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Abstract

Recently, various indoor based sensors that were formerly separated from the digital world, are
now intertwined with it. The data visualization may aid in the comprehension of large amounts
of information. Building on current server-based models, this study intends to display real
environmental data acquired by 10T agents in the interior environment. Sensors attached to
Arduino microcontrollers are used to collect environmental data for the smart campus
environment, including air temperature, light intensity, and humidity. This proposed
framework uses the system's server and stores sensor readings, which are subsequently shown
in real time on the server platform and in the environment application. However, most current
loT installations do not make use of the enhanced digital representations of the server and its
graphical display capabilities in order to improve interior safety and comfort conditions. The
storage of such real-time data in a standard and organized way is still being examined even
though sensor data integration with storing capacity server-based models has been studied in

academics.
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1. Introduction

When it comes to the Internet of Things (IoT), context-awareness links the real and
virtual worlds by using environmental sensors, network connectivity, and data processing
approaches. Intelligent healthcare systems, intelligent transportation systems, intelligent
energy systems, and intelligent buildings are all now possible due to the advancements in the
Internet of Things. Sensor networks and smart loT-based application services make up the
unified architecture of 10T networks [1-5].
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As per the data visualization definition, an increasingly digital and networked world
where physical items are also incorporated into the information network in order to gather data
about the environment for smart indoor settings might benefit from the use of data visualisation.
When it comes to the smart environment, this is particularly true, both inside (for example,
showing data on urban accessibility in different sectors) and out (for example, designing
infographics to raise environmental awareness). Regarding smart buildings, data visualisation
is a useful tool for conveying information related to the 10T infrastructure and sensors installed
in the building [6-10].

Smart services for many complex infrastructures are now being developed as a result
of Big Data and 10T, working together. Big data technologies play a crucial role as visual
analytics tools, delivering important information in real-time inside 10T infrastructures, aiming
to assist essential decision-making. Many sensors in large-scale 10T applications result in a
massive volume of data being gathered. Finding and analysing subsets and patterns of interest
in the vast volumes of data accessible in 0T data analysis are two separate but related activities

[11]. This article looks at how to use meaningful visualisations to derive insights from loT data.

Visual analytics is a data mining, statistical, and visualization tool that may aid in the
investigation of large volumes of data. With the help of interactive visualization technologies,
users may take charge of the data analysis process and get crucial knowledge for making
decisions. In order to see data from various angles and zoom in on specific aspects, the operator
may interact with these proprietary data visualization tools. Machine learning and Artificial
Intelligence (Al) are used in data analytics to find trends and generate predictions on their own
[12, 13].

The goal of an energy audit is to learn how the building uses energy, who the users are,
and what are the structure’s structural and material characteristics that consumes the energy
related projects. This procedure is concerned with gathering and analyzing a wide range of
facts and information pertaining to a variety of subject matters. In order to conduct an efficient
energy audit, one must be able to handle a significant volume of data of different kinds.
Structure and organization are key to determining the building's energy profile and determining
which retrofit scenarios are most suited. Existing buildings' digital twins still lack a coherent

framework; despite new data capture technology and powerful modelling tools [14, 15].

The following sections comprise the content: related works are in section 2. The

proposed work methodology is elaborated in Section 3. Its experimental observation is
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discussed in section 4. In the final section, the conclusion and possible future enhancements

are discussed.

2. Related Works

The study [16] outlines a building indoor environment procedure for assisting social

housing owners in their decision-making. Simulating different retrofit solutions based on
(a) The energy consumption reductions,
(b) 4D building indoor environment retrofit planning and disruption elimination,
(c) Cost simulation, is all done using building indoor environment.

Many areas of BIM and loT integration are discussed in the current literature, such as
energy management, construction activity monitoring, health and safety management, and
building facility management, among other subjects. BIM and IoT interoperability research, on

the other hand, are still in its infancy and theoretical in nature [17].

Sicat et al., (2018) created a toolbox for the immersive display of building data based
on the Unity programming environment. A data visualization system integrated into the current

system, was designed to display interactive 2D or 3D representations [18].

Using BIM, CFD, and VR, Hosokawa et al., created a virtual reality (VR) system to
view the airflow rate and temperature of an HVAC system [19]. A knowledge-assisted BIM-
based visual analytics method for failure root-cause identification was examined by Motamedi
et al. Customized representations are provided by integrating BIM with other FM information
(like inspection data) in the research [20].

Such visualizations let technicians use their cognitive and perceptual thinking to solve
problems. Using BIM and thermographic pictures in conjunction with environmental sensing
data, Natephra et al., suggested a technique for assessing interior thermal comfort by
visualizing spatio-temporal thermal data on building surfaces. According to past research,
before adding digital models into virtual worlds, preparing data is essential. However, there are
presently no feasible ways to generate visualizations of live data streams for immersive settings
[21].
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3. Methodologies
3.1 Data visualization system

For existing structures with considerable architectural restrictions, this study's approach
to real-time measuring and monitoring of environmental indicators, and energy usage inside
the building is extremely creative. If this is the case, the monitoring systems must be simple to
install and architecturally compatible with the building's design, as well as affordable, readily
available, and manageable even by a non-expert user. In order to begin gathering data on

environmental factors in real time, loT sensors must be installed.
3.2 10T Platform

The Internet of Things board, a well-known open-source loT platform for data
collection, processing, visualization, and administration, was chosen as the platform of choice.
Using industry standard 10T protocols, it connects devices and enables both cloud and on-

premises installations.
3.3 10T infrastructures for indoor campus visualization procedure

One of the main goals of the proposed architecture for many sensors in the interior
environment of data visualization, is to store 10T sensor data in capacity-based server models,
and to visualize sensor information in a smart campus environment. Physical environmental
factors impacting the interior environment may be measured and represented in real time using
the suggested approach [22- 25]. Users and facility technicians both benefit from this feature
since they can monitor interior conditions in real time as they move around the space. In
addition, a marker-based localization mechanism is used for smart campus registration in this

proposed system as various steps are noted.
Step 1

The proposed method makes use of appropriate virtual charts assigned to a specified
creator to enhance the visualization of measured values of environmental conditions. Charts
are shown on a real-world scene when markers are detected. The system relies on a server-
based model already in place, as well as an immersive interior environment, to provide real-
time data from several sources of real-time sensing [26-28]. To optimise the audit process, it
was decided to construct a monitoring system that continually checks the interior parameters

and the building's energy use.
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Figure 1. Overall proposed framework for data visualization at smart indoor environment

Step 2

A smart campus interior environment model of the facility is the next phase in which
the markers are identified. Modeled features and sensors are placed in the same locations in the
actual world as they appear in the model. In Stage 3, the model and position data of sensors are

transferred to a smart campus environment in this step.
Step 3

Sensor readings are communicated to the memory-based server via an 10T controller,
which is a microcontroller in this architecture, and saved in their database in the third phase.

Step 4
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The fourth phase involves establishing a reliable link with the game engine so that
sensor data may flow freely. This research makes use of the visual scripting capabilities of a

certain gaming engine.

Using the established markers, the augmented reality experience may accurately
register virtual charts. To conclude, a smart campus environment's application on a portable
device displays the live sensor data and the interior thermal comfort evaluation results. The
suggested approach then automatically stores the sensor data using a visual programming
environment for smart campuses called Dynamo. Marker positions are finally transmitted from
a large number of memory-based models to the game engine [29]. The Unreal Engine's visual
scripting allows sensor data to be tied directly to the game world. The created tool is used to

manage the game engine’s live sensor feed.
Step 5

On the fifth stage, the data from the sensors are displayed in the smart campus. Real-
time sensor data plots are shown in data visualization agents using virtual charts built for this
purpose. The camera must be able to clearly see the markers in each room in order to create
virtual charts. After that, the system determines the smartphone's position and orientation in
relation to the identifier and displays the corresponding virtual chart. Using the charts in the
interior environment, users may statistically study and assess the environmental conditions and
the indoor thermal comfort. Figure 1 depicts the sensor numbers used to find indoor
environment in different locations, with numerical values representing the sensor numbers.
There are three sensors (named 1, 2 and 3) linked and installed in a smart campus environment:

sensors for measuring temperature, humidity and light intensity [30, 31].

4, Results and Discussion

The Arduino Uno microcontroller is used to link the smart campus environmental
sensor modules. Other features include digital outputs of the interior environment's humidity
and temperature, which is managed on a regular basis. The code that will run on the actual
board is written in the Arduino Integrated Development Environment (IDE). The Arduino IDE
already has a number of libraries that may be used to gather information such as humidity,
temperature, and more. In this experiment, the sensor's pin signal was attached to an Arduino

digital port to read data from the sensor.
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Figure 2. Real-time experimental setup with DHT11 devices

The saturation point varies with the temperature of the surrounding atmosphere. The
real time compares hot and cold air, that the latter holds a lot more water vapour before being

saturated. Because of this, the formula for determining relative humidity is as follows:

Desity of water vapor

Relative humidity = ] * 100%

Density of water vapor at saturation

In this study, photoresistor sensor modules are mounted on Arduino boards to assess
light intensity. The obtained experimental results have been tabulated in table 1. The brightness
of the illumination was measured using analogue pin "A0". Once the Arduino boards have been
programmed with the generated code, the sensors begin collecting data for use in smart indoor
environmental monitoring. The obtained and monitored data are stored at memory unit that is

shown in table 1 with observation.

The Arduino has a built-in technique for linking sensor readings to a memory storage
device. The first step is to connect the DHT11 and photoresistor sensors to the Arduino board.
Environmental measurements, such as air temperature, humidity, and light intensity, were
gathered and presented on the serial monitor console of the central unit after uploading the
generated code onto the board. The graph has shown temperature and light intensity output
from the sensors’ data. Using the whole dataset for the smart campus interior environment, it

is discovered that both are directly proportional to one another.
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Table 1. Observation from experimental setup’s results

Time Temperature Light
Fi, Humidity Intensity Changes Observation
Range (°C) (lux)
(9:00- Transferred sensor data
11'ObAM) 28 40 148 No from Memory to
' System Excel Sheet
) Transferred sensor data
(1110%%'?\‘%' 28 40 150 No from Memory to
' System Excel Sheet
(1:00- -bit delay in
3:00PM) 29 41 152 Yes transfe:jr;?i sensor
(3:00- -bit delay in
5:00PM 28 41 151 Yes transfear;?i sensor
Temperature vs Light Intensity
160
140
120
3 100
e 80
5" 60 Temperature
i 40 Light Intensity
20
0
9:00-11:00 11:00-1:00 1:00-3:00 3:00-5:00
Time Duration

Figure 3. Experimental results observation

A firefly is utilized to communicate sensor data from the Arduino Uno to the memory-

stored system using Dynamo, a visual programming tool. "UE4Duino2" is used to connect

Arduino sensor outputs to the Unreal Engine. The Arduino data may now be retrieved in real-

time using this plugin for Unreal Engine 3 to excel sheet in the personal computer. In the last

step, the Unreal Engine is used to construct the user interface for displaying sensor data in

augmented reality. It has also been noticed from Table 1 and the graph that, when the

temperature at the margin point changes, data transmission is somewhat slower for other

operations.
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5. Conclusion

The real-time issue identification is possible due to the proposed method for
assimilation of sensors data storage of smart campus indoor environment. The real-time sensors
readings database may be used to record information about interior environmental conditions
for subsequent analysis of historical data about the facility's indoor needs. Environmental-
based condition monitoring and Internet of Things infrastructures are combined in this study.
Furthermore, data visualization techniques are supplied to protect campus safety and increase
sustainability. The data acquired during the first year of deployment will be used to develop a
machine learning module for the online application, which will propose timetable changes to

increase campus sustainability and safety, in the future.

References

[1] Jacob, I. Jeena, and P. Ebby Darney. "Design of Deep Learning Algorithm for loT
Application by Image based Recognition."” Journal of ISMAC 3, no. 03 (2021): 276-290.

[2] Wu J, Zhao W. Design and realization of winternet: From net of things to internet of
things. ACM Transactions on Cyber-Physical Systems. 2017 Feb 21;1(1):2.

[3] Pandian, A. Pasumpon. "Review on Image Recoloring Methods for Efficient Naturalness
by Coloring Data Modeling Methods for Low Visual Deficiency.” Journal of Artificial
Intelligence 3, no. 03 (2021): 169-183.

[4] Oliveira CC, Oliveira DC, GonAgalves JC, Kuniwake JT. Pratical Introduction to
Internet of Things: Practice Using Arduino and Node. Js. InProceedings of the 22"
Brazilian Symposium on Multimedia and the Web 2016 Nov 8 (pp. 17-18). ACM.

[5] Sungheetha, Akey, and Rajesh Sharma. "Real Time Monitoring and Fire Detection using
Internet of Things and Cloud based Drones." Journal of Soft Computing Paradigm
(JSCP) 2, no. 03 (2020): 168-174.

[6] Nahrstedt K, Li H, Nguyen P, Chang S, Vu L. Internet of mobile things: Mobility driven
challenges, designs and implementations. In Internet-of-Things Design and
Implementation (loTDI), 2016 IEEE First International Conference on 2016 Apr 4
(pp.25-36). IEEE.

[7] Mugunthan, S. R. "Soft computing based autonomous low rate DDOS attack detection
and security for cloud computing.” J. Soft Comput. Paradig.(JSCP) 1, no. 02 (2019): 80-
90.

Journal of Ubiquitous Computing and Communication Technologies, December 2021, VVolume 3, Issue 4 249



ASSIMILATION OF IOT SENSORS FOR DATA VISUALIZATION IN A SMART CAMPUS ENVIRONMENT

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

Hentschel K, Jacob D, Singer J, Chalmers M (2016) Super sensors: Raspberry pi devices
for smart campus infrastructure. In: 2016 IEEE 4th International conference on future
internet of things and cloud (FiCloud), pp 58-62.

Mugunthan, S. R. "Wireless Rechargeable Sensor Network Fault Modeling and Stability
Analysis." Journal of Soft Computing Paradigm (JSCP) 3, no. 01 (2021): 47-54.

Logre I, Mosser S, Collet P, Riveill M (2014) Sensor data visualisation: A composition-
based approach to support domain variability. In: Cabot J, Rubin J (eds) Modelling
foundations and applications, pp 101-116. Springer International Publishing, Cham.
Ponmalar, Dr S. "Tungsten DiSulphide FBG Sensor for Temperature Monitoring in Float
Glass Manufacturing.” Journal of Information Technology and Digital World 2, no. 4
(2020): 191-200.

Alonso J, Bayona C, Rojas O, Tern M, Aranda J, Carrillo H, Parra C (2018) lot solution
for data sensing in a smart campus using smartphone sensors. In: 2018 IEEE Colombian
conference on communications and computing (COLCOM), pp 1-6

Shakya, Subarna. "A Self Monitoring and Analyzing System for Solar Power Station
using loT and Data Mining Algorithms.” Journal of Soft Computing Paradigm 3, no. 2
(2021): 96-109.

Salmon K, Morejohn J, Sanguinetti A, Pritoni M (2016) The iterative design of a
university energy dashboard. In: 2016 ACEEE summer studies on energy efficiency in
buildings

Balasubramaniam, Vivekanadam. "lIoT based Biotelemetry for Smart Health Care
Monitoring System." Journal of Information Technology and Digital World 2, no. 3
(2020): 183-190.

Tzortzopoulos, P.; Ma, L.; Junior, J.S.; Koskela, L. Evaluating Social Housing Retrofit
Options to Support Clients’ Decision Making—SIMPLER BIM Protocol. Sustainability
2019, 11, 2507.

Dave, B.; Buda, A.; Nurminen, A.; Framling, K. A framework for integrating BIM and
loT through open standards. Autom. Constr.2018, 98, 35-45.

Sicat, R, Li, J., Choi, J. Y., Cordeil, M., Jeong, W.K., Bach, B., & Pfister, H. (2018).
DXR: A Toolkit for Building Immersive Data Visualizations. IEEE Transactions on
Visualization and Computer Graphics, (c).

Hosokawa, M., Fukuda, T., Yabuki, N., Michikawa, T., & Motamedi, A. (2016).

Integrating CFD and VR for indoor thermal environment design feedback. In

ISSN: 2582-337X 250



[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

Akey Sungheetha

Proceedings of the 21st International Conference of the Association for Computer-Aided
Architectural Design Research in Asia (CAADRIA), Hong Kong. pp. 1-10.

Motamedi, A., Hammad, A., & Asen, Y. (2014). Knowledge-assisted BIM-based visual
analytics for failure root cause detection in facilities management. Automation in
Construction, 43, 73-83.

Natephra, W., Motamedi, A., Yabuki, N., & Fukuda, T. (2017). Integrating 4D thermal
information with BIM for building envelope thermal performance analysis and thermal
comfort evaluation in naturally ventilated environments. Building and Environment, 124,
194-208.

Monti L, Prandi C, Mirri S (2018) lot and data visualization to enhance hyperlocal data
in a smart campus context. In: Proceedings of the 4th EAI international conference on
smart objects and technologies for social good, pp 1-6

Patil, Prachu J., Ritika V. Zalke, Kalyani R. Tumasare, Bhavana A. Shiwankar, Shivani
R. Singh, and Shailesh Sakhare. "loT Protocol for Accident Spotting with Medical
Facility." Journal of Artificial Intelligence 3, no. 02 (2021): 140-150.

Monti L, Mirri S, Prandi C, Salomoni P (2019) Smart sensing supporting energy-efficient
buildings: On comparing prototypes for people counting. In: Proceedings of the 5th EAI
international conference on smart objects and technologies for social good, pp 171-176
Sathesh, A. "Computer Vision on IOT Based Patient Preference Management System."
Journal of Trends in Computer Science and Smart Technology 2, no. 2 (2020): 68-77.
Tarabieh KA, Elnabarawy 10, Mashaly IA, Rashed YM (2015) the power of data
visualization: A prototype energy performance map for a university campus. In:
Sustainable Human & # x2013 ; Building Ecosystems, pp 194-203.
https://ascelibrary.org/doi/abs/10.1061/9780784479681.021

Sparsha, P., P. B. Harish, and N. S. Kumar. "Visualization of Data Structures with
Animation of Code." In Innovative Data Communication Technologies and Application,
pp. 519-529. Springer, Singapore, 2021.

Reddy, Nandireddy Chaitanya Nath, Aditya Ramesh, Rajkumar Rajasekaran, and Jolly
Masih. "Ritchie’s Smart Watch Data Analytics and Visualization." In International
Conference on Image Processing and Capsule Networks, pp. 776-784. Springer, Cham,
2020.

Thakur, Shivam, Sushant Bawiskar, Sachin Kumar Singh, and M. Shanmugasundaram.

"Autonomous Farming—Visualization of Image Processing in Agriculture.” In Inventive

Journal of Ubiquitous Computing and Communication Technologies, December 2021, VVolume 3, Issue 4 251



ASSIMILATION OF IOT SENSORS FOR DATA VISUALIZATION IN A SMART CAMPUS ENVIRONMENT

Communication and Computational Technologies, pp. 345-351. Springer, Singapore,
2020.

[30] Chigateri, Keerthana, and Rekha Bhandarkar. "Non-bipolar Evaluation and Visualization
of Online Text Reviews." In Inventive Communication and Computational
Technologies, pp. 1039-1046. Springer, Singapore, 2020.

[31] Gayathri, S., M. Anitha, S. Nickolas, and S. Mary Saira Bhanu. "Exploration and
Visualization of the Hidden Information from the Congestive Heart Failure Patients Data
in MIMIC-I11 Database.” In Data Intelligence and Cognitive Informatics, pp. 349-362.
Springer, Singapore, 2021.

Author's biography

Akey Sungheetha is a Smart System Software member and Data Science SIG Secretary, in
the department of Computer Science and Engineering, in School of Electrical Engineering and
Computing, in Adama Science and Technology University, Adama, Nazret, Ethiopia. Akey
Sungheetha has 16 years of academic experience. Her area of research is networking, and she
has published in more than 50 international and national journals. She is a life member of
International Association of Engineers and Indian Society of Technical Education, and member
of IIE, IAENG, IARCP, ISQEM and AlIM.

ISSN: 2582-337X 252



