up (see Fig. 5g). Using the scenic spot location data dis-
played in Fig.  4h, we set up multiple travel planning 
routes in the subsystem (Fig.  5h). When the user clicks 
on a specific route, the subsystem will display the route 
direction and scenic spots on the map to provide conven-
ience for tourists with travel intentions.

The subsystem can provide a unique virtual experi-
ence through rich visual content. It can interact with 
users through query, tourism recommendations, science 
popularization, and other functions. It can allow to know 
Mount Lushan in advance, making it an effective market-
ing tool.

Monitoring and management of tourist flow 
and environment
When tourists enter a heritage site, they induce environ-
mental pressure. Using our system, tourists can interact 
virtually before travelling without exerting direct pres-
sure on the cultural heritage site. The virtual tourism sub-
system can also help managers improve the protection of 
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Fig. 5 Browsing the virtual scene of the virtual tourism subsystem
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the heritage site and carry out tourism marketing. This 
system can provide better monitoring of tourist flow and 
the environment of the site, which can greatly assist man-
agers with tourism management and heritage protection. 
The three subsystems share GIS data to provide a strong 
data-based foundation for visualization services. These 
processes are shown schematically in Fig. 6.

Monitoring and regulation of tourist flow
We used video surveillance technology and electronic 
ticket checking technology to collect tourist information, 
built a tourist database, and integrated it with geographic 
information data (including the location and entrance 
of the scenic spots and major tour paths). The database 
is used to record and manage data and to calculate the 
number of people entering and leaving the scenic spot 
and the number of people staying in the scenic spot in 
real-time. We then developed s tourist flow subsystem, 
which mainly provides services for managers.

Managers can use the subsystem to monitor and man-
age the tourist flow of the cultural heritage site visually 
and provide travel services. When visitors buy tickets, 
their ID number and name will be associated with the 
identity of the e-ticket. The scope of their travel will be 
identified in the scenic area. When visitors enter the 
video surveillance area, face recognition information will 

be collected by the monitoring equipment, so the general 
location of the travelers can be identified through the 
ticket information and video information, and missing 
tourists can be quickly located to ensure safety.

The determination of tourist capacity thresholds can be 
vital to the scientific regulation and management of tour-
ist flows within the cultural heritage site. We selected the 
main scenic spots and routes of Mount Lushan for analy-
sis, and the parameters and results are shown in Tables 1 
and  2. The capacity of general scenic spots should be 
100–400 square meters per person (based on the "Stand-
ards for the Master Planning of Scenic Spots" issued by 
the Ministry of Housing and Urban–Rural Development 
of China  [36]). Guling is a tourist destination, but it is 
also a town with permanent residents, so we here assume 
that its reasonable per capita area is 100  m2/person. For 
other spots, we assume that the reasonable per capita liv-
ing area is 400  m2/person. Using these assumptions, the 
tourist capacity of these scenic spots in Mount Lushan is 
46,472 persons/d (Table 1). Since the Guling scenic spot 
has 21,400 permanent residents, the remaining capac-
ity for visitors is thus 25,072 persons/d. The per capita 
area of tour routes calculated by the linear capacity cal-
culation method is 5–10  m2/person. We choose a value 
in the middle of this range, 8  m2/person for our further 

Fig. 6 Interaction of the three subsystems that improve the management of tourist flow and environmental monitoring of the cultural heritage site
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analyses. The total tourist capacity of the three paths is 
4734 persons/d according to this approach (Table 2).

The tourist flow subsystem integrates the number of 
tourists and GIS data and displays the number of people 
in each scenic spot by way of map visualization. Similarly, 
the tourist capacity threshold data of each scenic spot is 
displayed in the subsystem, and managers can compare 
the tourist flow real-time data with the tourist capac-
ity threshold data. When the number of tourists in each 
route and scenic spot exceeds the tourist capacity thresh-
old, the cultural heritage site manager can temporarily 
restrict ticket sales for overcrowded attractions and guide 
visitors to other areas. The tourist capacity threshold 
subsystem thus provides a strong data-based foundation 
for heritage protection and tourist flow pressure.

Monitoring and evaluation of the environment
We used IoT technology, wireless sensors, and GIS 
technology to monitor the environment. We first deter-
mined the geographic location of the monitoring site 
and installed the sensor to obtain atmospheric and envi-
ronmental data through General Packet Radio Service 

(GPRS) data transmission equipment. Then we estab-
lished an environmental database to integrate and man-
age various data resources to develop an environment 
subsystem that can analyze and express data and realize 
serving managers.

The subsystem provides a real-time visual management 
platform for managers that provides a visual map. Man-
agers can use this map to monitor and understand the 
environment and weather conditions of each scenic spot 
in real-time to address any possible emergency environ-
mental events in a timely manner.

This tool can also assist with longer-term management. 
The environmental database stores monthly or longer-
period monitoring data and social and economic data. 
The subsystem can then integrate socio-economic data 
and annual monitoring data into the PSR model. Table 3 
shows the original data of the PSR model, and the analy-
sis results calculated by Eq. (4). As compared with 2017, 
the comprehensive index of environmental health in 2018 
was higher (0.64) because the comprehensive index of 
response in 2018 was higher than in 2017. However, the 
pressure index in 2018 was lower than that in 2017. This 
is attributed to an increase in the number of permanent 

Table 1 Spatial carrying capacity calculated according to Eq. (1)

Scenic spots Available area  (km2) The area occupied per capita 
 (m2/person)

Time required to complete the 
journey (h)

Tourist 
capacity 
(persons /d)

Guling (牯岭) 2.5 100 1 25,000

Flower road (花径) 0.315 400 2 3150

Jingxiu valley (锦绣谷) 0.089 400 2.5 667

Xianren cave (仙人洞) 0.052 400 1.5 650

Heaven pool (大天池) 0.438 400 2 4380

Sanbao tree (三宝树) 0.813 400 3 4065

Lulin lake (芦林湖) 0.12 400 2 1200

Lushan botanical garden
(庐山植物园)

1.472 400 3 7360

Total / / / 46,472

Table 2 Spatial carrying capacity calculated according to Eqs. (2) and (3)

Tour routes Tourist path Length of 
tour line 
(m)

Length of per 
capita (m/ 
person)

Time required for 
completion of the 
tour (h)

Time required to return 
along the same route 
(h)

Tourist 
capacity 
(persons /d)

Shimen Stream—Long-
shou Cliff (石门涧-龙
首崖)

Complete channel 13,000 8 4 / 3250

Hanpokou-Taiyi Village (含
鄱口-太乙村)

Incomplete 1600 8 1.5 1 539

Wulao Mountain—Sandie 
Spring (五老峰-三叠泉)

Incomplete 6500 8 3 2 945

Total / / / / / 4734
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residents and tourists in 2018, as well as an increase in 
sulfur dioxide emissions; the combination of both fac-
tors has put more pressure on the environment. Future 
adjustment of the population capacity and better control 
of the discharge of pollutants could likely improve the 
comprehensive environmental index.

The analysis results of the PSR model (environmen-
tal health index) can be visualized in detail by the 
environmental subsystem for managers. The com-
prehensive evaluation results of the environment can 
play an important role in feedback and early warning. 
It encourages managers to carry out annual environ-
mental assessments and take corresponding measures, 
which is conducive to the long-term environmental 
protection of the heritage site.

Construction of a comprehensive platform
Concept and method of construction
The relationship between heritage and tourism is 
problematic and intricate, and considering these fac-
tors separately is insufficient  [37]. Synergies should be 
developed between tourism and heritage protection  
[38]. Our integrated system that considered virtual 
tourism, tourist flow, and environment subsystems is 
constructed by the integration of different data sources, 

which have the functions of tourism marketing, digital 
protection, and information service, and environment 
management. The interactivity of these different func-
tions improve the overall tourism development and 
heritage protection. The effective integration of all sub-
systems allows the construction of a complete platform, 
detailed in Fig. 7, which displays the path of "data inte-
gration-subsystems integration-functions integration-
effects integration", thus our system integrates discrete 
data and subsystems to yield a comprehensive platform 
for cultural heritage tourism.

Products and a new mode
Our first step was to build a comprehensive database. We 
classified and selected multi-source data, set up a cultural 
heritage resource database, a GIS database, a tourist and 
environment database, and a tourism management data-
base to realize the unified storage and management of 
the data in the cultural heritage tourism comprehensive 
database. This provided a seamless data interface which 
includes different types of essential service data for the 
construction of a comprehensive platform.

The comprehensive platform for Mount Lushan cul-
tural heritage tourism using this complete database is 
displayed in Fig.  8. It uses multiple display media (e.g., 
personal computer, smartphones, LED displays), multiple 

Table 3 Environmental quality evaluation for Mount Lushan

" + " represents a positive indicator and "−" represents a negative indicator; we assume that the weight of each index is equal and set at 0.08. "Non-monitored" means 
that the data comes from the economic and social data of government departments

Index layer Data Layer Source of data Unit Index 
trend

Index weight Original data Comprehensive 
index

2017 2018 2017 2018

Pressure indicators Total number of visitors Non-monitored 10,000
persons

− 0.08 5012 6180 0.24 0.16

Sulphur dioxide emissions Non-monitored Ton − 0.08 0 0.01

Smoke emission Non-monitored Ton − 0.08 1.13 0.18

Total permanent popula-
tion

Non-monitored Persons − 0.08 24.48 24.57

State indicators PM2.5 Monitored data μg/m3 − 0.08 40 38 0.08 0.32

Sulfur dioxide concentra-
tion

Monitored data μg/m3 − 0.08 10 9

Forest area Non-monitored ha  + 0.08 22,503 22,677

Negative oxygen content Monitored data per unit volume/cm3  + 0.08 2496 2550

Response indicators Environmental manage-
ment expenditure

Non-monitored 10,000
yuan

 + 0.08 361 738 0.09 0.16

Pollution control expendi-
ture

Non-monitored 10,000
yuan

 + 0.08 1678 1123

Area of newly planted 
forest

Non-monitored ha  + 0.08 3000 3000

Expenditure on forestry 
cultivation

Non-monitored 10,000
yuan

 + 0.08 1058 1145

Environmental health index 0.42 0.64
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content presentation forms (3D models, maps, charts, 
text, audio), and multi-subsystem and multi-functional 
integration forms (virtual tourism subsystem, tourist 
flow, environment monitoring subsystem, tourist ser-
vice subsystem, and corresponding functions), providing 
comprehensive cultural heritage services for tourists and 
management.

The functions displayed by different media termi-
nals can meet the individual needs of users at different 
times and places. The Web version is intended for tour-
ists to use before traveling, functioning as a virtual tour-
ism subsystem. It can introduce the cultural heritage site, 
and can "educate" users to have a more responsible and 
respectful relationship with the cultural heritage site. It 
can help to attract potential tourists, as they can “virtu-
ally experience” the site before traveling. The LED ver-
sion of the product is intended for managers, integrating 
the tourist flow subsystem and the environment subsys-
tem. Managers can monitor tourists and the environment 
through the LED screen and can visually operate and 
manage the tourist capacity and environmental health 
based on the results of the tourist capacity model and 
PSR model. The smartphone-based application product 
is intended for tourists during and after travel. It inte-
grates components of the functionality of both the Web-
based and LED products to facilitate tourists in obtaining 

and sharing heritage site information. Tourists can get 
an overview of the heritage site, navigate the site via the 
maps and receive tourist recommendation services. They 
can also find information on the total number of tour-
ists and environmental and weather information of her-
itage sites. Tourists can then arrange effective plans for 
their visit based on these functions. It also provides post-
tour services such as evaluation of tourist attractions. 
These functions enrich the experience and satisfaction of 
tourists.

The comprehensive cultural heritage tourism platform 
and its corresponding products demonstrate a new para-
digm of cultural heritage tourism. Our model can coor-
dinate and integrate multiple key elements to improve 
the sustainable development of cultural heritage tourism 
through the combination of in-person and virtual tour-
ism, the combination of service and management to meet 
the needs of different users, and the combination of her-
itage protection and tourism.

Results and discussion
The digitization of cultural heritage is becoming more 
critical, including intangible heritage  [39], historical sites  
[40], archaeological sites  [41]. We here developed and 
described a cultural heritage tourism subsystem, which 

Fig. 7 Path of the comprehensive platform construction
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applies a variety of technologies and methods (such as 
computer technology, IoT, photogrammetry, geographic 
information technology, VR technology, and environ-
ment assessment methods). We obtained a series of 
digital results and developed several digital products for 
tourism marketing and heritage protection.

We also integrated environmental assessment models 
to provide real-time and long-term assessment and man-
agement plans. We accounted for cultural heritage pro-
tection, tourism marketing, and management, and the 
development of cultural heritage tourism digital prod-
ucts. These products show the geographical characteris-
tics of the heritage area, which is conducive to improved 
heritage protection and the sustainable development of 
tourism.

The salient point of our research is "integration", which 
is manifested by integrating multiple subsystems, and 
connecting themes of different perspectives (including 
cultural heritage protection, tourism marketing, man-
agement, and services) to provide a holistic system. Our 
important results and finding are now summarized.

(1) Through the use of comprehensive and diverse digi-
tal technologies, we obtained a wealth of digital results, 
including 3D large-scale terrain scenes, 3D cultural 
relic images, 360-degree panoramas, and pictures. This 
information was used to create a virtual tourism sub-
system to display the regional characteristics of cultural 
landscape heritage sites through 3D scenes, popular sci-
ence, and tourism recommendations to improve tourism 
marketing.

(2) IoT technology was combined with a tourist carry-
ing capacity model and a PSR model to construct tour-
ist flow and environmental subsystems. The tourist flow 
subsystem allows managers to monitor and manage the 
tourist flow using capacity models. The environmental 
subsystem allows the monitoring and management of 
the environment in real-time and non-real-time using an 
integrated PSR model.

(3) Finally, a new model of cultural heritage tourism 
was proposed, and a comprehensive platform for cultural 
heritage tourism was constructed. We developed prod-
ucts for Web, smartphone, and LED formats, integrating 

Fig. 8 Information of each version
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heritage protection and tourism development functions. 
The platform has rich visual content, including 3D mod-
els, maps, charts, and text.

Each subsystem in our comprehensive platform plays 
a fundamental role. The virtual tourism subsystem can 
be used before the actual visit to attract more tourists 
and to provide personalized tourism planning which 
can improve the virtual experience. Our approach pro-
vides a sound foundation, but the continued improve-
ment of this part of the platform is an essential future 
task  [42]. The environmental management subsystem 
is also an important result of our approach, however, 
the integrated tourist capacity threshold used here only 
considered capacities of single scenic spots at a time. 
Future directions of study could extend the tourist 
capacity model to multiple entry/exit areas and scenic 
spots and could set model parameters and thresholds 
that meet the unique particularity of each scenic spot. 
Additionally, while our approach demonstrated the 
effectiveness of many novel elements, the model and 
parameters employed here were relatively simple and 
static. In the future, more attention should be paid 
to the practicality of the model, such as by setting a 
dynamic tourist capacity threshold, and how this infor-
mation can be used to implement efficient evacuation 
plans in case of sudden emergencies. Finally, since the 
tourist flow subsystem integrates tourist identity infor-
mation the privacy of users’ needs to be considered in 
greater detail in the future.

Conclusion
The study has provided a sustainable model of cultural 
heritage tourism using digital tools. It considered the 
Lushan cultural landscape heritage site as a case study, 
and designed a holistic mode of cultural heritage pro-
tection and tourism by the comprehensive use of vari-
ous digital technologies and the development of digital 
products. We designed and built a digital framework of 
a large-scale cultural heritage landscape and built a vir-
tual tourism subsystem that integrates 3D model brows-
ing, popular science, and tourism route recommendation 
functions to meet the needs of tourism marketing.

We proposed and demonstrated a heritage manage-
ment method that integrates IoT technology with a tour-
ist carrying capacity model and a PSR model to assist in 
protecting the environment and ensuring the environ-
mental health of the heritage site. The comprehensive 
cultural heritage tourism platform developed here can 
provide valuable services for different target audiences 
(e.g., tourists and managers) through a variety of visuali-
zation technologies, and provides a novel demonstration 
for future development of cultural heritage protection 

and tourism that can be applied at other heritage sites 
worldwide.
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