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Abstract. Combining IoT technology with the BIM paradigm can
enhance the data collection that BIM strives for by enabling real-time
monitoring of building conditions. This data collection can be used
very effectively for managing facilities. However, many IoT devices
must be installed in buildings to achieve such results and therefore,
a management system is required. The purpose of this study is to
suggest an IoT management system that uses the drawing information
extracted from a BIM model to allow effective management from initial
installation of IoT devices to maintenance. In the pursuit of this purpose,
a converter and an IoT device which developed in the research is used.
The converter extracts space information and 2D floor drawing from
BIM model and the IoT device is developed based on ESP 8266 chip
which consist of one computer and WIFI module. To store the data
which collected by the IoT devices, IoT service of AWS(Amazon Web
Service) is used.
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1. Intorduction
This paper presents a study related to the development of a field survey system
for facility management, which is part of a study for establishing a BIM-based
smart facility management system. This study acknowledges the necessity for a
mobile-based field survey system that is recognized during an actual process of
establishing a space management system for a large facility (Kim et. al., 2016),
as well as the direction for improvement, while striving to find an appropriate
solution. Based on this, the final purpose is to develop a management system
for IoT (Internet of Things) devices that can collect up-to-date data on building
conditions for facility management purposes.Vendors primarily working with
Autodesk are predicting that applying IoT to BIM can strengthen information
aspects of BIM, and applying it to facility management can maximize effectiveness
in the operation and management stage of buildings (Cousins, 2016; Haines, 2016;
Longbottom, 2016; Mogk, 2016; Tamburini, 2016). In addition, experimental
studies on its application methods are currently underway (Khan et. al., 2011;
T. Fukuda, W. Huang, P. Janssen, K. Crolla, S. Alhadidi (eds.), Learning, Adapting and Prototyping,
Proceedings of the 23rd International Conference of the Association for Computer-Aided Architectural
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Cahill, 2012). These studies focus on two such methods: one that visually
processes information from BIM data collected through IoT, and another that
fabricates and applies data. However, this study focused on a mobile-based
management system that uses a BIM model to install and manage IoT devices.The
mobile-based management system is based on the field survey research during
developing a space management system for a large scale facility. Field surveys
are necessary to collect basic data for managing facilities or spaces. They address
essential needs including recognizing discrepancies between documented data
and actual data related to a facility; reducing errors in data; and recognizing
changes that occurred after launching the system and incorporating these changes.
Currently printed paper drawings and documents are used for field surveys, and
results are recorded in writing, making searching for information in the field
time-consuming. Problems arise in the process of searching for survey targets
unless the surveyor has a lot of experience, both in the field and in organizing
survey results once returning to the office. These conditions ultimately reduce the
frequency of field surveys. As these are necessary for keeping information on field
conditions up-to-date, the integrity of field survey results decays. Consequently,
an easy and effective information searching method is needed that can be used
during field surveys, and reduces repetitive tasks. A proposed solution is a
field survey system that uses mobile ICT devices. The limited functionality of
these devices in comparison to desktop ICT devices will be considered during
development. To overcome functional limitations, lightweight data are required.
A problem that occurs while developing a BIM-based facility management system
is that the BIM model data are too large for mobile devices to process. Various
methods are being tested to resolve the problem with acquiring lightweight data
(Kim, 2016). As a solution, this study suggests a method that extracts 2D drawings
from a BIM model and processes them into multi-images with different levels
of detail. This is because processing picture images requires fewer resources
than the conventional processing of vector-based drawings. This study used the
multi-image approach to suggest a method for establishing a field survey system
based on mobile drawings and IoT management system.
2. Need for a Mobile Field Survey System and Associated Obstacles
Research on the development process of the integrated space management system
for Incheon Airport (Kim, 2016) was conducted for this study. Kim’s study was
related to a mobile field survey system for this integration space management
system of Incheon Airport.The initial purpose of the mobile field management
system was to trace changes of space and to update data after the integrated space
system development was completed. It was ultimately used to verify initial space
data with actual space data during the development process instead. This shed light
on the need for a mobile field survey system, and its associated obstacles.The need
for a field survey system was investigated through two rounds of field surveys.
The first round used the conventional field survey approach of printing drawings
on paper. When there was insufficient or inconsistent data, the field sur-vey
was interrupted and data had to be sorted out back at the office as there was
no available data searching method that could be used in the field. Moreover,
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field survey results were recorded in writing on drawings and notepads, and
pictures of the field were taken using a separate camera. A lot of time and
effort was required to organize and match up the field survey data afterwards.
The second field survey round used the developed version of the field survey
system, resolving the issue with data search. However, wireless connection to
the central database failed for security reasons. The issue with organizing data in
writing could therefore not be resolved. The most critical problem was the lack
of consideration for a mobile system that still existed during this development
process, which resulted in having to use a laptop. Consequently, light-weight data
were not available for the mobile system, creating great difficulty in searching for
drawings. In addition, field survey results could not be uploaded to the database
from the field right away, for security reasons.Results from the integrated space
management system for Incheon Air-port mentioned above showed that using
mobile ICT devices was more effective than using paper drawings during field
surveys. However, the effectiveness decreased when adequate mobile system
usability was not guaranteed.

Figure 1. Mobile CAD of a security company in Korea.

Mobile CAD was developed by a Korean security company for security
planning in efforts to resolve the aforementioned issues (Kim et al., 2017). This
solution was developed by the same company that created the integrated space
management system for Incheon Airport, drawing on experience acquired from
that project. The mobile CAD system was developed to allow immediate creation
of drawings for security planning right in the field. It resolved issues concerning
lightweight data by overcoming the limitations of laptops. It was designed to
work on Android tablets, and to maximize usability for users. Because it was
designed for the sole purpose of security planning, data processing capacity for
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drawings was limited. Nevertheless, the study results represented advancement in
mobile-processing of building data.
3. Drawing Processing Method of a Mobile Field Survey System
If a BIM model is used without additional processing on mobile devices, it does
not work due to the size of the model. Simply converting drawings into 2D
CAD drawings like DWG and applying them creates problems where non-shape
in-formation contained in the BIM model other than drawings cannot be used.
Moreover, files in vector format in mobile devices generate system-load and thus
slower reaction times. This degrades usability for real-life field surveys. To
resolve this issue, the study integrated the Tile View method used by digital
maps. Associated non-shape information (model properties, spatial properties,
object properties, and location information) was processed in XML or JSON
formats. Figure 2 shows a method for extracting BIM information. Three types
of information including basic information of the BIM model, object information
(room, door, windows, etc.), and floor plan information were extracted. For floor
plan information, Tile View images were saved as PNG files and the rest of the
information was saved in JSON format.

Figure 2. Architecture of extraction of BIM model information to Mobile Field Survey Format.

The GeoJSON format was used to save coordinate information extracted from
the BIM model so each coordinate could be located on the Tile View images.
There are many application methods for Tile View processing but this study used
Microsoft Silver-light’s Deep Zoom feature (depicted in Figure 3).
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Figure 3. Tile views concept of Microsoft Silverlight’s Deep Zoom.

Table 1 shows the recorded format for information extracted from models and
objects. Image files were saved in four image levels of 125, 250, 500, and 1000.
Table 1. Extracted BIM model and object information as JSON format.

4. IoT Management System
4.1. IOT MANAGEMENT SYSTEM STRUCTURE

The tasks performed by the IoT management system can be divided into four steps.
First, the converter converts the BIM model into a two-dimensional image of
the floor plan that is used in the IoT management system, and the BIM object
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information, including the coordinate and spatial information, is linked to this
plan. This step is denoted as ‘A’ in Figure 4, where we have exhibited a schematic
representation of the structure of the IoT management system. The converted data
is uploaded into the server of the IoT management system through a web-based
program. The second step is denoted as ‘B’ in Figure 4. It provides basic
information about installing IoT devices in a real building. This information can
be used by an operator using the mobile IoT management system. The operator
can install the IoT devices while checking the spatial information of the target
building using the mobile device and program. After installation, the operator
can mark the positions of the IoT devices on the two-dimensional floor plan and
record additional information about the actual positions by taking photographs.
The information recorded by the field operator is stored in real time on the server
of the IoT management system. In the third step, building data is measured and
transmitted to the server using the IoT devices; this step is denoted as ‘C’ in
Figure 4. The stability of the server is crucial for this step as it involves real
time continuous recording of data. Therefore, we used cloud services provided
by Amazon or Google. Currently, we are using the Google cloud platform. The
final (fourth) step is denoted as ‘D’ in Figure 4. In this step, the IoT management
system requests and receives data measured by the IoT devices to and from the
cloud service. In this step, we can visualize the data collected by the IoT devices
on the floor plan, and check whether the IoT devices are working properly or not
by identifying the devices that have not collected data for a certain period.

Figure 4. Schematic representation of the IoT management system structure.

4.2. IOT DEVICES OF THE IOT MANAGEMENT SYSTEM

We built the IoT device used in this study in-house using an ESP8266-based
ESP12f module from Espressif Systems. Till date, we have used sensors that can
measure the temperature and humidity only. However, we plan to use sensors
that can measure motion and alternating current, as well as various gas sensors in
the future. Nevertheless, temperature and humidity sensors are sufficient for this
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study since the aim here is to install and manage the IoT devices. The components
of the IoT device used in this study are shown in Figure 5. ESP12f (‘B’ in Figure
5) that contains a programmable Tensilica processor is a key component of this
device, and eliminates the need to include components such as Arduino. Three
AA alkaline batteries (4.5 V) were used as the power supply (‘A’ in Figure 5) for
running the device. A DHT11 sensor (‘C’ in Figure 5) was used for measuring
the temperature and humidity. A QR code (‘E’ in Figure 5) was attached for
the management of the device, and a Velcro tape (‘F’ in Figure 5) was used to
attach/detach the device to/from the wall for maintenance.

Figure 5. IoT device used in this study.

4.3. THE PROGRAMS OF IOT MANAGEMENT SYSTEM

A testing system for an IoT management system was created based on the drawing
processing method above. The execution steps for IoT management involve firstly
selecting and extracting a drawing from a BIM model; secondly entering the
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project into the server using extracted data; thirdly, entering IoT devices using
a mobile device in the field; and finally, managing the IoT using web-based
management tools.Information used for IoT management consists of three types:
location according to drawings, installation pictures, and information related to
equipment. When only drawing locations are used, it is not easy to find the
location of IoT equipment. To solve this issue pictures and notes were added
onto the mobile field survey system. This system should assist field surveyors to
locate equipment even without a 3D model. Three programs were developed for
the execution steps of the IoT management system: a Revit Addon program for
extracting data from BIM models, a web-based management program for entering
and managing projects, and an An-droid-based mobile program for field surveys.
The developed programs are shown in Figure 6.

Figure 6. The developed programs for IoT management system.

The Revit Addon program which extracts data from BIM models can select
floor plans desired for extraction, and selectively eliminate footnote elements that
are determined unnecessary for the floor plans. It also has a feature that can select
the resolution for the Tile View to be extracted. Locations of IoT equipment
are marked with POI icons on drawings for web-based management programs.
Different objects are represented by differently shaped POI icons. Selecting a POI
icon displays related information. The mobile program has a feature that allows
adding information by selecting a location on a drawing. When information is
added, a built-in camera on the tablet can be used to take pictures. Moreover, a
feature was added onto the web program to make it possible to give job instructions
in real-time to workers on field, al-lowing collaboration between the field and the
office.
5. Conclusion
This is ‘A Study of the Development of an IoT Management System’, which is
part of a ‘Study of Smart Facility Management using the BIM Model and IoT’.
The purpose of this study is to collect building information using hundreds, or
even thousands of IoT devices. For this purpose, a consistent management system
is required covering all aspects from installation to maintenance of the IoT devices.
We propose an IoT management system using the BIM model. Till date, we have
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completed the design and implementation phases. Pilot tests were performed using
the lecture hall at Branksome Hall Asia International School in Jeju Island to verify
the efficacy of the system (Figure 7). In the future, we plan to perform long-term
tests covering durations of more than a year in public buildings by installing more
than 100 IoT devices. The long-term goal of this study is to establish a prediction
system for facility management using machine learning based on the data collected
by IoT. Furthermore, we expect that the building data collected by the different
sensors can be used as basic data for architectural design.

Figure 7. Pilot test at the lecture hall of the Branksome Hall Asia International School in Jeju.
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