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Abstract: This paper proposes a model that uses augmented reality for the presentation of local data on 
site. Due to the fact that architecture interacts directly with environmental factors, the architect needs to 
take into account the data about the surrounding context of the site while developing the design. Focusing 
on the data need of the architect during the site visit and analysis before starting a conceptual design, the 
representation of local data through augmented reality is conceptually pointed out in this study. 
Afterwards, the technical structure of the model is presented by the regulation of the flowchart that bases 
on data acquisition, query, and display. This model enables the architect to participate more closely in the 
exploration of the site during the early design phase. Thus, instead of collecting data separately from 
various mediums, it provides a holistic view of the local data on site, and converts the real environment 
to working medium. 
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1. Introduction
Throughout the design process, architects interact with a variety of data to inform design decisions. 
Architectural design is closely related to spatial relationships of surrounding data. Local data can be used 
by architects to improve the design process to match natural and cultural context (LaGro, 2008; Farrelly, 
2012; Ünal & Demir, 2020). Architects need local data of the site in the early design phase, therefore site 
visits come to the forefront for understanding the context in which a design is going to be located in. It is 
a well-known fact that architects spend considerable time to explore contextual properties of the site and 
afterwards local data from various mediums are collected to analyse the site before the development of 
the design (Skov et al., 2013). For this reason, the presentation of local data is important over the course 
of the site visit, site analysis and conceptual design. 

Due to the increased amount of data necessary for evaluation, a holistic view to local data is needed. 
Digital technologies present great opportunities for architects to acquire and use local data. Technological 
developments have enabled to access large quantities and different types of data. Besides, mobile 
computing with portable display devices organises and presents spatially referenced 
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data (Jo and Kim, 2016). All these developments reveal new possibilities to inform architects for 
understanding the context of the place. 

In connection with the rise of digital culture, augmented reality provides to deal with the interface 
between the physical environment and virtual environment, rather than focusing one of these 
environments (Picon, 2010). Augmented reality can be used in a location based approach, that enables to 
produce constructive relationships on information with the use of the location. It offers an immersive 
experience of surrounding information from different viewpoints while on the move (Kim, 2013; Abboud 
2014). It is also possible to acquire data of the site and present it in situ via location based augmented 
reality for architectural design. This study focuses on a location based augmented reality model which 
provides contextual information about the site. Using such a model for the exploration of the site supports 
the architect to collect and analyse local data. By bringing architects into more direct contact with the site, 
the model facilitates the architect to understand the surrounding local data in situ. 

2. Augmented reality supported model with architectural perspective
The general priorities of the architectural design related to the site are to get a  sense of the physical site, 
find patterns, and discover new insights about the physical location and its characteristics. With the use 
of augmented reality at the site visit, architects can actively be engaged in the exploration of the 
environment. This study introduces a model that can help architects to understand the spatial impacts of 
the surrounding context better, particularly during the site visit. Local data can be presented on site by 
retrieving and visualizing all the properties and details concerning. It is possible to make local data visible 
and reduce barriers access to data by using augmented reality. 

Before starting to use the model, the user should be ready on the site where local data to be observed. 
The model can be used on portable display devices, because of the need to move freely on the site. 
Initially, the model sends current location information to request the related local data. Then, local data 
is provided based on the selected categories to display on the site by scanning in a given field diameter 
corresponding to the current location. When the user looks at the site through augmented reality, 
surrounding local data is shown on the display device (Figure 1). As a common medium via augmented 
reality, the model represents local data overlaid on reality. The model helps to present local data in an 
augmented environment without being in different environments for hardcopy or digital sources. This 
circumstance makes easier for the user to focus on local data. The user observes all the virtual content 
directly with the real environment. 

The model enables a fully interactive augmented environment that allows the user to navigate in the 
real environment. Instead of being fixed to an environment, the augmented reality encourages users to 
move freely within the space. In model, data visibility is provided firstly by the user’s perspective of view. 
Besides, the model presents local data around the user according to the field of radar which is controlled 
over the interface. Changing the field diameter is useful for displaying local data among the crowded data. 
It provides a spatial approach to data mapping on the physical site. There is a strong need for 3D 
representation to visualise the data in a proper form. The model breaks the constraints imposed by 2D 
representation, moving toward 3D representation of the environment. For this model, a particularly 
important aspect of the augmented reality is its ability to make the user feel naturally surrounded by local 
data. The model can give users powerful new ways to observe relationships and connections between the 
local data. Augmented reality is able to display integrated views of local data in a spatial context (Figure 
2). 
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Figure 1: On site access to local climate data with the use of model. 

Figure 2: Representation of invisible properties on site. 
As a sample to architectural use of the model from the site, topographical contour lines and legal 

boundaries can be visualized on the site. Generally, architects take drawings of the site from the local 
municipality to consider height changes and boundaries on the site. Then, architects need to interpret 
these heights and boundaries for their designs without breaking the relationship with the site. Architects 
can have a printed copy of the site drawing with them during the site visit, otherwise they wait for working 
on digital format of the site drawing. This model can present height changes and boundaries from the 
digital drawings that can be provided open access from the local municipalities or national government 
database. It can draw topographical contour lines from height points in a computational process (Figure 
3). 
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Figure 3: The visualization of topographical contour lines and legal boundaries via augmented reality. 
When evaluating the site from the architectural perspective, the use of the surrounding area and the 

built environment must be taken into consideration. Therefore, the architect firstly checks the current 
state of the surrounding area and the built environment through the site visit. Although it is important to 
observe the site with the current state, it does not provide comprehensive data for the architect. It is 
necessary to obtain the city development plan that contains the data of the existing structures from the 
related municipality or its web service. This model can present land use and built environment data by 
covering the view of the site (Figure 4). The user of the model can easily evaluate current state with 
provided data for architectural design. 

Figure 4: The presentation of land use and built environment data on site. 
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3. Technical structure of the model in augmented reality
Augmented reality has received increasing attention as an interactive medium that allows users to search 
for information in a realistic 3D space (Kim et al., 2017). Especially, the improvements in mobile devices 
and the use of location as the basic resource for context aware services have provided useful components 
for using augmented reality in the field of architecture (Fukuda et al., 2014; Riera et al., 2015; Grubert et 
al., 2017). Most of the location based augmented reality systems are designed to present information 
about point of interests, similarly, the proposed model offers local data regarding an architectural site 
survey. In the determination of the model components, studies related to structures of the location based 
augmented reality systems are taken into consideration (Ünal & Demir, 2018). 

The current devices on location based augmented reality use hand-held or head-attached displaying. 
This model targets hand-held and head-attached devices to display local data while on the site. Hand- held 
displays come to the forefront with the widespread access, while head-attached displays provide natural 
platform with hands-free working environment. For introducing the model, hand-held displays are used 
because of being widely available range from smartphones to tablets. 

Augmented reality encompasses user interfaces that allow for interaction with digital content 
embedded into the physical environment of users. Information browsers, as an augmented reality user 
interface, provide to monitor and control information that is registered to the physical site. When the 
capabilities of the information browsers are taken into account, facilities of the filtration and the radar 
are the significant tools during the display of the site. Consequently, information browsers are the most 
suitable interface type for this model and can be used without any experience. The design of the user 
interface in the model should be simple and user-friendly. Therefore, the interface needs to be organized 
based on the user, the environment and the data. The sample visualizations of the model in the user 
scenario are kept as simple as possible. 

Hybrid tracking based on GPS and inertial sensors is sufficient with the development of the model. 
Nowadays, mobile devices from smartphones to tablets are already equipped with GPS and inertial 
sensors. It also shows that these types of equipment are provided automatically by the hand-held devices. 
These display, interaction and tracking types can be used to realise this model. 

The operability of the model is provided by an integrated workflow. The workflow of the model is 
extensively explained under the stages of data acquisition, data query and data display (Figure 5). In the 
acquisition of data, commonly used methods and different methods which emerged with developing 
technology are discussed in relation to the model. The query and display infrastructure of the model is 
explained based on the working principles of the studies carried out in the field of location based 
augmented reality. 

3.1. Data acquisition on the model 

The data acquisition system is needed to provide, manage, and filter the data of the model. Data is 
obtained from sources according to the data classification in local data framework that is specified for 
architectural design in the model. It is presented as a well-structured framework which could be readily 
used by augmented reality systems to support architectural site survey. On the other hand, this model 
also needs access to available and reliable data sources. It is necessary to link the model to databases that 
contain necessary information associated with the site. 
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Figure 5: Workflow of the model. 
Regarding databases, firstly, the model can acquire data from relational databases. Relational 

databases provide structured data according to required parameters and different levels of accuracy 
depending on the source. In the case of a data format, it may be necessary to convert or adapt to other 
formats for local data, compatible with the model. Therefore, standardization of data type formats may 
facilitate communication between different databases. If databases contain different data associated with 
a location, they can be compared directly to provide a way to validate by data comparison facilities. 
Generally, these databases are stored in a cloud system to access information about the current location 
when needed. 

Beyond the relational databases that are primarily used in data acquisition, big data and 
crowdsourcing methods can be utilized to acquire data (Bermejo et al., 2017; Huang et al., 2014; Vico et 
al., 2011; Ioannidi et al.,2017). Big data can analyze the data that has a location information without any 
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data classification. Any data fed into this model with big data has to be pre-processed, in this way it 
provides classified data that can be used. Therefore, it is necessary to develop an automatic and intelligent 
domain information extraction mechanism to always provide relevant information with respect to the 
local data classification. By crowdsourcing method, users can upload their individual data to a cloud 
database system that is integrated into model. This allows users to actively participate in the local data 
creation process by sharing content in situ in an augmented environment. Besides, IOT allows a variety of 
information to be collected by sensors linked to the internet (Leppänen et al., 2014). It allows users to 
access heterogeneous data from different pervasive sources in a site visit. 

4.2. Data query on the model 

In the model, data is queried in specific steps. Firstly, GPS as location, compass as direction, and 
accelerometer as orientation information are acquired to provide sensor data. When the acquired 
location information is sent to the query to obtain local data, direction and orientation information are 
used to calculate the point of view. By the use of location information and effective field diameter, local 
data is queried from the data arranged in the local data framework. The effective field diameter allows 
the querying of data in a specific distance from the current location. In addition, the use of filtration 
through data categories affects query results. By the calculation of the point of view with the use of 
direction and orientation information, local data results are queried to display. 

4.3. Data display on the model 

In the model, data display is performed with the data obtained from the query process. Local data is 
presented to the user when it is covered by view angle, filter options and effective field diameter. The 
change of the point of view affects the data to be displayed. According to the new point of view, the local 
data acquired during the query process is taken into the display process. Besides, the change of the filter 
options affects the data to be displayed according to the preferred data classes. When  the effective field 
diameter is changed, local data is queried again according to the new field diameter. According to 
changing situations; local data newly included in the display is added, local data outside the display is 
removed, and local data that remains in the display is preserved. In addition, the model allows local data 
to be displayed on site with appropriate visualizations of the data. Data visualization is to be considered 
for the representation of each local data in the local data framework. 

5. Conclusion
This study introduces a model that present local data in a location based augmented reality system to use 
in early stages of architectural design. By considering the necessities of local data in architectural design, 
the potentials of location based augmented reality are utilized in the development of this model. The 
proposed model is presented conceptually to express its contributions from the architectural perspective. 
Besides, technical requirements for the operation of this model are stated with suitable components and 
workflow. Thus, this model is extensively handled by different viewpoints. 

Focusing on the data need of the architect during the site visit and site analysis before starting a 
conceptual design, the proposed model provides data on site according to the local data framework 
through augmented reality. Using such a model for the exploration of the site supports the architect about 
common medium, data classification, spatial approach to data mapping, holistic view, data visibility, 
representations with time component, data analysis, taking note and sharing, helping 
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architects and providing expertise. By bringing architects into more direct contact with the site, the model 
facilitates to understand the surrounding local data in situ and supports the reasoning process to design. 
As local data can be made easily available within the context of the site, architects can carry out site survey 
more effectively and efficiently. 

This model has potential to be the base with the local data framework to the applications of 
architectural design in augmented reality. This model presents a medium around the user in order to be 
aware of surrounding conditions accordingly to the current local data. As a further study, this model can 
be developed as an in situ design platform for architectural design. 
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