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�. Conc'u-ion 
Theories on how gamification mechanisms affect people�s motivation, behaviour and 
learning in different contexts are well documented. However, research into the 
integration of digital gamification mechanisms with the design of scenic experiences 
in natural exhibition spaces is still at an exploratory stage. 

�ased on the basic model and decisive characteristics of gamification, this paper 
constructs a digital gamification design model. In the specific application of the History 
"useum of HIT �ShenHhen�, the content layout will show different logical states under 
the gamification design and the traditional design mechanism. 

However, as the application process of �design�develop�implement�evaluate� for 
digital gamification mechanism is a longer�term process, this paper has only explored 
it to the content development stage. �urther empirical research in real�life spaces is 
re?uired to evaluate the effectiveness and impact of this design approach. In the future, 
the design approach can be improved and refined in light of practical experience. It is 
also necessary to determine the effectiveness of specific gamification elements in 
depth. This will enable the most appropriate elements to be selected for application in 
the design of future exhibition spaces, further enhancing the positive effects of digital 
gamification mechanisms. 
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Abstract. ICOMOS has pointed out that digital technologies have 
become important ways to protect heritages. Existing researches focus 
on the digital reconstruction of heritage in virtual spaces. Less attention 
is paid to the utilization of heritage entities and the potential for virtual 
heritage interaction to present complex values of heritages. Augmented 
reality (AR) can integrate text, images, and models into digital 
information to add to heritages in real sites. This paper takes the Grand 
Canal， a great masterpiece of Chinese civilization and even human 
history, as a research object. With the acceleration of the urbanization 
process and the change in transportation patterns, the contradiction 
between the preservation of it and urban development has become 
increasingly prominent. Based on the analysis of heritage values, this 
research reconstructs digital models of heritages and develops 
interactions with them in the Unreal Engine, relying on mobile AR to 
create a novel cultural landscape through a combination of virtual and 
real Grand Canal. This research contributes to improving the material 
and cultural living standards of citizens by integrating heritage 
preservation and urban design through the design and development of 
this digital system.  

Keywords.  Digital Heritage Preservation, Augmented Reality, 
Heritage Value, The Grand Canal, Cultural Landscape. 

1. Introduction 
As a witness to history, cultural heritage is a precious non-renewable resource. The 
display and interpretation of heritage is an important way to enhance the public's 
awareness of the value of heritage itself and thus promote heritage preservation(Neil 
A. Silberman, 2008). With flexibility and information integration, various digital 
technologies have been used to display. Nowadays, specialists in architecture and other 
relative areas have seen heritage as a kind of social infrastructure. However, through 
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rapid urbaniCation, the contradiction between the preservation of architectural heritage 
and the development of urban space has gradually become prominent(�ason, 200�). 
�ased on the principle that an augmented reality(A") system can superimpose virtual 
content on real scenes, this paper tries to resolve the contradiction through a well-
designed and developed A" system.  

�igure 	 shows the Wusha Shipyard alongside the �rand �anal, one of the greatest 
masterpieces of hydraulic engineering in human history(%N�S� , 20	�), as the 
research ob3ect. �n the past, many shipyards were built on the riverside, including the 
Wusha Shipyard. Those shipyard architectures and shipbuilding techni:ues also 
became part of the civiliCation of the �rand �anal. �n modern times, however, the 
waterway could no longer accommodate the manufacture and transportation of large 
vessels. Wusha shipyard gradually fell out of use. Nowadays, as a registered historic 
building, the reconstruction of the Wusha Shipyard and its surroundings is strictly 
restricted by regulations. This paper attempts to introduce A" into the urban design of 
this historic area, and discuss the process to design and develop a novel cultural 
landscape combining virtual history and real space through an in-situ digital system. 

Figure 1 Photo of Wusha Shipyard 

�. R�$�t�d R�)��rc! �nd �or#) 
Augmented reality has been widely used in various disciplines including heritage 
display and urban design. "eview and evaluation of these cases contain the specific 
technology used, real scene augmented, and virtual contents generated. 

2.	. A" S(ST�� � " H�"�TA�� !"�S�"&AT� N 
The concept of information augmented on heritages for the exhibition has been around 
for a long time. �n the Heidentor ruins in Australia, its missing forms are complemented 
by setting up transparent acrylic panels with an intact outline at fixed points 
(�edermann and Schmalstieg, 200�). Through the applications of A", �ntra�om 
developed an electronic guide system for monuments that provided on-site restoration 
of ancient �reek monuments(�leue and �Dhne, 200	). There also has been a 
restoration of the mottled and mutilated frescoes on the vault of the �asilica in 
�rasilia(!ortal I es et al., 200�). These researches focus on recreating the physical forms 
or materials that heritage used to be. However, it is difficult to interpret the rich value 
of the heritage by simply recreating its physical components. Studies have also been 
conducted to superimpose virtual living scenes of the past on real space(!apagiannakis 
et al., 200). This enabled audiences to gain a deeper understanding of the culture 
embedded in the architectural heritage. 
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These in-situ A" systems for heritage preservation are still in academic research 
and have not been widely used. However, most of the applications in practice take 
specific ob3ects in reality like postcards as A" markers instead of heritage itself. 
"esearchers have already developed interactive virtual heritage in A" applications 
through game engines such as %nity�� to represent internal structures of the 
architectural heritage(Nagakura and Sung, 20	�) or the design and construction 
process(Niblock et al., 2022). Though these practices dismiss a possible connection 
between real and virtual components for heritages, their concentration on interaction 
with virtual ob3ects can truly increase users' understanding of history(�apell and 
�lliott, 20	�). As values of heritage are multi-dimensional, it is difficult to represent 
the rich culture that heritage contains. As a result, a relatively integrated and 
comprehensive system for heritage presentation is urgently needed. 

2.2. A" S(ST�� � " %"�AN �N&�" N��NT 
"eal environments superimposed by fantastic virtual have been imaged in many pieces 
of research. �eiichi �atsuda proposed a city in augmented space containing compound 
functions like entertainment, guidance, advertisement, communication, and so 
on(�atsuda, 20	0). Nowadays, with the development of both software and hardware, 
it is possible for real-time data transmission and rendering of massive images, which 
are important in an A" system for the urban environment. Therefore, numerous 
applications have been released on the market and come into citiCens' daily life.  

The accessibility and interactivity of mobile A" can enable a closer relationship 
between the public and urban environment including heritages(�handini !endit et al., 
20	�). �igital platforms can open up various virtual content to people with different 
identities, and promote heritage conservation and urban development through their 
systemic co-construction in a further step. Hence, some governments have regarded 
the A" system for heritage preservation as a part of smart city pro3ects (�atchelor and 
Schnabel, 202	).   

�. R�)��rc! Cont�nt �nd M�t!odo$o - 
There are complex factors about heritage preservation and urban design to consider, 
therefore, it is necessary to identify specific aspects of design contents. �eanwhile, as 
a digital pro3ect, this research focuses on not only the design framework but also the 
technical development process of the A" system.  

�.	. ��S��N AS!��TS 
According to the characteristics of A", two levels of design were re:uired primarily. 
 ne is the real scene chosen to be augmented, and the other is corresponding virtual 
content superimposed on reality. That is, the virtual content should be tightly relative 
to the theme of the real scene, instead of a fantastic but irrelative one. �t is challenging 
that the selection of the most representative real space is decided by the value of 
heritage, as well as its augmented virtual content, which re:uests a comprehensive 
understanding of heritage and its culture contained.  

�urthermore, this paper focuses more on the processing of diverse virtual content 
than real space. �or heritages like the Wusha Shipyard, there are different forms of 
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resources to present, including introductive texts, documents or literature, drawings or 
photos, media like videos or audio, and so on. �t is difficult to use suitable kinds of 
resources corresponding to the real scene. Accordingly, the integration of different 
kinds of resources is also important, as they can make a 3oint effort on enriching reality. 
�nteractive operations of these virtual ob3ects should also be taken into consideration to 
help users operate easily and understand the culture interestingly. 

�.2. T��HN��A� ��&�� !��NT 
The system was designed in traditional methods, and the resources were researched 
and processed in both real and virtual terms. At the same time, virtual construction is 
modelled for the architecture of the Wusha Shipyard and its surroundings in �� 
software like "hino. 

Figure � �7uepri9t for 8at.hi9g @irtua7 o-5e.t Aith the rea7 s.e9e 

Although most A" systems are developed using %nity�� and A"�it, this paper 
tries %nreal �ngine and A"�ore for convenience and free accessibility. %nreal �ngine 
is a game engine for developing systems with immersive and interactive manipulation. 
�ts capability of �� rendering can realistically reconstruct virtual ob3ects. �ost 
importantly, its visual programming named �lueprint greatly reduces the technical 
threshold and provides the possibility for an architect to engage in programming. Thus 
it is likely to meet the development needs of multi-disciplinary collaboration. �n this 
research, the resources collected are imported into %nreal �ngine �.�.2 to render and 
make interactive manipulation programming through �lueprint shown in �igure 2. �� 
models can be imported through a plugin called �atasmith. This version of %nreal 
�ngine has inserted plugins for both A"kit and A"�ore to develop and output. 

�. D�)i n �r�%�,or# �nd Cont�nt) 
�aced with the complex composition and surrounding environment of the Wusha 
Shipyard, the design of the system framework and specific concepts of scenes are based 
on its heritage values. �urthermore, this paper designs the presentation methods and 
interactive operations according to the characteristics of the contents.  

�.	. TH��� !�ANN�N� 
We first analyCe the value of the Wusha shipyard as a heritage in three dimensions� 
historical, scientific, and artistic. �igure � shows the process of corresponding the 
intangible value of Wusha Shipyard to specific tangible ob3ects in the real environment. 
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Figure � �Bhi-itio9 &he8e a9d Fu9.tio9 P7a99i9g 

Artistic value can be shown by the specific structural or detailed forms of the Wusha 
Shipyard architecture. �ts main structure is an old-style row frame with a steel truss 
roof. �n the north and south elevations is its red clay brick faEade with a grey clay brick 
base. "hythmic row-frame columns and window openings form the main image of this 
architectural heritage. Also, large windows and embellishments on the gable walls 
reflect the typical style of factory buildings in the local area at the time. 

�or its scientific value, the shipyard and its surroundings can reflect the technical 
processes of the shipbuilding industry. �ts large span structure re:uired for 
shipbuilding, the launching of the shipyard (now destroyed) in old historical 
photographs, and the scenes of the life of the shipyard workers, can all provide 
information for the study of modern ship production activities in the factory.  

�ompared with the artistic and scientific values carried by tangible material ob3ects, 
historical values are more abstract. They are analyCed in terms of two aspects.  ne is 
Huai'an's existence as the hub of canal transport throughout the entire route of the 
�rand �anal. The other is the rise and fall of the �i �anal, a part of the �rand �anal, 
along with the construction of the shipyard. This part is overarching in the system, and 
the presentation of this civiliCation is intended to use the river as an augmented ob3ect. 

�.2. A%���NT�� S��N� AN� �NT�"A�T� N ��S��N 
The image recognition used in A" systems is a marker-based technology, re:uiring 
only a limited amount of the userGs field of view (�o&) to be rendered with computer-
generated graphics(�asapakis et al., 20	�). �ased on the above themes, �igure � shows 
suitable scenes and perspectives to be recogniCed in reality that can present the 
corresponding heritage values for the specific design. As for the values of Wusha 
Shipyard displayed mainly in the virtual system, real space can be planned for other 
functions under the upper planning. 
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�nformation that can be augmented is diverse. �t used to be a simple overlay of text, 2� 
images, and videos, which are much easier to recogniCe. �nteraction especially with �� 
models takes more time and effort but can make visitors easy to understand. �igure � 
also shows the virtual recreated scenes and the interactive operations with each kind of 
resource.  

Figure  Spe.ifi. S.e9ario a9d �9tera.tio9 �esig9 

������ Chronological overlay of canal history 
The existing canal is no longer used for transport and production functions. �n the 
augmented interface, the virtual �rand �anal shows a history dominated by canal 
transportation. This system is planned to restore the scenes of boats traveling on the 
�rand �anal as shown in �igure , supplemented by text and historical maps to 
introduce the history. �n the upper planning, it is designed as an ecological landscape 
river. Therefore, it is mainly retained for water purification and treatment. 

Figure � s.e9es of -oats tra@e7i9g o9 the �ra9d �a9a7 
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As the beginning parts of the application, these augmented scenes of different 
dynasties can be switched through timeline buttons to show the rich history. �nteractive 
operations in this part are basic with relevant text and introductory notes. 

������ Historical re�resentation of industrial �roduction 
This session deals with the procedures of shipbuilding and the life of staff in the factory 
in the 	��0s. A combination of texts, historical photographs, and videos is used to show 
residents' memories at that time. �n the past, the shipbuilding process was mainly 
conducted outdoors, where the dockyard and the platform no longer exist today. The 
system recreates the e:uipment and structures re:uired for the shipbuilding in virtual 
space based on the original layout in reality.  

The interactive experience is only available inside the site and integrated with real 
urban space. �n this area, parts of the ship to be constructed and assembled in digital 
forms are scattered at the starting point and can be put down in the right location 
virtually. This interesting interaction acts as a guidance system to instruct visitors to 
walk following the construction process. Through in-situ augmented experience on a 
real scale, visitors can ac:uire a relatively authentic understanding of the shipbuilding 
process and outdoor space around the shipyard. 

�eanwhile, the real space can be used for other functions to serve citiCens or 
visitors instead of the exhibition, as the information about Wusha Shipyard is presented 
virtually. This area in reality is designed as waterfront green space, setting hard court 
leisure spaces at locations of the best view to imply there exist interactions.  

������ �D enhancement of shi�yard architecture 
The display of the shipyard buildings focuses on architectural details. As the shipyard 
architecture is preserved well in reality, the virtual presentation of the shipyard is 
mainly aimed at the urban space distant from it. �n this way, the attractiveness of the 
whole area surrounding Wusha Shipyard can be enhanced. �ollowing interactive 
operations are proposed for visitors' better understanding of this �� architecture. 

(	) �xtraction of structural elements� �n real space or photography, the steel frame 
structure with large and dense trusses is often hidden beneath the skin of the building. 
�n this system, the A" system can generate and render the virtual steel frame structure 
of the shipyard as a virtual model and make it visible above the skin of the building. 

(2) �nlargement of the facade details� �ompared to the huge volume of the shipyard 
building, small-scale facade decorations are invisible to the naked eye. Highlighting 
details of the window and decorations on the digital interface suggests they can be 
interacted with. �licking on the highlighted section allows users to Coom in and see 
these details of the construction more clearly. 

(�) "otation of the building model� �n reality, the grant siCe of the building also 
makes it difficult to see all angles of it from limited positions. However, a virtual 
building model can make different angles of the roof, foundations, opposite sides, etc. 
visible through operations such as rotation. 
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�nformation that can be augmented is diverse. �t used to be a simple overlay of text, 2� 
images, and videos, which are much easier to recogniCe. �nteraction especially with �� 
models takes more time and effort but can make visitors easy to understand. �igure � 
also shows the virtual recreated scenes and the interactive operations with each kind of 
resource.  

Figure  Spe.ifi. S.e9ario a9d �9tera.tio9 �esig9 
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Figure � s.e9es of -oats tra@e7i9g o9 the �ra9d �a9a7 
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interacted with. �licking on the highlighted section allows users to Coom in and see 
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As is shown in �igure �, this research finally proposes a framework for the design and 
development of an A" interactive system that combines the historic values of 
architectural heritages and the development of urban spaces. Through this framework, 
heritage can be preserved without overexploitation. �eanwhile, it can be made full use 
of as social infrastructure in urban design, both in virtual and real spaces through A" 
and interactive operations. The effects of the system should be evaluated from two 
aspects including heritage preservation and urban development respectively. There 
also exist some limitations to break through in future research.

Figure �� �iagra8 for desig9 a9d de@e7op8e9t pro.ess

.	. �NN &AT� N �N H�"�TA�� !"�S�"&AT� N
This in-situ A" system can complement and enrich heritage entities with intangible 
cultural contents that is difficult to present. This leads to minimal disturbance to the 
heritage entities, as the extent of reconstruction of existing heritages and their 
surroundings has always been controversial.

��� �NT��"AT�N� H�"�TA�� !"�S�"&AT� N AN� ��T( 
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�ased on heritages in reality, the system also works as a digital platform to 
assemble different types of information that can document and display the values of 
heritages. &isitors can get access to the information in an organiCed approach through 
interactive operations with virtual ob3ects, strengthen their understanding of heritage, 
and enhance their awareness of heritage preservation. 

.2. �N��%�N��  N ��T( ��&�� !��NT 
The system ensures minimal disturbance to the local landscape by making full use of 
heritage as a kind of social infrastructure. As most cities along the canal are saturated 
with construction, there are few undeveloped lands. "estoring the historical buildings 
through A" can save the land and reduce the development cost and the disturbance to 
the current life of residents. 

�n addition, the combination of virtual scenes and real sites creates a novel kind of 
urban landscape. �itiCens can experience both fantastic historic circumstances and 
realistic present sceneries, which enriches the spatial dimension of the city. 

The role of the digital economy cannot be underestimated. The application of the 
system can in3ect fresh energy into the city's tourism as well, and enable visitors to 
gradually expand their knowledge of heritage as a whole. As The �rand �anal was a 
cross-regional link for economic and cultural exchange in ancient times, this system 
will reinvent this function. �t can transcend the limits of time and space to enable the 
exchange and interaction of different people. 

�ore than 3ust an exhibition of historical information, the system has the potential 
to work as a part of a smart city system, as the content of the virtual system can be 
expanded without restriction. The easy access and operation also facilitate the 
participation of all levels of people and the variety of activities. 

.�. ����TAT� NS AN� �%"TH�" W "� 
There still exist several limitations in both research and the system. The research 
focuses mainly on the design of virtual aspects, while the real space can also be used 
to suggest the interaction of virtual ob3ects through forms of landscape or architectural 
design such as paving. Thus, the design of the real urban environment is e:ually 
prominent, and the approaches to it will be further researched. 

The current A" system is under experiment, so there still exist some technical 
problems to solve. �or example, the obstacles in the field of view can negatively affect 
the recognition of a specific scene, along with users' virtual experience. Also, the effects 
of this augmented system re:uest to be examined more scientifically through in-situ 
experiments and user interviews. 

�. Conc$u)ion  
�aced with the contradiction between heritage preservation and city development,  the 
design framework of an augmented system is based on diverse values of heritage. All 
these values, including historic, scientific, and artistic ones, along with contemporary 
values proposed recently, correspond to social awareness of history and willingness for 
urban life. Augmented reality provides an opportunity to convey and present these 
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with construction, there are few undeveloped lands. "estoring the historical buildings 
through A" can save the land and reduce the development cost and the disturbance to 
the current life of residents. 

�n addition, the combination of virtual scenes and real sites creates a novel kind of 
urban landscape. �itiCens can experience both fantastic historic circumstances and 
realistic present sceneries, which enriches the spatial dimension of the city. 

The role of the digital economy cannot be underestimated. The application of the 
system can in3ect fresh energy into the city's tourism as well, and enable visitors to 
gradually expand their knowledge of heritage as a whole. As The �rand �anal was a 
cross-regional link for economic and cultural exchange in ancient times, this system 
will reinvent this function. �t can transcend the limits of time and space to enable the 
exchange and interaction of different people. 

�ore than 3ust an exhibition of historical information, the system has the potential 
to work as a part of a smart city system, as the content of the virtual system can be 
expanded without restriction. The easy access and operation also facilitate the 
participation of all levels of people and the variety of activities. 
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There still exist several limitations in both research and the system. The research 
focuses mainly on the design of virtual aspects, while the real space can also be used 
to suggest the interaction of virtual ob3ects through forms of landscape or architectural 
design such as paving. Thus, the design of the real urban environment is e:ually 
prominent, and the approaches to it will be further researched. 

The current A" system is under experiment, so there still exist some technical 
problems to solve. �or example, the obstacles in the field of view can negatively affect 
the recognition of a specific scene, along with users' virtual experience. Also, the effects 
of this augmented system re:uest to be examined more scientifically through in-situ 
experiments and user interviews. 

�. Conc$u)ion  
�aced with the contradiction between heritage preservation and city development,  the 
design framework of an augmented system is based on diverse values of heritage. All 
these values, including historic, scientific, and artistic ones, along with contemporary 
values proposed recently, correspond to social awareness of history and willingness for 
urban life. Augmented reality provides an opportunity to convey and present these 

735



(.(. )HAN�, H.". WAN� AN� �. )H% 

values to the public. Through the superimposing of virtual ob3ects on real scenes and 
interactive operations, this A" interactive system is prospected to work on integrating 
the two factors and improving both of them. 
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Abstract. Taking Street view map and Random forest model as the 
applications and four consumption places in Beijing as case studies, this 
study proposes a method that maps spatial perception preferences at the 
local scale to the global scale by following steps: Firstly, download 
street view images of consumption places from BaiduMap API, then 
combined the preference of the local street view images scores by the 
volunteers of both genders and the proportion of visual elements in the 
images, predicted the preference level of case areas at the global scale 
by the Random forest model, and finally, through FCN model and 
sDNA model, fully revealed the gender differentiation phenomenon of 
consumption places at the image, function and location contents. The 
results indicate that both genders have a preference for places of 
Catering function. Besides, females generally prefer consumption 
places with more conspicuous signboards, greening and better spatial 
design quality, and have clear pre-determined consumption targets; 
males generally prefer consumption places with more conspicuous 
columns, smaller signboards, and have less demand for the spatial 
design quality of consumption places.  

Keywords. Random Forest Model,FCN Model, Built Environment, 
Consumption Places, SDNA Model 
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