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Abstract Streets constitute dynamic landscape perception essential in heritage-rich area 

planning. They facilitate immersive user experiences. However, urbanization intensifies 

infrastructure-heritage conflicts. This necessitates improved street space evaluation, manage-

ment, and enhancement. This study focuses on an Inner Ring Road of West Lake in Hangzhou, 

developing an index system that encompasses naturalness, openness, artificiality, and traffic, 

suitable for the visual assessment of unique heritage areas. We used images crawled from Bai-

du Street View for semantic segmentation and analyzed the landscape element composition, 

visual quality, extreme values, and spatial distribution of the West Lake Inner Ring Road. 

The findings indicate that: (1) West Lake has good landscape quality, but the visibility of the 

water is very low. (2) West Lake can be divided into the artificial scenic area in the northeast 

and the natural scenic area in the southwest, but the over-dense plant planting and route plan-

ning have led to serious homogeneity of spatial continuity. (3) The existence of closed spaces 

such as tunnels also prevents people from experiencing it continuously. This study investigates 

heritage areas as spatial media, quantifying visual experience-space use relationships to pro-

vide practical visual landscape assessment, informing future heritage street management and 

development.
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1. Introduction

The swift proliferation of the street network is a direct 
consequence of accelerated urbanization and increasing 
travel demand. The growth of urban populations necessi-

tates the construction of transportation infrastructure as a 
critical solution to this issue. Offering diverse trans-

portation alternatives can successfully mitigate traffic 
congestion, diminish environmental consequences, and 
foster sustainable growth (Gopal and Shin, 2019). Streets 
serve not just as transit centers but also include distinct 
service characteristics (Su et al., 2020). Users depend on 
the topological configuration of the internal street network 
to facilitate spatial cognition and landscape perception via 
autonomous route selection (Smirnov and Kudinov, 2021). 
However, this phenomenon also entails significant potential 
risks (Wang and Chen, 2017), with various transportation 
systems threatening public utilities and numerous stake-

holders. Specifically, transportation infrastructure, such as 
roadways, poses the most significant risk to heritage-rich 
areas amid fluctuating socio-political contexts (Ali et al., 
2020). It is essential to consider both the structural integ-

rity of heritage assets and their visual aesthetic value, as 
well as to explore effective methods for integrating and 
presenting these heritage resources to users through a 
rational combination of elements.

Designing heritage areas to serve both decorative and 
touristic purposes is a strategy for revitalizing heritage re-

sources and promoting sustainable economic development. 
Enhancing, standardizing, or utilizing local culture will 
elevate the city’s overall image and appeal, hence facili-

tating urban redevelopment and marketing efforts (Jones 
and Ponzini, 2021). The cultural promotion-led revitaliza-

tion plan also enhances heritage development and fosters 
contact with locals, reinforcing community pride and 
identity (Ali et al., 2020). However, traditional static 
spaces have significant experience defects, such as over-

reliance on visual performance of elements (Dong et al., 
2024), while ignoring multi-sensory comprehensive experi-

ences such as hearing and touch (Lai et al., 2024; Liu et al., 
2013). Or the lack of changes in the time dimension, such as 
seasonal changes (Lee et al., 2024), weather changes, etc., 
makes people feel monotonous and boring. The weakening 
of cultural and emotional connections caused by insuffi-

cient experience interactivity is also one of the main de-

fects (Ding et al., 2023). The lack of expression of local 
culture and history makes it difficult to arouse emotional 
resonance among tourists (Liang and Zou, 2023). In 
contemporary times, with the advancing growth of the 
experience economy paradigm, the production logic of 
street space is experiencing a fundamental transformation, 
the conventional unstructured tour model based on static 
spatial arrangements is being supplanted by a dynamic and 
ordered scene experience paradigm (Snyder, 2022). This 
process utilizes a linear spatial carrier to create a contin-

uous field of vision reconstruction, effectively transcending 
the limitations of traditional fixed-point viewing. It estab-

lishes a novel mechanism for spatial and temporal inter-

action with the landscape, facilitating a narrative 
reconstruction of the landscape interconnected by streets. 
This media conversion from discrete attraction viewing to

continuous spatial experience effectively actualizes the 
localized advancement of spatial production theory, 
necessitating theoretical and practical validation of the 
street’s role as a novel cultural medium.

In the process, heritage spaces transform into experi-

ence media. Researchers have begun to focus on how her-

itage areas should be used to create memorable 
experiences (Su and Ismail, 2024), and to explore the 
impact of this shift on people’s perceptions and behavioral 
intentions. For example, how heritage resources can be 
utilized and their experiential value assessed from the 
perspective of a heritage area manager (Hussein and 
Hapsari, 2021; Verma et al., 2024). Or how heritage can 
be preserved and communicated through augmented re-

ality to extend the experience (Jang and Kim, 2023; Nofal 
et al., 2018). There are also strategies for modernizing 
and transforming heritage areas by examining the spatial 
structure of their environments (He et al., 2024), and so on. 
But none of these touches on a fundamental question: how 
to make people better experience the real presence of 
heritage under the existing conditions? Despite the chal-

lenges, heightened awareness has resulted in augmented 
efforts to reconcile the requirements of urban expansion 
with historical preservation.

Heritage areas serve a variety of roles, including politi-

cal (Zhu, 2025), tourism (Bak et al., 2019), and religious

(Gurit ‚� a and Scortescu, 2023). There has been a great deal

of scholarship to explore these values and implications. 
However, little has been said about how to use streets to 
rationalize the planning and design of heritage areas. It is 
essential to not only preserve these heritage resources 
effectively but also to enhance transportation infrastruc-

ture to ensure the seamless movement of individuals and 
optimal visual experiences (Ma et al., 2025). Consequently, 
assessing whether the streets of existing heritage areas 
offer an aesthetically pleasing landscape under logical 
planning for user perception and experience remains a 
necessary area of research. Previous studies have shown 
that the configuration and design of space can significantly 
affect people’s visual accessibility, thereby influencing 
their different behavioral cognition (Wang et al., 2025). In 
street spaces, the quality of spaces linked by them can also 
significantly influence visitors’ emotional responses and 
cognitive schema development (Mouratidis, 2021). The vi-

sual quality of streets, their physical aesthetic value, and 
the distinctiveness of the location all provide a funda-

mental set of characteristics for brand competitiveness 
(Zhang et al., 2025). Subpar visual quality can elicit a range 
of detrimental consequences. For example, environmental 
psychology indicates that the threshold of visual pollution 
or the tendency toward landscape standardization can 
trigger Scenic Aesthetic Fatigue (SAF) among tourists (Xu 
and Zhao, 2023). Such inputs will ultimately result in a 
heightened cognitive burden, thus inducing a spatial 
alienation effect that poses a significant contradiction to 
the area’s sustainable development.

Consequently, the development of a quantitative eval-

uation system for assessing the visual quality of streets is 
essential for achieving sustainable regional development 
(Park et al., 2019). This governance model offers scientific 
decision support for spatial optimization and facilitates the 
transmission of cultural capital by reconstructing visual
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order, thereby managing and coordinating heritage-rich 
locations to enhance the visitor experience (Ma et al., 
2021). In addition, a reasonable assessment of the phys-

ical environment of streets can also improve urban infra-

structure, enhance social cohesion and economic 
development (Boukrouh and Bouchair, 2024). Recent ad-

vancements in street view images analysis technology and 
deep learning have facilitated a transition in the evaluation 
of spatial visual quality in tourist destinations from subjec-

tive qualitative assessments to objective quantitative 
research. Mainstream methods primarily depend on exten-

sive street data and utilize semantic segmentation to 
extract visual elements, which are employed to assess 
street color (Han et al., 2023), urban perception (Lei et al., 
2024), ecological quality (Wen et al., 2022), greening index 
(Li et al., 2015), urban traffic (Zhang et al., 2019), and 
building quality (Li et al., 2022). A large number of studies 
cover diverse scenarios in the urban domain, which in-

tegrates visual indicators from various landscape elements 
to assess street users’ perceptions. However, case studies 
for heritage-rich areas remain scarce. There is a particular 
lack of case studies with general applicability. This has led 
to fragmented evidence for assessment and a lack of orga-

nization and establishment of indicators system.

A loop located in the scenic area of West Lake serves as a 
valuable subject to address this gap. West Lake is situated 
to the west of Hangzhou, the capital of Zhejiang Province, 
China, and is in proximity to the city center (Wang et al., 
2023). It is commonly referred to as "paradise on earth." 
In the Southern Song Dynasty (1127 AD—1276 AD), ten 
poetically named scenic spots were identified as exempli-

fying idealized classic landscapes that represented the 
harmonious integration of humanity and nature (Zhang and 
Taylor, 2020), referred to as the “Ten Scenes of West Lake.” 
Their attainment represents the ultimate objective of the 
ideal environmental art design for West Lake. In 2011, West 
Lake was added to UNESCO’s World Heritage List due to its 
significance as a cultural testament to the enhancement of 
landscapes, exemplifying the ideal integration of humanity 
and nature. Prior to its inscription on the World Heritage 
List, it was already recognized as a culturally rich tourist 
destination in China. West Lake is also a common research 
object in the academic world. Researchers have conducted 
many studies on its cultural and landscape heritage (Liu 
et al., 2022), tourism economic development (Xu et al., 
2017), ecological value of water (Jin et al., 2015), and 
conflict of power interests (Lu et al., 2019), among others. 
However, even though the spatial planning methods and 
design features of West Lake have been summarized, the 
overall visual quality of West Lake has still not been sys-

tematically assessed.

The rising demand for the utilization of West Lake has 
established elevated expectations for both the contem-

porary West Lake scenic area and the city of Hangzhou as a 
whole. On March 11, 2023, the Hangzhou Municipal Gov-

ernment enhanced the Inner Ring Road and the Outer Ring 
Road surrounding West Lake. The regional transportation 
network centered around West Lake has been enhanced, 
offering increased convenience for both residents and 
tourists. The Inner Ring Road encircles West Lake in a 
clockwise direction, traversing notable landmarks such 
as the Long Bridge, Leifeng Pagoda, and Su Causeway,

among other significant heritage areas. Does this circular 
route effectively connect the historical and cultural re-

sources of the scenic area, and does it offer an adequate 
visual representation of these heritages? Additionally, 
what is the method for establishing a universal application 
scenario to assess the visual quality of streets in heritage-

rich areas, as demonstrated by the case study of West 
Lake?

In summary, this study utilizes the Inner Ring Road of 
West Lake Scenic Area as a case study to develop a meth-

odological framework for assessing the spatial visual quality 
of streets in tourist destinations. It aims to enhance un-

derstanding of the visual experience within heritage-rich 
environments and inform future route planning, design, 
management, and optimization.

2. Materials and methods

2.1. Research framework

This study is divided into three stages (Fig. 1):

(1) In the first stage, we gathered and processed the 
street network and image data of the study object.

(2) In the second stage, we conducted feature segmen-

tation of street scene data utilizing the ADE20K 
dataset. Based on the results of image segmentation, 
the landscape features in the study area were quan-

tified. Furthermore, considering the unique condi-

tions of the heritage area, we developed a visual 
evaluation system to assess the streets in the West 
Lake scenic area, which facilitated the analysis of the 
change characteristics of each index.

(3) In the third stage, we conducted a thorough analysis 
of the landscape quality of the Inner Ring Road 
streets following a visual evaluation. We proposed 
optimization methods that emphasize overall con-

nectivity and the visitor experience, particularly 
regarding the comprehensive utilization of heritage 
resources.

2.2. Study area

The area of this study is located in the West Lake scenic area of 
Hangzhou, Zhejiang Province. The lake’s total area is 
approximately 6.38 km 2 . This study focuses on an internal 
street surrounding the lake, as planned by the government. 
The route encircles West Lake in a clockwise direction, span-

ning approximately 12 km, and is referred to as “the closest 
route to West Lake” (Fig. 2). This route links several heritage 
sites, including the “Ten Scenes of West Lake”.

Historically, West Lake has consistently been a signifi-

cant landmark in Hangzhou. During the Southern Song Dy-

nasty, Hangzhou, known as Lin’an, served as the capital, 
resulting in substantial prosperity throughout the West Lake 
region. The Xianchun Lin’an Chronicle states, “West Lake is 
situated on the western side of Hangzhou city, formerly 
known as Qiantang Lake, encompassing an area of thirty 
miles.” Since the Tang Dynasty, West Lake has consistently 
been an esteemed destination for visitors to appreciate.
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During the Southern Song Dynasty, nobles and intellectuals 
frequently convened here, with carriages and horses sta-

tioned, making this area rich in resources, the palaces and 
residences were magnificent. A historical map illustrated 
the location, name, source, and status of West Lake, 
together with surrounding transportation, economy, archi-

tectures, and other urban landscapes. One might envision 
the wealth of West Lake during that period (Fig. 3).

West Lake is home to numerous heritage resources, with 
the “Ten Scenes of West Lake” being the most iconic and 
renowned. They have been transmitted since the Southern 
Song Dynasty, boasting a history of 700 years. They are 
Dawn on the Su Causeway in Spring, Wine-making Yard and 
Lotus Pool in Summer, Moon over the Peaceful Lake in 
Autumn, Remnant Snow on the Bridge in Winter, Leifeng 
Pagoda in the Sunset, Orioles Singing in the Willows, Fish 
Viewing at the Flower Pond, Moon and Candlelight 
Mirrored in the Lake, Evening Bell Ringing at the Nanping 
Hill, Two Peaks Piercing the Clouds. They embody an 
idealized representation of the West Lake landscape, 
reflecting human refinement and interpretation. The “Ten 
Scenes of West Lake” possess distinct features but are

cohesively interwoven into the overall ambiance and 
spatial composition of West Lake, creating a refined and 
harmonious pattern. They are illustrated in the Ten Scenes 
of West Lake by Lan Shen, the Qing Dynasty’s artist. As 
demonstrated below (Fig. 4).

The “Ten Scenes of West Lake” exemplifies a logical 
integration of natural components, including mountains, 
water, and vegetation, resulting in an exquisite environ-

mental art design. This also presents the criteria for our 
research subject―Inner Ring Road, and the development of 
West Lake beautiful areas: whether the existing planning 
constitutes a rational integration of various aspects, and 
serves as a cohesive network to enhance the visitor 
experience.

The majority of heritage sites surrounding West Lake are 
predominantly located near these ten landscapes. West 
Lake development materials released by the Hangzhou 
Municipal Government indicate that there are 68 significant 
areas of interest in the picturesque area surrounding West 
Lake (Fig. 5). All of these heritage sites are situated within 
the 1000 m buffer zone of the Inner Ring Road, ensuring 
accessibility.

Fig. 1 Research framework.
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2.3. Street view images

Regarding the acquisition and preparation of street view 
images, we obtained the road network data for the Inner 
Ring Road in the West Lake scenic area via an open street 
map. We identified the precise paths of the Inner Ring Road 
based on public government documents. The street view 
imagery was primarily sourced from Baidu Street View 
(BSV). BSV is a mapping service website that offers visual 
information of streets in over 600 cities across China (Yue 
et al., 2022). Research using BSV is becoming more and 
more common, especially in the field of urban planning,

due to its ability to provide large-scale and multi-

perspective visual information about the city. The research 
directions and applications of BSV include urban environ-

mental assessment and monitoring (Han et al., 2023; Liang 
et al., 2024; Wang et al., 2024), urban planning and design 
(Qin et al., 2024; Wu et al., 2024), socio-economic 
research (Xu et al., 2023; Zhang et al., 2022), as well as 
transportation and safety (Pan et al., 2024; Ren et al., 
2024), among others. Deep learning (Tao et al., 2022), 
image processing (Qin et al., 2024), and spatial analysis 
(Zhang et al., 2024) are commonly used technical ap-

proaches. The BSV was obtained by the Street View 
Vehicle, which is equipped with a GPS and a fisheye lens. 
The GPS records the vehicle’s geographic location while 
traversing the street, and the fisheye lens captures 360 � 

street view photographs. The primary advantage of Street 
View images compared to other data is that they are ob-

tained from a camera affixed to a vehicle traversing the 
street, thereby aligning more closely with the perspective 
of an individual navigating the Inner Ring Road in West 
Lake, as opposed to images of sidewalks or streets that are 
not accessible to other vehicles.

We used BSV photos as a surrogate for the street view 
environment. Nevertheless, the seasonal variability of 
plants may result in an inaccurate assessment of street 
greenness if the date of the image is not taken into ac-

count. The Baidu Street View metadata API offers data 
regarding the latitude, longitude, and date of the captured 
photographs. The findings indicate that the majority of the 
BSV photos utilized in this study were captured during the 
summer months and were updated approximately in June 
2020, aligning with the actual utilization of the study re-

gion. Based on the dimensions of the study area, we 
established sampling locations uniformly at 10m intervals. 
Ultimately, we acquired a total of 1276 genuine panoramic 
photos.

Fig. 2 Inner Ring Road of West Lake and major heritage sites. 

Source: Standard Map Service System of China, revised by the 

authors.

Fig. 3 Map of West Lake. Source: Lin’an Prefectural Gazetteer of southern Song Dynasty.
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Moreover, the inherent properties of panoramic photo-

graphs lead to image distortion (Li et al., 2018), with pro-

nounced distortion at the top and bottom of the image (Tsai 
and Chang, 2013), rendering it inappropriate for subse-

quent metric calculations. The distortion at the center of

the image is minimal. It has been shown that cutting the 
central section of a panoramic image can be utilized to 
assess the visual closure of roadway walkability (Yin and 
Wang, 2016). The less warped the cropped segment is, 
the more closely it resembles the human visual field (Ki and 
Lee, 2021). Consequently, this study employed the same 
methodology to crop and utilize the segment of the pano-

ramic image that aligns with the pedestrian’s perspective 
and exhibits minimal distortion (Fig. 6).

2.4. Semantic segmentation

Identifying and delineating landscape components in a 
photograph is essential for accurately assessing the visual 
quality of a roadway. Semantic segmentation is a sophisti-

cated technique for classifying photos into various ele-

ments (e.g., structures, sky, vegetation, automobiles) at 
the pixel level. We chose the DeepLab v3 model for our 
research. It has been applied to a variety of scenarios, 
proving its segmentation accuracy and efficiency. Such as 
road extraction (Mahmud et al., 2021; Sussi et al., 2024), 
cityscape analysis (Li et al., 2024; Zhou et al., 2024), traffic 
conditions (Pan et al., 2024) and so on.

The choice of dataset has a significant impact on the 
results of model identification. The dataset used in this 
study is ADE20K, which exhibits robust generalization ca-

pabilities and is recognized for its precision and efficacy, 
particularly in street scene segmentation. It was released 
by the Massachusetts Institute of Technology (MIT) and

Fig. 4 Ten Scenes of West Lake by lan Shen, Qing Dynasty.

Fig. 5 Distribution of significant heritage sites in the scenic 

area surrounding West Lake.
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contains over 20000 finely annotated images covering a 
wide range of indoor and outdoor scenes. It is currently 
one of the most comprehensive datasets for scene parsing 
and semantic segmentation (Zhou et al., 2017, 2019). 
Relevant studies have demonstrated its excellent seman-

tic segmentation capabilities in multiple domains (Liu 
et al., 2023, 2024; Zhang et al., 2023), especially in 
quality assessment for urban planning (Yuan et al., 2023) 
and complex environment recognition (Sediqi and Lee, 
2021). The pre-experimental results indicate that the 
picture segmentation trained on this dataset is more 
detailed and can precisely delineate the features around 
the Inner Ring Road in West Lake. This method produces 
annotated photos that can precisely quantify the area 
percentage of each landscape component, facilitating an 
objective evaluation of the streets’ visual quality.

2.5. Evaluation indicator system

The development of an indicator system is crucial for 
assessing the spatial visual quality of streets. In recent 
years, the development of the street spatial visual evalu-

ation index system has evolved from a unidimensional 
framework to a multidisciplinary, comprehensive evalua-

tion system, with research emphasizing the categorization 
of index dimensions, innovation in technical methodolo-

gies, and the amalgamation of subjective and objective 
data. Diversified expansion has been achieved in the indi-

cator dimension, encompassing objective indicators like 
visual preference (Huang et al., 2023), an aesthetic 
dimension characterized by composite indicators such as

landscape hierarchy (Harvey et al., 2015), and functional 
aspects including visual similarity (Verma et al., 2024) and 
traffic sign infrastructure recognition (Campbell et al., 
2019). From a technological perspective, artificial intelli-

gence technology substantially enhances the intelligent 
building of systems (Xu et al., 2021), exemplified as street 
scene information extraction with convolutional neural 
networks (Zijing and Hao, 2024). The collecting and 
application of objective data depend on satellite remote 
sensing (Chen et al., 2022), network street view photos 
(Zhang et al., 2025), drone technology (Jinji and Yuanqin, 
2020), and other methods for extraction. Subjective data, 
conversely, are mostly acquired through questionnaires 
(Han et al., 2022), human-computer interactions (Yao 
et al., 2019), and several other techniques to ascertain 
users’ preferences.

The establishment of an evaluation index system should 
be closely related to the selected research area. And it is 
necessary to organize and summarize the indicators that 
have been extensively validated to enhance the applicability 
of the system in other scenarios. This study focuses on the 
internal roadways of the lakeside. The selection of evalua-

tion indicators and the computation of visual parameters 
should prioritize cultural experiences and heritage re-

sources, accurately portraying the actual environment 
encountered by users in street spaces. The index system we 
ultimately developed can be classified into four categories: 
Landscape, Openness, Artificial, and Feasibility.

(1) Landscape significantly influences driving behavior in 
tourist destinations. The visibility of greenery and the

Fig. 6 Processing of cropping of distortion in the street view image.
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diversity of plant populations might influence the 
perception and evaluation of heritage items (Xu and 
Niu, 2024). The proportion of the lake within the 
field of vision is also significant, as it is a key land-

scape element that effectively represents West Lake.

(2) The sky’s openness and confinement are also signifi-

cant. An expansive vision enhances the perception of 
freedom, but a constricted vista highlights essential 
elements.

(3) The transitional space between streets and buildings 
serves as an extension and penetration from the 
streets into the constructed environment, typically 
featuring street furniture such as store signs, light 
poles, rest facilities, and other structures. Their 
location is related to the advancement of commerce, 
tourism, and various sectors, playing a crucial role in 
improving the functionality and image of the scenic 
area, while showcasing the diversity of the visual 
aesthetics of the street.

(4) Feasibility is a crucial quantitative metric for an in-

ternal thoroughfare featuring scenic attractions. The 
street’s intricacy will influence driving velocity and 
visual perception, so it must be incorporated into the 
assessment criteria.

These four categories can be further divided into Green 
View Index (GVI), Greenery Diversity Index (GDI), Blue View 
Index (BVI), Sky View Index (SVI), Spatial Enclosure Index 
(SEI), Building View Index (BuVI), Service Facility Index 
(SFI), Road Walkability Index (RWI), and Road Traffic Index 
(RTI) (Table 1).

3. Results

3.1. Semantic segmentation results

The image segmentation results yielded a diverse array of 
visual elements, including trees, sky, roads, buildings, cars, 
and grass. We conducted parameter calculations and pre-

sent the top 10 most significant elements in proportion as 
an example (Table 2). The findings indicate that:

(1) There exists a notable disparity in the proportionate 
coverage within the field of view. Trees, sky, roads, and 
buildings dominate the field of view, comprising over 
80 % of the visual composition, which forms the foun-

dation of the visual landscape of the Inner Ring Road. 
However, this can also result in excessive tree cover 
which will obscure viewing while creating shade space.

(2) The proportion of trees and sky in the field of view 
demonstrates the highest standard deviation among 
these elements, signifying their variability and 
dynamism, which contribute to a broader range of 
visual perceptions. But are these elements of the 
same proportions for a long time, or is there a sharp 
change of rhythm to reduce people’s visual fatigue. 
This requires more in-depth research.

(3) In addition, there are some interesting findings. The 
maximum value of “water” is only 0.139251, which 
indicates that it is not the main landscape element of 
the Inner Ring Road of West Lake. This result is

contrary to the planning purpose of the road itself. 
The poor performance of “sidewalk” may also indi-

cate that there are fewer pedestrian-friendly paths 
within the area, but this still needs to be further 
confirmed.

3.2. Visual quality analysis of street space

The segmentation results are derived from the previously 
established visual evaluation index system. Visual element 
data is aggregated at each sampling point. The results of 
the extraction and calculation of visual elements are pre-

sented, with a color gradient from green to red repre-

senting low to high values.

The spatial distribution of each landscape index in West 
Lake exhibits notable regional disparities and internal cor-

relations. In the Landscape dimension, (1) the Green View 
Index is predominantly elevated, with the western moun-

tains and northern regions constituting the primary visual 
elements due to their dense arboreal and grassland 
coverage (Fig. 7). Conversely, the index approaches zero in 
the northeast, attributed to the prevalence of commercial 
complexes. This is the devouring of the ecological space of 
the heritage area by the continuous expansion of urban 
capital. Dense commercial complexes are a one-way 
exploitation of the economic value of the land, seriously 
jeopardizing the ecosystem service value of this area.

(2) The Greenery Diversity Index mirrors the Green View 
Index but exhibits more significant fluctuation, particularly 
in the western region of the city, where the abundance of 
plant species in natural areas is notably remarkable, 
significantly alleviating visual fatigue (Fig. 8).

(3) The Blue View Index exhibits inadequate water visi-

bility, with only the southern section of the water area 
meeting the criterion, highlighting the deficiencies of the 
lakefront road’s hydrophilic qualities (Fig. 9). This is an 
implicit deprivation of public space rights in the heritage 
area. Visual accessibility deficiencies of water-friendly 
spaces should be enhanced by rationalizing the assess-

ment of view corridors and removing visual barrier 
structures.

In the Openness dimension, (1) the Sky View Index and 
Green View Index exhibit a negative correlation, with the 
dense tree canopy creating a natural shading system that 
improves spatial comfort while exacerbating the site’s 
enclosure (Fig. 10). However, excessive and continuous 
enclosed spaces can fatigue people and enhance the sense 
of oppression. Too many trees can also lead to increased 
homogenization of the area.

(2) The Spatial Enclosure Index reveals a complex 
pattern: the northeastern commercial district and the 
northern segment of the tunnel beneath the lake exhibit 
the highest building density (Fig. 11). Dense buildings and 
lack of greenery may lead to an increased heat island effect 
and a sense of spatial oppression. This completely artificial 
environment may reduce people’s willingness to explore. At 
the same time, the western landscaped area generates a 
semi-open space by establishing a visual corridor through 
the arrangement of trees and shrubs. This maintains a de-

gree of privacy while avoiding complete closure It is worth 
extending to other areas.
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Table 1 The West Lake Inner Ring Road landscape visual evaluation index system.

Dimension Item Description

Landscape (Liu et al., 2021; 

Zhang et al., 2023; Zhang 

et al., 2025)

Green view index 

(GVI)

Sum of the area proportions of all visible greenery components (e. 

g., tree, plant, grass, flower, and palm).

GVI n � 
PK

i�1G i;n ,

where K denotes the total number of greenery components 

considered, and G i;n represents the area proportion of the i th 

greenery component in the n th street image.

Greenery diversity 

index (GDI)

Shannon diversity index based on the area proportions of all 

visible greenery components (e.g., tree, plant, grass, flower, and 

palm).

GDI n � � 
PK

i�1G i;n ln G i;n ,

where K denotes the total number of greenery component 

considered, and G i;n represents the area proportion of the i th 

greenery component in the n th street image.

Blue view index 

(BVI)

Area proportion of water in a view.

BVI n � B n ,

where B n represents the proportion of water pixels in the n th 

street image.

Openness (Jiang et al., 2022; 

Rui and Cheng, 2023)

Sky view index 

(SVI)

Area proportion of sky in a view.

SVI n �V n
where V n represents the proportion of sky pixels in the n th street 

image.

Spatial enclosure 

index (SEI)

Sum of the area proportions of all enclosure components (e.g., 

building, plant, fence, skyscraper).

SEI n � 
PK

i�1E i;n ,

where K denotes the number of enclosure components 

considered, and E i;n represents the area proportion of the i th 

enclosure component in the n th street image.

Artificial (Zhang et al., 2025; 

Zhang et al., 2025)

Building view 

index (BuVI)

Sum of the area proportions of all visible building types (e.g., 

building, hovel, skyscraper).

BuVI n � 
PK

i�1Bu i;n ,

where K denotes the number of building types considered and 

Bu i;n represents the area proportion of the i th building type in the 

n th street image.

Service facility 

index (SFI)

Sum of the area proportions of all visible service facilities for use 

and decoration (e.g., bench, streetlight, signboard, canopy, 

sculpture).

SFI n � 
PK

i�1F i;n ,

where K denotes the number of service facility types considered, 

and F i;n represents the area proportion of the i th service facility 

type in the n th street image.

Feasibility (Rui and Cheng, 

2023; Wang and Xiu, 2023; 

Zhang et al., 2025)

Road walkability 

index (RWI)

Ratio of the surface area of the walkway (e.g., sidewalk, path, 

runway) to that of the driveway (road), as observed in street view 

images.

RWI n � 

PK

i�1W i;n
D n

,

where K denotes the number of walkway types considered, and 

W i;n and D n represent the area proportion of the i th walkway type 

and driveway in the n th street image.

Road traffic index 

(RTI)

Ratio of the pavement area (e.g., sidewalk, path, runway, road) of 

the street to the total area of all streets examined in the study.

RTI n � 

PK

i�1R i;n
PK

i�1R i;total

,

where K denotes the number of pavement types considered, and 

R i;n and R i;total represent the area proportion of the i th pavement 

type in the n th street image and all street images analyzed 

around West Lake.
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In the Artificial dimension, (1) the Building View Index is 
focused on the northeastern business zone, the eastern 
residential sector, and the northern cultural complex, in 
stark contrast to the zero-value natural landscape in the 
southern and western regions (Fig. 12). It reflects an over-

centralization of the area’s urban functions. This may lead 
to increased separation or even fragmentation of the West 
Lake area, increasing the pressure for cross-regional 
exchanges.

(2) The Service Facility Index is fragmented, exhibiting a 
concentration in the northeastern region, whilst the 
remainder is relatively balanced (Fig. 13). Excessive 
centralized distribution can lead to resource waste and 
overcrowding in public spaces. Even if the indicators are 
evenly distributed, there may still be a problem of a single 
type of service facility. Subsequently, detailed statistics 
and analysis should be conducted on facility categories to 
enhance people’s accessibility and user experience.

Table 2 Semantic segmentation results of landscape el-

ements in the Inner Ring Road of West Lake.

Category Range Mean SD

Tree (0, 0.731895) 0.460347871 0.176396407

Sky (0, 0.561155) 0.216035744 0.13621677

Road (0.037158, 0.235775) 0.122911276 0.039404043

Building (0, 0.341409) 0.041557688 0.061249296

Plant (0, 0.169712) 0.034973339 0.029682525

Sidewalk (0.000373, 0.094281) 0.030612516 0.017596507

Car (0, 0.126916) 0.018970081 0.019152615

Water (0, 0.139251) 0.013280591 0.023220688

Wall (0, 0.443295) 0.012625094 0.030436503

Grass (0, 0.08916) 0.007571149 0.009787797

Fig. 7 The green view index around West Lake.

Fig. 8 The greenery diversity index around West Lake.

Fig. 9 The blue view index around West Lake.

Fig. 10 The sky view index around West Lake.
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In the Feasibility dimension, (1) the Road Walkability 
Index indicates that the southwestern region of West Lake 
has superior pedestrian pathways (Fig. 14). However, the 
overall situation is still dominated by vehicular roads, 
which can lead to fragmentation of the overall pedestrian 
network.

(2) The Road Traffic Index indicates that the eastern 
section of West Lake possesses the most efficient trans-

portation infrastructure (Fig. 15). An over-reliance on 
motorized lanes can sacrifice slow-moving space while 
improving accessibility and has the potential for traffic 
congestion. In contrast, the western section is less robust. 
Overall, the north-east is heavily influenced by urbaniza-

tion and therefore has a more developed road transport 
system. The areas closer to the interior have a single mode 
of travel. This weakens regional connectivity. In the future, 
the road system should be improved in a rational and 
graded manner to build a pedestrian network throughout

the region, and thus implement dynamic management of 
streets.

3.3. Characteristics of extreme value

By examining the extreme values of each indicator, one 
may ascertain the distribution of these extreme indicators 
and thereafter analyze and modify them to suit the specific 
context (Fig. 16).

The spatial distribution of each landscape index in the 
West Lake area exhibited multi-dimensional differentiation 
(Fig. 17).

The dominance of natural landscapes is primarily 
located in the western region, where dense forests and 
significant spatial closure mark the area with the highest 
Green View Index. This area is an example of ecological 
conservation with reduced human intervention, and 
reasonable conservation measures should continue to be

Fig. 11 The spatial enclosure index around West Lake.

Fig. 12 The building view index around West Lake.

Fig. 13 The service facility index around West Lake.

Fig. 14 The road walkability index around West Lake.
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imposed in the future to maintain natural features. In the 
northeastern region, the Greenery Diversity Index reaches 
its maximum value, attributed to the prevalence of artifi-

cialized environments featuring street trees and flower 
beds, which enhance diversity but contribute to visual fa-

tigue. Street view image also show that overly dense arti-

ficial landscaping can diminish the natural attributes of the 
entire area. While the southern peak area boasts the 
highest Blue View Index, the visibility of the lake is limited 
by both vegetation density and design constraints, indi-

cating a deficiency in water-friendly experiences. This ex-

poses the imbalance between functionality and aesthetics 
in modern landscape design.

The artificial areas show considerable contradictions. 
The Sky View Index in the northeast shows the highest 
value, attributable to the density of buildings, which 
highlights the significant shading effect of the tree canopy 
in the natural area. This is also related to the ratio between 
building height and street width. In order to create a good 
rhythm of spatial enclosure, this indicator should be sub-

sequently measured rationally. Conversely, the extreme 
value of the Spatial Enclosure Index is observed in the 
continuous tunnel traversing the northeast, where the 
enclosed space disrupts multi-dimensional landscape 
perception and alters the temporal and spatial rhythms of 
landscape experience through variations in speed. These 
spatial indicators reveal one of the problems with heritage 
area design: in the pursuit of function and efficiency, we 
are unconsciously dissolving the continuity of landscape 
perception.

The arrangement of buildings and facilities enhances the 
functional characteristics of the space. The northeastern 
commercial area exhibits the highest Building View Index 
and Road Traffic Index, underscoring its urban interface 
characteristics. However, the high population density and 
complex traffic patterns contribute to congestion, espe-

cially on holidays. Therefore, it is necessary to implement 
reasonable diversions and guidelines in this area. A three-

dimensional transportation system is also one of the

potential solutions. In contrast, the southern region lever-

ages the Leifeng Pagoda heritage group to achieve a peak in 
the Service Facility Index, facilitating connectivity between 
the mountain forest and urban space via transportation 
facilities. It can be used as a paradigm for the promotion of 
urban service functions in heritage areas.

The Road Walkability Index is highest in forested areas, 
indicating a significant level of walking activity in natural 
environments. However, the highest values of the Service 
Facility Index are not in this area, so there may be infra-

structure deficiencies. The convergence of various trans-

portation modes in the Northeast increases the Road Traffic 
Index value while diminishing the recreational quality of 
the landscape. Therefore, appropriate improvements to 
the traffic mixing dilemma are necessary. This can be 
improved by increasing the natural proportion of this area, 
or by enhancing cross-regional linkages.

The indicators collectively illustrate the composite 
contradiction arising from the interaction between artificial 
intervention and natural succession in the West Lake scenic 
area, adhering to the pattern of "West lake, East city".

The minimum values for the nine indicators are pre-

sented (Fig. 18). The selection of the minimum value is 
significant due to the unique conditions of the site (the 
tunnel beneath the lake), which results in a more signifi-

cant number of landscape points exhibiting a zero value for 
a specific indicator (Fig. 19). This selection focuses on more 
typical scenarios for narration.

The tunnel’s presence notably influenced the assess-

ment of the roadway’s spatial quality. The minimum values 
of the Green View Index, Greenery Diversity Index, and Sky 
View Index were found in the tunnel beneath the lake. 
Extended tunnel travel durations resulted in a fragmented 
landscape experience. This is one of the current problems 
within the area. This section exacerbates the conflict be-

tween artificial facilities and nature conservation. Subse-

quently, reasonable consideration should be given to re-

routing the route, or improving the decorative design of the 
side walls inside the tunnel on top of the original to reduce 
the sense of severance.

Additional indicators are similarly defined. The lowest 
Blue View Index is found in the commercial area. This is also 
a common problem throughout the area. The lowest values 
of the Spatial Enclosure Index and Building View Index are 
situated in the forested landscape to the west, both of 
which are closely linked to the site’s composition. The 
proximity of the Service Facility Index indicates a reduced 
level of artificiality in the forested landscape. They reflect 
the ecological advantages of the area, but insufficient 
service facilities can also affect people’s experience, 
leading to a homogenization of landscape functions. The 
lowest Road Walkability Index remains in the north-east, 
characterized by a high density of carriageways and a 
limited number of accessible transport systems for pedes-

trians, resulting in walking space being squeezed to a 
critical mass. This area also with a low Road Traffic Index, 
which are mainly characterized by carriageways only. Nar-

row lanes and high traffic can create a vicious cycle. 
Therefore, the reorganization and redistribution of traffic 
space is urgent and necessary. For example, building an 
intelligent transportation system, installing traffic flow-

Fig. 15 The road traffic index around West Lake.
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aware signals, or implementing different vehicle control 
measures on weekdays and holidays. These measures may 
protect the ecological substrate of the area while 
enhancing the service functions, and ultimately reshape 
the right-of-way allocation for pedestrians and vehicles in 
the Northeast District.

3.4. Classification of feature scenarios

This study utilized k-means cluster analysis, informed by 
the assessment framework’s results, to identify five distinct 
scenes in the scenic spots surrounding West Lake, each 
characterized by unique assessment indicator values. We 
employed the SPSS data analysis tool to examine the indi-

cator values across 1276 study sites, identifying five sig-

nificant categories (Table 3).

As far as the concrete is concerned, Cluster 1 has a high 
Green View Index, Greenery Diversity Index, and a low level 
of artificiality. The lower Spatial Enclosure Index indicates 
that people can see more of the sky, and the Road Walk-

ability Index belongs to a relatively average group, but with 
more complex traffic patterns. Therefore, Cluster 1 is a 
traffic-oriented scenario with better greenery.

Clusters 2 and 3 exhibit similarities in possessing a 
favorable Green View Index alongside a high Greenery Di-

versity Index. Cluster 2 highlights the overall impact of 
greenery, while Cluster 3 focuses more on the travel 
experience in conjunction with the environment, as indi-

cated by its high Road Traffic Index. Both are classifications 
of pathways in natural environments conducive to transit.

Cluster 4 exhibits a balanced Spatial Enclosure Index and 
Building View Index; however, it demonstrates a lower 
Green View Index and other natural indicators in compari-

son to the preceding groups. Simultaneously, it exhibits 
minimal visibility of water surfaces, categorizing it as the

Fig. 16 The highest values of spatial quality indicators for scenic spots surrounding West Lake.

Fig. 17 The spatial distribution of the highest value of the

indicator.
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group with the most unfavorable overall ecological envi-

ronment. This scene is characterized by numerous artificial 
structures and associated service facilities, representing 
the most abundant type of scene and being particularly 
suited for offering supplementary services at tourist 
attractions.

Cluster 5 is characterized by specificity and a lower 
quantity. The primary focus is on traversing roads situated 
within tunnels, leading to the highest Spatial Enclosure 
Index and minimal values in other metrics.

The figure illustrates the spatial distribution of five 
clusters of scenes identified through k-means cluster anal-

ysis (Fig. 21).

By visualizing the distribution of different categories of 
spaces, we can discover that the West Lake scenic area is 
approximately categorized into an artificial scenic location 
in the northeast and a natural scenic location in the 
southwest. This facilitates subsequent overall management 
and planning. (1) Cluster 1 is distributed across the north-

east, south, and west of the site. However, the distribution 
is very scattered and occurs mainly as an articulated part of 
different zones. (2) Cluster 2 is predominantly situated in 
the western forest scenic area, noted for its high green 
visibility and enclosure. It presents a good continuity in 
general and the few interrupted landscape rhythms avoid 
its negative effects. It is the main embodiment of the 
natural attributes of the West Lake area. (3) Cluster 3 
represents the continuous landscape characterized by the 
highest quantity and longest duration distance, serving as 
the predominant scene in the West Lake scenic area. It is 
mainly located in the north, east and south. Continuous 
road traffic connects the whole area. However, this is 
accompanied by a negative visual experience that remains 
unchanged for a long period of time. Appropriate changes 
in planting and spatial enclosure may be an effective

Fig. 18 The lowest values of spatial quality indicators for scenic spots surrounding West Lake.

Fig. 19 The spatial distribution of the lowest value of the 

indicator.
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solution. (4) Cluster 4, characterized by the most pro-

nounced artificial attributes, is situated in the northeast 
and exhibits continuity and coherence. This spatial type 
dominates this stretch of road. The overly dense distribu-

tion has caused the formation of an intensive character of 
the area, making it cut off from the traditional naturali-

zation of the heritage area. (5) Cluster 5 is characterized by 
the tunnel section located beneath the lake. It is an 
important traffic transfer point for the heritage area, with 
a steady and sustained peak traffic flow, and has an 
important role to play in relieving traffic pressure in the 
northeast. But whether it should be classified as a scenic 
route is a question that should be pondered. More rational 
roadway choices can avoid long hours of tunnel driving. At 
the same time, separating daily commuters from tourists 
would be more effective in reducing traffic congestion.

4. Discussion

4.1. Interpretation of main findings

4.1.1. Why is the visibility of water important?

Water plays multiple roles in landscape design. It is an 
essential component of ecosystems, supporting biodiversity 
and providing habitats (Rahmat et al., 2023). It also

regulates temperature and humidity, creating a pleasant 
environment for visitors. Different forms of water can 
significantly enhance visual appeal (Azzam Hamodat and 
Ahmed Yousif Alomary, 2014; Whalley, 1988), by 
combining dynamic and static elements, a rich landscape 
hierarchy can be created (Gawde and Sharma, 2023). Water 
can also serve as a focal point in the landscape, attracting 
visitors’ attention and guiding their movement in conjunc-

tion with infrastructure (Jin and Miao, 2024).

In traditional Chinese culture, water often represents 
the longing for a better life and reverence for nature (Ma, 
2014). For example, water in classical Chinese gardens 
symbolizes elegance and charm (Chen et al., 2023). 
Therefore, the water in West Lake is not only a provider of 
ecological services, but also an anchor for history and cul-

ture (Gao, 2020).

However, our research found that the water visibility in the 
West Lake heritage area is very low, which to a certain extent 
subverts people’s traditional understanding. Existing research 
showed that in West Lake, people are more concerned with 
spaces dominated by natural elements such as water (Y. Chen 
et al., 2023). But due to the unreasonable planting density and 
route selection of vegetation, people can only see very little 
water on the Inner Ring Road. Only by reasonably presenting 
the blue space can a good image of West Lake as a heritage 
area be created. This study is a preliminary investigation of 
these elements, and more precise research methods are 
needed in the future to provide methods and ideas for water 
resource management and design.

4.1.2. How to deal with the homogenization problem? 
Although West Lake has unique attractions such as the “Ten 
Scenes of West Lake,” visual evaluation results showed that 
the scenic area still suffers from a long-standing problem of 
repetitive landscape elements.

Homogenization is a common issue in regional develop-

ment, leading to poor destination imagery and reduced 
competitiveness (Tolvanen et al., 2020). It stems from a lack 
of innovative design, failing to fully leverage and highlight 
local characteristics (Ruiz-Ballesteros and Cáceres-Feria,

Fig. 20 Indicators for different clusters of scenic spots surrounding West Lake.

Table 3 Number of different clusters.

Cluster Number

1 200

2 394

3 513

4 164

5 5

Valid 1276

The bar charts illustrate the variations in specific metrics across 
clusters (Fig. 20).
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2016). This manifests in the replication of template-based 
success stories, an overemphasis on form at the expense 
of visitor needs, and the uneven distribution of resources 
within tourist attractions (Andari et al., 2022). Additionally, 
the balancing of interests between local governments and 
developers can also impact a region’s uniqueness (Hu, 
2015). This often results in the sacrifice of cultural and 
ecological values in pursuit of economic benefits. 

Re-examining the cultural resources of the West Lake 
heritage area is a key measure to solve this problem. As we 
described in the main text, West Lake has rich heritage 
resources, which can be used to customize personalized 
tourist routes and enhance the visitor experience through 
the construction of smart scenic spots. The road network 
should be used reasonably to link various heritage sites, and 
a series of landscapes with small regional characteristics 
should be created based on the historical “Ten Scenes of 
West Lake.” The design of repetitive elements should be 
avoided to form complementary advantages and enhance 
overall competitiveness (Yang et al., 2019).

4.1.3. How should tunnels be treated reasonably? 
Tunnels are mainly designed in heritage areas to facilitate 
transportation. However, there are also many disadvan-

tages, mainly in terms of environmental impact, visitor 
experience, operation and maintenance, etc.

In terms of the ecological environment, tunnels alter the 
flow paths of surface water and groundwater (Ye et al., 
2012), thereby affecting vegetation growth and animal 
habitats. In terms of visitor experience, monotonous envi-

ronments and insufficient lighting can easily cause visual 
fatigue and discomfort (Liu et al., 2023; Song et al., 2024).

Implementing appropriate landscape beautification to 
ensure that tunnel entrances and exits harmonize with the 
surrounding landscape is an effective measure (Ming et al., 
2021). For example, designing lighting systems reasonably 
to adjust brightness and color temperature to simulate 
natural light environments. And installing transitional 
lighting at entrances to help people adapt to changes in 
light intensity (Jiao et al., 2021). Furthermore, incorpo-

rating appropriate local-themed murals, sculptures, and 
vegetation to create visual variety can effectively enhance 
the cultural significance of this gray space (Liang et al., 
2024).

In future, artificial intelligence technology should also 
be used for tunnel safety management, such as using 
computer vision and image processing technology for 
detection and decision-making optimization (Liu et al., 
2024), as well as improving data support with multi-sensor 
and information fusion (Yang et al., 2024), ultimately 
enhancing the overall visual experience of heritage areas.

4.2. Design strategies for the streets of the West 
Lake heritage area

In digital era, experience and observation are critical 
components of spatial understanding. They contribute to 
the conservation and practice of heritage sites. This study 
proposes a methodological system that constitutes a 
fundamental work. The landscape design approach offers a 
human-centered perspective for assessing street landscape 
perception, facilitating the formulation of more compre-

hensive and detailed design strategies. It encompasses the 
subsequent points:

Fig. 21 Distribution of different categories of spaces in the scenic area surrounding West Lake.
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4.2.1. Enhance the visibility of West Lake

As a region where the water system constitutes the primary 
landscape, the visual analysis of the overall street reveals 
that a substantial expanse of vegetation obstructs the 
water system. This contradicts the cultural essence of the 
scenic area. Attention must be paid to the appropriate 
height and crown width of roadside street trees and plant 
groupings, along with the planting density in the subse-

quent enhancement.

4.2.2. Better integration of heritage resources

This study currently analyzes the overall visual space of the 
West Lake ring road; however, further research is required 
to assess the visual quality of specific heritage sites. This 
involves identifying the characteristics of various elements 
and establishing a distinct environment through the man-

agement of plant species, spatial shading, and other fac-

tors. This will enable users to perceive the distinctions 
among the spaces of the “Ten Scenes of West Lake.”

4.2.3. Constructing dynamic changes

From the perspective of overall spatial changes in the 
streets surrounding the lake, indicators such as the Green 
View Index and Blue View Index have remained constant 
over an extended period. This stagnation has significantly 
negatively affected users’ travel experiences, leading to 
fatigue while driving and a diminished visual experience. 
The interplay of open and closed spaces can be achieved by 
aligning vegetation with the adjacent built environment. 
Alternatively, themed streets may be categorized based 
on various heritage resource-rich areas to enhance the 
overall experience while preserving their fundamental 
characteristics.

This method can be utilized in future environmental 
management for the pre-planning and subsequent renewal 
of streets, enabling a statistical analysis of the overall 
landscape quality. Furthermore, by implementing regular 
image acquisition and analysis, the management body can 
achieve dynamic monitoring of the quality of the street 
visual landscape. This facilitates a practical, long-term 
evaluation of the efficacy of street protection and sus-

tainable development.

5. Conclusion

As a transportation infrastructure, the street is a complex 
and critical element of heritage area planning. It needs to 
meet the needs of modern cities while preserving the 
integrity and historic value of the heritage. This includes a 
number of dimensions such as transportation, accessibility, 
public space and economic vitality. The visual quality of a 
heritage area is fundamental in creating attractiveness. It is 
also the key to an integrated tourism system. Through 
rational route selection and management, the advantages 
and characteristics of the heritage will be maximized. In 
this way, the sustainable development of the region can be 
truly realized.

5.1. Key findings of the study

In this study, we chose the Inner Ring Road of the West Lake 
heritage area as our research object. We acquired 1276 
clear and complete street view images of West Lake using 
python. Based on ADE20K as the training dataset, we 
completed the semantic segmentation using DeepLab v3 
deep learning model. They have been validated by a large 
number of studies, so the results of the experiments are 
very significant. We also established a system for evaluating 
visual experience that contains 9 indicators and 4 di-

mensions, which were also selected based on a large 
number of previous studies. The study found the following 
important patterns:

(1) “Tree” and “sky”, with a range of (0, 0.731895) and 
(0, 0.561155) in the total street view images, are the 
two elements with the greatest range of variation and 
the highest number of simultaneous occurrences. 
While the percentage range of “water” is only (0, 
0.139251).

(2) The high greenness of the natural areas in the west 
contrasts with the artificial attributes in the northeast, 
exposing the erosion of the ecology by urbanization. 
The Blue View Index deficit across the area also attests 
to the loss of the dominance of waterfront spaces.

(3) The Green view index, Diversity of plant groups and 
Spatial enclosure index showed that the forest con-

servation effect of the heritage area was significant, 
and their highest values were 0.827867535, 
0.725935158 and 0.443469039, respectively. Howev-

er, they also weakened the Blue View Index, whose 
highest value was only 0.139250731, revealing the 
contradiction between ecological conservation and 
landscape accessibility.

(4) The presence of the tunnels at West Lake results in 
natural indicators converging to 0. The fragmented 
landscape experience reveals the disruption of the 
continuity of the experience of the heritage area by 
the linear project.

5.2. Limitations and future research opportunities

This study applied image segmentation techniques to 
resource-rich landscapes characterized by distinct fea-

tures; however, it presents several limitations and offers 
insights for future research, including the following:

(1) The integration of quantitative and qualitative 
research is essential: While quantitative methods 
effectively assess and manage the visual quality of 
landscapes on both sides of the street, current image 
segmentation algorithms remain limited to intuitively 
combining and matching elements. The calculated 
results fail to capture the observer’s deeper emotional 
responses and attentiveness to the space, thus inade-

quately revealing its underlying cultural value.
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(2) Considerations of dynamic perspectives: The existing 
research primarily focuses on static street view im-

ages from the dataset perspective. In practice, street 
usage is characterized by dynamism and continuity. 
Drivers and pedestrians undergo intricate alterations 
in vision, behavior, and perception within a dynamic 
environment. Consequently, future studies should 
consider the inclusion of field experiments.

(3) Utilization of heritage resources: Historical texts and 
images serve as primary mediums for conveying local 
cultural connotations. Currently, full utilization has not 
been comprehensively achieved. Future research 
should focus on the recognition and segmentation of 
ancient landscape paintings through the training of 
large-scale image datasets, integrating this with textual 
analysis using digital humanities tools to enhance the 
study’s fidelity to the site’s original historical context.

This study illustrates the effectiveness of the approach 
using the case of the Inner Ring Road of West Lake in Hang-

zhou; however, we acknowledge the limitations inherent in a 
single case study. West Lake has unique social, cultural, and 
natural features. Therefore, the applicability of this 
research result to other regions with different socio-cultural 
backgrounds and physical environments may be limited. 
Future research should cover a wider range of heritage areas 
with different geographical and developmental backgrounds 
to enhance the generalizability of research findings. Based 
on this, the approach’s versatility will be validated, and 
comparisons will be conducted to demonstrate the impact of 
various landscape types on visual quality indicators. We 
expect these findings to offer important insights into street 
planning and management strategies for landscape settings 
in designated heritage areas.
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