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Abstract. Integration of augmented reality and decision support systems has a 
very promising future in scientific research. The authors of this paper participated 
in two projects: Lifelong Learning Programme project “Learning Augmented Reality 
Global Environment” (LARGE) and project “Development of national Housing 
Health and Safety certification model” (DNHHSCM). One of LARGE’s and 
DNHHSCM’s goals (on the Lithuanian side) was to integrate of augmented reality 
and decision support systems (to develop a HoUsing health and Safety decision 
Support system with Augmented Reality (HUSSAR)). HUSSAR consists of a 
Decision Support Subsystem and an Augmented Reality Subsystem and can 
create value in the following important ways: search for dwelling alternatives, find 
out alternatives and make an initial negotiation table, provide augmented reality 
services, complete a multiple criteria analysis of alternatives, make negotiations 
based on real calculations, determine the most rational dwelling purchase variant, 
statistical analysis, groupware decision making and complete an analysis of the 
loan alternatives offered by certain banks. 

1 Introduction 

Certain groups of patients included in American Lung Association‘s study are those 
such as asthmatics, atopic patients, patients with emphysema and bronchitis, heart 
and stroke patients, people with diabetes, pregnant women, and the elderly and 
children who are especially sensitive to the health effects of outdoor air toxicants 
[2]. It is estimated that about 20% of the USA’s population suffers from asthma, 
emphysema, bronchitis, diabetes or cardiovascular diseases and are thus 
especially susceptible to outdoor air pollution [2]. Outdoor air quality plays an 
important role in maintaining good human health. Air pollution causes large 
increases in medical expenses, morbidity and is estimated to cause about 800,000 
annual premature deaths worldwide [9]. Much research [3, 6, 15], digital maps and 
standards [13, 23, 25] on the health effects (respiratory effects, cardiovascular 
effects, cancer, reproductive and developmental effects, neurological effects, 
mortality, infection and other health effects) of outdoor air pollution, a premise’s 
microclimate, and dwelling valuation, has been published in the last decade. The 
above-mentioned and other problems are related to a built environment’s air 
pollution, the premise’s microclimate, health effects, and real estate market value, 
etc. However, a Housing Health and Safety Decision Support System with 
Augmented Reality (HUSSAR) can analyse the above factors in an integrated way. 

The Housing Health and Safety Rating System (HHSRS or the Rating System) 
is the UK Government’s new approach to the evaluation of the potential risks to 
health and safety from any deficiencies identified in dwellings. There are 29 
hazards in dwellings. These are arranged in four main groups reflecting the basic 
health requirements. The four groups are sub-divided according to the nature of 
the hazards [33]: 

- Physiological Requirements, including – Hygrothermal conditions and 
Pollutants (non-microbial). 

- Psychological Requirements, including – Space, Security, Light, and 
Noise. 

- Protection against Infection, including – Hygiene, Sanitation, and Water 
supply. 
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- Protection against Accidents, including – Falls, Electric shock, Burns and 
Scalds, and Building related Collisions. 

For example, the databases of Protection against Infection contain the 
following information: 

- Domestic hygience, pests and refuse. Poor design, layout and 
construction, such that the dwelling cannot be readily kept clean and 
hygienic; access into, and harbourage within the dwelling for pests; 
inadequate and unhygienic provision for storing and disposal of household 
waste. Health effects: stomach and intestinal disease; infection; asthma; 
allergies; food spoilage; disease from rats and birds; physical hazards. 

- Food safety. Threats of infection from poor provision and facilities for 
storage, preparation and cooking of food. Health effects: stomach and 
intestinal disease; diarrhoea; vomiting; stomach upsets; dehydration. 

- Personal hygiene, sanitation and drainage. Threats of infection and threats 
to mental health associated with personal hygiene, including personal and 
clothes washing facilities, sanitation and drainage. Health effects: stomach 
and intestinal disease, including dysentery; skininfections; depression. 

- Water supply for domestic purposes. The quality and adequacy of the 
water supply within the dwellings for drinking and domestic purposes, 
including threats to health from contamination by bacteria, protozoa, 
parasites, viruses and chemical pollutants. Health effects: dehydration; 
fatigue; headaches; dry skin; bladder infections; stomach and intestinal 
and respiratory disorders; Legionnaires’ disease. 

One of the priorities of the Europe 2020 Strategy - smart growth is driven by 
complex interactions between technical, social, economic, and human factors. The 
project - Learning Augmented Reality Global Environment (LARGE) - is designed 
to create a new type of learning environment that support the educational/training 
institutions in delivering their curriculum in the most attractive and effective for the 
learners way. Aim of the LARGE is to build a global environment, based on this 
technology, simplifying the process of augmented reality content creation, allowing 
all educational/training institutions to benefit from its undoubted advantages. This 
Global Environment consists of a platform, serving as a basis for the system and 
an integrated content development tool, which will allow the creation of appropriate 
educational/training AR content by the target groups.  An AR system generates a 
composite view for the user which combines the real scene and the virtual scene 
generated by the computer that then augments the scene with additional 
information. The Learning Augmented Reality Global Environment superimposes 
graphics, audio, video, 3D objects and other enhancements from computers 
screens to real time environments expanding users” knowledge, skills and 
experience. 

The main aim of project “Development of national Housing Health and Safety 
certification model” is to improve the quality of public healthcare services and to 
improve the management of residential environmental health risk factor. The goal 
of mentioned project was to create the tools of residential environmental health risk 
factor management. 

The structure of this paper is as follows. Following this introduction, Section 2 
describes Housing Health and Safety Model and Decision Support System with 
Augmented Reality. Finally the conclusions appear in Section 3. 

2 Housing Health and Safety Model 

Based on the world wide healthy housing literature analysis [4, 11, 12, 16, 29, 33, 
37, 40] and analysis of healthy housing models [10, 17, 18, 19, 20, 21, 22, 26, 28, 
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30, 32, 36] a National Housing Health and Safety Certification Model was 
developed. The latter may be described as follows: a life cycle of a housing health 
and safety, the parties involved in its design and realization as well as micro, meso 
and macro environment having a particular impact on it making an integral whole. 
A complex analysis of the research object formulated was made with the help of 
methods multiple criteria project analysis developed by authors.  

3 Decision Support Subsystem 

Based on the analysis of existing expert [5, 38], decision support [1, 8, 27, 34, 39, 
41, 44] and knowledge [14, 31] support systems, developed Model, Housing Health 
and Safety Rating System and in order to determine most efficient versions of 
HoUsing health and Safety decision Support system with Augmented Reality 
system (HUSSAR) was developed [24].  

Dwelling listings are an interface for a seller to post listings. The system 
provides forms for sellers or brokers to fill in information about their dwelling. 
Brokers wishing to present information on their objects must receive permission 
from HUSSAR administrator. Having this permission the broker inserts all the 
necessary information about dwelling objects under sale in the HUSSAR 
databases according to the system’s requirements (i.e. system of criteria, values 
and weights of criteria). Access to the databases developed personally by brokers 
is provided only to the broker and to the HUSSAR administrator. At present the 
developed HUSSAR allows for the performance of the following six main functions:  

- search for dwelling alternatives;  
- finding out alternatives and making an initial negotiation table;  
- analysis of alternatives; negotiations;  
- determination of the most rational dwelling purchase variant; 
- statistical analysis; 
- groupware decision making.  

In order to throw more light on the HUSSAR, a more detailed description of 
some of the above-mentioned Subsystem functions follows. 

A consumer may perform a search for dwelling alternatives from databases 
from different brokers. This is possible because the forms of data submissions are 
standardized at a specific level. Such standardization creates conditions that can 
be applied to special intelligent agents that are performing a search for the required 
dwelling in various databases, and the gathering information/knowledge. The 
databases of housing health and safety assessment contain the evaluation data on 
building referring to Physiological Requirements: 

- Damp mould growth. Health threats due to dust mites, mould or fungal 
growths, including mental and social well-being health threats associated 
with damp, humid, mouldy conditions. Health effects: allergies; asthma; 
effects of toxins from moulds; fungal infections. 

- Excess cold. Threats to health from sub-optimal indoor temperatures. 
Healthy indoor  temperature is approximately 21ŗ C. Health effects: 
respiratory (flu, pneumonia and bronchitis); cardiovascular conditions 
(heart attacks and strokes); thermoregulatory system impairment (body’s 
temperature control); etc. 

- Excess Heat. Threats due to excessively high indoor air temperatures. 
Health effects: dehydration; trauma; stroke; cardiovascular, respiratory and 
genitourinary disorders. 

- Asbestos and Manufactured Mineral Fibres (MMF). Presence of, and 
exposure to, asbestos fibres and MMF within dwellings. Health effects: 
pleural disease; lung cancer; mesothelioma NOTE: Attempting to remove 
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asbestos which is in good condition and not likely to be disturbed is 
significantly more hazardous than not removing it. Work on asbestos 
should be done by a contractor licensed by the Health and Safety 
Executive. 

- Biocides. Threats to health from chemicals used to treat timber and mould 
growth. Health effects: risk from inhalation; skin contact; ingestion (eating 
or drinking the chemical) 

- Carbon monoxide and fuel combustion products. Hazards due to the 
presence of excess levels in the atmosphere of carbon monoxide, nitrogen 
dioxide or sulphur dioxide and smoke within the dwelling. Health effects: 
Dizziness; nausea; headaches; disorientation; unconsciousness; 
respiratory disorders; bronchitis and breathlessness. 

The databases of Psychological Requirements contain the following 
information: 

- Lead. Health threat from lead ingestion. Lead sources: paint, water pipes, 
soil, fumes from leaded petrol. Health effects: lead poisoning; nervous 
disorders; mental health; blood production issues; behavioural problems in 
children. 

- Radiation. Health threats from radon gas and its daughters, primarily 
airborne, but also radon dissolved in water; Concern expressed about 
possible health effects of electromagnetic fields (EMFs); Leakage from 
microwave ovens (rare). Health effects: lung cancer caused by exposure to 
radon gas. Risk increases with dose and duration of exposure. 

- Uncombusted fuel gas Threat from fuel gas escaped into the atmosphere 
within the dwelling. Health effects: suffocation. 

- Volatile organic compounds Diverse group of organic chemicals, including 
formaldehyde, that are gaseous at room temperature and found in a wide 
variety of materials in the home. Health effects: allergies; irritation to eyes, 
nose, skin and respiratory tract; headaches; nausea; dizziness and 
drowsiness. 
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Fig. 1. Search results for a specific dwelling are submitted in: textual, photo/video 
and graphical information on the dwelling (left); fragment of expert and quantitative 
description of the dwelling’s (damp and mould grouth criterion) alternatives (right) 
[19, 20, 21] 
 

Consumers specify requirements and constraints and the system queries the 
information of a specific dwelling from a number of online brokers. The system 
performs the tedious, time-consuming, and repetitive tasks of searching databases, 
retrieving and filtering information/knowledge, and delivering it back to the user. 
Search results for a specific dwelling are submitted in a textual, photo/video and 
graphical information on the dwelling’s alternatives (see Fig. 1), which may include 
direct links to a Web page of brokers. When submitting such a display, the multiple 
criteria comparisons can become more effectively supported. By clicking the link 
“Expert and quantitative description of variants”, the expert and quantitative 
description of private houses’ alternatives is presented (see Fig. 1 (right)). Each 
alternative described by the quantitative information (system of criteria, weights of 
criteria and values) has a number (see Fig. 1) that coincides with the verbal and 
photographic information describing the mentioned alternative (see Fig. 1). 

While going through the purchasing decision process a customer should 
examine a large number of alternatives, each of which is surrounded by a 
considerable amount of information/knowledge (physiological (hygrothermal 
conditions and pollutants), psychological (space, security, light, and noise), 
protection against infection (hygiene, sanitation, and water supply), protection 
against accidents (falls, electric shock, burns and scalds, and building related 
collisions), economic, quality-architectural, aesthetic, comfort, infrastructure, 
technical, legal, technological), and other factors. Following on from the gathered 
information and knowledge, the multiple criteria analysis is then carried out.  
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Fig. 2. Fragment of results of multiple criteria evaluation of the dwelling’s (damp 
and mould grouth criterion) alternatives: upper part of the matrix for obtained 
results (left); lower part of the matrix for obtained results (right) 
 

 

 
Fig. 3. Calculation of the market value: presentation of the market value’s 
calculations in numerical form (top); presentation of the market value’s calculations 
in graphic form (bottom) 
 

By using multiple criteria methods as was developed by the authors, the buyer 
(broker) determines the initial priority, utility degree and market value of the 
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analyzed dwelling’s alternatives during this analysis. Clicking the link “Results of 
Multiple Criteria Evaluation”, the results of the multiple criteria evaluation of the 
private house’s alternatives are thus demonstrated (see Fig. 2). In the lower part of 
the obtained result’s matrix the calculated significance of the dwelling’s 
alternatives, their priority and utility degree are presented (see Fig. 2). The upper 
part of the obtained result’s matrix shows the numbering of the dwelling’s 
alternatives (see Fig. 2 (left)). By clicking these blue underlined numbers it is 
possible to calculate the market value of a certain alternative (see Fig. 3). The 
table presented in Fig. 3 (top) shows the iterations made during the calculation of 
the dwelling’s market value. The same information, only in graphical form is 
presented in Fig. 3 (bottom). And by moving a mouse above any column of the 
graphical part, the numerical value of the column can be seen. For example, the 
market value of the eighth alternative was calculated by making 15 iterations (see 
Fig. 3 (top)). 
A buyer performing a multi-criteria analysis of all dwelling alternatives selects the 
objects for starting the negotiations. For that purpose he/she marks (ticks a box 
with a mouse) the desirable negotiation objects (see Fig. 4). A negotiations email 
are created by the Letter Writing Subsystem and sent to all dwelling sellers after 
the selection of the desired objects is made and then Send is clicked. During 
negotiations the buyer and the seller with the help of HUSSAR may perform real 
calculations (the utility degree, market value and purchase priorities) of the 
dwelling. These calculations are performed on the basis of characteristics 
describing the dwelling’s alternatives obtained during negotiations (explicit and tacit 
criteria system, criteria values and weights). According to the results received, the 
final comparative table is then developed. Following on from the developed final 
comparative table the multiple criteria analysis and selection of the best dwelling 
buying version is carried out by using HUSSAR. 
After a variant of the dwelling is selected, most often a purchaser has to borrow 
part of money from a bank. The Loan Analysis Subsystem is created for this 
purpose (see Fig. 4).  
 

 
Fig. 4. Analysis of the loan alternatives offered by certain banks 
 

Over the past three years the Statistical Model has accumulated information 
about client navigational activities and his/her decision making. Concrete statistics 
about clients’ navigational activities - number of concrete real estate alternative 
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visitors, time period of analysing this alternative and decision making -selection of 
criteria system, criteria values and weights, was collected in the Statistical Model. 
The statistical information can be used to determine the most marketable real 
estate, and the most important criteria and their weights. The received statistical 
information reflects the navigational purposes of clients. The ability to statistically 
measure the clients’ navigational activities allows one to statistically generate the 
average criteria system and criteria weights for a typical real estate seeker. This 
solution improves the accuracy of the development of the criteria system and 
criteria weights for the client. The above statistical information can also be applied 
so as to better adapt the searching process to the client’s needs. 

Currently, intelligent systems for real estate have been mostly looked at from a 
single-buyer’s perspective, where only the purposes of a single client are taken into 
account. The cooperative decision making subsystem considers the circumstances 
where a group of interested parties are planning a common real estate 
development (with special emphasis on pollution and health effect), purchase and 
other activities, and therefore can include many potentially conflicting objectives 
that have to be analysed and dealt with. The cooperative decision making 
subsystem allows different stakeholders to solve common tasks in collaborative 
ways, e.g. the development of a joint criteria system, the estimation of criteria 
weight and qualitative criteria values. For example, HUSSAR can help interested 
parties to achieve a cooperative decision on Web-based real estate’s search, 
analysis, negotiation and in decision making. This is done by transforming 
individual client models (individual decision making matrix) to the collaborative 
(medium) client model (collaborative integrated decision making matrix) and by 
using the collaborative client model to mediate, a group discussion aiming at 
arriving at a compromise that is acceptable to all the group’s members. The 
cooperative decision making subsystem also allows stakeholders by using expert’s 
methods to develop collaborative integrated decision making matrix. The 
developed integrated collaborative decision making matrix helps to decrease 
mistrust problems between stakeholders and to select most appropriate solution to 
satisfy all interested parties. 

4 Augmented Reality Subsystem 

A number of academics and practicians in the world [35, 42, 43] analyzed the 
Augmented Reality Subsystem in real estate. 

Home Spotter is an augmented reality real estate platform that allows brokers 
to find properties in a neighbourhood that are for sale, property details like number 
of bedrooms, square footage and price, and provide a “radar view” of others for 
sale in the neighbourood, all by pointing their mobile phone cameras. A version for 
homebuyers is in the works [42]. 

Sawbuck Reality's Homesnap, an app launched on iOS in 2012 on Android, 
seeks to make some aspects of home searching a bit more fun. Homesnap seems 
simple on the surface: take pictures of the houses you want to know more about, 
and compare them side-by-side. Under the hood, though, things are pretty 
complicated. The app relies on in-phone sensors like the GPS, magnetometer, 
accelerometer, and gyroscope. With these, Homesnap is able to figure out where 
your phone is pointing the moment you take a picture. After the picture is taken, the 
app uses a number of advanced algorithms to serve up additional data, such as 
the value and for-sale status of nearby properties. An Explore tab that provides 
information about nearby homes, neighborhood price trends, and even the quality 
of surrounding schools. The interface isn't anything to write home about - it's 
identical to the iOS version - but the functionality is impressive. Layar is derived 
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from location based services and works on mobile phones that include a camera, 
GPS and a compass. Layar is first avaliable for handsets with the Android 
operating system. It works as follows: Starting up the Layar application 
automatically activates the camera. The embedded GPS automatically knows the 
location of the phone and the compass determines in which direction the phone is 
facing. Each partner provides a set of location coordinates with relevant 
information which forms a digital layer. By tapping the side of the screen the user 
easily switches between layers. This makes Layar a new type of browser which 
combines digital and reality, which offers an augmented view of the world [43]. 

Developed by Netherlands Architecture Institute (NAI) in partnership with IN10 
Communicatie and Layar, Sara is the world’s first augmented reality architecture 
application. Users of the technology simply hold up their smartphone to see 
photos, video, 3D models, scale models and other details about buildings currently 
in situ as well as those from the past and any planned for the future. Although it’s 
still under construction, those with the app can view a 3D model of how the finished 
building will look. SARA also allows users to add their own information about any 
building or map tours of their favourite architecture. The technology was launched 
on December 2009 on the Layar platform and will be downloadable from the Apple 
App Store and Android Market beginning next month. The world’s first building to 
appear in three dimensions on the smartphone via augmented reality is the eye-
catching Market Hall which is currently under construction in Rotterdam ’s Blaak 
area. Within the next 5 years, SARA is expected to have evolved into a complete 
national architecture guide [35].  

Any user with a Google account may access Google Maps at 

https://maps.google.com/. The site’s feature My Places lets you personalise its 

maps with your information. Use the Placemarks tool to mark a location defined by 

specific coordinates in a map (e.g. to mark a building). Each placemark may have 

a unique title and may be linked to additional information, such as URLs, photos, 

HTML code, etc. Our titles refer to a building’s address or a company that uses the 

building for its business. The additional information we provide is a link to the initial 

data matrix with the building’s properties for refurbishment multiple criteria analysis 

(see Fig. 1-4) and the building’s photo. Google’s Street View technology lets you 

take a virtual tour and explore the building’s environment. 
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Fig. 5. Links to the multiple criteria analysis matrix that compares the alternatives 
have been created with the Google Maps tools; a Google Street View image of the 
location is shown alongside and virtual tour 

 

The Augmented Reality Subsystem offers real-time additional information about 

a piece of property (see Fig. 2, 3, 4). All property details in the databases are 

linked to the Google Maps service. The digital map is a convenient tool to display 

the pieces of property of interest to users and make intuitive choices of a property 

for further analysis. Once a user has selected the property of interest, the Decision 

Support Subsystem opens. A user equipped with GPS coordinates and a palmtop 

may retrieve information about the object in which the user is at present, and 

compare it with other alternatives pinned in the digital map. 

Google Maps tool “My places” is used to pin in a map the address of each piece 

of property with a marker. Each marker shows some extra information about the 

property such as its name, address, image, and a link to the Decision Support 

Subsystem that compares alternative variants of the properties marked in the map.  

A mobile device with Android OS and the Maps application offers access to the 

map in Google Maps. An active GPS receiver in the mobile device pins the user’s 
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actual location on the map. Thus any nearby alternative variants of real estate 

objects are shown in the map with some extra information about them. Street View, 

a service by Google Maps, offers a possibility to take a virtual tour to check out 

what is in the vicinity of a piece of property. 

Using the Google Maps mapping tool, the location of each alternative described 

in the initial-data table for the multiple criteria analysis is marked on the map. Each 

property is pined on the city’s map (blue markers on the map). The details (a link to 

the Decision Support Subsystem, the property’s image, a link to Google Street 

View) of a property you are interested in can be viewed by clicking on its marker.  

5 Conclusions 

The authors of the research presented in this article have suggested the idea of 
integrating augmented reality and decision support systems. In order to 
demonstrate the integration of the above systems in the real estate sector, a 
HoUsing health and Safety decision Support system with Augmented Reality 
(HUSSAR) have been developed during the projects LARGE and DNHHSCM as 
example of such research. HUSSAR developed by these authors determines an 
utility degree of housing health and safety based on the Physiological 
Requirements, Psychological Requirements, Protection against Infection, 
Protection against Accidents parameters. It then generates thousands of 
alternative recommendations and selects out the most rational of these for the 
housing health and safety specific situation. The plans for the next stage of the 
HUSSAR System’s development involves integrating this system with biometrics 
systems, which the authors herein have also developed. 
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