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ABSTRACT:  

  
The use of the Internet is expanding and the technological capabilities of electronic devices are evolving. Today, Internet of Things 

(IoT) solutions can be developed that were never even imaginable before. In this paper, a case study is presented on the joint use of 

Building Information Model (BIM), Geographical Information Systems (GIS) and Internet of Things (IoT) technologies. It is a part of 

an ongoing study that intends to overcome some problems about the management of complex facilities. In the study, a BIM has been 

converted and displayed in 2D on Google Maps, and information on various sensors have been represented on the web with  

geographic coordinates in real-time.  

 

 

   

1. INTRODUCTION  

Collaborative use of BIM, GIS and IoT technologies allow 

developing new kinds of applications in many fields, including 

Facility Management (FM). While GIS is primarily a 

technology used in urban planning, municipal management 

and asset management, it can also be a very convenient tool for 

FM (IFMA, 2012). Although it is still not used as the primary 

tool for Facility Management, the GIS appears as an accessible 

platform for many disciplines. Referring to the importance of 

data collection and analysis in facilities management, Barret 

and Finch (2014) stated that BIM will be attractive to the 

management of a plant during the design, construction and 

operation phase.  

 

Users can make useful suggestions for existing or future 

buildings by analyzing the data collected from the building, but 

users are not accepting new technologies immediately. IoT 

includes the use of sensors and near field communication 

equipment, such as RFIDs or NFC, together with embedded 

computing devices. Devices can range from mobile phones to 

RFID readers, GPS devices to tablets, automotive control 

systems, air stations. In the IoT environment, you can make a 

connection with a door fire alarm, or you can communicate 

with the house lights in your chair or communicate with a car 

park. (Isikdag, 2015). In other words, we can use IoT 

technologies in Facility Management to collect the required 

data.  

  

The comfort of the residents is an important subject for facility 

management. Nowadays, with the technological progress in 

industry a comfort analysis is possible. Our proposed research 

aims to gather information from sensors at different locations 

in a facility to form a basis for a comfort analysis.  

  

Roper and Borello (2014) argue that, the quality of the indoor 

environment affects the workplace performance on an 

individual level. In this context, it can be listed six basic factors 

that affect comfort in the interior:  

  

 

 

 

 

 

• Temperature and relative humidity  

• Sound management  

• Lighting  

• Aesthetics  

• Ergonomics  

• Social interaction in the workplace  

  

Based on these parameters, it is possible to determine which 

type of information needs to be acquired and what type of 

sensors should be used to maintain facility comfort. In order to 

support a comfort analysis, study the data acquired from the 

sensors can be displayed on the map and can be monitored 

instantaneously and necessary interventions can be carried out 

or various analyzes can be performed. As a result of these 

analyzes, the solutions to comfort related problems can be 

determined.  

  

2. BACKGROUND  

The literature in the field covers various efforts for integrating 

BIM-GIS and IoT. For instance, Deng, Cheng, & Anumba 

(2016) integrated building information modelling (BIM) and 

3D GIS in order to combine traffic noise evaluation in both 

outdoor environments and indoor environments in a single 

platform. Liu et al. (2017) explained that the integration of 

Building Information Modeling (BIM) and Geographic 

Information System (GIS) has been identified as a promising 

but challenging topic to transform information towards the 

generation of knowledge and intelligence. Achievement of 

integrating these two concepts and enabling technologies will 

have a significant impact on solving problems in the civil, 

building and infrastructure sectors. However, since GIS and 

BIM were originally developed for different purposes, 

numerous challenges are being encountered for the integration.  

 

 

To better understand these two different domains, their work 

reviews the development and dissimilarities of GIS and BIM, 

the existing integration methods, and investigates their 
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potential in various applications. This study shows that the 

integration methods are developed for various reasons and aim 

to solve different problems. Bansal and Pal (2009) proposed a 

method for direct sunlight visualization to calculate the amount 

of sunlight received on different faces of a building by 

integrating BIM with GIS. Energy required on an urban scale 

level was also forecasted in the integrated 3D city system 

(Strzalka et al., 2011), and the impacts of different levels of 

building details on the energy demand were also illustrated in 

this study. Potential also exists in identifying the relationship 

among environmental impact, urban density and solar gains, 

thereby estimating the necessary building energy consumption 

(Strømann-Andersen and Sattrup, 2011).  

 

GIS and BIM can help with investigating the dynamic 

relationship between weather conditions, urban geometry, and 

individual building’s properties. Such a system will improve 

urban planning and building design in terms of energy 

optimization. Niu et al. (2015) improved it by developing a 

web-based system to visualize and inspect energy 

consumption at both building and urban level. In addition, 

Castro- Lacouture, et al. (2014) presented a conceptual 

GISBIM framework about algae power generation system to 

improve the energy consumption at the level of urban 

neighborhood. Kang & Hong (2015), Kang et al. (2016) 

proposed a BG-ETL architecture for the effective integration 

of data from heterogeneous systems of BIM, GIS, and FM. 

From the practical viewpoint of data integration, data were 

divided according to their geometry and property information, 

allowing the problem of GIS and BIM-based information 

interoperability to be addressed.  

 

To visualize numerous objects represented over the GIS, a 

simplified surface model was converted using IFC geometrical 

information, whereas property information was extracted and 

transformed to obtain the required information from a use-case 

perspective by utilizing BG-ETL. Applying BG-ETL, authors 

have designed an effective architecture for the support of 

information interoperability between heterogeneous BIM, 

GIS, and FM systems, and developed a prototype that 

implemented FM use cases. Thus, the authors verified the 

effective integration of the required data from the project 

stakeholder's perspective. Laat and Berlo (2011) present a 

research where a mix of strong parts from both worlds is 

integrated in a single project. The paper describes the 

development of a CityGML extension called GeoBIM to get 

semantic IFC data into a GIS context. The conversion of IFC 

to CityGML (including the GeoBIM extension) is 

implemented in the open source Building Information Model 

server.  

 

Kassem M. et al. (2014) mentioned that a BIM visualization 

provides accurate geometrical data that has never been 

possible before and can support the analysis of building 

proposals and the simulation and benchmark of performance 

(Atkin and Brooks, 2009). Wang et al. (2016) proposed a 

framework, where a profile is created for each existing vacant 

facility by combining BIM and GIS attributes. As a result, 

these profiles can be matched to the desired BIM model, which 

the aspiring users have provided, based on a weighted distance 

calculation. The framework presents the most suitable vacant 

facilities to the users to promote facility reuse.  

 

El-Gamily and Al-Rasheed (2015) presented a study which 

aims at building a comprehensive geodatabase for different 

elements of infrastructure facilities and services on the 

building bases for a  selected number of schools and 

developing a GIS based iFaME interactive application to 

manage different facilities at the school level in Kuwait. The 

research of Petrenko et al. (2014) outlines the potential for 

employing indoor wireless network positioning and sensor-

based systems to improve the collection of tracking data 

indoors. By applying various methods of GIScience authors 

developed a methodology that can be applicable for diverse 

human indoor mobility analysis. Barret and Finch (2014) 

mentioned that the UK government has embraced the concept 

of BIM (as detailed in the Building Information Modelling 

(BIM) Working Party Strategy document), requiring three-

dimensional BIM (including all project and asset information, 

documentation and data) for all public assets by 2016. At the 

heart of this strategy is a building information model known as 

COBie, the Construction Operations Building Information 

Exchange. One of the appealing features of COBie is that it is 

possible to represent the COBie model using a simple 

spreadsheet (e.g. Excel, Lotus Notes). Roper and Borello 

(2014) indicated that whether it is precise control of 

temperature and humidity for worker comfort or process 

control or monitoring of critical components, such as lighting, 

fuel tanks, and power systems, advanced technologies allow a 

more accurate and controllable building. Additional 

integrations may involve providing secure authorized access 

control for time and attendance or for security access, alarm 

monitoring, and fire and smoke detection.  

 

Deng et al. (2016) presented a study where Industry 

Foundation Classes (IFC) and City Geography Markup 

Language (CityGML) were chosen as the key schemas due to 

their wide applications in the BIM domain and the GIS 

domain, respectively. The authors used an instance-based 

method to generate the mapping rules between IFC and 

CityGML based on the inspection of entities representing the 

same component in the same model. It ensures accurate 

mapping between the two schemas. The transformation of 

coordinate systems and geometry are two major issues 

addressed in the instance based method. Considering the 

difference in schema structure and information richness 

between the two schemas, a reference ontology called 

Semantic City Model was developed and an instance-based 

method was adopted.  

 

Begun and Saha (2017) presented a case study which pertains 

to meet the objectives like collection of information on various 

facilities (viz., Banks and ATM, Photocopy and Printout 

shops, Food Joints, Health Care and Medical shops, Hostels, 

etc.) in the Delhi University North Campus and collating that 

information to develop the facility management system in a 

GIS framework. GIS-based network analysis to find out basic 

closest facilities, optimized route identification, service area 

identification, origin-distance matrix etc. To improve 

evacuation efficiency, an evacuation system was proposed by 

Liu and Zhu (2014) based on GIS and Technology of IoT by 

analyzing the influence of smoke on evacuation. Information 

about the building can be obtained using GIS and IoT 

technology. Using Matlab based on analytic hierarchy process 

for three evaluations, Evacuation path selection, one of the 

most critical problems in the system, could be solved. The 

article provides a new approach, a new idea, for achieving 
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building fire evacuation. It also promotes the 

intellectualization of fire protection.   

  

According to CABA (2002) the major benefits of intelligent 

buildings are as follows:  

  

• Increased individual environmental control leading to 

higher value building, leasing and rental potential.  

• Managed energy consumption through zone control on a 

time-of-day schedule.  

• Upgrading and modifications to control systems from 

standardized systems wiring.  

• Control of building systems after hours via PC, PDA or 

telephone.  

• Tracking of occupant after-hours system.  

• Tracking of service/replacement history of individual 

zone use.  

• Control of changes to telephone, security, LAN, wireless 

devices, parking   

  

According to Brian and Brooks (2009) sensors will be deeply 

embedded within building structures, supplying data when 

scanned for shear, strain, pressure and other forces that can 

affect them, using wireless networks to return the scanned 

results to a data center, thereby saving the expense of sending 

out safety inspectors and engineers to monitor the structures. 

A problem common to both these developments is battery life 

the devices switch on only for brief periods to update 

measurements and use very short-range communications by 

passing data from one device to the next across the network.  

 

For many applications in the built environment, it is 

impractical to change batteries and some form of solar or other 

energy support is needed. The future of these devices, once the 

problems of miniaturization and cost have been solved, is a 

fundamental solution to one of the most pressing economic 

problems of today runaway energy costs. Once distributed 

around a building, the sensors would form a network relaying 

data about each room’s temperature, light, humidity, 

occupancy, etc. to a central computer that would regulate 

energy use in the building, optimizing the energy delivery to 

each room and using passive heating and ventilation control 

methods wherever possible. The emerging smart-energy 

technology could save significantly on electricity costs, as 

buildings currently drain away more than a third of the total 

energy supply of some countries. According to Lee et al. 

(2016) managers can use information technology to support 

operation and maintenance of buildings. Moreover, a  

web-based platform allows users to manage facilities 

intuitively without investing on professionals or specialized 

software.  

  

3. METHODOLOGY AND EXPERIMENTAL DESIGN  

This study aims at presenting and testing a sample software 

architecture for the integration of BIM, GIS and IoT for 

supporting Comfort Analysis.  

  

In order to collect real-time data from the building, Arduino 

(Figure 1) hardware was used as a prototyping tool, which is. 

an open source electronic platform (Arduino, 2017). With 

Arduino, all the input data can be converted into an output. 

These entries can even be a sensor, a button, or a Twitter 

message. As output, the output itself can be data or data that 

activates a motor or opens an LED. All these transactions can 

be done online. To do this, Arduino offers programming 

language (Wiring-based) and Arduino software (IDE).  

  

  
  

Figure 1. Arduino (https://www.arduino.cc/)  

  

Using the Arduino tool, the authors have collected data from 

different sensors such as temperature, humidity, and light level 

sensors. These sensors can be installed in various places of the 

facility, and in different facilities. Once the Arduino is 

connected to the Internet, one can instantly get the data from 

the sensors that are connected to the Arduino hardware. The 

authors have developed code to integrate the geo-coordinates 

for each sensor with the information acquired from the sensors 

and provided an information output in GeoJSON format. The 

output also contains semantic information such as the 

definition of the sensor, current value of the sensor, the room 

that the sensor is located.  

  

In order to test the integration approach a two-storey building 

(Figure 4) was chosen as the case study example, but only one 

floor was used in the implementation. The building's BIM was 

in IFC format at the first stage and was converted to 

twodimensional .shp format using SAFE FME software.  

  

As described on the official site FME (2017) the FME 

(originally, the “Feature Manipulation Engine”) is working 

with the ETL (Extraction, Conversion, and Installation) 

principle. So, the software can be defined as a tool that extracts 

data from a source, transforms it to meet the needs of users, 

and then uploads it to a target or database.  

  

Figure 2 presents the workbench screenshot where FME is 

used to transform the Slabs of an IFC model to 2D ESRI .shp 

file. The transformation file can be downloaded from  

(http://labs.isikdag.com/IFCSlabsTo2DUmit.fmw)  

  

In the next stage the Google Maps API is used for map 

visualization of information that is acquired from the sensors 

that are connected to the Arduino. The integration approach 

was towards visualizing all information within Google Maps 

by utilizing the GeoJSON format. Since Google Maps supports 

the GeoJSON format, the case study building model that was 

converted earlier from IFC to .shp format, then was converted 

to GeoJSON format with the help of QGIS software. The 

integration architecture is shown in Figure 3.  
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Following the conversion of building information to 

GeoJSON, the model of the facility has been visualized on the 

Google Maps. In summary, the data acquired from the sensors 

and presented in form of GeoJSON , and the representation of 

the floor plan of the facility presented in form of GeoJSON 

were visualized using the Google Maps Environment. The 

proposed architecture and the implementation enabled the 

visualization of real-time information regarding the sound, 

light levels, temperature of rooms at a web based online 

mapping environment.  

  

 

 

Figure 4 and Figure 5 provides a depiction regarding the 

visualization of Integrated Information. In Figure 5 the red 

marks shows the geolocation of the sensors, the floor plan of 

the building that is acquired from the IFC and converted to the 

GeoJSON is presented in green color. Semantic information 

such as the definition of the sensor, current value of the sensor, 

the room that the sensor is located, is also provided together 

with the visualization.  

  

The information provided as a result of BIM-IoT integration 

and visualization of information using Web Mapping 

technology will be beneficial for performing comfort analysis.  

  

   

 

Figure 2. Transformation of Information Using FME 

 

 

 

 

 

Figure 3. Integration Architecture 
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Figure 4.The visualization of BIM 

 

 

Figure 5. Visualization of Integrated Information 
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4. CONCLUSIONS  

Although the use of new technologies in FM seems to be a 

necessity, few studies have so far been done in a 

collaborative manner within this scope. Every field looked 

at a problem from its own perspective and tried to find a 

solution in itself. In this respect, the combined use of BIM, 

GIS and IoT technologies plays an important role for 

increasing the efficiency in facility management.  

 

For this reason, our future efforts will continue in this 

direction and will focus on investigating the feasibility of 

this integration with different approaches in various 

contexts. 

 

 In this study, a facility in the BIM environment is displayed 

in two dimensions on Google Maps, and real-time data from 

the sensors can be provided and tracked from the web 

browser. Analysis and visualization of the data from the 

sensors will be important for facility managers, particularly 

in view of facility comfort analysis.  
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