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Abstract 

Old Saudi cities have undergone dramatic changes over the last seventy years 

after the boom in the oil industry and urban developments. However, these 

transformations led to the neglect of the old urban fabric by destroying the traditional 

spatial organization, historic buildings, and city walls in different old Saudi cities. 

Consequently, many historical elements changed, and the traditions, lifestyle, spirit, and 

identity of the historical city disappeared, leaving the city without connections to the 

past or associated urban memory. The main goal of this research is to explore the 

potential application of augmented reality (AR) and test its validity and 

acceptance among visitors as a digital tool to evoke the physical urban memory 

and the disappearing urban heritage. Also, raise the cultural heritage awareness of 

visitors and tourists by promoting urban heritage sites and historical buildings. The 

research relies on the process of the scientific research methodology carried through 

multiple research methods — first, the analytical review of the historical background 

of using technology in cultural heritage domain and its interrelation with heritage 

interpretation. Second, the analysis of international case studies that utilized AR in 

historical and touristic sites; and finally, the augmented reality experiment simulation 

method through the application of AR in the historical district of Jeddah through old 

photographs and 3D modeling documentation. The AR mobile application going to be 

used by local visitors and tourists so that they could experience the AR simulation. 

Accordingly, the research anticipated a higher level of acceptance from the users of the 

AR tool and its utilization as a solution for documenting, recording, and managing 

heritage sites and improving their experience or ambiance.  

Keywords: Cultural Heritage Conservation, Virtual Heritage, Augmented Reality 

(AR), Urban Memory, Heritage Interpretation 
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صخلملا  

 طفنلا ةعانص يف ةرفطلا دعب ةیضاملا نیعبسلا تاونسلا ىدم ىلع ةیرذج تاریغت ةمیدقلا ةیدوعسلا ندملا تدھش

 يدیلقتلا جیسنلا ریمدت لالخ نم میدقلا ينارمعلا جیسنلا لامھإ ىلإ تالوحتلا هذھ تدأ دقو .يرضحلا ومنلاو

 رصانعلا نم دیدعلا تریغت ،يلاتلابو .ةمیدقلا ةیدوعسلا ندملا فلتخم يف ندملا راوسأو ةیخیراتلا ينابملاو

 وأ رثأ يأ نود ندملا ةكرات ، اھتیوھو اھحورو اھیف ةایحلا بولسأو ةیخیراتلا ةنیدملا دیلاقت تفتخاو ، ةیخیراتلا

 لوبقلاو ينقتلا قیبطتلا ةیناكمإ فاشكتسا وھ ثحبلا اذھ نم يسیئرلا فدھلا .ةقباسلا ةیرضحلا ةركاذلاب ةلص

 عقاومل جیورتلا لالخ نم حایسلاو راوزلل  ينارمعلا ثارتلاب يفاقثلا يعولا عفرل كلذو .ززعملا عقاولل يعامتجالا

 يتلا يملعلا ثحبلا ةیجھنم ىلع ثحبلا اذھ دمتعا .ززعملا عقاولا مادختساب ةیخیراتلا ينابملاو يرضحلا ثارتلا

 عقاوم يف ایجولونكتلا مادختسال ةیخیراتلا ةیفلخلل ةیلیلحتلا ةعجارملا ،ًالوأ - ةددعتم ةیثحب بیلاسأ لالخ نم تمت

 ھقاوم يف ةقباس عیراشمل تالاح ةساردو لیلحت ً،ایناث .ينارمعلا ثارتلا عقاوم ریسفتب اھتقالعو ينارمعلا ثارتلا

 يف ززعملا عقاولا مادختساب ةاكاحم ةبرجت قیبطت ،ًاریخأوً اثلاث ،اھیف ززعملا عقاولا مادختسا مت ةیحایسو ةیخیرات

 مادختسا لالخ نم كلذ متیس .داعبألا ةیثالث ينابمل جذامنو ةمیدق روص ةاكاحم ىلع تدمتعا يتلاو ةیخیراتلا ةدج

 ىلع ًءانبو .ززعملا عقاولا ةاكاحم ةبرجت نم اونكمتی ىتح حاوسلاو نییلحملا راوزلا لبق نم ززعملا عقاولا قیبطت

 نأً اضیأ نكمی يتلاو مھتبرجت نیسحت ىلإ تدأو نیمدختسملا نم ززعملا عقاولل يلاع لوبق ثحبلا تبثأ ،كلذ

     .ةیثارتلا عقاوملا ةرادإ و لیجستو قیثوتل لحك مدختست

 

.ثارتلا ریسفت ، ةیرضحلا ةركاذلا ، ززعملا عقاولا ، يضارتفالا ثارتلا ، يفاقثلا ثارتلا ظفح :ةیسیئر تاملك  
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Chapter 1 – Introduction 

There are many cultural heritage sites in the KSA. However, there is a lack of 

community knowledge and awareness related to the value of the kingdom’s cultural 

heritage assets. Over the past decade, these historical sites have been recognized and 

listed under the UNESCO World Heritage Sites. Curently KSA has four listed sites, 

including Al-Turaif District in Al-Dir'iyah, Jeddah Historic District (Albalad), Rock 

Art in Hail Region, and Al-Hijr Archeological site (Madain Salih). The kingdom, 

represented by the Saudi Commission for Tourism & Heritage (SCTH), undertakes the 

mission to explore the country’s historical, national, cultural, architectural, religious, 

and natural values and stimulate a local interest to preserve heritage as a sustainable 

recourse (SCTA, 2010). Furthermore, the initiative of the King Abdullah Cultural 

Heritage project to raise awareness about the historical heritage among youth in 2014 

is intended for building a national identity and meeting the country’s strategic tourism 

goal of sustainability in the cultural heritage sites (Alharbi, 2015). The introduction of 

a global practice is recommended from previous research works to raise national and 

international awareness in the KSA (Exell & Wakefield, 2016).  

There was an extensive transformation in the technological, cultural, social, and 

economic aspects in historical Islamic societies. This change has affected their 

environment and socio-cultural values or attributions. The rapid transformation is 

currently destroying and undermining the historical and cultural importance of most 

heritage sites in the KSA. Therefore, it is essential to have heritage planning to retain 

what rapid urbanization left from the historical cities with the city’s future expansion 

and surroundings (Rashid & Bindajam, 2015).  

Nowadays, cities all around the world are witnessing changes due to 

globalization. Globalization has led to profound changes, as most cities and urban 
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spaces are losing their cultural meaning (Beyhan & Gürkan, 2015). Urban spaces are 

currently developed, preserved, and managed as per the modern values and norms 

arising from contemporary life. Globalization, as a modern force, is unprecedented and 

is accelerating towards greater prospects (Ford, 1985). It is beneficial for societal 

integration and even providing people with a myriad of new opportunities. There are 

equally great concerns that the globalization phenomenon has a significant impediment 

for the uniqueness of most local cultures. Which, in essence, can be a challenge, as that 

can lead to exclusion, loss of identity, as well as conflicts (Beyhan & Gürkan, 2015).  

Rapid modernization has negatively impacted traditional communities and 

societies, because most developments based on the models from beyond the societal 

context and, as such, not adapted appropriately within the context of the society (Ford, 

1985). Hence, there is the need to assess how globalization has impacted cultural 

heritages and heritage cities, because scholars recommend the necessity of formulating 

policies that integrate culture at the heart of development agendas and, as such, invest 

in a manner that respects and conserves the local culture and heritage.  

City planners and developers have realized that, for a long time, people have 

constructed their identities, values, and norms based on what they found constructed in 

the heritage places, buildings, and the cultural meanings attached to these sites (Beyhan 

& Gürkan, 2015). The urban spaces provide profound and significant value and thus 

remain in people’s memory as “urban memory” (Beyhan & Gürkan, 2015). Hence, with 

forming an identity becoming a challenge in most cities, it is a transformation that 

should not ignore dealing with this challenge in modern heritage planning. Therefore, 

there is a myriad of challenges for modern-day city planners, and they have to 

incorporate with all essential urban attributes. The movement or flow has been crucial 
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in cultural and heritage studies, which, in essence, define the overall meaning 

constructed out of the social interactions as well as cultural production (Goffman, 1972).    

This study contributes to the Saudi vision 2030 by raising awareness and 

helping in promoting cultural heritage. The research intention is to enhance the 

experience in the historical sites and encourage more exploration from the visitors to 

heritage site by using the augmented reality (AR) tool, which evokes the past within 

the running present, hence living a flashback scene that evokes physical urban 

memories of the historical site. 

 
Figure 1. Research Context, (Author, 2018). 

 Research Problem  

Due to the rapid urbanization and booming oil sector, the kingdom began 

demolishing city walls, which affected the old urban fabric of most of the old Saudi 

cities (Addas, & Rishbeth, 2018). The traditional and spatial organization was also 

affected. Many historic buildings abandoned along with their memories of the traditions, 

lifestyle, spirit, and identity. Indeed, neglecting these treasures without preservation 

will affect their legacy and urban memories. In the case, for the KSA, there has been 

profound effects and implications with the increasing influx of people, especially 
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migrants into the city, bringing about new values and norms that undermine the 

prosperity and cultures of the society  (Addas, & Rishbeth, 2018). To ensure a continued 

legacy, including historical events and the cultural significance of buildings and urban 

spaces, the researcher seeks to find a solution by exploring the potential of applying a 

digital tool, AR, in the context of urban heritage conservation. Most countries adopted  

AR tourist and heritage applications, especially the western or developed ones, but not 

in the KSA. The successful use of AR tools in other countries justifies or demonstrates 

how users have accepted augmented reality, and thus, it can be a vital tool within the 

KSA context in heritage and conservation incentives.  

Moreover, the need for this research is informed by how AR can demonstrate 

significant awareness to the local visitors & tourists about cultural heritage, to bring 

back the memories of the city (old spirit) and identity, which lead to tangible and 

intangible benefits (Boussaa, 2016). However, the research will focus on the tangible 

and physical part from the urban memory by evoking the old buildings and urban 

character only without the social life and traditions. Only through urban heritage, the 

city and society have the chance to conserve and preserve its values for the future 

generation.   

 Research Goal  

The main research goal is to explore the potential of applying augmented reality 

(AR) applications as a digital tool to evoke the KSA’s physical urban memory and 

heritage as well as raise awareness among community sectors such as local visitors and 

tourist to promote urban heritage sites and historical buildings, in order to understand 

the past urban memory. 
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 Research Hypothesis  

Augmented reality (AR) is a tool that can be utilized in KSA heritage field to 

incorporate the visitation experience and how it could  enhance visitors perception, 

emotions, attachment, and encourage visitors for more exploration in KSA urban 

heritage sites.  

 Research Question 

Augmented reality (AR) is currently applied in heritage conservation and 

preservation internationally, as noted in many international case studies (Furht, 2011), 

but this is not the case in KSA. The research explores the utilization of an AR tool in 

the KSA by answering the following questions:  

1. What is the impact of utilizing AR in a specific cultural context such as 

Saudi Arabia, and is it accepted by the community sectors such as local 

visitors and tourists in evoking physical urban memory? 

2. How the augmented reality (AR) tool contribute to sustainable urban 

heritage conservation and tourism development?  

 Research Objectives  

1- Review the historical background of using technology in the cultural 

heritage domain as “heritage digitization,” and “virtual heritage” to list the 

benefits of utilizing AR in cultural heritage sites. 

2- Investigate the current status of digital heritage in the KSA as a tool and 

method in documenting and recording urban heritage sites.  

3- Analyze international case studies that utilized the AR tool in historical and 

touristic sites to evaluate the impact of AR looking into benefits and 

limitations. 
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4- Create an AR application in a real urban heritage site in KSA to explore the 

reaction and response of the community sectors such as local visitors and 

tourists to measure their preferences.    

 Research limitations 

Urban memory is related to the place identity, and several components 

associated with the circumstances that interrelate with the urban memory terminology, 

It is based on the experience defining the people's way of perceiving things. The 

research is approaching the problem of losing the city identity by destroying the old 

urban fabric from the rapid urbanization happened in the old cities in  KSA, which 

affected tangible and intangible urban memories as historical buildings, urban spaces 

with their place memories including traditions, lifestyle, spirit, and identity. The current 

research is focusing on the physical component of  the memory that relates to the place 

as physical buildings and urban places.    

 Research Methodology 

The research relies on the processes of the scientific research methodology 

carried through multiple research methods. The first method is a systematic literature 

review that will focus on the digital heritage era and overview for all digital tools to 

narrow down the review to concentrate on the role and impact of augmented reality 

(AR) in heritage sites. It will specifically explore and review all the benefits from 

utilizing the AR tool in heritage sites such as visitors perception, memory, identity and 

sense of place, interpretation of cultural heritage sites, entertainment, and management. 

The second method is analyzing international case studies that utilized AR in historical 

and touristic sites; the basis for adopting this approach is that case studies offer the 

practical contexts in which an intervention has been applied, and success has been 

achieved or recorded. The third and final method is the augmented reality experiment 
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simulation that will present old photographs and 3D modeling documentation for 

heritage buildings in its previous original status during a specific period; it will be 

offered to users in a particular historical place—the historic Jeddah city—as a case 

study for the research simulation. The users—local visitors or tourists—will be able to 

physically experience the past by viewing the old physical urban character in its actual 

settings, bringing unknown awareness to common space and bringing people closer to 

the historic urban character. Accordingly, the research will evaluate the level of 

acceptance and measure the six impacts of AR on heritage sites gathered from the 

systematic review of the literature by answering the questionnaire designed by the 

researcher. 

 

 

 

 
Figure 2. Research Methodology content, (Author, 2018). 
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Figure. Research Method Diagram, (Author, 2018).   

Thesis Organization 

Figure 3. Thesis Organization, (Author, 2018)



 
 

 

Chapter 2: Cultural Heritage & Technology 
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Chapter - 2: Cultural Heritage & Technology 

Why Heritage Matters? 

The term “heritage” relates to the study of human activity associated with 

tangible1 and intangible2 remains such as monuments and archeological sites and also 

the study of art, cultural identity, traditions, and narratives as evidence of the existence 

of these activities. According to the definition of cultural heritage, “it encompasses 

landscapes, historic places, sites, and built environments, as well as biodiversity, 

collections, past and continuing cultural practices, knowledge and living experiences” 

(ICOMOS, 2002). According to the Oxford English Dictionary, heritage is something 

that can be transferred from one generation to another and has historical or cultural 

value. Nonetheless, the value assigned or accorded by heritage is because people see 

and view it as the core part of their identity, whether natural, communal, or national 

identity (Fitri, Ahmad , & Ahmad, 2015). The cultural dimension of heritage is 

important because heritage helps people connect with certain beliefs, social values, 

customs, and religions (Robertson, 2016). In this regard, it enables and allows the 

individuals to identify with others from the same backgrounds and of similar mindsets. 

In social terms, heritage is a means of innovation and develops an automatic sense of 

unity and belonging within a specific group of people (Sema Uzunoglu & Özden, 2017). 

Hence, it allows people to understand their previous generations and the history of their 

origin.  

1 Tangible heritage includes artistic inventions, constructed legacy such as buildings and 
monuments, and other physical or tangible outcomes of human creativity that are enriched with cultural 
significance in a society 

2 Intangible cultural heritage refers to the practices, representations, expressions, knowledge, 
and skills as well as the instruments, objects, artifacts, and cultural spaces associated with a community 
or group (Lenzerini, 2011). 
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 Urban Heritage and Memory  

Scholarly exploration has outlined and ascertained that heritage sites provide a 

unique spatial and physical interpretation of the unique skills, activities, resources, and 

thoughts of humans that extend beyond time, especially in creating identifiable and 

meaningful realms relating to time, space, and society. Accordingly, heritage sites, 

especially urban heritage, play the role of a tangible intergenerational connection with 

the past, which reflects how humans have endured imprints, their spatial practices and 

overall, their memories of everyday life (Whelan, 2016). Urban heritage aids in 

understanding the overall ethos of urban living and how, throughout time, it has 

reflected and contested nature, the inherent culture of which an individual has to 

decipher within the city along with the spatial memory it provides or presents in 

everyday life. Hence, urban heritage develops or possesses spaces and architecture with 

territories, and boundaries only underpinned on spatial memory in daily life (Rowlands 

& De Jong, 2016).  

2.2.1 Urban Memory 

The study of urban memory, within the context of heritage preservation or 

conservation, has introduced the new concept of urban memory, which is defined as the 

way an individual experiences daily life in a place throughout history as well as the 

social environment (Crinson, 2005). Nonetheless, memory has regarded as a vital 

element in studying the history of a place. Within the urban context, memory entails the 

entangled experiences that one has over time and how it influences the individual’s 

conception of identity (based on the experiences) and, overall, the importance it has in 

shaping and defining people's ways of seeing and constructing meaning out of the urban 

space or time in which they live (Rose-Redwood, Alderman, & Azaryahu, 2008). 
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It remains undisputed that cities also have souls, which, in this case, comprise 

its essential characteristics—the citizens (Crinson, 2005). However, the soul translates 

to or reflects the history of urban spaces, and it is necessary not to erase history. 

Therefore, eternal life must be maintained and must prevail. Urban memory entails the 

city keeping the marks of the constant fashion of transformation or permanence. Urban 

space is specifically an area that unites different historical times. Through this, it 

preserves the city’s history while, simultaneously, providing an opportunity for the city 

to progress in a dynamic fashion (Pajaczkowska, 2005). 

2.2.2 Preserving Urban Memory 

There are various definitions and approaches used in explaining urban memory 

preservation. First, Nasser (2003) defines the preservation of urban memory as the 

combined imprint of change, construction, and the city’s development. Essentially, 

Ringas, Christopoulou, and Stefanidakis (2010) define the activity as the inherent focus 

on identifying the most innovative ways of protecting the cultural or heritage elements 

of the capital and carrying it to the future generation. In this regard, urban memory 

preservation concerns all the efforts and incentives aimed towards ensuring that the 

cultural, architectural, natural, and historical elements of urban areas have remained in 

people’s memory and have been carried forward for the future generation’s enjoyment 

(Ringas, Christopoulou, & Stefanidakis, 2010). The preservation or urban memory 

relies on the notion that cities are unique places where people get to learn of and 

understand various past events. In this case, it meant for projecting and expressing past 

events through narrations and personal memories. Therefore, as noted by Ayatac and 

Araz (2016), the act of preserving the urban memory specifically allows for the 

manifestation of shared memory, which has been crucially molded within a specific 

time or space as the history of humanity continues.  
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Accordingly, Ringas et al. (2010) mentioned that urban memory is a vital 

element of cultural heritage within the city and should be captured and preserved for 

future generations. Additionally, while preserving urban memory, the essential element 

of consideration is the concept of time and space. Furthermore, from the point of 

conservationists, a part of the recommendation is that it is crucial and necessary for 

developing systems and incentives that provide the citizens a chance for proper and 

unique interaction with urban memory by offering memories as well as opportunities 

to view the memory of others (Ayatac & Araz, 2016); (Nasser, 2003) 

2.2.3 Method of Preserving Urban Memory  

The principles used in preserving urban historical sites have identified and 

argued to be completely different from the ones utilized in protecting cultural places 

(DeAlba, 2012). This principle implies that historical urban places still have the 

capability of providing a normal life for its residents as well as performing their 

functions while preserving their vitality at the same time. On the other hand, methods 

applied for preserving urban memory focus on introducing measures that refine the 

infrastructure and improve the resident’s living standards (Foster, 2013). In addition, 

there are concerns and emphasis on preserving the historical properties’ authenticity 

and abandoning the emphasis on replication of the ancient building blocks. When 

implementing the method, the planning for the historical urban areas should focus on 

improving the living standards of the locals while maintaining the vitality of the 

community (DeAlba, 2012)  

Due to such considerations, the measures should be directed explicitly towards 

protecting the integrity, authenticity, and functional continuity of all historical urban 

areas (DeAlba, 2012). Another method or approach is the improvement of the local 
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infrastructure and the overall living conditions, ensuring that the residents participate 

in the decision making through incentives (Foster, 2013).   

 Evolution of Heritage Conservation & Technology 

Throughout the history and development of heritage conservation, the world has 

transitioned through different stages. For instance, the renaissance era had not defined 

tools for conservation but rather depended on ideologies focusing on the restoration of 

buildings, which also witnessed during the European Civil war of the 17th century. That 

mainly depended on the antiquarianism approach to fight expansionism (Zeayter & 

Mansour, 2017). Nevertheless, scientific methods and techniques became more 

prominent in the 18th century, all the methods of which focused on minimizing 

intervention while restoring the buildings and monuments of historical significance 

(Zeayter & Mansour, 2017). Tools and techniques became more advanced during the 

20th century, and the modern conservation approach would depend much on scientific 

restoration. By the mid-1950s, UNESCO introduced the concept of cultural and 

heritage conservation, which since then, have been useful elements and considerations 

in heritage management (Zeayter & Mansour, 2017). The earlier techniques and tools 

depended heavily on conventional surveying tools to collect data and follow through 

with the monitoring, assessment, and evaluation of the success of the plans 

implemented. However, with the advent in technology, more advanced tools and 

systems have been introduced; for example, integrated surveying techniques and 

information management systems to enhance or foster stakeholder participation 

(Vileikis, Cesaro, Santana Quintero, & Va, 2012) 

 Evolution of Technology in Heritage  

The technological boom in the mid-twentieth century has brought a new period 

in history towards modernity. Several authors respond to the distensible industrial 
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evolution using the term ‘postmodernity’ to define a historical period, and this has seen 

many arguments and critiques amongst authors. The French philosopher and literary 

theorist Jean François Lyotard suggested seeing modernity as a cultural condition that 

searches for progress, whereas postmodernism is the logical end product of the 

modernity progress (Ferguson, Harrison, & Weinbren, 2010). 

On the other hand, the French philosopher and anthropologist, Bruno Latour, 

who identified postmodernism as an indicator and not as an end solution, so 

postmodernism must consider it under the modern. However, postmodernism has the 

right to criticize and not guarantee what modernism offers, as it presents the opportunity 

to produce a myriad of ‘taste cultures’ (Anttonen, 2016). 

Consequently, some trends have related to the idea of post-modernism, which 

includes elements such as raising the quality of life, new social movements that evolved 

around ecological and environmental concerns, and in urban areas, postmodernism 

come to stand for the gentrification of an industrial neighborhood and changing 

waterfront and industrial factories into a park as example (Anttonen, 2016) 

The postmodern situation of technology in cultural heritage is simulating a new 

experience in time and space, and the increasing change of material, culture, and social 

life are motivations for conserving the past. Hence, the thesis is contributing to the 

postmodern status of technology and trying to preserve history by using digital tools as 

augmented reality.     

2.4.1 Chronological progression – Digital Age 

It is important to note that there were a series of technological and economic 

conditions during the late twentieth century, and that presented a series of progression 

in the relationship with the material world (Harvey, 1990). This section from the second 



AR as a Tool for Evoking Urban Memory of Jeddah Historic Site Chapter - 2
 

  

 16 

chapter of the research focuses on the different transitional evolution in technology in 

the heritage domain, starting from the late twentieth century to the present.  

2.4.1.1 Late 20th Century 

There were many changes in heritage practices after the 1970s. Harrison, in his 

book “Understanding the politics of heritage,” relates these changes to the series of a 

late modern shift in economic, social, and political practices (Harrison R. , 2013). 

Heritage became more attractive in the late twentieth century for all the occurring 

changes; this has acknowledged, as the postmodern conditions invoke an increased 

interest in heritage to the contemporary period. Consequently, there will be a demand 

to establish a memory for postmodernism itself, and there may exist a term as 

“postmodern heritage” (Benton, 2010). Indeed, there is a rapid leap of change in many 

societies and technologies, including aspects of material culture almost instantly 

transmitted through emails, text messages, and other forms of technologies (Anttonen, 

2016). The term postmodern heritage suggested as a description of the contemporary 

past (Ferguson, Harrison, & Weinbren, 2010). 

2.4.1.2 Early 21st century 

There was a movement of understanding and documenting the modern or recent 

past by non-professional collectors for twentieth-century technology and design, 

besides the popularity of oral and family history collectors; non-professionals held all 

of these practices, and it is related to nostalgia for the contemporary and recent past in 

the late twentieth century. These unofficial practices have reflected by the progress in 

official heritage practices in terms of recognition, collection, and conservation of the 

heritage of the twentieth century (Benton, 2010). 

In the late 1990s, ICOMOS organized several expert meetings, targeting 

heritage in their agenda, and the result was the Montreal Action plan on ‘recent’ (the 
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past 100–150 years) heritage in late 2001. There was an announcement in the 

conference meeting at the beginning of the twenty-first century that was concerned with 

heritage in the 19th and 20th century, including residential or urban architecture 

industrial complexes, landscape creations, or new building types such as stadiums, 

airports, waterworks, or large city parks (Harrison & Schofield, 2010). 

Another movement that appeared was related to the heritage of the twentieth 

century and “archeology of contemporary past” during the 1980s, and an archeologist 

in the 1990s developed the advancing interest in oral testimonies and the criminological 

or archaeological study of the contemporary or very recent past to study contemporary 

societies. The change in the archeological focus to heritage from the recent past 

included the tangible and intangible heritage in the twentieth and early twenty-first 

centuries in all its forms.  

The importance of postmodern heritage or ‘recent’ heritage appears with the 

needs of contemporary communities. Harrison confirmed the argument that heritage is 

promoted by the aspiration to connect with the roots of oneself in a particularly valuable 

place, but in the case of contemporary lifestyle, social change occurs with communities 

as the migrants; for example, the community loses the connection with the place. 

Accordingly, the conventional role of changing heritage challenged (Benton, 2010). 

2.4.1.3 Progression now 

There is a vast amount of digital information related to the heritage that is still 

cropping up, and preserving the value is a huge task. It is not an easy decision, and the 

responsibility of the UNESCO and other governmental organizations lie in formulating 

guidelines for preservation. For example, Minerva, a project initiated in 2003 and co-

founded by the European Union has a network of member state ministries to discuss, 

compare, and harmonize activities carried out in the digitization of cultural and 
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scientific content for creating an agreed upon European common platform, 

recommendations, and guidelines about digitization, long-term accessibility, and 

preservation (Natale & Tempera, 2004). 

Further, the heritage lottery fund (HLF), which is a UK-based organization that 

offers grants for research and heritage projects, set guidelines for digital projects in 

heritage. In the guidelines, they defined the term digital heritage encompasses anything 

created in a digital format that is invented to give access to heritage and encourage 

people to engage with heritage such as websites, collection of digital images, online 

exhibitions, or smartphone applications. Digital productions contain materials that are 

'born digital.' They invented in a digital form and materials that physically exist are then 

copied into a digital format or 'digitized' like a scan of a document (Heritage Lottery 

Fund, 2012).  

The charters, conventions, guidelines, and frameworks related to digital heritage 

are indicators of the importance and valuable existence of digital heritage and the 

necessity of preserving them as a memory of the world for the new generation.  

2.4.2 Charters and Conventions in The Digital Era – The New Millennium 

This section will explore a few of these initiatives and practices of digital 

heritage in the early twenty-first century briefly. These are related to ICOMOS, the 

World Heritage List.  

According to the UNESCO, digital heritage comprises computer-based 

materials of long-term value, which should sustain for future generations. Digital 

heritage comes from different communities and regions. Hence, not all digital material 

is of long-term value, and require preservation; digital heritage must be maintained 

(UNESCO, 2001). 
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Digital heritage preservation started with the arrival of the new millennium, and 

the credit goes to the Krakow Charter 2000: Principles for the Conservation and 

Restoration of Built Heritage in Article 53 (ICOMOS, 2016). This kind of statements 

was never mentioned before in charters. It was a turning point in the use of computers 

as one more tool in the regular work to conserve and present archaeological heritage. 

The Krakow Charter opened the gate for new international texts aiming for improving 

the use of technology in the field of cultural heritage (Bendicho, 2017). 

The UNESCO approved the charter on the preservation of Digital heritage in 

2003, intending to protect, conserve, and improving access to products “of digital 

origin.” The Charter on the Preservation of the Digital Heritage was the outcome of 32 

sessions and general conferences of UNESCO in 2003; all the discussions highlighted, 

on principle, the preservation and accessibility of the world ever growing heritage, 

which is part of the ‘Memory of the world’ report charter; the charter articles are listed 

below (Charter, 2003).   

It was officiated on 4th October 2008 and named the ICOMOS Charter for the 

Interpretation and Presentation of Cultural Heritage Sites or the Ename Charter. Article 

2.4 of this new international text emphasized on several recommendations in producing 

the visual reconstructions that would be created by artist, architects, or computer 

modelers, which should base on three aspects: 

1. Detailed and systematic analysis of environmental, archeological, architectural,

and historical data.

2. Summary of written, oral and icon-graphic sources, and photography.

3 “that protection of archeological sites and public presentation, and the use of modern 
technologies, information, databanks system, and public presentation techniques should be promoted” 
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3. The information sources such as visual renderings based has to document it, and

alternative restorations based on the same evidence, when available, should be

provided for comparison (ICOMOS, 2016).

These three recommendations were the foundation and reference points for the

next international document, which is, so far, the essential theoretical text on cultural 

heritage and the ICT4s field, which is the London Charter and the Seville Principles.     

Figure 4. Chronological development of charters and conventions related to digital heritage, (Author, 2018). 

4 ICT: International Communication Technologies 
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2.4.2.1 London Charter 

The objective of the London Charter is to look for establishing principles for 

users based on computer visualization methods.  

Figure 5. The chart explains the six principles that the London charter worked on, (Author, 2018). 

The London charter and principles’ guidelines are a primary means and 

inspiration for the thesis simulation implantation that the research attempts to follow. 

2.4.3 Heritage conservation from traditional to digital – Timeline  

The timeline demonstrates conservation theories, approaches, and features 

from the late 19th century till the early 21st century. 

Table 2-1 Conservation Theories, Approaches, & Features Timeline, 

(Author, 2018). 

Period Conservation 
Theories 

Conservation 
Approach 

Initiative Leaders Conservation Features 

Late 19th Century 
1877–
1900 

Conservative 
repair 

Modern 
conservation; 
Social and 
economic 
approach—
national 
ownership 

- SPAB
(William
Morris)
Manifesto

- Alois Reigel
- John Ruskin

- Put protection in place
of restoration

- Structural restoration
- Repairs
- Restoring without

adding

Early 20th Century 
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1931–
1949 

Modern 
conservation 
policy 

International 
conference for 
experts: Athens 
Charter 

- Internationalization of
Conservation concept

- National legislation
- Aesthetic enhancement

Mid-20th Century 
1950 Modern 

conservation 
theory 

Cesar Brandi - Any intervention
should be easily
identified and
respectful of the unity.

- The irreplaceable
material forms the
character and not the
structure.

- No restoration should
be an obstacle for
necessary future
interventions.

1964 Urban 
conservation 

Traditional 
continuity— 
Planning and 
management 
approach of 
international and 
universal 
ownership 

UNESCO: Venice 
Charter 

- Urban concept with
heritage

- Socially useful
function

- ICOMOS funded

1972 Heritage 
approach 

UNESCO 
(Convention 
Concerning the 
Protection of the 
World Cultural & 
Natural Heritage) 

- Clear definition of
heritage

- World Heritage
concept

- Functioning for
community

- Legislation
- Education

programming
1975 Council of 

Europe–European 
Charter of the 
Architectural 
Heritage 

- Integrated
conservation of
architectural heritage

Late 20th Century 
1987 ICOMOS–Charter 

for Conservation 
of Historic Towns 
and Urban Areas-
Washington 
Charter 

- Planning and
protection of historic
urban areas

- Participation

Late 
1990s 

Postmodern 
heritage–Early 
modern heritage 

ICOMOS had 
several expert 
meetings, 
targeting heritage 
in their agenda 
and the result was 
the Montreal 
Action plan on 

Concerned with heritage in 
the 19th and 20th century 
such as residential or urban 
architecture industrial 
complexes, landscape 
creations or new building 
types, including stadiums, 
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‘recent’ (last 100-
150 years) 
heritage. 

airports, waterworks, or 
large city parks. 

Early 21st Century – The New Millennium 
Digital Heritage 

2000  Digital 
information 
heritage 

Presenting 
heritage to public 
using modern 
technologies  

The Krakow 
Charter 2000: 
Article 5 

Promoting public 
presentation techniques 

2003 Digital heritage   UNESCO 
approved in 2003 
the charter on the 
preservation of 
digital heritage  
 
 
 
 
 
 
Minerva (a 
network of 
member states 
Ministries) 
A project started 
in 2003 and co-
founded by the 
European Union 
 

- Protecting, conserving, 
and improving access 
to products “of digital 
origin” 

- Principle for the 
preservation and 
accessibility of the 
world’s ever-growing 
heritage 

 
- Recommendations and 

guidelines about 
digitization, long-term 
accessibility, and 
preservation 

 

2008 Virtual heritage  Producing the 
visual 
reconstructions 
that are the 
foundation of 
London 765 
Charter 

Ename Charter: 
ICOMOS Charter 
for the 
Interpretation and 
Presentation of 
Cultural Heritage 
Sites 

Several recommendations 
in producing the visual 
reconstructions discussing 
the aspects of producing  

2009 Virtual heritage Essential 
theoretical text on 
Cultural Heritage 
and ICTs 

The London 
Charter and the 
Seville Principles 

Six principal outcomes in 
creating virtual model 
- Implementation  
- Aim and methods 
- Research resources  
- Documentation  
- Sustainability  
- Access  

 

 Digital Heritage Tools  

After presenting the historical progress of conservation theories and approaches from 

the late 19th century to the 21st century concerning to the digital heritage, the following 

part will provide a general overview on the digital tools in the cultural heritage. 
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2.5.1 Web Technology in Heritage 

The computer technology had the potential to produce new ways to collaborate 

with cultural heritage since the late 1990s; academics and specialists have explored how 

the digital world can offer a new perception in understanding the past to wider segments 

of the society (Cooke, King, & Stark, 2016). The internet has enabled people to access 

information, gain knowledge, and interact with a wider public in new ways, especially 

with the embedded technology in the daily human environment.  

However, Wikipedia started publishing online articles related to heritage 

founded by Jimmy Wales on the 15th of January 2001. It is a free online collaborative 

encyclopedia that anyone can edit and engages editors in more than 250 languages to 

contribute to "the sum of all human knowledge" (Wales, 2004). A Pentzold article 

"Digging Wikipedia" discussed that the public engagement of Wikipedia was 

succeeding in different forms and at different spots across a specific topic and 

separately in different language versions of the article, which regularly determine 

cultural error appearance that may generate sensitive cultural entries (PENTZOLD, et 

al., 2017).  

2.5.2 Laser Scanning In Heritage Documentation 

Laser scanning has existed since the 60s and entered the engineering field in the 

late 90s. The first 3D scanner was produced in 1993 by Cyra Technologies. Lecia 

Geosystem purchased the Cyra company in 2000 (SurvTech Solutions, 2017). There 

has been an accelerated development in 3D laser scanning in the last decades, which 

initially occurred in archaeology and then applied in several cultural heritage projects 

for recording, documenting, assessing, and managing historical sites. Laser scanning 

makes it easy to produce a detailed 3D model of the object in the form of a 3D point 

cloud. It used for a wide variety of purposes; for example, small statues, pottery, an 
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ancient instrument, and monument, building, or a complex of a historical site 

(Kadobayashi, Kochi, Otani, & Furukawa, 2004).  

There are many different types of scanners, but they all work using the same 

basic principles. For each distance measurement, additional critical data is recorded, 

including the corresponding horizontal angle of the rotating laser and the corresponding 

vertical angle of the moving mirror. The scanner automatically combines these to 

calculate the 3D X, Y, and Z coordinate positions for each point. The resulting scan is 

an accurate 3D representation of the scene that often called a point cloud. There is much 

plug-in software such as Leica CloudWorx for AutoCAD, Revit, 3D Max, and Maya 

(Leica Geosystems, 2012).  

There are several types of 3D laser scanning as shown in Figure 6 & 7. Pritchard 

et al. reflected in their paper on the use of terrestrial laser scanning system. By using 

terrestrial laser scanning in a project for documenting 3D and analyzing the surface 

areas of the interior, exterior, twin towers, and adjacent area of the Cologne Cathedral, 

a UNESCO World Heritage Site as shown in Figure 8. (Pritchard, Sperner, Hoepner, & 

Tenschert, 2017).   

Another kind of laser scanning, the Airborne Laser Scanners (ALS), has been in 

use since the mid of the 90s. It uses remote sensing techniques depending on Light 

Detection and  
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Figure 6. Leica Scan Station P40 pulse e-based 

terrestrial laser scanning system, (Leica 
Geosystems, 2012). 

 

 
         Figure 7. Lecia C10 terrestrial 

laser scanner, (Leica Geosystems, 2012) 

 
             Figure 8. Rendering perspective point cloud of main entry into the Cologne Cathedral.   

The resulting rendered image, (Pritchard, Sperner, Hoepner, & Tenschert, 2017). 

 

Ranging (LiDAR). In addition to the regular points cloud that is provided by the 

terrestrial laser, there is an advantage with the airborne LiDRA sensors that produce a 

georeferencing point clouds, and the coordinate information is available as well. Hence, 

over the past year, the survey using ALS started spreading in the cultural heritage 

environment and was used for interesting surveying landscape as shown in the (Figures 

9 & 10). However, applying ALS in archeology and the cultural heritage field remains 

an object of research due to the complexity of its structure (Pepe, 2017). 
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Figure 9. Routescene LidarPod scanner for small 
unmanned aircraft (SUA), (England, 2018). 

 
Figure 10. SUA mounted on a drone, (England, 
2018). 

Laser 3D scanning has undergone remarkable evolution since its first 

appearance in the field of cultural heritage digitization and modeling. The large 

scanners are lagging in terms of cost. The new emerging technologies are surpassing in 

the cultural heritage domain, becoming more accurate, quick, and low cost with the 

third type of handheld laser scanner personal devices as shown in figure 11. Allegra et 

al. reviewed and present the most recent 3D handheld laser scanners. They completed 

the comparison by evaluating three different kinds of technology and through a 3D 

model reproduction of the doorway of the Benedictine Monastery of Catania. They 

concluded that the continuous and accelerated technological evolution of handheld and 

low-cost portable devices, in the coming years, shall enhance the performance of this 

sensor, making it very competitive in the market (Allegra, et al., 2017).  

 
Figure 11. Kaarta Contour handheld laser scanner, 
(England, 2018) 

 

 

2.5.3 Photogrammetry 

Photogrammetry can be defined as the science of taking measurements from a 

2D photograph and creating a map or mapping a texture in a 3D image geometry. 

Usually, it uses a group of images and photos of a specific object or area to generate a 
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map for an area from the 2D images or a 3D mapping for an object with dimensions. 

According to Jiang, Ja´uregui, and White (2007), photogrammetry divided into two 

categories: aerial and terrestrial photogrammetry. In aerial photogrammetry, the photos 

are taken from an overhead aircraft to provide a topographic map.  

 
Figure 12. Airborne Geophysics, (GEOSAN, 2014). 

  

 
Figure 13. Aerial Photogrammetry, (GEOSAN, 2014) 

 
In terrestrial photogrammetry, the images provide dimensional information 

about a specific object and are also called non-topographic photogrammetry. Close-

range photogrammetry is a part of terrestrial photogrammetry; it is when the camera-

to-object distance is less than 100 m (Jiang, Ja´uregui, & White, 2007).  

 
Figure 14. An image showing a point-cloud of the 
Roman Theater; terrestrial photogrammetry 
solution, (Arc/k Project, 2018). 

 
Figure 15. Near-final photogrammetry solution for the 
Temple of Bel; close-range photogrammetry and the 
terrestrial photogrammetry, (Arc/k Project, 2018) 
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Figure 16. Close-Range 
Photogrammetry 

 
Figure 17. From point cloud to mesh model and series of 2D images and 
close-range photogrammetry to generate a texture model for an artifact; 
Neuro technology application software 

According to Gruen (2000), the history of close-range photogrammetry divided 

into four eras, and we will demonstrate and discuss the fourth era, from 1992-present, 

where high-density, large format, and small pixel chips have become available with 

advanced technology and lower cost. Indeed, the cost of other components of 

photogrammetric systems has also dropped significantly; as a result, a broader range of 

applications has become affordable for engineering, architecture, and cultural heritage 

purpose (Gruen, 2000). 

As mentioned by Leica, the latest technology in laser scanners, after producing 

the 3D point cloud for an area or building, can take several photos and integrate it with 

the object of high-resolution color, such that it creates a realistic image (Leica 

Geosystems, 2012).  

One of the main advantages of photogrammetry over laser scanning is that it 

offers a high-quality image and color information. Generally, for documenting big 

objects, large architectural site, and accurate topography surveys, laser scanning is used 

along with photogrammetric techniques.  

2.5.4 Geographical Information System (GIS) 

The GIS, according to UNESCO, is a computer-based technology that can 

produce, organize, and analyze specific geographical information in the form of maps. 

The GIS includes database management, statistical analysis tools, and map processing 

(UNESCO, 2017). These tools allow users to manage and observe statistical data 

analyzed with geographic and topographic features and administrative boundaries 
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(Erda, 2014). Since the early 90s, the GIS started introduced in cultural heritage 

conservation plans. The first adopted use of the GIS in UNESCO World Heritage site 

(WHS) management was in 1992 to establish the Angkor Zoning and Environment 

Management Plan (ZEMP) (He, Liu, Xu, Wu, & Zhang, 2015).  

Constant growth in using GIS has witnessed in archeological studies and the 

contextual historical projects. However, as discussed and confirmed through the article 

by He et al., most GIS systems introduced in cultural heritage do not support contextual 

understanding of the limited physical recording and weak collaboration with a specific 

heritage problem due to the massive scale of the database system. Therefore, the 

discovery approach based on GIS technology is necessary. He et al. presented a 

framework for introducing the GIS technology to record and analyze in continuous 

spatial scales from a historical-GIS (H-GIS) perspective. It was confirmed that the 

integration between GIS and BIM is essential to reach the goal of recording and 

analyzing information of physical properties, such as raster data and socio-cultural and 

3D spatial attributes (He, Liu, Xu, Wu, & Zhang, 2015). 

Moreover, this combination will facilitate managing and monitoring by 

authorities to take decisions for sustainable tourism development and for preserving 

and conserving the ecosystem; it will also help choose the best recreational area to 

utilize for development (Bahaire & White, 1999).  

2.5.5 3D Modeling 

3D modeling is the outcome of the previously mentioned means such as laser 

scanning, photogrammetry techniques of recording and documenting. Integrating 3D 

with GIS is another method to preserve and monitor cultural heritage.  

However, 3D modeling in cultural heritage is an extension of the traditional way 

of the 2D static form of documentation such as plans, section, and elevations, which 
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are developed using a 3D interactive digital tool. There are the digital tools that support 

3D modeling, and there are three ways for representing a 3D model (Koller, Fischer, & 

Humphreys, 2009):  

1) From an existing object by using a 3D capture technology such as a 3D laser 

scanner or photogrammetry  

2) From a damaged or non-existent object that can be modeled by hand using a 

3D software  

3) Combining both models made through capture and by hand to create the final 

3D model 

Consequently, cultural heritage has seen a significant evolution in the 3D 

modeling technology by developing different software, and it is still advancing 

quickly in terms of development. 3D modeling has many benefits in cultural heritage, 

especially with the materials and texture, which provides an accurate representation of 

an object (Barrile, Bilotta, & Lamari, 2017).  

According to El-Hakim, Beraldin, Picard, and Godin, there are many motives 

for reconstructing a heritage site (2004): 

- Documenting historical sites for restoration and reconstruction in case of any 

disaster that destroys or damages the building 

- Creating and building data resources for educational and research purposes 

- Reconstructing and replicating historical buildings that are totally or partially 

distorted 

- Visualizing scenes that are impossible to reach from viewports in reality due to 

accessibility or size issues. 

- Interacting with the buildings without risking damage 

- Providing virtual museum exhibitions and virtual tourism 
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Accordingly, the resulting 3D modeling will help analyze and preserve cultural assets. 

As Chacon (2016) confirms, 3D modeling contributes to cultural heritage with six main 

elements as follows:  

Restoration: 

Most cultural heritage assets are sensitive to deterioration or lost in time from 

many external and internal factors. Hence, most cultural objects, monument, and 

buildings need to be restored by an expert. Therefore, creating a 3D model before 

starting physical restoration is a useful reference to attain an accurate restoration 

(Chacon, 2016).  

Monitoring: 

Usually, damages happen in a progressive process through time, and the amount of 

damage is a consequence of small damages over time (Chacon, 2016). 

Monitoring can be done by predicting models for several damages scenarios and 

then using this technology to avoid and control a specific condition that could happen 

in the future (Campanaro, Landeschi, Dell’Unto, & Leander Touati, 2016). Therefore, 

3D modeling can be a useful application to take care of cultural heritage assets.   

Research: 

3D modeling is an excellent tool for scholars, especially for analysis, and it can 

cover different types of analysis such as comparative analysis for morphology changes 

in measurement, structure, architecture, texture—all the aspects regularly considered in 

the cultural heritage domain (Chacon, 2016). Using digital photogrammetry can be 

beneficial for producing, analyzing, measuring, archiving, and recreating cultural 

objects. This method is useful when the artifact or building is in a deplorable condition, 

and thus, avoiding a physical contact is a must (Guidi, Beraldin, & Atzeni, 2004)  

Conservation: 
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The techniques of 3D modeling to digitize heritage are covering the required 

methodologies of conserving and archiving the cultural heritage, and the process of 

creating an accurate 3D model will conserve these assets for the future generation. The 

technology is rapidly evolving and developing (Pieraccini, Guidi, & Atzeni, 2001).  

Documentation: 

Documentation is an essential element in the cultural heritage domain. It 

provides information and records about the context (Chacon, 2016). It is a fundamental 

component especially, in archeology.  

Representation: 

Representation is the last component of the 3D modeling contribution to cultural 

heritage. It is necessary to provide access to cultural heritage sites and cultural material 

to the public. Accordingly, 3D modeling offers a platform for sharing information and 

safeguarding the physical integrity of the real object. Indeed, it is improving the 

approach of people towards cultural heritage and also providing the opportunity to 

interact and interpret the cultural artifacts and objects (Chacon, 2016).  

3D modeling is a precious resource for cultural heritage that provides essential benefits 

for the documentation, recreation, conservation, and analysis of cultural heritage assets. 

It will help to develop digital heritage resources with proper documentation. Moreover, 

3D modeling is the gateway to virtual reality, augmented reality, and mixed reality in 

cultural heritage, and this research is going to explain their role in cultural heritage in 

the upcoming section.  

2.5.6 Virtual Heritage VH 

The expression ‘virtual heritage’ has a meaning different from a cultural 

heritage that refers to sites, monuments, buildings, and artifacts that are associated with 

historical value. Whereas, virtual heritage refers to the same physical examples within 
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a virtual or technological environment (Tan & Rahaman, 2009). The impressive 

development in technology can help construct a sophisticated 3D model from the 

documentation and recording process, also helping utilize and create virtual reality 

(VR) and augmented reality (AR) with a high quality of 3D modeling and virtual 

environment package. This provides an opportunity to interact with cultural heritage. 

Besides the representation of the physical monuments, artifacts, and historic buildings, 

it allows the users to feel the past social and cultural life. Recently, many countries are 

losing their historical resources. Virtual heritage technology can be used as a solution 

for any such problematic issues (Noh, Sunar, & Pan, 2009). 

2.5.7 Virtual Reality (VR) 

Virtual reality is an illusionary environment that is simulated by a computer and 

navigated by the person who is experiencing it. Virtual reality used in the cultural 

heritage domain usually classified as 'virtual heritage.' VR presents to users a new world 

of experience and occupation; for example, it gives the feeling of flying over a city 

without actually flying or visiting an ancient civilization through a time-space (Guerra, 

Pinto, & Beato, 2015).  

There are different ways of displaying VR; the first is the immersive interaction 

system that engages the user through head-mounted or wall-mounted display. The 

second is the non-immersive system such as desktop VR, which introduces VR through 

the computer screen (Whyte, 2002).  
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Figure 18. Examples of different types of VR, (Kozhevnikov, 2011). 

 
 

 
Figure 19. The VR Immersive type, 
HTC Vive5 System, (Kersten, 2017) 

 
Figure 20. Inside the VR system the HTC Vive, 
(Kersten, 2017) 

The first usage of VR in heritage was first introduced to archeology by Paul 

Reilly in 1990 who discussed using 3D computer modeling for historical buildings and 

artifacts, applying the concept of VR by simulating a replication of original one 

(Barceló, Forte, & Donald, 2000).  

The internet-based second life (SL)6 is a virtual world launched in 2003 by 

Linden Labs. In 2008, nearly 76,000 people logged in, and it is a free downloadable 

program. Within the program, the users called 'residents,' and each resident can interact 

with the other by creating an avatar that represents the resident character to 

communicate and act in the virtual world — the heritage sites in SL characterized by a 

blend of reality with fiction. The inner world presents a replication of real heritage sites 

(Baker, Ryan , & Woods, 2009). 

                                                
5 The HTC Vive is a virtual reality headset developed by HTC and Valve Corporation. 
6 The Second Life website: www.secondlife.com 
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2.5.8 Augmented Reality (AR) 

The history of AR can be traced back to 1950, when Morton Heilig, a 

cinematographer, believed cinema was an activity that can transport the audience to the 

onscreen action by fostering a sense of living the moments of the scene. In 1962, Heilig 

invented a prototype for his idea, which he had described earlier in 1955 as “The 

Cinema of the Future.” It was called Sensorama and appeared before digital computing. 

A primary AR survey written by Ronald Azuma in 1997 provided a publicly approved 

definition of AR, which combined the virtual and real environment while displaying 

3D interactions in real time. Next, Bruce Thomas illustrated the first outdoor mobile 

AR game in 2000 during the International Symposium on Wearable Computers (Furht, 

2011). In 2005, the Horizon Report predicted that AR technologies would develop 

further within the next 4–5 years to validate that prediction; they produced camera 

systems that could analyze the real environment in real time and then related points 

between object and environments in the same year. This camera system became the 

foundation for the integration of virtual object with reality (Johnson & Smith, 2005). 

The development of AR increased notably after the first iPhone released in 2007, with 

the launch of applications such as Wikitude AR Travel Guide in 2008. Recently, with 

the rapid development of AR system applications, there are many AR platforms in 

different fields using many devices or displays. The MIT 6th sense prototype is the 

latest one and is promising of revolutionizing AR. Once the AR release for the 

consumer, it will affect the user’s perception of the real world, as shown in Figure 21 

(Furht, 2011). “SixthSense” is a hand interface that augments the physical world with 

the digital information using hand gestures to interact with the information; mainly, any 

surface can be the platform to interact with the digital world as shown below (MIT, 

2010). 
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In 1994, Milgram’s Reality-Virtuality Continuum, described The HTC Vive is 

a virtual reality headset developed by HTC and Valve Corporation. by Paul Milgram 

and Fumio Kishino, sequences as an extension of the real environment and the virtual 

environment incorporating AR and VR, considering that AR is closer to the real world, 

and VR is closer to an entirely virtual environment as seen below (Milgram & Kishino , 

1994) 

 
Figure 22. Milgram’s Simplified Representation of a Reality-Virtually Continuum, (Milgram & Kishino , 1994). 

AR tool can also play a role in removing real objects from the environment and 

placing virtual objects to give a different impression of a particular location to the user 

through a different perception. This feeling is caused by covering the actual object with 

3D virtual information and objects; users cannot perceive this with their senses without 

an augmented element for the full scene or capture. AR, in this case, enhances and 

coexists in the same space as the real world. The primary role of AR is to enhance the 

user's perception of reality (Azuma, et al., 2001).  AR aims to make the user’s life easier 

by improving their perception. However, many AR applications that are recently being 

applied in the different fields as solutions, such as advertisement and commercial, 

Figure 21. Six Senses Prototype System by MIT (MIT, 2010) 
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medical, entertainment, education, urban planning, cultural heritage, and tourism 

(Carmigniani, et al., 2011). 

 
Figure 23. Commercial use for AR, (Carmigniani, et al., 2011) 

 
Figure 24. Examples of the applications of AR technology in medicine 

    
Figure 25. Entertainment AR use,  
Pokémon GO, (Colley, 2017) 

 
Figure 26. Example for Education 
 application; the Construct3D system,  
an AR geometry education application, 
 (Kaufmann & Meyer, 2008). 
 

 
Figure 27. Study setup tests effects of visual and haptic 
feedback on perception in an AR system, (Knoerlein, Di 
Luca, & Harders, 2009) 

 
Figure 28. Augmented Reality for Urban 
Planning, (Carozza, Tingdahl, Bosché , & 
Gool, 2014) 
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Figure 29. AR Layers in cultural heritage, (Zoellner, Keil, Drevensek, & Wuest, 2009) 

 

The displays for viewing AR are of three types: head-mounted displays (HMD), 

handheld displays, and spatial displays. 

 
Figure 30. Head-mounted 
display, (Carmigniani, et al., 
2011)  

 
Figure 31. Handheld display, (Furht, 
2011). 

 

 
Figure 32. Spatial display, (Furht, 
2011) 

 
1. Head mounted displays (HMD): It allows the user to view the virtual 

environment in addition to their overhead vision of the real world (Figure 30). 

There are three types of HMD: the video see-through, the optical see-through, 

and monocular or binocular display optical (Azuma, et al., 2001) 

2. Handheld displays: It is operated and demonstrated through small computing 

devices that the users can hold in their hands, and they use see-through video 

techniques to add images and sensors such as digital GPS units for free tracking 

sensors. Different kinds of handheld displays are available for the public to use 

in AR systems such as smartphones, PDAs, and Tablet PCs, and they are 

promising platforms for AR (Furht, 2011) 

3. Spatial displays: Spatial AR utilizes multiple technological interventions, the 

video-projectors being one of them. Moreover, optical elements such as 

holograms, radio frequency tags, and other tracking devices display digital 
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information directly on a real object in the real world. This idea of spatial AR 

directly extended from one user to a group of users, which opens a new platform 

for them to collaborate and interact with each other. Spatial AR mostly used in 

universities, laboratories, museums, and art communities. (Furht, 2011) 

The usage of AR applications recently is on the rise, becoming increasingly popular in 

the cultural heritage domain. AR classified under ‘virtual heritage’ as well as VR. There 

has been a massive growth in both VR and AR. Existing research shows a development 

in the interactive computer technology with a sophisticated 3D modeling package. AR 

is considered a zone related to VR technology. The reason for using AR in cultural 

heritage sites is to enhance the overall visitor experience. Indeed, AR can offer the 

tourism industry a new technology to be utilized by the experts of cultural heritage and 

tourism, which presents unique possibilities (Guerra, Pinto, & Beato, 2015). 

2.5.9 Multimedia in Cultural Heritage 

The definition of multimedia covers an entire area of ICT. The term multimedia 

describes several of various media for communication that transmit information that 

contains messages and used for the interpretation and presentation of cultural objects. 

Digital media can integrate images, text, sound, video, virtual reality, and graphics 

through a computer or mobile phones. These media are integrative and interactive. 

Interactive multimedia can develop in the form of interactive touch screen audio guides, 

large screen installation, and video walls (Krosbacher, 2010).  

2.5.10 Panoramic Image  

It is wide format images that display much more than what human eyes can 

naturally view. There is a rapid development of photogrammetry and 3D visualization 

production, as explained previously. All of this equipment facilitates the production of 

panoramic images from the many images attached. Panoramic photos in cultural 
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heritage provide users an immersive experience for cultural heritage sites (Koeva, 

Luleva, & Maldjanski, 2017).    

2.5.11 CULTURAMA 

CULTURAMA is exclusive interactive multimedia that produces cultural 

panorama images and videos. It is an innovative mix between a luxurious enjoyment of 

cultural and natural heritage information, highly informative and attractive multimedia 

program, and the latest display technology. Culturama has been determined to be an 

excellent tool for delivering information to all age groups. Culturama also allows us to 

display information that cannot present on conventional computer display systems. It 

takes the audience on tours to the past, presenting information in a narrative way that 

interprets heritage. The panoramic display surrounds the audience in 180 degrees, half 

of a circle, that can customize in different shapes. The presentation of the information 

on the screen utilizes real scenes of heritage sites or historical timelines or any 

information related to heritage educationally and entertainingly. The projection can 

include virtual heritage and large objects in a huge display area (Saleh & Badawi, 2007). 

 
Figure 33. "Egyptian Civilization" Culturama, (CULTNAT, 2015) 

Table 2-2 Digital Heritage Tools Summary, 
(Author,2018)  

 

Digital Tools in Cultural 
Heritage (CH) 

Year of 
contribution 

with CH 

Benefit for Cultural 
Heritage (CH) 

Future Expectations 

Web Technologies in 
Heritage 
 

 

Late 90s  Access information to gain 
knowledge and interact with it  
Preserving the ‘World 
Heritage Memory” 
 

“Contropedi” 
A future tool to 
recognize the 
memory of the world  
Ability to engage the 
public in preserving 
valuable memories  
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3D Laser Scanning 
1. Terrestrial laser 

scanning system 
 

Beginning of the 
2000s  

1-Produce a detailed 3D 
model for recording, 
mentoring, documenting, 
assessing, analyzing, and 
managing historical object, 
buildings, and sites. 
 
2- Produce a georeferencing 
point clouds, and the 
coordinate information is 
available as well 
 
3- Produces a 3D model with 
a low-cost portable device. 

Preserving the 
ecological and 
cultural landscape   

2. Airborne Laser 
Scanners (ALS)  
 

3. Handheld laser 
scanners 

 
 

Photogrammetry 
  

Early 1990s 
 

Measure and analyze 2D 
photographs 
High-density, large format, 
and small pixel chips available 
with advanced technology and 
low cost. 

More realistic texture 
and colors at lower 
cost   

Geographical Information 
System GIS 

 

Early 1990s 
 
1992 

Analyze information of 
physical properties, such as 
raster data and socio-cultural 
and 3D spatial attributes 
Management and monitoring  
Decision support system  

Managing and 
monitoring to 
facilitate decision 
making for 
authorities in tourism 
development  
Preserving and 
conserving the eco-
system 

Previous tools are the basic tools for producing the following digital heritage tools 
3D modeling  1990s • Restoration 

• Monitoring 
• Research 
• Conservation 
• Documentation 
• Representation 

Materials and texture 
providing an accurate 
representation of an object 

Sharing CH 
documentation with 
public 

Virtual Heritage (VH) 
 
 

1990s Allow the users to sense the 
past social and cultural life 
 
Explore and learn about the 
past heritage and enjoy 
 
Necessary for the 
preservation, protection, and 
collection of cultural and 
natural heritage 

Building CH sites 
that may or may not 
exist anymore 
Documenting the 
world heritage   
 

Virtual Reality (VR) 
 

1990s  Gives users a new CH 
experience  

The 3D models will 
meet a higher 
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 Enhance access to and 
interpretation of heritage sites 
 
Preservation and recording of 
the computer programs, 
games, and other materials 
that exist only in a digital 
format 
 
Preservation of the medium of 
cyberspace 

quality—as 
photorealistic as 
possible  
 
 
 

Augmented Reality 
 
 

2008 Enhance the overall visitor 
experience 
 
Influence CH preservation  
 
Provide educational 
attachment as well as overall 
holistic engagement 
 
Promote cultural heritage 
conservation and preservation 
due to changed attitude 
towards it 
 
Higher levels or degrees of 
engagement implying greater 
pleasure along with emotions 
towards the cultural sites 

Implementing 3D AR 
in CH sites, with 
high-quality 
rendering  
 
Adding narratives of 
AR that include 
multimedia 
3D related to CH 
sites to enhance the 
user experience and 
interpretation    

Multimedia in cultural 
heritage 
 

 

Mid 1970s  Information about CH 
Education 
Enjoyment  
Compressive narrative 
interpretation  
 

The technology 
development will 
enable personal 
interaction with 
multimedia in CH 

Panoramic image  
 
 

Late 19th century  Produce wide perspectives of 
cultural scenes  
 

Higher quality  
Existing in mobile 
phones and ability to 
be shared with public  

CULTURAMA  
 
 

1947 Education  
Information  
Enjoyment  

Portability in CH 
sites  

 

 Impacts of Virtual Heritage Tools in Cultural Heritage Sites  

Virtual heritage, as shown in the current research, has profound impacts on 

heritage sites. First, it addresses the concerns on the limitations faced by the public in 

terms of space and time, especially when their access to fragile historical monuments 

and sites has restricted; virtual heritage, as a possibility brought forth by technology, 

implies that museums can catalog and archive materials digitally (Addison A. C., 2001). 

Consequently, the overall impact on cultural heritage sites pertains to how they have 
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reconstructed virtually. Individuals can understand or comprehend these within their 

cultural or heritage contexts (Anderson, McLoughlin, & Liarokapis, 2010). 

Furthermore, it has led to greater self-awareness on the presence of the cultural heritage 

and thus has allowed the public to engage more often with cultural sites, thereby 

providing greater opportunities of relating with the elements or objects within their 

cultural contexts (Noh, Sunar, & Pan, 2009). In the same sense, virtual heritage 

possibilities such as an augmented representation of cultural object systems have 

provided opportunities for museums to create their unique virtual museums as well as 

exhibitions, thereby manipulating, building, and managing the cultural sites through 

ICT (Jung T. H., Lee, Chung, & Tom Dieck, 2018).  

2.6.1 Impact of Augmented Reality in Heritage sites  

Exclusively, studies have focused on highlighting how AR has influenced 

cultural sites. One of the benefits is the overall implication it has brought in enhancing 

the experience among visitors while simultaneously allowing for the preservation of the 

integrity of these sites (Bentkowska-Kafel & Denard, 2016). Therefore, it has both 

influenced preservation and the overall experience that visitors have on the sites. The 

experience can significantly attribute to the attitudes that users have had towards 

cultural heritage sites (Zlot, Bosse, Greenop, Jarzab, & Juck, 2014). Therefore, it 

promotes cultural heritage conservation due to the changed attitude. For the visitors, it 

changes the perceptions that they have towards the cultural sites, which, is responsible 

for the possibilities for more significant engagement in the conservation of the cultural 

sites (Napolitano, Scherer, & Glisic, 2017). 

Therefore, there are several impacts of implementing AR in cultural heritage 

sites that improve the overall. These impacts could be discussed under the following 

categories:  
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2.6.1.1 Visitors’ Perception in cultural heritage sites  

AR can shape and change the perception visitors have of cultural sites because 

it presents the opportunity to remotely view the sites, and thus, there is a broader 

audience reach (Ab Aziz & Siang, 2014). Through AR, the perception is substantially 

changed, due to the enjoyable engagement enjoyable engaging with the cultural sites, 

while they can also have a comprehensive look and assessment of the cultural sites. 

Moreover, the changed perception implies that the visitors have changed their approach 

to the sites, and this encourages more exploration of the cultural heritage sites.  

Augmented reality, has been identified as one of the ways through which visitor 

memory can be augmented or improved, especially helping visitors in finding 

customized personal experiences, which encourage these individuals to come back to 

the site (Trisciuoglio & Yu, 2018). The immersion into virtual heritage sites is part of 

the active engagement with the memory, and therefore, the formed image stays in the 

minds of the visitors for a long time (Subramanian et al., 2017).  Accordingly, AR 

provides memorable experiences that help the visitors create memories, especially 

integrating the information with the visitor’s memory, which remains even after the 

occurrence of the sensory experience.  

2.6.1.2 Identity  

Augmented reality influences the identity and the sense of place by helping with 

the reorganization of knowledge, which already exists about an area and offering 

individuals a newer perspective (Kempiak, Hollywood, Bolan, & McMahon-B, 2017). 

For example, through such possibilities, visitors are presented with multilayered 

information, pictures, and maps about the place explored. Following this, one embarks 

on organizing the itinerary based on one’s interests, time constraints, and taste. Then, 

the individual explores the past reality assigned to the place by using overlapping 
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historical pictures and comparing these with the current face of the place. Through more 

advanced AR, the individual forms a new understanding and identity and develops a 

different perspective or meaning for the place (a newer sense of the place) (Trisciuoglio 

& Yu, 2018).  

AR improves the visitor experience by the way the places are recreated 

(Subramanian, Barnes, Vemulapalli, & Ch, 2017). Since it allows for the immersion 

and engagement with a place, AR leads the locals having better ways of social 

representations of their cultural and historical spaces (Trisciuoglio & Yu, 2018). Thus, 

the technology allows visitors to develop an understanding of the place based explicitly 

on the social construction of the locals (Subramanian et al., 2017). It is argued that 

space is considered an item whose social demonstration concerns the familiarity with 

the vital features of the place being examined along with the societal elements (people), 

constructing the representation based on their relationship with the place, including 

legal status and the occupational shape of the space (Trisciuoglio & Yu, 2018). 

Therefore, AR improves how individuals construct their identities and represent their 

urban places, and thus, a newer perspective or identity of the place formed. 

2.6.1.3 Interpretation in cultural heritage sites  

Interpretation entails the communication process specifically planned and 

designed for revealing meanings as well as the inherent relationships found in natural 

and cultural heritage to the visitors, especially with their first experiences with the 

artifacts, objects, sites, and landscapes (Robertson, 2016). Heritage sites have been 

identified to need interpretation for their long-term survival (Alderman, 2016). 

However, interpretation is a necessity, because it adds a unique value to the individuals 

visiting the site (Cummings, Woolley, & SABIESCU, 2017). Expert knowledge has 
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indicated that having a proper interpretive plan is necessary for ensuring the long-term 

success of the heritage site (Robertson, 2016).  

Using augmented reality make the context of cultural heritage more accessible 

and attractive to a broader range of visitors. Furthermore, the user experience can be 

improved by new ways of presentation and interpretation (Styliani, Fotis, Kostas, & & 

Petros, 2009). AR can add additional data overlay as video or textual interpretation, and 

can effectively stimulate by engaging the users with historical sites (Mihelj, et al., 2014). 

AR allows for other possibilities of cultural heritage interaction, exploration, and 

interpretation. AR gives visitors the freedom to explore and personalize their visit. 

While the traditional interpretation based on the researcher's interpretation (Higgett, 

Chen, & Tatham, 2009). 

2.6.1.4 Entertainment  

Augmented reality has become common owing to the possibilities it provides 

for individual users to immerse themselves into cultural heritage, which can be 

considered a form of entertainment (Zlot, Bosse, Greenop, Jarzab, & Juck, 2014). AR 

used digitally to rebuild artifact, historic buildings, or re-create historical events, and 

prevent cultural heritage sites from degradation (Jung H. T., Lee, Chung, & Tom Dieck, 

2018). In essence, the tourism industry has lent itself to AR, because it improves 

experiences through entertainment and enjoyment within the tourism industry, 

entertainment has enabled through AR on-location experiences (Jung, Chung, & Leue, 

2015). Jung et la confirmed in the findings that the aesthetics of AR findings confirmed 

that the aesthetics of AR have a significant influence on noticing enjoyment. (Jung H. 

T., Lee, Chung, & Tom Dieck, 2018). Therefore, as a part of the entertainment, AR 

provides individual visitors the chance to engage with virtual heritage sites, which is a 

thrilling experience and satisfies the entertainment aspect of tourism.  
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2.6.1.5 Management 

  Current technology in the form of smartphones and tablets are recommended 

for improving interactivity with the cultural heritage sites and, in turn, improving how 

individual visitors navigate these cultural sites (Nieto, Moyano, Delgado, & Gar, 2016). 

Marketing managers and AR developers at cultural heritage tourism destination sites 

must focus when designing an AR application. Aesthetic designing of AR 

implementation is essential to assure positive perception and lead to positive emotion 

and behavioral intentions (Jung H. T., Lee, Chung, & Tom Dieck, 2018).  

AR application can be a powerful tool for managing historical sites in several 

approaches and techniques. One of these management techniques is placing labels in 

the augmented reality system that annotate real-world buildings and places with textual 

or graphic information — the Augmented Reality Browser based on the tourist (User) 

location that provides the points of interests. Cultural heritage industry usually explores 

new ways to attract visitors. Nevertheless, managers of heritage sites suffer from 

marketing issues (Grasset, Langlotz, Kalkofen, Tatzgern, & Schmalstieg, 2012), 

(Tscheu & Buhalis, 2016). The AR applications in cultural heritage sites accomplish 

the potential of promoting the tourism industry; AR can create networks with all 

cultural buildings that influence the production of general goods and services relates to 

tourists attractions (Garau, 2014). 

 Another management technique of the AR in cultural heritage sites is 

reconstructing 3D modeling augmentation, creating or renewing memories and forming 

a shared vision that only reconfigured into the tradition or history of the place which is 

an easy and plausible approach for applying AR in heritage management (Canciani et 

al., 2016).   
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 Conclusion 

After overviewing the cultural heritage domain starting from the primary 

initiatives of conservation to the appearance of digital heritage practices, the essential 

role of digital heritage is in preserving and promoting heritage and memory. Digital 

heritage tools collaborate with the traditional way of preserving heritage. It enhances 

the users’ perception of understanding cultural heritage. From the literature, six impacts 

of utilizing AR in cultural heritage have noted. The research is investigating the 

potential of utilizing AR in the KSA’s heritage sites and sharing it with the public
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 Chapter 3: Implementing AR in Cultural Heritage Sites- International Case 

Studies 

 First Case Study: Project in the Ancient Pompeii Site (Italy, 2005) 

The ancient Pompeii project was a research study undertaken by the research 

team of LIFEPLUS. The team picked the site of Pompeii in illustrating novel ideas 

regarding the association between systematic research, novelty, and the unique 

experience of tourist visits. The development of the project was supported by evidence 

in the existing literature, which indicated that the application of technology in the field 

of heritage is quickly becoming a reliable tool of historical recreation, combining the 

technological, economic, and creative challenges that need to address (Magnenat-

Thalmann, et al., 2002).  

3.1.1 Overview 

The research team decided to use the Pompeii project due to its symbolic 

representation of the European cultural identity (Papagiannakis, Schertenleib, 

O'Kennedy, & Arevalo-Poizat, 2005). Indeed, this site has used by other international 

teams in new technical applications as a new resource. The project aims to revive the 

past by simulating the abandoned lifestyle of ancient times, the traditions, and behavior 

through an interactive augmentation of virtual historical characters, with the remaining 

existent buildings and cultural artifacts displayed in an instantaneous mobile and 

wearable arrangement, supported by a marker-less tracked camera system to produce 

the assorted reality platform for animated computer-generated actors. 
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Figure 34. AR scenario – real scene 
for    virtual human, (Papagiannakis, 
Schertenleib, O'Kennedy, & Arevalo-
Poizat, 2005) 

 
Figure 35. Virtual character in 
the  augmented reality concept, 
(Papagiannakis, Schertenleib, 
O'Kennedy, & Arevalo-Poizat, 
2005) 

 

 
Figure 36. Testing the augmented scene by 
using head mounted display; AR setup used on 
site for real time simulation,  (Magnenat-
Thalmann, Foni, & Cadi-Yazli, Real-time 
animation of ancient roman sites., 2006) 

 
3.1.2 Description (Development process) 

In order to further the research during the research development process, the 

team built a real “maquette” to appear like the real Pompeii site and allow them to create 

more scenarios and real augmentations in the artificial site in order to carry out extra-

fine modifications for the simulation and framework, without necessarily visiting the 

actual site a number of times (Papagiannakis et al., 2005). The final results of the 

storytelling appear by producing around 15 frames every second, with each frame 

representing virtual humans who have a complete real-time body, speech, cloth, face, 

all of which have augmented through real-time camera traking. During the development, 

the high-quality FireWire digital that carries video signals, for both the frame ID and 

image information, were split into two portable computers (Papagiannakis et al., 2005). 

Therefore, this information is sent through the HDM by using the AR image 

amalgamation module (Magnenat-Thalmann, et al., 2002). 
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Figure 37. First AR scenario with 
conclusion support in the real “model”, 
(Papagiannakis, Schertenleib, O'Kennedy, 
& Arevalo-Poizat, 2005) 

 
Figure 38. Mobile workstation with the 
USB webcam augmenting the real 
“model”, (Papagiannakis et al., 2005). 

 

 
Figure 39. Latest results on the 
real Pompeiian Thermopolion, 
(Magnenat-Thalmann, Foni, & 
Cadi-Yazli, Real-time animation 
of ancient roman sites., 2006) 

 
3.1.3 Case Study Analysis (AR Framework) 

  The Pompeii project presents a narrative experience of the past by producing a 

AR framework, as shown in figure (Papagiannakis et al., 2005). It was a big challenge 

to create a real-time moving 3D character with all facial expressions such as sadness 

and smiles, by using the morph target animation method. The animators designed the 

targets accurately and beautifully (Magnenat-Thalmann, et al., 2002). Additionally, 

moving clothes designed and integrated and incorporated in the AR reality platform to 

explore the redefined MR mediation, which acts on reducing elements in order to create 

a romantic and painted artistic realism. The LIFEPLUS mobile system, as designed by 

the project developers, operates in two modes. The first mode has been designed to 

support the individuals visiting the site. The LIFEPLUS also supported with multimedia 

information, which is location based. The overall aim is to augment the sight-seeing 

area, as historical and the practical information provided through short movies, texts, 

and images (Papagiannakis et al., 2005). Hence, for the sight-seeing operational mode, 

is majorly dependent on roughly tracing the current visitor position within the area. 

Therefore, once the visitor has reached the spot where the simulation with AR 

positioned, he or she is informed regarding the possibility and allowed entry into the 

simulation mode (Papagiannakis et al., 2005). 



AR as a Tool for Evoking Urban Memory of Jeddah Historic Site Chapter - 3 
 

 

 52 

3.1.4 Advantages 

The overall experiment and experience of the project were significant for the users. 

They could view the real historical site in its past form, with virtual sightings and 

replicated live characters in the actual moment, enforcing the consciousness of 

existence through the generation of credible behavior that connects the actual and 

virtual objects accompanying sound effects that accompany each simulated scenario. 

3.1.5 Disadvantage 

The only disadvantage of the model is that considerable artistic expertise and 

time are necessary for developing the facial modeling possibilities. Moreover, when 

animating the model, there is the inherent necessity to provide additional information 

regarding the topology. The other disadvantage is that the models not deemed at par 

with or superior to the previously designed models; hence, there is the challenge of 

controlling the resolution and the texture.  

3.1.6 Benefits and Lessons from Pompeii Project 

It is indeed amazing to experience the past and the old lifestyle and traditions 

of a 2000-year old civilization. As such, there are various benefits associated with this 

project, which includes the following: 

Technical solution: The technical solution not only involves the augmented 

reality in viewing images in their real-time and space but also providing opportunities 

for speech animation. This project facilitates the extraction of phonemes from the 

speech as well as the application of the co-articulation for specific animation, along 

with the appropriate deformation of the mesh such that there is synchronization with 

the specific speech signal. The case study provides the opportunity to address the 

problem of mixing expressions with speech, for which the researchers used differently 
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shaped envelopes and defined them for multiple or different static expressions as well 

as the visual counterparts of the phonemes. 

Constraints: The benefits of the case also relate to addressing facial modeling 

constraints or challenges, especially with the use of 3D-modeling software (for instance, 

Maya or 3DSMax) in developing the facial mesh models and precise specifications of 

mesh resolution, geometry, and textures.  

3.1.7 Results and Lessons 

As observed from this case, LIFEPLUS provides the opportunity to blend facial 

expressions and speech, thereby improving the experience and how users or visitors 

understand a cultural heritage under enjoyment exploration. Combining the expressions, 

images, and real-time images with speech facilitate greater immersion into the specific 

heritage, improving, in turn, not only the entertainment aspect but also how individuals 

interpret and understand the concept or the heritage. The other benefit of the model 

described in the LIFEPLUS project is that the results are genuinely high-quality, despite 

the complexity of the hardware and software compared o the more straight forward 

techniques.   

 Second Case Study: Experience on Attitudes towards Places (Poland, 2016) 

  Olesk & Wunk in a research paper through a case study explored the 

possibility of using AR to change the prejudices related to the history of a place in 

people’s mind and comparing their relationship with the place in the past and after 

implementing AR. The selected area affected by bias they choose was the former Jewish 

district in Warsaw, Poland. 

3.2.1 Overview 

The study discussed the value of particular places. The relation of cultural 

heritage sites with buildings and monuments goes back many centuries, and the 
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significance of these objects remains continuous due to the national consensus 

regarding their value. Conversely, some places with a multicultural background also 

have a rich past with historical and cultural heritage; however, they lost their worth due 

to ethnic bias or present policy requirements. Currently, these rich cultural heritage sites 

for certain ethnic groups exist as spaces, and people do not know about their 

significance; hence, citizens and tourists are unfamiliar with them (Oleksy & Wnuk, 

2016).  

3.2.2 Description 

Oleksy and Wnuk (2016) explored the opportunity of applying augmented reality in 

changing memories for a particular place that is related to ethnic bias or negative 

attitude towards the memory associated with the area. Augmented reality in this case 

study plays a part in enhancing and increasing the acceptance and understanding of the 

significance of multicultural places, basically changing the perception of space by 

adding value to the site, related to its history (Oleksy & Wnuk, 2016). Hence, they 

picked an area that is associated with ethnic bias in conventional memory and 

implemented AR technologies to change their perceptions. 

3.2.2.1 From the past till now 

The area picked for the experiment was a district of Warsaw in Poland; the study 

assumed that it was an excellent place for experimentation, as the area abandoned was 

and the buildings ruined. Before WWII, it was a very vital and condensed Jewish 

district, which subsequently destroyed in the world war. Afterward, during the 

revolution, they rebuilt the area in a modern style on the top of the ruined houses. 

Recently, they built sharing homes in an unorganized way; now, there are no original 

historical buildings that remind of the past, only a few moments and memories. 
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3.2.2.2 Changing memory 

They collected data from participants in the experiment, dividing them into 

groups in order to determine their attitude and emotion; the first group walked through 

the historical place with AR applications in their smartphones or iPads; the application 

used was an Aurasma Glued application, which displayed 3D items, pictures, or 

prerecorded videos of real items and settings. They walked through a set route to visit 

16 historical locations augmented in the real environment. Conversely, the other group 

looked at the same 16 photos on a computer screen. After they finished, they had to 

answer questions in order to measure their emotions and perception regarding the place 

memory. 

 
Figure 40. Photo from the AR application, view of Zamenhofa street – contemporary photo and photo of the street 
in 1931. Historic   photo – property of Narodowe Archiwum Cyfrowe, (Oleksy & Wnuk, 2016).  

3.2.3 Case Study Analysis 

The experiment measured different variables. For instance, the researchers 

measured the ethnic bias or memory-related ethnic bias with the help of the Ethnic Bias 

Scale, using the Linkert scale of scoring from 1 to 5, from “strongly disagree” to 

“strongly agree.” The ratings described the opinions that the individuals had with 

regards to the representativeness of other nationalities in the history of the city. The 

experiment further measured the emotional attitudes that the respondents had towards 

the cultural or heritage site. 
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Figure 41. Illustration explaining the AR Simulation, showing the input and output with the context, (Author,2018 

3.2.4 Advantages 

Using AR has altered thoughts and beliefs and increased openness to other 

traditions and cultures without prejudice regarding a place, in comparison with 

traditional methods of displaying photos. Moving around places that are replete with 

ancient continuousness provides these places the advantage of adding meaning to these 

places and continuous meaning by creating physical activity in the environment. AR 

provides the opportunity of constructing a historical setting in an actual setting and of 

understanding antiquity and the shared reminiscence of individual experience. Indeed, 

discover the past of a place and use AR as a tool of education. The results are the first-

time presentation of the potential of applying AR in social and environmental 

experimental psychology, shows how AR impacts the psychological interaction 

between people and places. 

3.2.5 Disadvantages 

The users of the AR experience faced some technical problems resulting from 

the use of the Arusma application. Additionally, due to the change of daylight, some 

photos did not appear when the user arrived at the location. It happened to one or two 
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photos per walk. The technical problem brought out some reactions in the users who 

were trying to solve the problem by relocating in order to see the entire photo collection. 

This attitude considered as an ancillary sign of their engagement in the AR experience. 

3.2.6 Benefits and Lessons 

The case above reveals that applying AR in a biased context can change 

behavior, reconstruct the memory, and preserve it even if it is entirely or partially lost. 

Indeed, AR can help preserve the lost spirit or history for political or social reasons. It 

is essential to save a continuous social change in old history until the present in order 

to document and understand the complexity of history and contemporary social 

authenticity. AR technology essentially triggers the past and recreates them in the real 

context, thereby showing how AR can be used to transmit the collective memory and 

history of a specific place or space into an individual’s experience. 

 Third Case Study: Digital Tool Augmented Reality for Historical 

Storytelling (Italy, 2016)  

In the case study, there is innovating city planning through information and 

communication technology. The project derives benefits from the availability of a 

communication infrastructure, and the potential of ICT technologies provides 

opportunities to conduct experimental research related to different fields. Enhancement 

of cultural heritage is one of them.  

3.3.1 Overview 

The INCIPICT project is ongoing experimentation in some areas of the 

L’Aquila historical city center for realizing the 3D reconstruction of urban landscapes 

as they were in the past. The earthquake took place in L’Aquila at 2009, and the 

experiment is to use the augmented reality application to connect virtual reality with 

the real historical places, with layers of AR to improve the sharing of information. The 
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shared information will be valuable for the center municipality of L’Aquila in the first 

place and to establish a process of valorization of cultural heritage and to contribute the 

best practice of digital heritage to promote general applications involving the social, 

cultural, and economic composition (Canciani, Conigliaro, Grasso, Papalini, & Saccone, 

2016). 

3.3.2 Description  

In the case study, everything is based on the concept of digital heritage, which 

mainly refers to the application of ICT and technological appliances in the natural and 

cultural heritage, or better yet, using digital media in servicing heritage. The case study 

experiment focused on the Facade of St. Margherita Church, located at L’Aquila. The 

study also found a basis in analyzing the present state of the church, thereby, using its 

survey to register the outcomes of the previous campaigns that had been conducted or 

performed in different phases. It mentions the 90’s survey that was carried out with 

regards to the architectural complex of the church. As an earthquake had hit the 

L’Aquila city, the church’s survey was integrated using laser scans in 2010, and again, 

another survey conducted in 2014 with regards to its new architectural design. 

3.3.3 Case Study Analysis 

The researchers obtained a heterogeneous model through the use of both 2D and 

3D representations as to the beginning point as well as for the reconstruction hypothesis. 

For this approach, mathematical modeling software was used first to make the façade’s 

first reconstructive hypothesis. In this case, considerations were implemented, 

including the existing dimensional and decorative elements documented by the initial 

surveys and the project elements depicted by the historical document. The model was 

purposefully used to formulate the various successive reconstructive hypotheses, while, 

it was conversely used for testing the first experimentation of the applied augmented 
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reality applications. Accordingly, innovative AR applications were developed on the 

façade based on the live footage, setting the 3D model, defining targets of the scene, 

determining suitable scaling and orientation attached to the target, and displayed based 

on the location of the target within the movie. The experiment eventually engaged in 

recording the photogrammetric movement of the monument, and in turn, of the 

complete concealment.  

 
Figure 42. AR 3D elevation, the reconstruction of 
which was never realized, (Canciani et al., 2016). 

 

 
Figure 43. Workflow that led to the reconstruction of 
the facade mode, (Canciani et al., 2016). 

 

 
Figure 44. Reconstructive H=hypothesis process, augmented reality experimentation. The starting point is an 

orthophoto obtained by photogrammetry, (Canciani, Conigliaro, Grasso, Papalini, & Saccone, 2016) 

3.3.4 Advantage 

 The case uses AR in reconnecting virtual dimension and reality, thereby 

allowing users or visitors to interact in real time. Daily experiences easily enhanced 

with the use of portable gadgets such as mobile phones; hence, it is an easy and 

plausible approach for applying AR in heritage management. Conversely, it allows for 

participatory exploration of the cultural or heritage sites, and as such, allows for the re-
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elaboration of the sites or places, creating or renewing memories and forming a shared 

vision that only reconfigured into the tradition or history of the place. The advantage of 

the case is the way it allows for the preservation of the place’s significance, showing 

that AR can apply as a tool for telling stories.  

3.3.5 Disadvantage 

The only disadvantage with this approach is that knowledge and expertise 

needed to a great extent for combining or using ICT information in re-fabricating the 

urban sites. Also, re-imagining or re-elaborating the urban sites will depend upon the 

manner or extent to which the individuals are well conversant with the traditions, which 

also requires for previous surveys to have been done or performed for this to be possible.   

3.3.6 Benefits and Lessons 

For this study, the 3D visualization or its relevant modeling techniques are used, 

which is made possible through ICT that helps in reconnecting virtual measurement and 

realism, since they provide the tendency of interacting in actual time. With this 

possibility, it can apply in urban heritage management, as the daily experiences of 

existent heritage improved by using information through mobile device applications. 

Hence, this model provides the opportunity to enrich the architectural importance of 

monuments of various natures as well as origins with the aid of visuals, textual effects, 

and multimedia. Using ICT in this manner provides opportunities for participatory 

approaches, which is the origin of the memories. It re-elaborates and shares the vision 

of historical sites, and as such, reconfiguration of the place’s tradition is carried out. 

For advanced applications, they provide opportunities for synthesizing memory or the 

quality of history, by using new multidirectional and nonlinear interconnection, 

presentation, interpretation, reprocessing, and sharing modes. 
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 Fourth Case Study: Aurelian Wall (Rome, 2016) 

The basis of this project was that with the development of close-range 

photogrammetry, many possibilities had produced with regards to studying cultural 

heritage. The premise of the project is that 3D data can be incorporated at low costs and 

with conventional cameras in order to document, investigating full appearance, 

conversational and material status, and as such, is essential in helping the restoration 

process along with the identification of intervention priorities.  

3.4.1 Overview  

The case study involved the development of a photogrammetric survey for 

studying the Aurelian Wall at Castra Praetoria, Rome (Canciani, Conigliaro, Grasso, 

Papalini, & Saccone, 2016). In the survey, the project developers were able to identify 

construction phases as well as stratigraphy of the Aurelian Wall’s complex portion, 

more so in terms of its Northern door. For the study, the 3D survey data, both 

topographic and photogrammetric, were stored and used to create a reverse model for 

3D or individuals engaging in the computer-generated rebuilding of Castra’s Northern 

door. The virtual refurbishment has allowed individuals to view the door during its 

Tiberian period (Canciani et al., 2016). Accordingly, the ancient walls’ 3D model have 

all been mapped using the same or exact mortar and bricks types, scaled and oriented 

based on of the existing one, to allow for the possibility of using augmented reality.  

3.4.2 Description  

Rome was chosen for this project as opposed to other European cities or capitals, 

as it is the only city that has preserved some of its ancient walls, or the Aurelian Walls, 

as the most significant monuments in the Roman Empire (Canciani et al., 2016). 

Besides their antique significance or usefulness, they have disregarded due to the 

absence of clear guidelines for the conservation and management of the monuments. 
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The emphasis was on the development of the photogrammetric survey, which is 

essentially the development or construction of a camera network that has normal as well 

as convergent images planned in enhancing accuracy. It has been used in the project for 

improving stratigraphic analysis. This consideration is supported by the fact that it is 

impossible to study Castro Pretorio’s walls using traditional methods, as they are 

inaccessible.  

3.4.3 Case Study Analysis 

The emphasis was on the development of the photogrammetric survey, which is 

essentially the development or construction of a camera network that has normal as well 

as convergent images planned in enhancing accuracy. It has used in the project for 

improving stratigraphic analysis. This consideration supported by the fact that it is 

impossible to study Castro Pretorio’s walls using traditional methods, as they are 

inaccessible. The other factor for consideration is the 3D survey, which is applicable 

for specific brick modules or architectural details.  The next step that the researchers 

considered was the topographic survey, conducted using the Trimble Total Station. For 

the second step, a photogrammetric survey was made, with the camera network having 

standard as well as convergent images planned for improving the accuracy. The 3D 

survey has mainly been useful to integrate the current documentation of the monument. 

As such, it has been useful in monitoring the overall conservation status as well as 

scheduling the precedence mediations needed for Castra Praetoria’s walls. For this case, 

the project applied mesh model in virtually rebuilding the Northern door of Castra with 

the use of mixed techniques for data extraction, mesh model being linked with the 

dissimilar supposition of the computer-generated rebuilding and the 3D symmetrical 

prototype that is designated, and representing the actual prehistoric version of the 

Northern door of Castra. For onsite augmentation, the case study involves the creation 
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of a photo dataset having different viewpoints, light conditions, and mobile devices, 

tablets, and smartphones. For every picture, efforts are to be made to link it with the 

augmented website such that it can track for each photo; one has to be parallel with the 

3D model and the image. For offsite augmentation, the project allows the use of the 

same in disseminating knowledge as well as the use or application of 3D data for 

heritage consumption.  

 
Figure 45. Topographic and photogrammetric survey, 
(Canciani et al., 2016). 

 
Figure 46. On site AR, (Canciani et al., 2016). 

3.4.4 Advantages  

The advantage of the model or approach is for documentation, diagnostics, and 

monitoring cultural heritage. The implication is that it presents or provides data relating 

to areas such as diagnostics, deterioration, and historical restoration of cultural places. 

Such type of data provides the possibility of visualizing directly on site as well as 

superimposition on buildings, thereby allowing archeologists or conservators the 

opportunity to improve the overall knowledge about the site.  

3.4.5 Disadvantages  

One of the limitations with this model is that all the specific positions have not 

been fully covered by the specific dataset. Hence, it leads to the selection of the points 

of view that are preferred in the frontal wall. The project also allows for the use of only 

a single application for different sites and different models; hence, flexibility or 

compatibility with other applications or gadgets maybe impossible.  
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3.4.6 Benefits 

There are many benefits to this project. The 3D modeling for recognition and 

tracking improves how AR used for documenting, monitoring, and diagnosing cultural 

heritage. From the presented data, it can be mounted directly on site, in addition to 

being superimposed on the building in order to have an overall aid or help conserve or 

improve knowledge about the site. Knowledge of the site is improved both on site and 

off the site, thereby, enhancing opportunities for using augmented reality in the 

conservation of cultural heritage. Also, AR, as seen from the project, is used to 

reconstruct cultural heritage and takes people or the visitors back to the real-time or 

ancient times, which, in turn, improves knowledge and awareness of the site or the 

cultural heritage or monument.   

 Conclusion 

The table below compares the four case studies analyzed. The impacts of utilizing AR 

in cultural heritage, as seen from the case studies, complements the impacts found in 

the literature, including entertainment, interpretation, perception, sharing information, 

evoking memories, interaction, management, and documentation. 

Table 3-1 Case Studies Comparison Analysis Summary, (Author, 2018)   

 Case-1 Case-2 Case-3 Case-4 
Technical  AR augmentation, 

image creation, 
and possibilities 
of speech 
recognition  

AR-browser that 
recognizes images  

Using ICT to 
enhance the way 
AR facilitates the 
sharing of 
information  

3D modeling 
knowledge and 
mobile or 
tablets as 
applications  

Application  Entertainment 
aspect and 
interpretation and 
understanding the 
concept of 
heritage 

Changing attitude 
towards cultural or 
heritage sites, 
motivating positive 
behavior towards 
heritage sites  

Evoking memories 
and meanings for 
the locals and 
preserving cultural 
heritage sites  

Reconstruction 
of heritage and 
monuments; 
increasing/impr
oving site 
knowledge  

Target Group Visitors and locals  The locals (who have 
a biased assessment 
of heritage sites and 
monuments) and 
motivating visitors  

Locals  Visitors and 
locals; 
possibility of 
AR 
augmentation 
offsite  
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Advantages  Viewing the real 
historical site, 
producing 
replicated live 
characters in the 
actual moment; 
3D sound effects 
generated. The 
experience added 
a joyful sense to 
unique narratives 
from the past  
 

Changing thoughts 
and attitudes towards 
tradition/culture; 
continuation of 
ancient heritage, 
historical continuity, 
gaining 
understanding of a 
shared identity 

Participatory 
exploration of 
cultural sites;  
reconnecting the 
virtual dimension 
and reality allows 
users or visitors to 
interact in real time 

For 
documentation, 
diagnostics, and 
monitoring of 
cultural 
heritage’ 
presents data for 
restoration of 
the cultural 
places   

Disadvantages  More knowledge 
and expertise 
needed; re-
imaging depends 
on people’s 
knowledge of the 
past 
 

Challenges with the 
Arusma application 
(technical 
breakdown) 
 

ICT knowledge 
needed in re-
imagining urban 
heritage site; 
Re-fabricating or 
constructing 
meaning depends 
on locals’ 
knowledge of their 
culture 

All positions not 
entirely covered 
in the data set; 
not flexible, 
only supports 
one application  
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 Chapter 4 – The impact of Utilizing AR Simulation: The Case Study of 

Historic Jeddah 

 Introduction 

This chapter aims to apply the augmented reality AR simulation experience as 

a method to verify the proposed hypothesis of the thesis. The simulation proposal 

explores the potential of using AR application by documenting and then recreating 

heritage context digitally. The users—local visitors or tourists—will be able to 

experience the past by viewing the old urban context, and bring people closer to the old 

physical, historical character. The simulation measured the social acceptance of AR 

application in Jeddah historical town (Albalad) as a case study.  

 The aim of the Simulation experience 

This simulation experience aims to investigate the visitors preferences about the 

AR app and the possibility of utilizing it in Jeddah historic town, the incorporation of  

AR in the user visitation experience and how it could enhance their perception, 

emotions, attachment, and encourage exploration of heritage sites. Moreover, the 

simulation brings people closer to the historic urban character that contributes their 

identity and sense of belonging. This user experience simulation with AR is followed 

by a survey answered by the users about the experience and an analysis of their reaction 

and measurement of the different aspects of Interpretation, Perception, Acceptance, 

Value of the application in addition to many benefits as preservation, documentation, 

and entertainment.  

 Case Study Selection – Why Historical Jeddah? 

Jeddah is an important commercial hub and an ancient port, which was used 

for trading and was considered to be the gateway to the two main Islamic cities of 

Makkah and Madinah since 500 BC (Badeeb, 2012). Since 2014, Historic Jeddah was 
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listed in the UNESCO world heritage site list for its authenticity and outstanding 

universal value (UNESCO, 2014). UNESCO inscription of historic Jeddah reflected 

the will of the local authorities encouraged managing the site with a vision of 

sustainable tourism in order to enhance the tourism industry. 

4.3.1 Geographical Characteristic of Jeddah 

 
Figure 47. KSA, Jeddah, historical Jeddah, map location, (Author, 2018) 

The city of Jeddah is located on the eastern shore of the Red Sea (latitude 29.21 

north and longitude 39.7 east), nearly at the middle of the Western coastline of the 

Arabian Peninsula on the Red Sea, the narrow coastal zone called Tihama. This coastal 

strip rises steeply to form the mountains known as Hijazi Mountains, and Jeddah is 

located at the foot of these mountains (Jeddah.gov.sa, 2018). The west portion of the 

Arabian Peninsula contains the most important cities and centers of commerce in Saudi 

Arabia, including Jeddah, Makkah, Madinah, and Taif. 

4.3.2 Historical Jeddah Wall and Gates 

In 915 AH (1509 AD), Sultan Qansouh Al-Ghori built Jeddah’s wall for 

protection against European ships that had attacked the city. The wall had two gates: 

one facing Makkah and the other facing the sea, creating a corridor street towards 

Makkah (Pesce, 1974).  
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Figure 48. Jeddah in 1938, showing all gates before demolition in 1947. Source Jeddah Municipality 

(Jeddah.gov.sa, 2018), (Author, 2018). 

By the year 1900, the city had six gates, each named after the destination it 

served: Bab Makkah, Bab Al-Madinah, Bab Al-Sharif, Bab Jadeed, Bab Al-Naf’ah, 

Bab Al-Sbah, Bab Al-Magarbah, Bab-Srif. A new gate added in the early 20th century, 

called Bab Jadeed (Abu-Ghazzeh, 1994). The wall stood till 1947, and then, it was 

demolished for the sake of new development and modern urbanization in the recent 

history, complementing the oil boom. Since then, the city started to change in many 

aspects socially and architecturally, and many traditions have changed (Bagader, 2016). 

 Digital Practices in Historic Jeddah  

Digital heritage practices are starting to be implemented across KSA. There 

are a variety innovative research works on 3D documentation in KSA, which are 

based on historic Jeddah. Before explaining the AR simulation in this chapter the 

author explores some ongoing to present an overview of these ongoing research work 

in historical Jeddah.  

4.4.1 JHBIM – Old Jeddah – Saudi Arabia7 

This research project aimed at creating engineering-set of drawings from BIM 

from the result of terrestrial laser scanning and photogrammetric survey data. The 

                                                
7 (Baik, Boehm, & Robson, Jeddah Historical Building Information Modeling" JHBIM" Old 
Jeddah-Saudi Arabia., 2013) 
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researcher used the Al-Farsi House as a case study. The research explained in detail the 

process of producing a 3D model for the house as follows:  

• Image survey data took photographs of the house using a professional canon 18-

megapixel camera. These images used for photogrammetry using the Photo 

Modeler software.  

• The second step was scanning the Farsi House using a terrestrial laser scanner.  

• Several programs that can work with 3D point clouds. The researchers used 

Autodesk Revit. 

• Cleaning the noise from the data was performed using the Cyclone program.  

• Different scans from different location points need to match the overlapping 

areas. 

• During the research project production of the Al Farsi house, the 3D Revit 

model was linked to Autodesk BIM 360 Glue using an iPad. It provides 

coordination with multiple parties and access for stakeholders during the entire 

project lifecycle. 

 

The main limitations of this research project was the timing. Producing a 3D 

model takes a long time to be completed in a professional way; usually “more than one 

month” for one building.   

The conclusion of the research recommends using geospatial technology such as 

laser scanning remote sensing GPS and photogrammetry. All these data were used in 

the Jeddah Historical Building Information Modeling “JHBIM.” The decision to 

maintain a building or demolishing it is taken after analyzing the data. The JHBIM 

facilitates the ability to remotely review the resultant data using several future 

applications that generate such outcomes (Baik, Boehm, & Robson, 2013). 
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Figure 49. 3D cloud registration and 
overlapping (Baik, Boehm, & Robson, 
2013) 

 
Figure 50. 360 Glue; Autodesk BIM, Baik, Boehm, & 
Robson, 2013) 

 
Figure 51. Final 3D Model, (Baik, Boehm, 
& Robson, 2013) 

 

 

4.4.2 3D Documentation of (Roshan) – Old Jeddah- Saudi Arabia8 

This research project documented one of the most important features 

characteristics of Hijazi architecture: (the roshan). The documentation method in the 

research based on a close-range photogrammetry technique. The modeling process 

divided into three stages:  

1) Identifying the primary structural parts of the base, body, and head that define 

the entire mass, using close-range photogrammetry method and a regular 

camera. 

2) Using the Dense Stereo Matching approach (DSM); these two processes offer 

several commercial solutions. They used an inexpensive photo modelers 

scanner (PMS) software that produces a perfect solution to obtain the texture 

model and 3D point clouds. 

                                                
8 (Alitany, Redondo Domínguez, & Adas, 2013) 
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3) Combining parts using the Rhinoceros 3D modeling software. 

The research confirmed that the high capabilities of close-range 

photogrammetry offer feasibility, accuracy, and affordability. The process of producing 

a 3D Roshan modeling was a low-cost production despite the ornamental detail 

complexity and the logistic complications. The results express the capability of close-

range photogrammetry in producing accurate 3D models. The final production has great 

potential for future and continuous work such as the following: GIS, using CAD/CAM 

technology for reconstruction, BIM, Virtual Reality, or Augmented Reality for 

educational process. In this research, the 3D Roshan Model outcome utilized AR 

software as a tool for the educational visualization to understand the structure of the 

Roshan (Alitany, Redondo Domínguez, & Adas, 2013). 

 
Figure 52. Extraction process of points in PMS, 
(Alitany, Redondo Domínguez, & Adas, 2013). 

 
Figure 53. The results in PMS© from one 
and multi stereo pairs, (Alitany, Redondo 
Domínguez, & Adas, 2013) 

4.4.3 JHBIM object library9 

This research project is a collaboration between the previous two researchers 

to generate a library for old Jeddah’s architectural character. There were two methods 

used to produce the library:  1) Image survey,  2) Point cloud data  

The object library in JHBIM collects data from 3D modeling, and each object has a 

parameter that changes based on the shape of the object. The library could use it as a 

                                                
9 (Baik, Alitany, Boehm, , & Robson, 2014) 



AR as a Tool for Evoking Urban Memory of Jeddah Historic Site Chapter - 4 
   

 
 

 73 

plug-in for existing BIM software such as Rivet. This library project will support any 

future project in Old Jeddah by introducing and documenting the process.  

The theory of the Hijazi architecture object library starts with the following: 

• Producing 3D modeling using software such as Rivet and Rhinoceroses 

• Analyzing the 3D model and understanding the architecture of the object 

• Identifying the purpose and the level of details in the 3D model 

• Classifying the Hijazi object as one of the main three types of architectural 

Hijazi details: door, window, and Roshan 

The research confirms the benefits of JHBIM library. It will save time in 

creating a 3D model for old Jeddah, as it takes more than five weeks to produce one 3D 

model. Having the JHBIM library will reduce the time to around one to two weeks or 

two. Building such a library helps to provide data to use it in many other applications 

in time such as GIS, design, documentation, education, and sharing information and 

knowledge. Moreover, it can explain architectural heritage for professionals, the society, 

and decision maker or experts (Baik, Alitany, Boehm, & Robson, 2014) 

4.4.4 Integrating JHBIM with GIS10 

The research is continuing to create the database for the JHBIM object library. The 

research proposes to integrate the 3D model database with 3D GIS solutions. It is 

introducing a framework and implementing it on the Nasif Historical House in Old Jeddah. 

The 3D model produced by using terrestrial laser scanning and close-range 

photogrammetry method. The 3D model was designed on Revit and then integrated with 

a 3D GIS solution. One of the main limitations of creating 3D GIS is that it deals with 

simple 3D geometric elements. Thus, producing a complex 3D model with GIS is a 

                                                
10 (Baik, Yaagoubi, & Boehm, 2015) 



AR as a Tool for Evoking Urban Memory of Jeddah Historic Site Chapter - 4 
   

 
 

 74 

problem which can be solved by integrating HBIM modeling with GIS. This step is 

essential for operational decisions and sharing knowledge about the historical city of 

Jeddah. The research confirmed the importance of 3D GIS integration for information 

management and documentation. This integration will allow decision makers to collect 

information on the historic building and its surrounding for restoration and preservation 

activities (Baik, Yaagoubi, & Boehm, 2015) 

 
Figure 54. 3D JHBIM model in 
InfraWorks (Baik, Yaagoubi, & Boehm, 
2015) 

 
Figure 55. Integrating vector and raster data with the 
JHBIM (Baik, Yaagoubi, & Boehm, 2015) 

 

 
Figure 56. The quality of the level of details in 
InfraWorks (Baik, Yaagoubi, & Boehm, 2015) 

 
Figure 57. Descriptive attribute data of Nasif 
Historical House (Baik, Yaagoubi, & Boehm, 
2015) 

 

4.4.5 From point cloud to JHBIM – Nasif House11  

JHBIM is a series of ongoing research works that aim to produce the JHBIM 

library project. In this research, the amount of information and details in the 3D model 

is extensive, and it uses the HBIM software focusing on building the documentation, 

                                                
11 (Baik A. , 2017) 
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this research project aims to create an architectural object library based on surveys. The 

3D information generated from the surveyed terrestrial laser scanning and 

photogrammetry survey technology. The building of the JHBIM model for the Nasif 

house took more than six months. However, by inserting HAOL, which is a library of 

doors, windows, and Roshans into the JHBIM, the elements were modified to fit exactly 

on the model, and this reduces the delivery time to around 20 working days. The 

significance of the development based on the details in the model. Sharing the 

information via GIS is essential for the decision-making process (Baik, 2017) 

 The Pilot Study AR Simulation  

The AR simulation experience created for this research targeted an existing 

tourist path in historic Jeddah. It took the users of AR through the designated path to 

the old urban historical ambiance at several points and stops. The users experienced the 

old historical period before the demolition of the city wall of Jeddah in 1947 or the early 

years after the wall was destroyed. The AR simulation took the form of old photos and 

3D model.  

The urban fabric with the unique Hijazi architecture inside the wall consists of 

a comprehensive social structure, as it is clear in (Figure. 58), which is an aerial photo 

from 1938 before the wall was demolished. It started to change after the demolition of 

the wall since 1947 and progressed towards modernization. (Figure. 59) represents a 

few years after the destruction of the wall, and rapid urbanization is noticeable. 
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Figure 58. View of the Makkah Gate in the 1940s, showing the old city 
wall, (Pesce, 1974) 

 
 

Figure 59. Aerial photographs of 
Jeddah taken in 1948, just a few 
months after the city wall was 
demolished, (Pesce, 1974) 

 
The simulation of AR tackled the local visitors and tourists in historical Jeddah. 

 
Figure 60. An illustration explain the simulation experience in term of location, time, and users, (Author, 2018). 
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Figure 61. Illustration explaining the AR Simulation Proposal, showing the input and output with the context, 
(Author,2018) 

  

 Gathering Information & Site Selection 

The researcher started to search for the perfect site location to implement the 

AR simulation, which is targeting local visitors and tourists as users. Accordingly, the 

researcher selected three existing touristic paths as a starting point to select the site, 

then followed with observation looking for availability of documents, including photos 

and plans. These touristic paths shown in (Figure. 63) created during Jeddah festivals 

by SCTH. Tourist agencies are taking tourists and local visitors through these three 

paths. The three paths are under the UNESCO protection zones.  
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Figure 62. Site Selection Criteria Illustration, (Author,2018). 

 
Figure 63. Jeddah historical touristic path, created during Kunna Kida Festival festival, (SCTA, 2012) 

4.6.1 Observations in the Existing Touristic Paths of Historic Jeddah  

The researcher began to visit and observe the three existing touristic paths 

during March, 2018 at the afternoon time by taking photos and studying the current 

building conditions and urban spaces in the historical urban context, observing the 

relationship between the current and the available sources and documents from the past. 

The map in (Figure. 64) helped the researcher to identify the buildings and its uses. The 

researcher divided the map into four observational parts, the division of the parts were 

proposed according to the existing tour paths and the most prominent and vital locations 

in each path. The limitation of the site selection was according to the data and 

documents available for the old urban context of the current historical context under 

the UNESCO protection area and buffer zones. 



AR as a Tool for Evoking Urban Memory of Jeddah Historic Site Chapter - 4 
   

 
 

 79 

 
          Figure 64. The Author used Mohamad Shukri map during the author site visit observation for the AR simulation area  

selection, dividing the map into four parts, (Author, 2018) 

4.6.1.1 Site Observation Procedure — Option 1 

The researcher started by mapping the buildings on the map and taking photos 

for the historical buildings and urban context. The researcher started to look into the 

current condition of the building and its usages, then searching for old photos and 

documents for the same buildings and urban context in the past, in old books and 

libraries in Albalad. 
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  Figure 65. Map option one for observation, (Author, 2018) 

Findings after observing and searching: 
For this area, there was limited documentation in 
the form of old photos of the time before 
demolition of the wall. 

Map Legend: 
1. Al- Sharbatly House 
2. Al- Sharbatly House 
3. Small Ribat Al-Konji 
4. Al-Sharif Mohana House 
5. Sofian Banaja House 
6. The Big Ribat Al-Konji 
7. Hazazi House 
8. Barahat Al-Hazazi 
9. Bajseer House 
10. Abo Onabah Mosque 
11. Al-Rashdiyah Awgaf 
12. Al-Rashidyah House 
13. Barhat Al-Sharbatly 
14. Zaker Al-Najar House 
15. Gahbel House 
16. Slamah House (current owner: Ahmed 

Badeep) 
17. Ribat Al-Nouri 
18. Baeshen House 

 
  

 
 
 Area Description: 
The area of the observed path is 300 m long, and 100 m   
width consists of several components in the urban 
context, as follows: 
 

• Traditional houses for famous families 
• Tow Barahat (open spaces) existing as Al-Hazazi 

and Al-Sharbatly 
• Tow Ribat Al-Konji (one is with a large area and 

the other is small) 
• One mosque (Abo Onabah Mosque) 
• Small streets (Zogag) 

4.6.1.2 Site Observation — Option 2 

The researcher moved to option 2 and started to observe by mapping the 

buildings on the map and taking photos for the historical buildings and urban context.  
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Figure 66. Map option two for observation, (Author, 2018). 

 

Map Legend: 
1. Bab Jadeed 
2. Bajneed House 
3. Kaem Al-Makaam House 
4. Bakerbah House 
5. Al-Pakstani Hospital (House 

Bajneed previously)  
6. Ribat Banajah 
7. Al-Waseah House (currently 

Al-Omdah House) 
8. Al-Asqar Old House 
9. TahaaNazer House 
10. Faraj Yosur Mosque 
11. Suhatah House 
12. Al-Lami House (old police 

station)  
13. Sayem Al-Dahar Hous 
14. Zawyat Al-Jilani 
15. Surrati House 
16. Al-Wasyah House 
17. Badeep Office 
18. Al-Sebaey House 
19. Al-Jazar House 
20. Banajah House 
21. Batarjee House 
22. Batagjee House 

Area Description: 
The area of the observed path is 250 m length, and 160 m width consists of several components 
in the urban context, as follows:  

• Wall Gate (Bab Jadeed) 
• Important houses 
• Pakistani Hospital   
• Ribat Banajah 
• Religious buildings (Faraj Yosur Mosque and Zawyat Al-Jilani)   
• Small streets (Zogag) 

 

Findings after observing and searching: 
The researcher started to examine the current condition of the building and its usages, then 
searching for old photos and documents for the same buildings and urban context in the past, in 
old books and libraries in Albalad. There were some photos founded, but a limited number. 

 

4.6.1.3 Site Observation — Option 3: 

The researcher moved to option 3 and started to observe by locating the 

buildings on the map and taking photos for the historical buildings and urban context.  
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Figure 67. Map option three  for observation, (Author, 2018) 

 

Map Legend: 

1. Al-Shafi Mosque 
2. Amaar Angawi House 

(Wagf Al-Shafi) 
3. Gahwat Al-Baar Souk Al-

Jamae 
 
 
 

Area Description: 
The area of the observed path is 95 m length, and 130 m width consists of several components in 
the urban context, as follows:  

• Old Shafi Mosque (The oldest mosque in historical Jeddah)   
• Ammar Angawi House (Dar Angawi the first architectural form in historical Jeddah, 

established by Dr. Sami Angawi) 
• Souk Al-Jamae 
• Small streets (Zogag) 

 
Findings after observing and searching: 
The researcher started to investigate the current condition of the building and its usages, then 
searching for old photos and documents for the same buildings and urban context in the past, in old 
books and libraries in Albalad. There was limited documentation in the form of old photos, found 
from the time before the demolition of the wall. 

4.6.1.4 Site Observation — Option 4: 

The researcher moved to option 4 and started to observe by locating the 

buildings on the map and taking photos for the historical buildings and urban context.  
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                  Figure 68. Map option four for observation, (Author, 2018) 

Map Legend: 

1. Bab Al Sabah (historical Wall 
Gate)Gabel Steert (Hajj Tarial) 

2. Al-Okash Mosque  
3. Al-Me’maar Mosque 
4. Al-Alwi Market (Souk) 
5. Noor Wali House 
6. Nasif House (Al-Merah Center) 
7. Nasif House 
8. Nasif House  
9. Nasif House  
10. Barahat Nasif (Nasif Plaza) 
11. Nasif House  
12. Jamjoom House 
13. Al-Ashmawi House 
14. Al-Hanboli House 
15. Badeep Family House 
16. Badeep Garden 

 

Area Description: 

The area of the observed path is 400 m length from 
Al-Sabah Gate, and 160 m width consists of several 
components in the urban context, as follows:  

• Historical Sabah Gate  
• Historical Hajj trail  
• Two Historical Mosques (Al-Okash& Al-

Meamaar)  
• Two Historical Markets (Gabel & Al-Alwi)   
• Famous Nasif House (currently a museum) 
• Famous Barahat Nasif (Plaza) 
• Famous family houses  
• Small streets (Zogag) 

 
Findings after observing and searching: 
The researcher started to investigate the current 
condition of the building and its usages, then 
searching for old photos and documents for the same 
buildings and urban context in the past, in old books 
and libraries in Albalad. There was a decent amount 
of old photos and documentation in comparison with 
other observed areas.  
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4.6.1.5 Findings from observation and investigation 

 The researcher set criteria for selecting the AR experience path as follows: 

• A limited size of urban zone featured by valuable historical 

composition of Mosque, Old Souk, Zogag, Famous Houses. 

• The existence of buildings with significant historic value.  

• The availability of clear photographic documentation for at least one 

old building that is currently in bad conditions. 

4.6.2 Selected Site — Significance and value  

following the observation of the four options and exploring the availability of 

documents, the researcher selected the fourth option (Figure. 68) from the site 

observation to implement the AR simulation experience. The experience selection 

located in the second touristic path as shown in (Figure. 69). The selected area shows 

essential urban elements and has been a vibrant location from the historical times until 

the present. It considers the connection between the Al-Bunt area, the old Jeddah port, 

and historical Jeddah, through which overseas pilgrims passed through while traveling 

to Makkah. The selected area located in the UNESCO protected area, buffer zone 1, 

and buffer zone 2 as shown in (Figure. 70) 
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Figure 69. The second tourist path, (SCTA, 2012) 

 

 
Figure 70. UNESCO Nominated Property and zone classifications, (Jeddah.gov.sa, Jeddah History, 2018). 
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The buildings located in the selected 

option were classified according to their 

significance as shown in (Figure. 71). All 

of them are from class A; only the Al-

Akash Mosque is classified as class C. The 

table below explains the building type 

classification adapted from the 

municipality map. 

 
Figure 71. Building Classification Map, showing the AR path Area, 

(Jeddah.gov.sa, Jeddah History, 2018). 

 

Table 4-1 Building Type Classification Adapted from the Municipality, 

(Jeddah.gov.sa, Jeddah History, 2018)  

Conservation Area Grade 

Classification A B C 
Building Type Building of National 

Significance 
Building of Regional 
Significance 

Building of Local 
Significance 

 

 AR Simulation Tour  

The AR simulation tour will pass through nine stops in the second touristic path, 

starting from the Al-Furdah gate and ending in front of the Al-Ashmawi House. The 

created path will allow users to view nine AR views created from nine markers. The 

views include 2D old photographs and 3D documented models. Most of the views are 

2D old photographs that display the old life and urban context. The 3D models are two. 

The first model simulates Al-Akash mosque and Gabel Market in the old form. The 2nd 

3D model is simulating the Al-Ashmawi house before the fire accident happened last 

year, which caused a partial damage to the house. The map below in (Figure. 72) shows 

the augmentation path context, and it includes several urban elements to evoke the 

urban memory. The selected location had an obvious change in the urban context, 
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especially after the demolishment of the city wall. The features of the Al-Bunt area had 

changed, and the view between historical Jeddah and the sea had vanished. 

 
Figure 72. The AR path simulation, (Author, 2018). 

  
4.7.1 The Significance of Heritage Building Along the AR Tour  

The urban context in the created AR tour includes significant and important 

historical buildings and urban components as follows: 
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4.7.1.1 Al-Fourdah Gate 

It is one of the old western gates of 

historical Jeddah and has several names such as 

Al-Bunt and Gomrouk. The meaning of Al-

Fourdah is the port of the Othman Empire.  
Figure 73. Al-Fourdah Gate, (Jeddah.gov.sa, Jeddah 

History, 2018) 

4.7.1.2 Al-Akash Mosque 
 
Located at Gabel street near Al-Sabah Gate 

in the west side and built in 1775 AD in the 

Othman Empire era by Akash Abazah, the building 

went through restoration actions two times, the 

first in 1864 AD and the second in 1977 AD. 

 
 

 
Figure 74. Al-Akash Mosque, (Jeddah.gov.sa, Jeddah 

History, 2018)  

4.7.1.3 Gabel Street & Market (Souk Gabel) 
 

        Gabel market is one of the most famous and 

oldest markets in Jeddah; located at Gabel Street, 

which was built by Al-Sharif Husian Bin Ali in the 

early thirties of the 20th century. The street was not 

named Gabel till Sleiman Gabel bought it from Al-

Sharif Husian. Also, it was a primary ancient Hajj 

trail for pilgrims coming from overseas. 

 

 
 
 

 
Figure 75. Gabel Street & Market (Souk Gabel), 

(Jeddah.gov.sa, Jeddah History, 2018) 

 



AR as a Tool for Evoking Urban Memory of Jeddah Historic Site Chapter - 4 
   

 
 

 89 

4.7.1.4 Al-Mimar Mosque 
 

       The mosque located at Al-Alawi Street 

in the west of Al-Mazloum, near the famous 

Barha Nassef, and rises from the street level. 

It is categorized as a class (A) in the 

conservation grade for its old and traditional 

architecture. It was built in 1847 AD by 

Mustaffa Mem’ar Pasha Jeddah Wali during 

the rule of the Othman empire.  

4.7.1.5 Noor Wali House 
 

       The house is located in the Mazloum 

quarter of Souk Al-Alawi street and faces the 

Al-Mimar Mosque. It is recognized as a class 

(A) in the conservation grade for its old and 

traditional architecture. The house was built 

150 years ago by a builder called Al-Saban. 

The Ashur family owned it, and Noor Wali 

bought the home in 1365. 

 
 
 
 
 
 
 
 
 

 
Figure 76. Al—Mimar Mosque & Noor Wali House, 

(Jeddah.gov.sa, Jeddah History, 2018) 
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4.7.1.6 Barahat Nasif 
 
Located in front of Nasif House and 

named after the owner, it is a plaza, 

intersecting with the central spine of Souk Al 

Alawi. Al Barah is an essential feature in the 

urban context of historical Jeddah. 

4.7.1.7 Nasif House 
 
Nasif House is located in the heart of 

the historical Jeddah. Built-in 1872 AD, it is 

one of the most famous monuments in 

Jeddah. It is the first home built in the 

Ottoman style, unlike the older houses of 

Jeddah. It is categorized as a class (A) in 

conservation grade for its old and traditional 

architecture. 

 

 
Figure 77. Barahat Nasif, (Jeddah.gov.sa, Jeddah 

History, 2018) 

 

 
Figure 78. Nasif House, (Jeddah.gov.sa, Jeddah 

History, 2018) 

4.7.1.8 Jamjoom House 
 

        The house is located in the Yemen 

quarter, near the Al-Mimar Mosque. It 

classified as class (A), built from Al-

Mangabi stone and decorated with Roshan. 

The hill in front of the house is named after 

the house. 

 
 

 
Figure 79. Jamjoom House, (Jeddah.gov.sa, Jeddah 

History, 2018) 
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4.7.1.9 Al-Ashmawi House 
 
The house is located in the Al-Yemen 

quarter near the Al- Jamjoom House. It is 

classified as class (A) in the conservation 

grade for its old and traditional architecture. 

The house was affected by the fire accident 

last year. Currently, it is partially destroyed 

and burned.  

 
Figure 80. Ashmawi house before the fire accident, 
(Jeddah.gov.sa, Jeddah History, 2018) 

 

 AR Platform & Software Selection 

After searching for the best software to produce the AR experience, it was 

found that AR is an extremely new concept, which is getting updated regularly and 

the addition of new features to the listed software in (Appendix B) is introduced. 

Accordingly, the researcher selected the most recognized one with available tutorials 

which were the Unity software as a first option and Appypie for producing a mobile 

application without coding and programming skills needed as a backup in case any 

obstacles appeared with Unity software outcome. Also, the Vuforia SDK platform was 

selected, which works with both the Unity software and the Appypie to generate 

marker12 database. 

 AR Path Production Method & Technique 

The researcher used two methods while producing the AR Path – first, by 

using Unity & Vuforia and second, by using Appypie and Vuforia. The outcome was 

two AR applications consisting of three types13 of AR. The illustration below explains 

the two methods used along with the different types of AR. 

                                                
12 The marker is a reference for the camera on the mobile to generate AR photo   
13 The three types of AR produced are: 2D old photos, 3D model, and sound video    
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Figure 81.  Illustration shows the methods of producing AR application, (Author, 2018). 

4.9.1 First Method for AR Production — Master Al-Balad Application   

 The first method produced an application called “Master Al-Balad.” The 

researcher built a complete APK file package using Unity that any user has a mobile or 

iPad worked with the Android operating system can download the application. The 

application generates  two types of AR: Old Photographs and 3D Models. 

 
Figure 82. Illustration shows the two types of AR 
produced, an type of 3D Production, (Author, 2018). 

 

 
Figure 83. Illustration shows the softwires used to 
produce the 1st AR application, which worked only 
with Android operating system, (Author, 2018). 

 
4.9.1.1 Method for Producing Photos AR 

In the first method, the researcher created eight augmentation of old photos. 

The process of producing AR photographs in Unity is as follows: 
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4.9.1.1.1 Creating Marker (Vuforia Platform) 

The first step for producing AR photographs is creating targets14 called markers 

as references to generate the AR appearance. The researcher registered and created an 

account in Vuforia as a developer. Then, the Vuforia License manager and target 

manger were created, which are a web-based tools. The researcher followed the process 

shown in (Figure. 84).   

Generating the license code from the license manager in Vuforia and adding 

targets in the created database in the target manager is a necessary step to produce any 

marker-based augmentation.  

 
Figure 84. Steps for creating the license manager, (Author, 2018). 

 
Figure 85. Creating Target Manager Steps, (Author, 2018). 

                                                
14 The type of target is “Image Target” and the image was taken by the researcher in the 

location at the created path. The image target is the current urban status that allows the user to view an 
AR view from the past through the mobile camera app. 
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4.9.1.1.2 Creating AR photograph (Unity platform) 

The researcher started to produce the AR by using Unity software after 

uploaded all targets database in the Vuforia “Target Manager,” by following the steps 

below: 

1. Downloaded a free version, and a new project created, and it ensured that the 

type of project was 3D. 

2. Activated Vuforia in the project from player settings, by selected the XR 

setting section, then “Vuforia Augmented Reality supported” box checked.15 

3. Added the AR camera and deleted the main camera, then the global Vuforia 

Configuration Inspector opened.  

4. Copied the license key from the “license manager” in Vuforia and pasted it in 

the app license key. 

5. downloaded the target manager in Vuforia which created before and chose the 

“Unity Editor” as a development platform to download the database. 

6. In Unity selected the “Assets” icon, imported the package and chose the 

“custom package” to add the database file. 

7. “GameObject” icon selected, and an image target created in the user interface 

(UI) under the AR camera, and the plane option chosen then the plane scale 

changed until it appeared and moved it above the image target appeared in the 

scene window as shown in (Figure. 86) 

8. Assigned the AR photo to the plane by dragging the photo to the Unity assets 

as material, as shown in (Figure. 87) 

                                                
15 It is important to activate Vuforia, otherwise we will not be able to build a Vuforia. 
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9. An AR photo created and the researcher tested the AR appearance by opening 

the camera and placing the marker in front of the camera, as shown in (Figure. 

88) 

4.9.1.2 Method for Producing 3D Model AR 

The 3D models in the first method consisted of two types, the illustration in (Figure. 

89), explains the difference between the two types in the process of production and the 

end 3D result.  

 
Figure 86. The process of producing an AR photo 
from a marker, (Author, 2018). 

 
Figure 87. Attaching the AR photo to the plan above the target, (Author, 
2018). 

 
Figure 88. Testing the AR photo from Unity camera; In testing the AR the researcher could change the scale if it is not what the 
researcher targeting, (Author, 2018) 

 
Figure 89. Chart explaining the two types of AR 3D production process & technique, (Author, 2018) 
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4.9.1.2.1 First Type of 3D (Al-Ashmawi) House — Production Process & Technique  

The concept of Al-Ashmawy model is to augment the building before it was 

burned due to a fire accident in summer 2017. The researcher used different software 

with the consequences steps as follows:  

1- Sketch Up Platform 

a. First, the researcher started with SketchUp software to draw and build 

a 3D model of the house by using existing plans.16  

b. Then the researcher used old photos for the house before the fire accident and 

attached it to the elevations of the 3D model produced, as shown in (Figure. 90).    

2- 3D Max Platform: 

a. Second, the researcher exported the 3D model in sketch up to 3D Max, 

to start the baking process for the elevation. The baking technique in 3D 

Max reduced the render time of the AR model and produces all the 

rendered elevations in one sheet, as shown in (Figure. 91) 

b. Then, exported the file to an fbx. format 

                                                
16 The researcher founded the plans and elevation for the house from Axis Design Architects 

Consulting; the office used laser scanning and drone to generate the plans to renovate the house.   
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Figure 90. 3D model in sketch up, (Author, 2018)  

Figure 91. The baking sheet map from 3D Max, (Author, 
2018). 

3- Unity Platform: 

a. Third, is using the Unity platform to generate the 3D AR, by dragging 

the fbx. file in Unity assets. 

b. Then, an image target17 created, by selecting the image from Veforia 

database  

c. Added The fbx file to the UI under the target image, were the 3D model 

appeared gray without material, as shown in (Figure. 92). 

d. The material sheet18 was dragged to the model in the scene view, as 

shown in (Figure. 93). The rendered elevation appears directly, as shown 

in (Figure. 94)  

e. Testing the AR 3D view is done by opening the camera in Unity and 

placing the image target in front of the camera, as shown in (figure. 95). 

The size and orientation can be modified through coding or from the 

inspector palette. 

                                                
17 A photo for the current Ashmawi House after the fire  
18 Baked sheet map 
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Figure 92. The Al-Ashmawy model added to the UI under 
the image target, (Author, 2018). 

 
Figure 93. The model is gray without rendered elevation, the 
text above the model is the dragging process for the baked 
sheet map to the model, (Author, 2018). 

 

 
Figure 94. After dragging, the elevations appeared directly on 
the model, (Author, 2018). 

 

 
Figure 95. Testing the AR vie from the Unity camera, (Author, 
2018). 

4.9.1.2.2  Second Type of 3D Model (Al-Akash Mosque) — Production Process & 

Technique  

The concept of Al-Akash Mosque model is to augment the mosque before the 

last restoration19 in 1977 AD. The researcher began to document the mosque and Gabel 

street using an old photo, as shown in (Figure. 96), which dates back to the 20th century 

before the city wall was demolished in 1947. The researcher did not have enough 

references in terms of the plans or elevation, except this old photo. The researcher used 

different software with the consequences steps as follows:  

 

                                                
19 The mosque was built in 1775 AD and underwent two restorations. The first was in 1864 

AD and the second in 1977. There is no documentation of the mosque before it changed. 
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Figure 96. Akash mosque in the early 20th century; the author 
used the photo as a reference to produce the 3D Model in 3D 
Max, (Jeddah.gov.sa, Jeddah History, 2018). 

 
Figure 97. The model after rendering from 3D Max, 
(Author, 2018). 

1- 3D Max Platform: 

a. The researcher started with 3D Max by drawing the 3D model of the 

mosque in great details with the material assigned to the model. 

b. Then, exported the file to fbx format and dragged it to the Unity 

software, but the file did not appear in Unity and could not upload it 

because of the vast number of polygons and vertices in 3D Max. 

c. The researcher reduced the number of polygons by combing and 

removing detailed features. The polygons reduced until the number 

became reasonable in the file.  

2- Unity Platform: 

a. The researcher used the Unity platform to generate the 3D AR, by 

dragging the fbx. file in Unity assets. 

b. Then, an image target20 created, by selecting the image from Veforia 

database  

c. Dragged the mosque model from the assets to the UI under the image 

target. 

                                                
20 A photo for the current Al-Akash Mosque took by the Author  
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d. Moved the model above the image target in the scene window, as shown 

in (Figure. 99), and the model appears without material in gray. 

e. To view the material, the researcher dragged the material to the model 

as shown in (Figure. 100). Many materials created in 3D Max, and 

having many materials for one model would take more time during 

rendering. 

The researcher tested the AR appearance through, the scale and position of the 

3D AR model by using the Unity cameras, as shown in (Figure. 101) & (Figure.102). 

The model was wavering a lot during the augmentation process due to the large size. 

 
Figure 98. The target image 
marker for the AR 3D model, 
(Author, 2018). 

 
Figure 99. Adding the mosque model under the image target in the UI and 
moving the model above the image target from the scene view window; the model 
appeared gray without material, (Author, 2018). 

 

 

 
Figure 100. The material added to the model, the detaisl of the texture can be viewed 
upon zooming in, (Author, 2018). 
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Figure 101. Testing the 3D AR position and scale, also testing 
the interaction of the model with the marker, (Author, 2018). 

 
Figure 102. Another test for the Akash model when zooming in 
on the marker and make it with an angle, (Author, 2018). 

4.9.1.2.3 Comparing the Al-Ashmawy and Al-Akash 3D models: 

After explaining the two processes of creating the 3D AR models, the 

researcher compared the two.  

Table 4-2 Al-Ashmawy house 3D model outcome, (Author, 2018) 

Al-Ashmawy House 
Purpose Recourses 

& References 
 

Process 
 

Advantages 
 

Disadvantages Future 
Potential 

 

Limitations 
 

-To 
document 
the burned 
house 
before the 
fire 
accident.  
-The 
restoration 
will 
change the 
features of 
the old 
house  
-Recording 
the 
previous 
status is 
essential.  
 

-The plans and 
elevations for 
the restoration 
and 
rehabilitation 
of the house  
-Old photos of 
the building 
show some of 
the house’s 
elevation 
before the 
accident. 

-Four 
platforms 
were used: 
SketchUp, 
3D Max, 
Vuforia, 
and Unity.  
-The 
baking 
technique 
was used 
in 3D Max.  
 

- The 3D model 
result is close to 
reality 
- The baking 
reduced the 
rendering time 
for producing 
AR 
 

-No photos were 
available for all 
elevations, so 
some part of the 
model is gray 
-The 3D view 
angle must show 
only two 
elevations 
 

-There is 
great 
potential for 
this 3D 
model 
production, 
especially if 
photos 
available to 
produce a 
realistic 3D 
model.  
 

-The scale of 
the 3D 
model in 
reality, as a 
marker, is 
different 
from the 
printed 
image target.  
-It is not 
easy to 
achieve the 
same angle 
as the photo 
in reality  
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Table 4-3 Akash Mosque 3D Model Outcome, (Author, 2018) 

Akash Mosque 
Purpose Recourses 

& References 
 

Process Advantages 
 

Disadvantages Future 
Potential 

 

Limitations 
 

-The 
mosque 
changed 
after the 
last 
restoration 
in 1977 
AD  
-There is 
no 
documenta
tion of its 
old status.   
-The 3D 
model will 
help record 
the CH 
sites.  

-The old photo 
of the mosque 
and Gabel  
-A market that 
shows the old 
urban context 
and the 
mosque before 
restoration 

-Three 
Platforms 
used: 
3D Max 
Vuforia, 
and Unity.  
The 
material in 
the 3D 
Max used 
for the 
model 
taken from 
material 
images   

-The end 
result of the 
3D model 
recording the 
same 2D 
photo can 
generate the 
plans and 
elevations that 
do not exist in 
the 3D model  

-The 3D model 
does not show the 
amount of effort 
taken for 
achieving the end 
AR result.  
-The rendering in 
3D Max is a lot 
more decent than 
the AR.  
-The rendering 
takes more time in 
Unity due to the 
many materials 
attached to the 
same model, even 
after reducing the 
polygons and 
materials  

-It is 
possible to 
render all 
elevations 
using 3D 
Max 
-The same 
process as 
used for Al-
Ashmawy is 
repeated. 
-The 
material 
used in the 
model can 
be made 
more 
elaborate by 
adding more 
realistic 
materials.  

-There was 
limited time to 
resolve the 
rendering and 
detailing 
problems.  
-To make a 
professional 
3D model for a 
mosque like 
Akash and the 
market 
required more 
time than two 
weeks.  

 

4.9.1.3 Findings from testing the first method of AR Production  

After testing the path by using the first method of AR production application, 

various findings appeared when using the same reality markers21 to view the AR:  

1- The AR could not appear if the visiting time is not during the same time as 

that when the photo of the marker taken. The AR can appear if the amount 

of light, in reality, is the same as that in the marker. When visiting in 

different time or with different exposure of light, the AR will not appear.  

2- The user must stand at the same angle or close to it so that the AR can appear 

when using the reality marker. 

                                                
21 Reality Marker means opening the AR camera from the application and stand at the same 

spot in the path, not a printed photo image. 
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3- Using the reality marker causes shaken AR photo and 3D model on the 

mobile screen. The researcher resolved the problem at the end product by 

adding some coding to the Unity script. 

After encountering the above obstacles in using the reality marker, the 

researcher decided to use a printed image for the eight markers in A3 size for making 

the experience possible at any time during the day by stopping before each stop with a 

stand and adding the photo marker on the stand. However, the resolution of the AR 

images distorted and the size of the photos are disproportionate, and the shaking AR 

still exist.  

4.9.2 Second Method for AR Production — Jeddah Historic Path Application   

The second method produced an application called “Jeddah Historic Path.” It 

works with both Android and iOS. The app generates two types of AR: old 

photographs and videos.  

 
Figure 103. Illustration explain the software used in the 2nd AR application, (Author,2018) 

4.9.2.1 About Appypie Platform 

Appypie is a mobile app builder that has augmented reality feature in its beta 

version. The builder allows the researchers to create a mobile app without utilizing any 
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coding skills. An Appypie user can create a mobile application and share the link with 

other users while it is in its demo phase. The researcher tried the free version to test the 

features, then purchased the scholar plan for three months. Appypie will introduce in 

the app builder 3D augmented reality and geo-location mapping features at the end of 

May 2018. Unfortunately, it will not aid the research in any way due to mismatched 

timing. Currently, the researcher can create a 2D augmented reality for photos, videos, 

and PDF file links only. 

4.9.2.2 Building the Mobile App feature 

The process of building a demo app began with naming the app “Jeddah 

historical path” and then adding photos related to historic Jeddah to the splash page of 

the app and the main page. Additionally, the app logo and “who we are” logo were 

customized. Inside the created app, the researcher added the following nine features 

listed below. The figure (104, 105, 106) shows the app design and the app interface in 

different pages. 

 
Figure 104. Mobile app design and 
features, (Author, 2018) 

 
Figure 105.  “who we are”, 
inside the page that includes the 
Mission, Vision, and Value, 
(Author, 2018). 

 

 
Figure 106. The tour path 
page includes a link for each 
stop to google map, (Author, 
2018) 
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4.9.2.2.1 Mobile app feature and content 

1- Who we are: In the beginning, the researcher explained that this application is 

a demo that aims to explore the potential to apply the augmented reality tool in 

the historic city of Jeddah. This feature includes information regarding the 

mission, vision, and value. 

2- Jeddah, the Old City: Within this feature, there is a YouTube video 

highlighting the significance of Jeddah historic city. 

3- What is AR? There is also a YouTube video that includes information regarding 

augmented reality for users that do not know about it. 

4- Present vs. Past: With this feature, the public can share photos of the present, 

and the past of the historic buildings. 

5- Historic Tour Description: It explains the tour experience, the aim of the tour, 

and the way users can use the app during the tour. 

6- Tour Path: The tour feature contains the locations of the nine points at which 

the visitor will stop during the tour to view the AR linked to Google maps.  

7- Augmented Reality: This is an AR camera that the visitors can use to view AR 

across the tour path. 

8- Share Your Experience: This feature includes a camera, and the users can take 

a video during their visit and share it with the public. 

9- Survey: this feature includes a designed survey that the researcher created for 

the visitors to respond to it after finishing the tour and the AR experience. 

4.9.2.3 Producing AR photographs 

The AR photos produced by using two platforms – the Appypie app builder 

and Vuforia, the researcher followed the steps below to generate the AR photos.  
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4.9.2.3.1 Creating the marker: 

The process of creating license key and target manager explained in detail of 

the first method of creating AR photos.  The width entered in a way that allows the user 

to view the AR that covers the entire device screen and gives a feeling of a panoramic 

view of the past. So, the user can interact with the screen and zoom in and out in the 

AR photo by going far or close to the image target. In Appypie, there is a space for the 

following, as shown in (Figure. 107) 

1- The key license that the researcher can get from the Vuforia key manager web  

2- The database zip file the researcher downloaded it from Vuforia before and 

uploaded  

4.9.2.3.2 Creating AR in Jeddah Historic Path app  

The researcher started creating the augmented reality by clicking on the AR 

feature. After uploading the file, all the essentials for creating photo AR are ready. The 

AR action is selected, and the AR type images. Then, the image target selected from 

the database, and the photo of the AR is assigned. The (figure. 108) shows the app 

builder page and AR photo building. 
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Figure 107. The app builder face, adding key license and 
uploading the marker file from Vuforia, (Author, 2018.) 

 

 
Figure 108. Selecting file from the target file database 
and uploading an image as an AR to attach it with the 
marker, (Author, 2018). 

4.9.2.3.3 Producing AR video 

The video produced before adding it to the AR builder by recording a voice with 

the use of the “iPhone Voice Memo”tool; the recording includes information regarding 

the AR view from the past. After recording the voice, the researcher used iMovie to 

combine the audio and the photo, as shown in the (Figure. 109). Across the path, there 

are nine videos created in both Arabic and English to provide more information to 

visitors regarding the AR views. 

After the video was created, it was added to the AR builder in Appypie by 

choosing the video type action. Then, the target image, a (barcode), is selected to add 

video and link it to the barcode target. Additionally, the user can scan the barcode to 

view other text information besides opening the AR camera to watch the augmented 

video. 
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               Figure 109. The process of creating a video by combining the audio with photo, (Author, 2018) 

4.9.2.4 Findings from testing the 2nd method of AR production 

After testing the path by using the 2nd method of AR production application, 

“Jeddah Historic Path,” the researcher found that the AR cannot appear if the visiting 

time is not the same time as that when the photo of the marker was taken. The AR can 

appear if the amount of light, in reality, is the same as in the marker.  

4.9.3 Comparative Study Between The Two Mobile Applications   

After explaining the two methods of producing AR application in detail. The 

researcher compared the results of both the methods. 

 

 Table 4-4 Comparison Between The Two Mobile Applications, (Author, 2018)   

AR Mobile 
Application 

Advantage Disadvantage Future 
Expectations 

“Master Al-Bald”  -Viewing AR for 3D 
modeling 
-Viewing different AR 
photos from the same 
marker  
-Producing the app by 
using free versions 
-Creating any concept 

 

-When opening the app, 
there is only one AR 
camera without any 
features.  
-The photo resolution of 
the AR is not clear.  
- The process of 
producing the AR is 
complicated, especially 
with the coding skills 
required. 
-Resolving problems 
need more that only 
coding skills. 
-The application only 
works with Android.  

Using Unity in 
creating an 
application can 
explicate and 
produce a well-
designed 
application, but it 
needs more time 
and coding skills. 
Also, linking the 
AR with the 
geolocation will 
solve many 
problems in the 
app. such as 
shaking.  
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-There is no existence of 
any information.   

Jeddah Historical 
Path 

-Consistency of the app 
in having all information 
for the users regarding 
the experience. As per 
the description, it has 
locations of the AR 
views, sharing 
experience, and a survey 
after finishing the 
experience all in the 
same app 
-Ability to be 
downloaded in both 
Android and iOS 
-The simplicity of 
building AR without 
coding skills 
-Good and clear 
resolution of the AR 
photo 
-The proportion of the 
AR photo 
-Information, including 
text and video  regarding 
the AR photos and 
history 

-Not viewing AR 3D 
modeling   
-Have to purchase a plan 
in order to have an 
account for the mobile 
app builder to produce 
the app 
-The marker can view 
only one AR photo or 
video and does not have 
the ability to produce 
several AR for the same 
marker by creating a 
button as in the Unity 
app.  
-The detection of reading 
reality marker as an 
image is poor when there 
are many lights. 

-The Appypie app 
builder will 
introduce in the app 
builder a 3D 
augmented reality 
and geolocation 
mapping features at 
the end of May 
2018. 

4.9.4 Conclusion and App Selection 

The two apps were compared and tested on site with the help of a small group 

of seven people. The action was made to take the decision for which app to use for the 

AR experience with the public. The decision favored the “Jeddah historical path” 

application. The researcher will not share the 3D modeling for both Ashmawi and 

Akash with the public. Due to the poor results of documentation and the requirement 

of more time for elaboration. This decision encouraged the researcher to choose the 

Jeddah historical path app. Additionally, there was also the facility of having all 

required information regarding the created AR path with all stops for viewing the AR 

linked to the google map. The researcher will use the image marker printed through 

the experience tour to avoid not seeing the AR photos during the experiment. 
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 AR Markers and Views 

The AR path was designed by using an image marker. The table below shows 

the image markers and AR images appeared through the AR path. 

Table 4-5 Image Marker & AR Images Appeared, (Author, 2018) 

Image Marker: Current Photo AR View: Old Photo 
Image Marker 1 AR View 1 

 
 
 
 
 
 
 
 
 

 
Figure 110. Al-Furdah Gate, (Author, 2018) 

             
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 
 
 
 
 
 
 
 

 
Figure 111. Al-Furdah Gate, 1334 H, 
(Jeddah.gov.sa, Jeddah History, 2018) 
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Image Marker 2 AR View 2 
 
 
 
 
 
 
 

 
Figure 112. Akash Mosque, (Author, 2018) 

 

 

 

 

 
Figure 113, Old view of the Akash Mosque, 
(Jeddah.gov.sa, Jeddah History, 2018) 

 
Figure 114, AR view shows Alakash mosque with 
the old urban context, (Jeddah.gov.sa, Jeddah 
History, 2018) 

   
Figure 115, AR view shows 3D view of AL-
Alakash mosque with the old urban context, 
(Author, 2018) 

 

Image Marker 3 AR View 3 
 
 
 

 

 
Figure 116. Gabel Street, (Author, 2018). 

 
 
 
 
 
 
 
 

 
 
 
 

 
Figure 117. Gabel Street old street, 

(Jeddah.gov.sa, Jeddah History, 2018) 
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Image Marker 4 AR View 4 
 

 
Figure 118. Souk Al-Allawi & Noor Wali House, 

(Author, 2018) 

 

 

 
Figure 119. Old view Souk Gabel, 1930, 
(Jeddah.gov.sa, Jeddah History, 2018) 

 

Image Marker 5 AR View 5 
 

 
Figure 120. Al-Jamjoom House, (Author, 2018). 

 

 

 
Figure 121. Old view for Al-Jamjoom house, 

(Jeddah.gov.sa, Jeddah History, 2018). 

Image Marker 6 AR View 6 
 

 
Figure 122. Barahat Nasif, (Author, 2018). 

 
 
 

 

 
Figure 123. Old View Barahat Nasif, 

(Jeddah.gov.sa, Jeddah History, 2018) 
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Image Marker 7 AR View 7 
 

 
Figure 124. Nasif House, (Author, 2018). 

 

 
Figure 125. Old View of Nasif  house, 
(Jeddah.gov.sa, Jeddah History, 2018) 

Image Marker 7 AR View 7 
 

 
Figure 126. Al-Ashmawi burned house, (Author,2018). 

 

 

 
Figure 127. Al-Asmawi house before the fire 

accident, (Author, 2018) 

 
Figure 128. 3D image AR view, shows the building 
before it was partially destroyed, (Author, 2018). 

 

 

 Thesis Survey Description  

The researcher selected “Jeddah historical path” app for the experience 

experiment accordingly, the researcher removed all questions related to the 3D 

modeling. The experience allowed local visitors and tourists to respond to the designed 

survey. The research measures five different aspects throughout the survey. The five 

aspects are Interpretation, perception, acceptance, benefits, and value of the application, 

which are the outcome of the literature and case study analyses. The participants for the 

experience and survey are local visitors & tourists.   
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Figure 129. Illustration Simulation experience component of creation, (Author, 2018). 

 
Figure 130. The questionnaire based on the simulation experience, (Author, 2018). 

 
Figure 131. Survey measurements of five main aspects and branch measurements, (Author, 2018). 

4.11.1 Survey Objective 

After conducting a life walk through the past by using the AR application in 

historical Jeddah, the survey intended to investigate the way people interact and respond 

towards accepting the AR tool by measuring the different aspects (Interpretation, 

perception, acceptance, benefits, value) of the application. These measurements allow the 

researcher to analyze the utilization of the AR tool in the local heritage field, and the 

capacity to evoke the urban memory and perception enhancement. Additionally, the 

resulting outputs aid documentation, conservation, information, recording, and 

management. 
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4.11.2 The Survey Content 

The survey was designed by the researcher through the online survey tool 

KwikSurvey.22 The researcher built the survey in the created mobile application, 

“Jeddah historical path,” all the questions are included in the appendix. 

4.11.3 Organizing the Tour Experience 

The implantation of the experience was done by creating a PDF document and 

sharing via WhatsApp, including the following: 

- Description of the tour.  

- Application link and a barcode for Android & iOS.  

- Steps to download the application.  

- Schedule for tour trips and steps to register for the tour.  

The researcher managed to organize six groups comprising five to six 

participants. The total participants who joined the tour were 33, and they all answered 

the survey questions in the application.  

4.11.4 Tour Field Observation  

During the tour, the researcher observed different behavior from AR application 

users in dealing with the content of the AR “old photos and video.” The observations 

were as follows: 

• All users from different age groups and backgrounds enjoyed the experience of 

dealing with the AR app through the tour.  

• For the participants above 50 years of age, their reaction recalled old memories 

and social life, and nostalgic feelings characterized their interaction. Moreover, 

they added information to the photos spontaneously and remembered the past 

                                                
22https://kwiksurveys.com 
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with each other; they took the initiative of explaining and sharing these 

memories.  

• The younger generation was curious about searching and viewing history 

through the AR app. One of the groups had both old and young participants, and 

the interaction between the two age groups was intensive in terms of learning 

from the older generation about the past, and the younger participants had the 

curiosity to listen.  

• All the participants were curious to view the AR from reality marker and then 

try to track the augmentation. It was more attractive for them to view the AR 

from reality marker than using the printed image marker.  

The overall comments from users after the tour experience was that it is an 

interesting tool, and it helped and encouraged them to understand the site 

heritage. 

 Survey Results and Analysis 

The main survey goal is to assess five main categories and subcategories that 

were taken as the foundation for designing the survey. The result of the survey allowed 

the researcher to measure the general level of acceptance of the AR tool in the Saudi 

context and its role in evoking memory. The measure of acceptance will be the answer 

to one of the main thesis questions and, consequently, helped the researcher to validate 

the research hypothesis. The researcher analyzed all the results below   
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Figure 132. Illustrations explain the survey main goal, (Author, 2018). 

4.12.1 Participant Profile — Result Analysis 

A total number of 33 visitors have participated in the field work, and they belong to 

different age groups, the most common age range being between 31–40 years (33%). 

The second most prevalent age range is 21–30 years (30%). The third age range is 51–

60 (15%). Following this, there comes the age of 41–50, taking fourth place at 12%. 

Next comes the age of 15–20 at 6%, and finally, there is the rare age range of 60+, and 

it is 3% of the total population. The gender of the participant is predominantly women, 

with about 73%, and most of them are Saudis 85%. The education profile of the 

participants shows that most of them hold a bachelor’s degree—nearly 59%, and 22% 

hold a master’s degree, and 13% have high-school degrees. Finally, only 6% have Ph.D. 

degrees. A high percentage of the participants were raised and currently live in Jeddah 

(73%), and 97% of the participants live in Jeddah. The period of the participants’ stay 
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in Jeddah reflected that 76% had lived there for more than 20 years, 10% have lived in 

Jeddah for 10–20 years, and 6% for 2–5 years. Moreover, 6% of them have lived there 

only for 1–2 years. Most of the participants (88%) are not visiting historical Jeddah for 

the first time. The reason for visiting old Jeddah for most of them was tourism (50%), 

and the most part from the other half includes 34% for shopping, 9% is for other reasons 

such as living in the historic area, loving heritage, working in the area, and only 2% for 

educational reasons. Most of the participants joined a tour group in historic Jeddah for 

the first time, 73%, and for 27%, this is not the first time for them to join.  

 
Figure 133. Survey Result - Personal Profile Percentage (Author, 2018). 
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4.12.2 Information about Augmented Reality 

  These questions analyze the current local knowledge concerning augmented 

reality as a new technology by asking the participant about their familiarity with AR 

technology. 

 

The results show that 64% of the 

participants are aware of or have heard about 

augmented reality, and 36% have not heard of 

it. The participants who know about 

augmented reality are mostly from the age 

range of 21–40, and if they are above this 

range and know about it, they are PhDs. 

Holders.   

 
  Figure 134. Survey Result - Information about 
AR, (Author, 2018). 

 
 

More than the half (76%) of the 

participants had not experienced and used 

augmented reality before. 

 
Figure 135. Survey Result - Using  AR before, 
(Author, 2018)  
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The proportion of participants (24%) who 

had experienced the augmented reality tool 

had done so in the commercial and 

educational domain, which were both 

equally around 29%, then comes the 

cultural and heritage domain (21%), and 14% utilized it in others such as events and 

text responses. Finally, only 7% used it in the media domain. The results represent 

that augmented reality is still at the beginning of dissemination, and not many have 

been exposed to it yet in the Saudi context. 

4.12.3 Interpretation  

Analyzing the questions in this section will allow measuring the amount and 

quality of information that augmented reality reveals to the users. Information in any 

tour visit is an important aspect. There are two aspects that will be measured—

awareness and interpretation—to help understand the role of AR in enhancing these 

aspects. 

4.12.3.1 Awareness  

         The responses to this question show 

that, for 55% of the participants, the 

experience had partially increased their 

awareness regarding the heritage and 

culture of Jeddah’s historic site, and for 

45%, it had increased a lot. No answers 

recorded for negative responses or the 

neutral one. This show the significant role 

 
Figure 137. Survey Result – AR Increased the 
Awareness of heritage & culture of historical site, 
(Author, 2018).    

Figure 136. Survey Result – AR domain experience, 
(Author, 2018). 
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of augmented reality in increasing 

information and knowledge. 

 

        The responses show that for 94%, 

augmented reality did not disturb them. 

Only 3% of them were partially disturbed, 

and 3% were disturbing a lot. It means 

that AR does not disturb awareness. From 

the results, AR can be considered a tool 

for enhancing awareness. 

 
Figure 138. Survey Result – AR disturb the 
understanding & awareness of historical site, 
(Author, 2018).  

4.12.3.2 Experience 

      The results show that all the participants 

(100%) feel that the information of the past 

they get from AR experience is unique and 

exciting. It is an outstanding result for the 

amount of interpretation aspect. 
 

Figure 139. Experience Survey Result – AR 
Experience Provide Unique & Exciting 
information about the past, (Author, 2018).  

 
        The results show that, for 58% of the 

participants, the experience contributed to 

motivating them to interact with the site and 

made the place more relevant, and for 42%, it 

contributed highly. There are no results for 

partial contribution and no contribution at all; 

 
Figure 140. Experience Survey Result – AR 
Contribute to motivation in interacting with the 
cultural heritage site, (Author, 2018)   
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this is a high amount of measurement for 

interpretation aspects. 

      The results show that, for 58% of the 

participants, the experience contributed to 

motivating them to interact with the site and 

made the place more relevant, and for 42%, it 

contributed highly. There are no results for 

partial contribution and no contribution at all; 

this is a high amount of measurement for 

interpretation aspects. 

 
Figure 141. Experience  Survey Result – AR 
Satisfy the curiosity of the user about the 
heritage site, (Author, 2018). 

4.12.4 Perception  

Analyzing these questions will allow the assessment of the visitors’ perception, 

including old historical memory and identity. The questions focused on how augmented 

reality helped in enhancing the old urban memories and preserving it. Moreover, it 

analyzes the role of AR in the experience of dealing with identity as a part of enhancing 

perception.  

4.12.4.1 Memory  

 
       The results showed that 67% of the 

participants in the augmented reality 

experience felt that the visual representation 

provided through this experience connected 

them to the past, and 30% felt it partially 

connected them to the past. Only 3% of the 

participants did not feel a connection to the 

 

    Figure 142. Memory Survey Result – AR 
Experience in  Connecting to the past, (Author, 
2018)   
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past. The results confirm that the experience 

evoked and connected participants to 

memories. 

        The results about the participant’s 

perception of the aesthetics and beauty of the 

past from augmented reality showed that 73% 

of the participants had a high level of feelings, 

and 27% had moderate feelings. No 

participant had low feelings or no feelings at 

all. It means that the augmented reality 

enhances the feelings of beauty and aesthetics 

of the lost memories. 

 

 
Figure 143. Memory Survey Result – AR & 
feeling to the aesthetics & beauty of the past, 
(Author, 2018) 

     The results show that 67% had simulated 

feelings of emotional attachment to the place in 

the past, and 21% had moderate simulated 

feelings of emotional attachment. Moreover, 

12% presented low profile of emotional feeling 

attachment to the past. From the responses, the researcher can assess that the weak 

feelings could associate with the young and non-Saudi participants who do not have 

memories or relations to the local culture. 

Figure 144.  Memory Survey Result – AR & 
feeling of emotional attachment to the place in 
the past, (Author, 2018). 
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        The results show that, for 36% of the 

participants, the experience enhanced 

their memories and nostalgia about the 

place, and for 27% of them, it enhanced 

some memories and nostalgia from the 

past. Moreover, 36% of the participant 

does not have any memories related to the place. No participant felt that the 

experience did not enhance their memories at all. The researcher measures from the 

results that the high level of enhancement of the memories was related to older users, 

who live in the old style, or having heard about it from family members. The 

participants who did not have any memories are young or non-Saudi participants or 

those who have not lived the exposed experience at all. 

4.12.4.2 Identity 

 The results show that 73% of the participants 

felt that the experience increased their 

awareness about the authenticity of the site and 

its identity, and 27% of the participants thought 

it had partially increased their awareness. No 

participant thought that the experience did not 

increase their awareness of the authenticity and identity of the Hijazi context. The 

results confirm that augmented reality has a high potential for increasing the 

perception of the identity and authenticity of the place. 

Figure 146. Identity Survey Result – AR 
increase the awareness of the authenticity & 
identity of Hijazi architecture, (Author, 2018).  

Figure 145. Memory Survey Result – AR enhance the 
memory & nostalgia about the place, (Author, 2018) 
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4.12.5 Acceptance  

Analyzing this section will aid in assessing the local visitors’ acceptance in 

terms of the tool’s ease and connivance.  

4.12.5.1 Easiness & Portability 

       The results showed that 94% of the 

participants accept exploring the place 

with augmented reality technology along 

with a tour guide, and only 6% of the 

participants were not sure. None of the 

participants disagreed to using augmented 

reality tool and preferred only the tour 

guide for information. It shows that the 

acceptance of the AR tool. 

 
Figure 147. Acceptance Survey Result – Exploring 
the heritage site with AR, (Author, 2018) 

     The results showed that 52% of the 

participants agreed that the augmented 

reality app is very easy to use, 45% agreed 

that it is easy, and only 3% feel it is 

difficult to use. None of the participants 

felt that it is very difficult to use. The 

result confirms that the application is easy 

to use. 

 
Figure 148. Acceptance Survey Result – AR 
application easy to use  & handy. 
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4.12.5.2 Convenient or Fake 

       The results showed that 48% of the 

participants felt that the production of 

augmented reality in historic Jeddah is very 

convenient for them, and 45% of them felt 

that it is convenient for them. Only 6% of the 

participants felt that it is partially 

convenient. None of the participants felt that the augmentation of the application is 

fake or too fake. These results confirm that the production of augmented reality 

through the 2D photo is convenient. 

4.12.6 Benefits 

The analysis presented in this section will measure the different benefits and 

outcomes of applying augmented reality to social value, economics, preservation, 

documentation, conservation, entertainment, and management. 

4.12.6.1 Social Value 

         The results showed that 100% of the 

participants agreed that augmented reality 

experience increased their sense of 

belonging to the historic site, implying that 

it has a high social value benefit and 

significant identity enhancement. 

 
Figure 150. Social Value Benefits Survey Result – 
AR Experience increased the sense of belonging in 
historical Jeddah, (Author, 2018).  

Figure 149. Acceptance Survey Result – AR 
Convenient or fake, (Author, 2018). 
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4.12.6.2 Economic 

         The results showed that 97% of the 

participants agree that augmented reality 

applications in historic Jeddah will increase 

the number of visitors, and only 3% did not 

agree. It can be considered a significant result 

in terms of benefit from this kind of 

application. 

 
  Figure 151. Economic Benefit Survey Results 
– AR application in historic Jeddah increase 
the number of visitors, (Author, 2018). 

4.12.6.3 Preservation  

          The results showed that 55% of the 

participants thought that it is very important to 

view the historical site of Jeddah in its old state, 

and 45% thought it is important. None of the 

participants thought it is not important or not 

important at all to view the old status. It is 

confirmed the essential role of AR in preserving memories. 

Figure 152. Preservation Benefit Survey 
Result – The important of viewing the old 
state of Jeddah, (Author, 2018).   
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4.12.6.4 Documentation 

 The results showed that 58% of the 

participants thought that both 

documentations—2D old photographs and 3D 

models—are important and beneficial in the 

experience, and 24% thought that 2D 

photographs are enough. Moreover, 18% of the 

participants thought that only 3D modeling is important. The results show that users 

are curious about viewing 3D models, and there is potential for developing the app. 

4.12.6.5 Conservation 

         The results showed that 64% of the 

participants strongly agree that 

documenting and sharing the 

documentation with the public through 

augmented reality will encourage and help 

to conserve historical buildings and sites in 

dangerous conditions, and 27% agree to the same, and only (9%) are neutral. These 

are the results of the contribution of documentation and sharing through augmented 

reality in conserving historic buildings.    

 

Figure 153.Documentation Benefit Survey Result 
–  3D modeling AR documentation beside the 2D   
old photographs, (Author, 2018). 

Figure 154. Conservation Benefit Survey Result – 
AR encourage conserving historical buildings, 
(Author, 2018). 
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4.12.6.6 Entertainment 

        The results showed that 100% of participants 

agree on the role of augmented reality application 

in increasing the entertainment and joy in their 

tour. It is an outstanding result, confirming the 

high impact of augmented reality on the 

entertainment aspect added to the visitors of 

historical sites. 

 
4.12.6.7 Management 

       The results showed that 64% of 

participants strongly agreed with 

implementing augmented reality in all of 

historical Jeddah with the documentation 

and information, and 33% of the 

participants agreed with implementing AR 

in all of historical Jeddah. Only 3% of the participants are neutral, and none of the 

participants did not agree or did not agree at all. These results confirm that there is a 

consensus opinion of  implementing augmented reality in all of historic Jeddah. It 

will help in managing heritage development for historical Jeddah. 

4.12.7 Value of Application  

Analyzing the questions in this section will enable assessing the value of the 

created augmented reality application “Jeddah Historic Path” in terms of technicality 

and visualization of the AR, including the local acceptance and value of the app. 

Figure 155. Entertainment Benefit Survey 
Result – AR increase the entertainment 
aspect of the tour, (Author, 2018) 

Figure 156. Management Benefit Survey Result – 
implementing AR in all historic Jeddah, (Author, 
2018)  
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       The results showed that 76% of the 

participants did not face any problems in 

visualizing the augmented reality 

simulation, and 24% had technical problems 

in viewing the AR simulation. From the 

responses, the researcher found that most 

participants who face problems are above 

50 years of age. 

 
Figure 157. Value of Application Survey Result – 
AR Application technical problem, (Author, 2018)  

         The results showed that 100% are 

willing to download an augmented reality 

application while visiting other historic sites 

in KSA. It is an outstanding result that 

confirms the local acceptance of utilizing 

augmented reality in Saudi cultural heritage 

sites. 

 
Figure 158. Value of Application Survey Result – 
Downloading similar application in other 
historical sites in KSA, (Author, 2018).  

 

The results showed that 60% of the 

participants would pay for extra features in 

the application. This result presents a 

potential incentive for developing the app and 

making a business plan for the app. The 

participants who will not be willing to pay for 

their satisfaction with the current features and 

don't have the interest to upgrade. 

 
Figure 159. Value of Application Survey Result 
–Paying for extra features in the AR application, 
(Author, 2018).   
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4.12.8 Result Analysis Outcome 

The survey objective was to measure the five aspects and sub-aspects. The 

table presented below provides the outcome, counting the total average out of 3 from 

each aspect. 

Main five Aspects Sub-Aspects  Average out of 3 Total Aspect 
average out of 3 

    
Interpretation Awareness 2.71 2.75 

Experience 2.77 
    
Perception Memory 2.64 2.68 

Identity 2.72 
    
Acceptance Easy & Handy 2.84 2.78 

Convention & Fake 2.73 
    
 
 
Benefits 

Social Value 3  
 

2.90 
Economic Value 2.90 

Preservation 2.80 
Conservation 2.91 
Entertainment 3 
Management 2.84 

    
App Value   2.62 

   Figure 160. Result Analysis Outcome Measuring the five aspects & subaspects out of three, (Author, 2018). 

 
   Figure 161. Main Five Aspects total average out of three charts, (Author, 2018)  

2.45 2.5 2.55 2.6 2.65 2.7 2.75 2.8 2.85 2.9 2.95

Interpretation

 Perception

Acceptance

Benefits

App Value

Main five Aspects total average out 
of 3

Interpretation  Perception Acceptance Benefits App Value
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4.12.9  Findings from Result Analysis   

The results are all considered positively high from the analysis outcome, and it 

is noted that that there are five remarkable results where all participants are in consensus 

from the analysis of all questions as follows: 

1. All respondents agreed that the information they received from experience is 

unique and exciting in relation to the past. This question received a high score 

for the interpretation aspect of AR. 

2. All respondents agreed on exploring the historical site with augmented reality 

along with the tour guide, and no one preferred to listen to only the tour guide. 

This result presents a high score for the acceptance aspect.   

3. All respondents agreed that the AR experience increases their sense of 

belonging in historical Jeddah. This result is a high score for social value aspect.  

4. All respondents agreed that AR increases their entertainment aspect and enjoyed 

the tour with AR. This result insured the role of AR in adding the entertainment 

aspect to the visitor experience. 

5. All participants agreed to downloading a similar AR app in visiting other 

historic sites in KSA. This result received a high score for app acceptance.  

The findings from the result analysis as mentioned above and all the outcomes 

confirmed a general acceptance for utilizing AR in historical sites of KSA.   

4.12.10 Findings from the AR Simulation: 

1. The AR 3D modeling end production was not up to the professional standard 

due to the limited time for producing a professional 3D model. 

2.  The resources of documents from plans and photos to create 3D modeling 

are limited. As an example, Akash Mosque 3D model was produced from one 

old photo shot to build the old mosque structure with its urban surroundings.    
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3. The low resolution and proportion problems in producing AR from unity 

program for the limited coding skills that the researcher has.  

4. The technical problem in building the AR marker from image reality.  

 Discussion  

The production of the AR tour path in the historical Jeddah site accompanied by a 

survey has a primary goal of investigating people’s reactions and responses to the AR 

tool. To achieve the research aim, the survey measured five categories— 1) 

Interpretation, 2) Perception, 3) Acceptance, 4) Benefits, 5) value of the application. 

Under these categories there are sub-categories to measure. These aspects are resulted 

from the theoretical chapters as an output and benefits of employing AR in heritage 

sites. It is generated from the literature on how AR affects and influences the cultural 

sites and promotes the conservation and preservation of cultural heritage because of 

changing attitude. 

Measuring these aspects helped the researcher to investigate utilizing AR tool in local 

heritage sites. The analysis of the survey results and findings mostly positive and helped 

easily answering the main thesis question by tracing the reactions and responses of 

using AR in a specific culture like Saudi Arabia and confirm the acceptance of the 

visitors and tourists in evoking lost physical urban memory. 

Answering the main question also supports another aim. Besides the local acceptance 

of using AR addressed in the research — which is the AR impact in evoking memory 

and perception enhancement — the research highlights an essential problem in Saudi 

cities due to rapid urbanization and the previous actions of demolishing the city wall 

and the old urban fabric. These actions affected the traditional and spatial organization 

through a loss of traditions, lifestyle, spirit, and identity. The research looks for 

solutions to this problem by exploring the potentials of applying a digital tool, AR, in 
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urban heritage sites in KSA. From the literature, the research found that urban heritage 

connects with people’s memories and experiences over the past. The way they used to 

live it is preserved in their minds and this influences their perception of the city and 

define the impacts on their identity. In this regard, urban memory preservation attempts 

in approaching historical elements of urban areas that have remained in people’s 

memory and can be carried forward for future generation’s enjoyment.  

The simulation tour validates the literature regarding urban memory and 

supports the research problem solution of evoking physical memories by using AR. 

Also, the simulation approves on the impact of the AR tool in evoking memory, through 

the user's behavior during the trip which endorses high social value and a unique 

approach to identity aspects through the different reactions with the lost urban memory 

between the old and young generation. It could be a future development for the AR app 

to help in collecting old urban memories and allowing interaction with different age 

groups this can serve in promoting heritage and national pride through generations.  

The research simulation production process followed by the survey and then the result 

analysis findings with the tour observation outcomes validates the utilization of AR in 

the heritage field in KSA to enhance people’s perception of heritage sites to evoke urban 

memory.  

The research discusses the consequences of utilizing AR; besides the perception 

enhancement and urban memory evoking, it can produce many benefits as 

documentation, conservation, preservation, management, and entertainment. In the 

second chapter, the systematic literature went through the role of virtual heritage in 

cultural heritage in preserving, conserving and documenting. The main end product of 

virtual heritage is 3D modeling. The research aims to produce a 3D model for the 

simulation production of the AR app. The research finds some problems in producing 
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a high-quality AR 3D molding — time is the main problem as creating a professional 

3D modeling needs more than two months. Beside the limited resources for old 

documents and photos for the heritage building, the research explains in detail the two 

types of 3D modeling production and compares the two for more information, and how 

the problem of producing high quality related to technical limitations could be avoided. 

The literature indicates the fundamental role that stands out from the 

relationship between heritage conservation and tourism development. Also, it is found 

from the literature that the sustainability of tourism connects with the ability of the 

historic site to pass its identity and value from one generation to the other and sustain 

the same value for the future generation. It is noticeable that tourist planners are 

changing their approach and consider enjoying, planning, and consuming tourism 

products towards heritage conservation. 

This approach of heritage conservation and sustainable tourism is confirmed 

from simulation production and survey outcomes of the high results on conserving, 

preserving, documenting, entertaining, and managing cultural sites; all these aspects 

confirm what is found from the literature. It answers the second research question that 

the AR tool contributes towards sustainable urban heritage preservation and tourism 

development.   

The research can answer both questions and give an insight into the limitations 

to prove the research hypothesis. The last part of the research discussion is the app value 

aspects as the acceptance is confirmed although the app value ended with the lowest 

outcome average from all aspects. The researcher managed to invite one of the SCTH 

employees to join the tour and the experience and gives a high repetition for the AR 

app demo and asked to develop the demo to arrange an appointment with the SCTH 



AR as a Tool for Evoking Urban Memory of Jeddah Historic Site Chapter - 4 
   

 
 

 136 

president to present the thesis product. However, the results should inform the decision 

makers to consider the AR app in their plans towards the conservation of heritage. 
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 Conclusion & Recommendation 

 Conclusion  

The research explored the potential of utilizing the AR in cultural heritage site by 

utilizing a self-administrated local visitor questionnaire of historic Jeddah to evaluate 

their level of acceptance and impact on their experience. The result of this 

questionnaire confirmed the following conclusions:   

• High level of acceptance of utilizing AR tool in the Saudi context. 

• The role of AR in evoking the physical urban memory has a high effect in 

enhancing the perception of the old buildings and urban spaces from the past. 

• AR tool has a vital role in increasing the sense of belonging and generating 

high social value throughout generations. 

• The process of producing augmentation for the historic buildings and old 

urban context will increase and improve the process of protecting, conserving, 

and documenting cultural heritage.  

• There is an indispensable potential for the AR tool in promoting cultural 

heritage in the Saudi Arabia. Sustainable tourism industry hinges on the 

manner or the ability of the sites to be passed from one generation to another. 

Thus, the same value will be sustained for future tourism development. The 

research concludes that the AR tool has a significant impact on heritage 

conservation and consequently on sustainable tourism development. 

• Incorporating heritage preservation into urban development is a necessity 

because it leads to collect the own city identity.  

• 3D modeling helps in analyzing and preserving the cultural assets, 3D 

modeling contributes to cultural heritage conservation with six main elements 
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generated from the contribution of Restoration, Monitoring, Research, 

Conservation, Documentation, Representation. 

• The impressive development in technology can help construct a sophisticated 

3D model from the documentation and recording process, also helping 

utilizing and creating virtual reality (VR) and augmented reality (AR) with a 

high quality of 3D modeling and virtual environment package. 3D modeling is 

the outcome of the previously mentioned means such as laser scanning, 

photogrammetry techniques of recording and documenting. 

• Implementing AR in cultural heritage preservation improves the overall 

attitude towards preservation due to the AR user enjoyment, and entertainment 

is an essential impact of AR in cultural heritage. 

• Digital heritage tools collaborate with the traditional way of preserving 

heritage. It enhances the users’ perception of understanding cultural heritage. 

Implementing traditional conservation action is more expensive than virtual 

implementation.  

There are innovative research works on 3D documentation in the KSA, which 

based on the historical Jeddah. These initiatives are promising regarding 

heritage conservation. These have not shared with the users, just as a research 

study.  

 Research contribution 

• The First research contribution is using digital tools in local heritage to 

document, preserve, conserve, and record to help in managing heritage site, 

which contributes to the heritage conservation in general. 

• The second research contribution is sharing this documentation with the public 

via AR to promote the heritage site and enhance the sense of belonging and 



 

 137 

identity, which will contribute to different disciplines as education, tourism 

industry. 

• The third research contribution is the technical production of two AR mobile 

applications with a different method. 

• The fourth contribution is measuring the social acceptance in utilizing the AR 

by producing one of the methods as a demo of a mobile AR application. 

Producing and developing similar AR application will highly contribute to the 

tourism industry.     

 Recommendation 

• The thesis explored the potential utilization of AR tool in cultural heritage in 

the Saudi context sites to evoke the lost physical urban memory, promote 

heritage sites, and enhance the sense of belonging and identity. The researcher 

realizes that there are potentials for further research and projects as follows: 

• Develop the AR mobile app “Jeddah historic Path” by adding a professional 

3D modeling starting by continuing to develop Akash mosque, and 

implementing the AR in all historical sites by adding more photographs, 3D 

modeling, and more information. The app had good repetition.  

• Activate sharing photos and videos to the app and link it to social media, to 

share memories of the site and allow the old and the young generations to 

interact by adding photos for old vs. new and add it to the AR current points 

by covering all of historic Jeddah. It could be a collective memory project that 

generates social value and promotes heritage and enhances a sense of identity. 

• Depend on geolocation instead of the image marker so the photo or 3D can 

appear according to the location and avoid the technical problem. To Add a 
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geolocation direction with AR so that arrows will appear on the mobile 

device.  

• There is high potential in producing hologram glasses which is between reality 

and virtual reality by implementing this tool in one of the historical buildings 

and showing the old life inside the houses by presenting ancient characters and 

scenarios about the old lifestyle. It is similar to the Pompeii project presented 

in the case studies.  

• The production of the AR mobile app opens the potential for a new research 

project on producing a game for the new generation related to the historical 

site with an educational approach to augment some buildings, asking questions 

about this could be played on the site. This will allow in building a sense of 

pride and belonging and raise the awareness of the new generation.  

 Further Work  

There are many potentials in developing the research further to raise awareness and 

enhance the sense of belonging and identity through cultural heritage sites. The 

research is contributing to the kingdom’s vision of promoting culture. The acceptance 

of the local users in utilizing the AR is a high potential for the research to continue 

further and preserve the lost and destroyed old urban fabric that changed the old city’s 

character and this change happened dramatically in two cities in the kingdom that 

have high historical and religious value which are Makkah and Madinah to promote 

their historical value and to preserve it for future generations. 
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.Appendix A 

Questionnaire Semple 
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Appendix B 

AR Platform & Software Selection  

The researcher search on several augmented reality software developer kits 

(SDK) to select the best AR platform. The table below compares different software 

applications. 

Software Description Advantage Limitation Selection 
EasyAR AR platform Engine 

with two editions: 
1. Basic (free) 
2. Pro (not 

free) 
Easy to use, it offers 
developed API and 
workflow in the basic 
version, improves 
compatibility, 
provides developers 
with desired AR 
underlying 
technology for 
meeting different 
needs, and works 
with Unity 

The basic version 
• Promotes AR on 

planar target, 
• Maintains smooth 

load and 
recognition for 
more than 1000 
local targets, 

• Promotes video 
playback, based 
on HW codecs, 

• Develops a 
transparent video 
and streaming 
video,  

• Assists QR code 
identification, 

• Maintains 
simultaneous 
multi-target 
trackig 

The basic 
version has 
fewer features 
than the pro 
version. 
 
It is a new 
platform,relea
sed in July 
2017, and not 
supported with 
comprehensiv
e tutorials. 
 

Not selected  

The pro version 
• Support more 

features compared 
to the basic 
edition. 

• Exhibits high-
level 
performance, 
powerfulness 

• Is easy to use, 
• Offers developed 

API and workflow 
for the basic, 
improves 
compatibility, 
provides 
developers with 
desired AR 
underlying 
technoogy for 
meeting different 
needs 

The pro 
version is not 
free, and it is 
out of budget 
for this beta 
phase of the 
thesis project. 

Wikiude It is an all-in-one 
augmented reality 
SDK that blends 

Object Recognition and 
tracking, top-notch Image 
Recognition and Tracking, 

It is not a free 
platform, and 
it is out of 

Not selected 
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instant tracking 
technology and 
Simultaneous 
Localization and 
Mapping (SLAM) 

and Geolocation AR for 
mobile, tablets, and smart 
glasses  
The engine covers cross-
platform AR experiences: 
native and JavaScript for 
both iOS and Android, 
with the availability of 
Unity, Cordova, Titanium, 
and Xamarin extensions. 

budget for this 
beta phase of 
the project. 

ARToolKit Open-source 
computer tracking 
library used to create 
a robust augmented 
reality application 
that overlays virtual 
imagery on the real 
world.  

• Mobile support 
and natural 
feature tracking 

• Support as an 
open-source 
project 

• Hosted on GitHub 
• Reasonable cost 

 
 
 

Its functions 
are difficult to 
integrate in the 
time available.  
It takes time to 
explore all 
options and 
settings. 

Not selected 

Kudan The Augmented 
Reality technology 
platform that 
develops computer 
vision technology in-
house for 
professional ARVR, 
AI, IoT, and 
Robotics developers 
to achieve their 
goals. 

• According to 
reviews and 
comparisons of 
efficiency, Kudan 
is the main rival 
of Vuforia and 
makes the 
development of 
augmented reality 
very easy.  

• Kudan supports 
marker or marker-
less tracking and 
location 
requirements. 

The crash 
editor is the 
main reason 
for application 
crash in the 
device. 
The license 
keys not 
always picked, 
and even the 
test license 
requires 
installation for 
that matter.  
 

Not selected 

MaxST Founded in 2010 to 
research and develop 
AR technologies that 
can benefit the 
world; launched the 
first AR SDK in 
South Korea with 
world-class 
competitiveness and 
developed AR 
software in various 
fields. 

It provides a variety of AR 
services that blur the 
boundaries between reality 
and virtuality. 
It has three main products: 

1. VIVAR is the 
world’s first AR 
remote support 
service that uses 
video call.  

2. MAXST AR SDK 
is an easily 
operated all-in-
one solution with 
five essential 
functions: image 
tracker, instant 
tracker, visual 
SLAM, object 
tracker (3D space 
tracker), 
QR/barcode 
scanner. 

The company 
production 
cost is too 
high, and it 
needs a real 
company as a 
client to use 
the services, 
which does 
not 
complement 
the thesis 
project’s 
experimental 
need and 
budget. 

Not selected 
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3. Revelio is a smart 
glass designed to 
provide the best 
AR experiences.  

 
Xzimg Augmented Reality, 

Face Tracking, Face 
Recognition 

It focuses on AR facial 
recognition, such as face 
changing or make-up 
application. 
 

The software 
does not serve 
the project aim 

Not selected 

ARmedia SDK AR software 
development kit 
based on tracking 
and rendering 
modules. 
 

• Based on a variety 
of recognition and 
tracking methods, 
including 3D 
object, planar, 
location, and 
motion tracking 

• Object tracking; 
recognize and 
track real-world 
3D objects and 
view them from 
any angle  

• Provides accurate 
3D position and 
3D orientation 
concerning a 
given 3D object 

• Mobile 
applications to 
recognize and 
track  

• Building powerful 
mixed reality 
applications 

• Binding one’s 
project to any 
available IoT 
SDK/API, use of 
Beacons, NFC, or 
any other sensor 
or communication 
device for objec 
planar images, 
locations, and 
device 
movements. 

High cost:  
The AR media 
is a great 
option, 
especially for 
producing 3D; 
but it is 
expensive. 
 

Not selected 

Vuforia Augmented Reality 
AR Software 
Development Kit 
(SDK) for portable 
devices such as 
mobile phone and 
iPad. 

• Facilitates the 
creation of 
augmented reality 
applications; uses 
computer 

• Vision technology 
to recognize and 
track planar 
images (image 
targets) and 
simple 3D 

 Selected for 
producing AR  
work with the 
Unity software  
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• It is the most 
popular AR 
platform and 
works with Unity 
software, and it is 
easy to work all 
features in the free 
download version 
to generate. 

• comprehensive 
AR application 

Unreal Game engine 
software that 
produces AR/VR 
games. 

Compared to other 
platforms, it has some 
more “free” graphics 
options. 
Free software. 

It is new 
software, and 
tutorials are 
limited in 
comparison 
with Unity. 

NA 

Unity  Software for 
producing games 
with 2D and 3D AR 
and VR. 

Unity can produce and 
build a full APK file that 
includes AR & VR; works 
with Vuforia. 
 
 

Coding and 
programming 
skills needed.  
 

Selected  
It is free 
software, and 
it has many 
tutorials too. 
By reading 
reviews, many 
people are 
sticking to 
Unity/the one 
selected. 

Appypie It is a mobile 
application builder 
that has an 
augmented reality 
feature in its beta 
phase. 

No coding skills needed 
can produce an AR without 
coding. It is the only 
software mobile app 
builder that does not use 
coding; producing AR 
video.  

3D AR 
production 
was not 
available until 
now. Adding 
3D production 
in the app 
builder is 
under process. 
Connecting 
the 3D tracing 
is under 
process, and it 
will launch in 
May  2018. 

Selected as a 
second option 
for the 
advantage of 
not requiring 
coding and 
programming 
skills.  
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