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Abstract: Public participation is crucial in promoting built environment quality. By using Nancuiping
park in China as a case study, this research brings attention to the digital twin park compared to the
physical replica in a participatory workshop. Using UAV oblique photography, we created a digital
twin model of this park and divided it into six layers to better manage and analyze the environment.
Bracing the ‘bottom-up” design philosophy, in the workshop, we analyzed existing issues in the
park and simulated built environment changes, taking suggestions and comments from participants
into account to support the decision-making of the park’s optimization. Our digital twin model
and physical replica were assessed through a questionnaire in which 59 participants used 3 defined
indicators: usability, interactivity, and scenario simulation and visualization quality. The results
suggest that the physical replica is easier to use in the participatory design. However, the digital twin

model can provide better interactivity and efficient scene simulation and visualization quality. The
check for

updates statistical analysis of the relationship between participants’ feedback on the two models and their
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digital twins for older participants. Meanwhile, the digital twin’s highly interactive features and
high-resolution visualization capability were attractive to the younger and well-educated participants.
Our study indicates future directions to improve the urban digital twin by incorporating human
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feedback into the urban model, thus establishing a two-way interaction between the digital system,
the physical environment, and human perceptions.
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1. Introduction

Urban parks are critical public spaces for physical and recreational activities [1,2], and
they are also one of the primary elements of urban ecosystems and urban landscapes [3-6].
Thanks to the growth of the urban population and its social need for public open green
spaces, we have witnessed an increasing demand for more citizen-centric landscape design,
environmental conservation, and facility management in parks [7,8].

How to integrate human—environment interactions (e.g., feedback and sentiments)
into environmental design or landscape renewal of urban parks is a problem being studied
by various disciplines. Public participation is increasingly important in urban renewal
practices as a result of urbanization, leading to a growing focus on creating a contemporary
governance structure [9]. The concept of public involvement is emphasized in the partici-
patory urban renewal strategy so that citizens can actively participate in environmental
management operations [10-12]. Such a concept is based on communication, sharing,
cooperation, and coordination, and it can give the general public the freedom to live their
own lives and unleash their creative potential [13]. The early involvement of citizens in
40/). the participatory process is crucial to developing eye-level communication mechanisms
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between professionals and local residents, which alternates residents from the role that can
only passively accept landscape changes to the active designer of the local environment [14].
The participatory workshop is the most common way for individuals to participate in such
a participatory practice [15,16]. Through the joint participatory workshop of multiple
subjects (e.g., residents, designers, and local governments), the communication between
different urban governance parties in the area can be effectively improved [17].

Most studies on built environment participatory projects primarily use physical mod-
els (i.e., physical replicas) or 2D maps as tools to interact with the general public and
simulate urban changes [18]. As important as these tools are, we have witnessed an increas-
ing number of studies using digital equipment and models (e.g., virtual 3D models) for
better communication and simulation [19]. Virtual models offer the participatory process
the potential of remote evaluation and near real-world sensing and perception [19]. How-
ever, most of these 3D models adopted grey boxes (without texture information) which
were distinct from the actual landscapes [20]; that is, this simplified virtual 3D grey box
environment cannot capture the entire essence of the built environment. Therefore, whether
such models can be considered a proper tool to evoke participants” perceptions of the actual
environment is questionable.

Meanwhile, thanks to the fast development of the digital twin (a virtual representation
that serves as the real-time digital counterpart of a physical object or process), studies on
virtual perception based on such trending techniques are proliferating [21,22]. A digital
twin takes a high-precision 3D virtual model as the digital base and integrates the attribute
data (e.g., from physical sensors) of numerous objects in the physical space [23]. It can
achieve near real-time data communication between a digital replica and the physical envi-
ronment, which can support the decision-making process of environmental management
for designers, residents, and the government [24]. For the participatory workshop in the
context of the digital twin, high-precision replicas of the physical environment are key to
encouraging public engagement and environmental scenario simulation [24-27].

The digital twin model and physical replicas have the common ground of simulating
built environment changes and, therefore, assisting the decision-making process in envi-
ronment optimization [19,28,29]. The digital twin model can achieve remote virtual display
using virtual reality display devices (smartphone, tablet, VR glasses, etc.) [30], while the
physical model is mainly displayed on site [19]. Existing research on landscape design
has often focused on a single technique of practice. To the full extent of our knowledge,
no research has compared and collaboratively used two such models for environmental
simulation. Meanwhile, no study has been conducted on using built environment digital
twin technology for participatory urban park analysis and design. Furthermore, there is still
a dearth of in-depth investigation on constructing a precise urban digital twin system that
can function as a two-way interactive communication channel in ‘digital system—social
perception—physical environment’, especially in the urban park context.

We conduct this research on an urban park in Tianjin, China to show the use of digital
twin models in landscape design and to compare and also bridge physical replicas and 3D
digital models for broader coverage of public participation. In short, our study questions
are threefold:

*  How do we build a digital twin system of urban parks to support scenario simulation
and spatial decision making in a participatory workshop?

¢  What are the differences in the participants” evaluations when comparing the digital
twin model with the physical replica?

*  How do participants’ evaluations of the two models associate with their sociodemographics?

This paper is structured as follows. In Section 2, we review the state-of-the-art studies
of the concept and method of participatory design and the digital twin system. Section 3 de-
scribes the case study area, methodology and the participatory park workshop description.
Section 4 follows with an elaboration of the findings. Section 5 follows with discussions
and insights into the practical implication and directions for future research. Finally, Section
6 concludes the whole paper.
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2. Background and Related Work
2.1. The Concept and Method of Participatory Design

The planning system, created by the British Urban and Rural Planning Act in 1947,
was the forerunner to public participation in contemporary urban design and planning [31].
It encourages and enables the general public to voice their ideas and needs for urban
development during the design process [32]. Participatory design, as an approach, is
more democratic than the traditional ‘top-down’ design because it allows the public to
shape places based on individual living experiences and redesign the local landscapes [33].
Presently, the ways of urban design, planning, and renewal in most Chinese cities are
dominated by government guidance and policies [34,35]. The government-led design and
planning often neglect the needs of residents, which can lead to unequal expression of in-
terests in the local communities. Thus, social democracy is unavoidably overlooked [36,37].
In contrast, the ‘bottom-up’ concept rooted in the participatory approach offsets such a
defect. Such participatory designs incorporate the views of professional planners, residents,
governments, and other communities to cooperatively improve public spaces in the built
environment and achieve the Sustainable Development Goals [38,39]. The consideration of
‘people’ is the core concept of the participatory approach, aiming to satisfy the needs of
every ‘person’ in the design process [40]. Therefore, the participatory concept is essential to
promoting social democracy. Although such a concept is still in its early stages, participa-
tory design has gained increasing support from people with different backgrounds sround
the world [38,41].

A large body of research has demonstrated participatory workshops to be the pri-
mary method for urban design [42—44]. The workshop for a particular area is often an
intense multi-day design process, during which a group of experts and residents jointly
develop planning strategies, taking feedback and sentiments from the general public into
account [45]. Collaborations that involve, for example, urban designers, residents, and
local authorities can collect in-depth knowledge about the landscape under study [10].
The workshop often includes visualizations in the form of physical or digital replicas and
brainstorming on the design plans. As such, the workshop offers practical ways to take big
groups on board, promote more interactive collaboration, and actively collect feedback on
every minor detail [17,19]. Design, analysis, and negotiation are the three interconnected
elements of this collaborative workshop [32]. The participatory design workshop operation
requires an environment where everyone can equally express opinions and actively con-
tribute to the discussions. Previous studies have affirmed that such interactive discussions
and collaborative designing activities benefit urban planning and preserve public coher-
ence [46,47]. Therefore, the regeneration of urban areas through participatory workshops
has become one of the key strategies for urban development [10,45].

2.2. Digital Twin System and Virtual Participation

Recent studies have increasingly placed their interests in the methodology devel-
opment of digital visualization to encourage interactive communications, such as 3D
visualization [44,48]. Compared with conventional visualization methods such as construc-
tion plans, sections, and perspectives, near real-world 3D digital models can provide a
better visualization effect [19]. A digital twin is a digital replica of a physical object, and
this concept was first introduced by the National Aeronautics and Space Administration
(NASA) as a paradigm for future NASA and U.S. Air Force vehicles [49,50]. The digital
twin concept is becoming popular thanks to the rapid development of technologies that
render the two-way interaction between digital replicas and the physical environment
possible [24,51,52]. The 3D model can visualize spatiotemporal information in space, which
allows the pre-simulation of the urban planning initiatives to identify their strengths and
weaknesses before changing the physical environment [24,53]. Those technologies open up
opportunities for the human to sense urban places in the digital models, thus suggesting
the potential to encourage participation from the general public in the urban planning
process [20,54-57]. With the proliferation of digital twin studies, the oblique photography
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data that can be integrated into the models are increasingly scattered [58,59]. For example,
a solid 3D city model based on geographic data and information, such as a digital elevation
model (DEM) or a digital building model provided by regional authorities, serves as the
foundation for the digital twin [60]. With unmanned aerial vehicle (UAV) oblique photogra-
phy, a high-quality digital base plate for the digital twin model can also be created, yielding
a fine three-dimensional genuine scene model [61,62]. The advancement of UAV oblique
photography, as well as 3D laser modeling approaches, has aided in these multi-regional
built environmental studies [63,64]. As a result, the UAV is now a crucial instrument for
creating a digital twin city and is vital to investigating and modeling the environment [65].

We have witnessed previous studies creating digital twins of urban streets, rivers, and
other locations using digital technologies [20,57]. These techniques have become crucial
tools for environmental analysis and simulating physical changes on the ground. However,
using digital twins for urban park participatory workshop studies has rarely been explored.

3. Methodology and Study Area
3.1. Study Area

Nancuiping Park, a large-scale urban park with an area of about 14,500 square meters,
is located in Tianjin in northern China, a metropolitan city with over 10 million people.
This park serves as an important open space that attracts a variety of public activities from
residents. However, the park has identified existing issues. For example, public facilities
are dilapidated, making them difficult to match with the growing needs of visitors. Our
study area was situated northwest of the park, with a playground for kids, fitness facilities,
several leisure amenities, and landscape sculptures (Figure 1). The reason why we chose our
selected case study area instead of the whole park is that our study area is considered the
most crowded and vital location in the park. It attracts most people to visit and have their
recreational activities in the park. That aside, the whole park is too large to demonstrate a
proof of concept, and it is labor-intensive to create both an information- and semantic-rich
digital twin and a physical replica of the park.

3.2. Digital Twin Park Construction
3.2.1. Real Scene Modeling Using UAV Oblique Photography

To address the first research question, we start by describing the steps carried out to
construct the digital twin park model. Unmanned aerial vehicle oblique photography is an
aerial survey and 3D modeling method that reconstructs the ground objects and landscapes
using multiple oblique photos taken from different angles [66,67]. This approach can
demonstrate the texture information of different objects and generate a high-precision 3D
replica of the ground’s surface with geographical information [68]. This study used the DJI
Phantom 4 RTK drone as the oblique imagery acquisition device. Such a drone is equipped
with a 1-inch complementary metal oxide semiconductor (CMOS) sensor with 20 million
effective pixels. The steps of UAV oblique photography modeling are as follows:

1. Aerial survey: To reduce the effect of shadows on the 3D accurate scene model, we flew
the drone on cloudy days when the solar altitude angle was larger than 30 degrees for
aerial surveys. During the survey, we set 300 flight routes (a course overlap rate of 80%
and a side overlap rate of 70%) with a flying altitude of 30 m. Flying route planning
was carried out through the DJI RTK app, and 7200 aerial images with positioning
and orientation system (POS) information were obtained.

2. Aerial triangulation: We then imported the aerial images from the previous step with
POS information into ContextCapture software. We used the oblique photos taken
from different angles to reconstruct 3D models of ground objects.

3. 3D modeling: We divided the site model constructed from the previous step into
10 tiles to build a mesh model of the area. The oblique images automatically mapped
the texture information. Consequently, we generated a near real-world 3D model of
the park, as shown in Figure 2.
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Tianjin, China , Study area

Figure 1. Nancuiping Park and the study area. Orthophoto maps (left) were taken using UAV
photogrammetry. Source of the satellite image (right) taken from Google Maps.

3.2.2. Digital Twin Park Design

A digital twin model of the urban park builds on several layers of information, and
it takes the 3D accurate scene model based on UAV oblique photography as the base.
Inspired by White et al. [24], we defined six layers in our digital twin park model as
shown in Figure 2, namely the terrain layer, water layer, road and square layer, vegetation
layer, facility layer, and social sensing layer. Among them, the social sensing layer’s data
primarily originated from the participatory workshop that asked participants to provide
feedback on the park. The remaining five layers’ data were primarily derived from the
high-precision 3D model that was gathered by the UAV aerial survey. The terrain layer,
which collects topographical data by removing objects such as public buildings and plants,
is the foundation of the park’s digital twin. Through manual measurement, several voids
in spatial information were filled in, and the relevant void area was given attributes such
as material and size to mimic the physical environment. The water body formed the
second layer. The roads and squares, which are primarily made of hard-surface paving
materials, are the third layer. The fourth layer is the vegetation, which mainly includes
trees and shrubs in the area. The fifth layer is the facilities, including lights, trash cans,
seats, pavilions, sculptures in the landscape, and so on.
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Figure 2. Digital twin system design of Nancuiping Park.

3.2.3. Software and Pre-Settings for the Participatory Workshops

Our study used the Rhino and Grasshopper parametric platform to implement the
park’s digital twin model [69]. We manually assigned matching attributes in Grasshopper
after layering the 3D model created by the UAV based on various semantic information.
For example, trees and shrubs in the park were categorized as the vegetation layer, while
the public seats and outdoor sculptures were categorized as the facilities layer. To render
the model with high accuracy, we chose the Lumion rendering software to display the
virtual environment [70]. Furthermore, we linked Lumion with Rhino through the lumion
livesync plug-in. As such, when we adjusted the digital twin model in Rhino, the Lumion
software could re-render the visual display nearly in real time, and thus the display
efficiency was greatly improved. The Lumion software supports both virtual reality and
animation rendering. We presented the virtual environment using iPads and VR glasses
(head-mounted displays) so that the participants could interact with these devices and the
digital twin environment. By wearing VR glasses, the users could interact with the virtual
environment and fully immerse themselves in the experiments. The users saw a rendered
scene from a first-person perspective, and the VR equipment provided near real-world
experiences for the participants, leading to better perception qualities.

3.3. Physical Replica Construction

The physical replica used in the participatory workshop was a mixture of different
landscape components with their spatial characteristics to represent the actual environ-
ment [71] visually. The scale of our physical replica was 1:100, including the same 6 layers
as the digital twin model: terrain, water, road and square, vegetation, facility, and social
sensing, as shown in Figure 3. The replica was produced by 12 graduate students major-
ing in landscape architecture from Tianjin University. The model used polystyrene foam
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to create park amenities, including benches, pavilions, and landscape sculptures, while
3-meter-square wooden plates were used to construct the entire physical replica base. Trees,
shrubs, grasses, and other realistic items were also placed simultaneously. As a source of
data for the social perception layer, we used post-it notes and other tools (e.g., pushpins
and plastic tape), which the participants could use to mark important information on the
model. The participants could write down the issues they identified on post-it notes and
then posted them to specific areas of the physical replica. Such a physical replica illustrates
the objective characteristics of the park (object categories, scales, locations, etc.) and can be
used for scene simulation by replacing particular objects with other designs (e.g., sculptures,
vegetation, buildings, and sports equipment) using foam blocks, colored cardboard, plastic
clay, and other materials.

Participate with physical replica Participate with digital twin model

Figure 3. Two groups of participants. One group was involved with a digital twin model, and the
other used a physical replica.

3.4. Participatory Workshop in Nancuiping Park

To answer the second and third research questions, we describe here the steps given
to conduct the participatory workshop. The workshop was jointly organized by Tianjin
University, Chung Yuan Christian University, the management department of Nancuiping
Park, and the local authority of Nankai District in Tianjin (Figure 4). Our goal was to
analyze the existing problems in Nancuiping Park through the ‘bottom-up” participatory
workshop and model scenario changes according to the suggestions and comments from
different participants to support the decision making of the park’s optimization. We set up
several advertising stations in three nearby communities (Long bin yuan, Shidai Aocheng,
and Jin gu yuan) to attract residents who knew the park to participate in our workshop. In
total, 59 residents joined this workshop, and they had enough knowledge about this park.
Among the participants, the mean age was 35.3 years, including 8 people older than 60 and
16 people younger than 20, of which 59.3% were female (1 = 35). Meanwhile, 12 people
had education backgrounds at primary school or below, 11 people were at a junior high
school education level, 14 were at a high school education level, 16 had undergraduate-level
degrees, and 6 had postgraduate education and above.
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Figure 4. Participatory workshop in Nancuiping Park.

The participants were divided into two groups: one was involved with the digital
twin model, and the other used a physical replica (Figure 3). The participants were
free to choose whichever they were comfortable with after trial experiments for both
approaches. The digital twin model group consisted of 32 individuals, comprising 14
males and 18 females. The youngest participant was 7 years old, the oldest was 71, and
the average age was 30. The children’s participation was ensured to have their guardians
present and accompanied through the study. We believe that despite the children’s young
ages, as the target audience of the playground, their comments on the facilities are insightful
for environmental improvement, and their voices should not be ignored [72-75]. Among all
participants for the digital twin model group, 12 participants had education backgrounds
below high school (6 with primary school backgrounds and 6 with junior high school
degrees). The rest of the participants had education backgrounds of high school or higher; in
particular, 10 people had undergraduate degrees, and 2 had educations at the postgraduate
level or above. The physical model group consisted of 27 individuals, with 10 males and
17 females. The participants ranged in age from 7 to 68 years old, with an average age
of 41.5 years. Sixteen participants had educations at the high school level or above (10
with bachelor’s degrees and 4 with postgraduate degrees or above), and 11 participants’
education levels were below the high school level. The participants in the digital twin
group mainly used tablets (iPad) and VR glasses (Pico Neo 3) to interact with the virtual
environment. Through virtual post-it notes in the Rhino environment, users added the
environmental issues they discovered and suggested solutions for improving the landscape
in the digital twin model. Under the supervision of our experiments’ assistants, the
participants could alter the landscape setting in the virtual world to model landscape
changes. Participants in the physical replica group used colored cardboard, plastic foam,
and other materials to make landscape sculptures, seats, and other objects and placed
them accordingly for scenario simulation. After the workshop, the participants were asked
to complete a questionnaire on the digital twin and physical models. The questionnaire
adopted a seven-point Likert scale for indicators to evaluate the usability, interactivity, and
scenario simulation and visualization quality of the model (one for the least preferable and
seven for the highest preference). The evaluation indicators of these two models were
further compared with the participants’ sociodemographics (age, gender, and education
background).
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4. Results
4.1. Participation Results

Residents from nearby communities commented on the issues they encountered every
day and pointed out areas where the park could be improved. After collectively summa-
rizing these comments and identifying the issues, we held three rounds of conversations
for both the physical replica and digital twin to understand the existing problems and
improvement directions better. To facilitate discussions, we used paper and digital post-it
notes to position the environmental issues and suggestions for park improvement in the
physical replica and digital twin models, respectively. Such a process has been crucial in
improving the park’s environment.

After comparing the two models, we collected the environmental issues raised by
the two groups of participants and discovered that those issues overlapped. Almost all
of them pointed out the following problems: the park benches and other facilities were
dilapidated, and seats in certain areas were damaged with no seat backs. In addition, it
was also identified that some facilities in the children’s playgrounds were monotonous
with no parent—children interaction space. The landscape sculpture that functioned as
a parasol was already crumbling, which could have potential safety hazards and lead
to a negative landscape impression for the park. The digital and physical replicas also
thoroughly pointed out the issue of the absence of bike parking and other issues.

We used a physical replica and a digital twin model to simulate the park changes based
on the above-mentioned issues. Together with these participants, more than 20 graduate
students who majored in landscape architecture designed the playground equipment, park
benches, and other facilities that required changes. The participants provided our experts
with comments regarding the issues they discovered and pointed out the needs to be
satisfied. In return, these experts gave the participants technical support for the models.
For example, the professionals used Rhino software to produce children’s recreational
facilities and Lumion for scene simulation and a visual display for the digital twin model
group participants. Meanwhile, the physical replica group used a series of props to make
various park facility models for scenario simulation.

Finally, the two groups discussed the content of future landscape design schemes.
As shown in the Figure 5, the workshop participants worked together to design seats
with backrests and redesigned landscape sculptures with sunshade functions. Regarding
the design and selection of children’s recreational facilities, 12 children in the workshop
collaborative selected facilities such as slides, log cabins, and seesaws.

4.2. Statistical Analysis

As mentioned in Section 4, We collected evaluations from the participants regarding
the usability, interactivity, and scenario simulation and visualization quality for the physical
replica and the digital twin model after the workshop. The average usability score for the
group of digital twin models was 4.156, and the standard deviation was 1.238. Interactivity
had an average score of 6.188 and a standard deviation of 0.738. The standard deviation
was 0.780, and the mean score for the scenario simulation and visualization quality was
6.188. Meanwhile, the average usability score of the physical model group was higher than
that of the digital twin group, which was 5.444, and the standard deviation was 0.751. The
average scores of interactivity and scene simulation and visualization quality were lower
than those of the digital twin group, which were 4.111 and 4.074, respectively. For the
participants in this study, the physical model was easier to use. In contrast, the digital twin
model was superior to the physical model in terms of interactivity and scene simulation
and visualization quality.
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Plan A

Plan B

We illustrated the distribution of three evaluation indicators among participants’ ages
and education levels for the digital twin and physical replica (Figure 6). Furthermore, we
analyzed the relationship between the participants’ feedback on the two models and their
sociodemographics (age, gender, and education background). The correlation coefficient
between the digital twin group’s usability and the participants” age was —0.731 (p < 0.05),
indicating a negative correlation. The correlation coefficients between the usability eval-
uation and gender and education level were 0.039 and —0.116 (p < 0.05), respectively,
and the absolute values of the correlation coefficients were less than 0.3, meaning there
was almost no correlation. The correlation coefficients between the interactivity of this
group and the participants’ genders, ages, and educational backgrounds were —0.119,
—0.396, and —0.079 (p < 0.05), respectively, and only the absolute value of the age was
more significant than 0.3, which means that there was a moderate negative correlation
between interactivity and age. There was almost no link between the scene simulation and
display effect scores of this group and the participants’ genders, ages, and educational
backgrounds, since the correlation coefficient values were —0.195, —0.284, and —0.092
(p < 0.05), respectively. The correlation coefficients between the usability evaluation value
of the physical model group and the genders, ages, and educational backgrounds of the
participants were —0.266, —0.379, and —0.391 (p < 0.05), respectively, which means that
there was a moderate negative correlation between usability and both age and educational
background. There was a little positive correlation between interactivity and age but a
slight negative correlation between interactivity and educational background, according to
the correlation coefficients between the interactivity evaluation and participant gender, age,
and educational background, which were 0.220, 0.302, and —0.355 (p < 0.05), respectively.
The correlation values between the evaluation values of the scenario simulation and visual-
ization quality of the physical model and the genders, ages, and educational backgrounds
of the participants were 0.274, 0.171, and —0.310 (p < 0.05), respectively, indicating a weakly
negative association between educational background and the scenario simulation quality
variable.

Figure 5. Examples of designed works in the workshop.
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5. Discussion

The city’s park is inextricably linked to the lives of its inhabitants [76]. The traditional
‘top-down’ expert-dominated way of urban built environment optimization has a trend of
being replaced by the ‘bottom-up” means [10,32,77]. Public participation approaches have
attracted broad interest from multiple disciplines [78-80]. In this research, we organized
a participatory workshop to bring residents into the urban park design process, together
with the park management organizations, designers, and local authorities. We showed that
such a workshop is not only capable of identifying issues and planning solutions but also a
way of prompting built environment justice by involving people with various backgrounds
in the project. The contributions of this paper are as follows.

To answer the first research question proposed in Section 1, we built a digital twin
model of Nancuiping Park using drone oblique photography. The model was divided
into six layers (terrain, water body, vegetation, etc.) to better manage and analyze the
environment. Furthermore, we used this virtual model for participatory design and policy
decisions by adding several proposed and co-designed objects. This generated additional
data that could feed back into the digital twin to identify problem areas in the park that
needed to be developed. This study brings attention to the participatory workshop’s urban
park digital twin system.

To answer the second research question, we compared the digital twin model and
the physical replica using three indicators: usability, interactivity, and scenario simulation
and visualization quality. A total of 59 participants rated the scores using a questionnaire.
We discovered that the digital twin model was superior to the physical model in terms of
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interactivity and scene simulation and visualization quality [81]. In contrast, the physical
model had advantages in terms of ease of use. The demand for residents’” engagement in
public participatory processes requires tools to facilitate communication between different
individuals and participatory stimulus processes for efficiency [79]. However, in response
to existing studies, our study also shows that the single use of physical models or digital
replicas is only the first step to enhancing spatial perception because of the limitations of
the characteristics of the means (e.g., usability and interactivity) [19,20,44]. For example,
the digital twin model attracts younger people to the participatory processes, especially
those familiar with digital devices and technologies. Participants can develop their own
ideas in the virtual environment and propose them to the urban planners to facilitate a
co-design process as a plan of practice. However, such a co-design process using digital
replicas is a barrier for individuals, such as senior citizens or those who are unfamiliar with
digital technologies. Our study suggests the effectiveness of physical replicas for such a
population group. Thus, our research prompts a combined use of ‘traditional” physical
modeling means and ‘trending” digital approaches in the public participatory processes.
We believe such a combination will benefit the general public.

To answer the third research question, we quantitatively analyzed the relationship
between the participants’ evaluations of the two models and their ages, genders, and
education levels. The statistical results demonstrate that the older adults gave lower values
for usability in the digital twin group versus the higher scores given by younger generations.
The comparison suggests that a digital twin model may be more suitable for young people
in participatory workshops than a physical model. Such a “digital gap phenomenon’ can
also be seen in various digital fields and high-tech applications [82,83]. Therefore, lowering
the threshold of digital software and applications for the older generation is essential
in these public participation projects. Therefore, to ensure everyone’s voice should be
heard [84], our research suggests a solution of combining the digital twin model and
physical replica for a better participatory planning process.

This research paves the way for enhancing urban digital twins, which incorporates hu-
man perception data into the urban environment and creates a two-way coupling between
the digital system, the physical environment, and human perception. As was concluded
from our research results in Section 5, the digital twin helps researchers better control the
physical environment by using digitized models to improve our understanding of the
built environment [24]. The digital twin is increasingly being adopted as a tool for urban
environmental monitoring, analysis, and simulation [21,85]. Specifically, the digital twin
has the following highlights:

¢ Collaboration: The digital twin can be a collaborative platform linking residents with
urban designers in a participatory workshop. It allows participants to interact with all
the objects in the digital twin and tag issues and provide comments on urban design
plans to support the decision making of urban designers.

*  High-precision built environment assessment: It organizes spatial and texture information of the
built environment into multiple levels, such as plants, water bodies, and roads and squares,
thus supporting accurate landscape management and built environment assessment.

*  Solution-driven comparisons: Although the digital twin models can be challenging to be
used with the general public in a straightforward manner, from the urban designer’s
perspective, the models provide the opportunity for solution-driven comparisons
of different designs to find the most suitable plans for urban space planning. The
Participation Results section illustrates a range of simulations that can be carried out
using a digital twin of the urban built environment, which is conducive to improving
the accuracy and interactivity of planning and design.

This study faces some challenges and limitations. First, although we set up several
advertising positions in nearby communities to attract residents who knew the park to
participate in our workshop, the final number of participants may not be considered big
enough. However, it is worth noting that this is a common challenge for many other relevant
studies [19,44], although we considered the number of participants we had in this research



ISPRS Int. ]. Geo-Inf. 2022, 11, 452

13 of 17

to be enough to conduct our workshop and deliver research significance. In our future
collaboration with Nancuiping Park and studies on other public open spaces, we should
consider better advertising strategies to attract more participants. Secondly, in our current
experiment, each individual only joined one model group, which may not have been able
to provide a full scope of environmental perception. In the future, we plan to encourage
participants to use both models (the digital model and the physical replica). We expect
that such a process will allow participants to fairly compare each model’s benefits and
limitations. Third, in this study, we classified different objects in the 3D real scene model
manually according to semantic information in the model constructed by UAV oblique
photography, which ensured the accuracy of the digital twin platform. However, this is
also relatively time-consuming and laborious. In future research, we plan to use a deep
learning algorithm to automatically recognize the semantic information in this data source
and classify the objects to improve the existing way of manually classifying objects [86].

6. Conclusions

Participatory design plays a vital role in the renewal and optimization practices of
the built environment. With the continuous advancement of urbanization and the im-
provement of democratic consciousness in China, participatory practices may become the
first option for optimizing public spaces in most cities. Most participation research on
the built environment focuses on physical replicas or 2D maps as a way to communicate
with participants. However, there is no research comparing the environmental simulation
capabilities of the physical replicas and digital twin model [19]. As a case study, our study
used an urban park in Tianjin, China to showcase our participatory landscape optimization
strategy. We coupled the physical replica and 3D digital twin for a collaborative design
process. We organized a public involvement workshop and encouraged nearby residents,
the local government, university students, park authorities, and others to join in.Through
this workshop, we discovered several issues that already existed in the park, including
poor conditions for public facilities (e.g., dilapidated seats without backs), a lack of areas
for parent—child interaction and bicycle parking, and poor visual effects of landscape sculp-
tures, which are of great significance to the improvement of the park environment. Those
issues we found in the workshop commonly exist in urban areas with similar characteristics
(e.g., urban parks that need further improvement or renewal) [87,88]. Therefore, we believe
this study can be applied to other urban open spaces and benefit other built environment
optimization projects.

By comparing the physical replica and digital twin model, we discovered their dif-
ferences through a questionnaire from three aspects: usability, interactivity, and scenario
simulation and visualization quality. Furthermore, we quantitatively analyzed the relationship
between the participants” evaluations of the two models and their ages, genders, and
education levels. We concluded that age is a barrier to promoting digital twins to older
participants. Meanwhile, the digital twin’s highly interactive features and high-resolution
visualization capability are most attractive to younger and well-educated participants. As
a result, we can observe that a single method has some limitations. Compared with the
physical replica, the digital twin model, for instance, has advantages in scenario modeling
but a high use threshold that may not be favorable to elderly individuals or those with less
familiarity with digital products. Therefore, we believe that a better participation-based
design can benefit from mixed methods. Using solely digital twin models in participatory
design workshops may not be appropriate.

From the public participation point of view, the diffusion of interactive and usable
digital twins could enable new forms of collaboration between urban planners, residents,
authorities, etc. and pave the way for new means of rethinking public spaces. Our paper
focused on how to build a digital twin model of urban parks and applied this model
as a method of urban spatial decision making in participatory design workshops. Our
digital twin can also be used for a range of other design and planning decisions. It
also allows for other simulations that require 3D data, such as sunshade analysis in the
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built environment. Authorities can simultaneously share their future plans with the public,
allowing individuals to observe and even explore new design concepts and assess the effects
of these plans, such as modifications to sunshades in urban areas. This can then inform
the policy of the areas of the space in which to place seats and other facilities. In future
works, we also plan to use the state-of-the-art digital twin techniques in other environments
(both the built environment and natural settings) to improve our management ability
and understanding of the physical world. At the same time, this research may inspire
scholars’ interest in learning more about digital twin applications and encouraging public
participation in various built environment improvements.
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