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ABSTRACT

By the presence of IoT and developing the systems by using internet the qualification and the
accuracy of the life has become more and more important. These feature by using the sensors
and the technology of internet could reflect the future of the science.

By merging real-time monitoring and analysis of numerous environmental parameters, digital
twin technology has emerged as a potential method for enhancing Indoor Air Quality (IAQ).
This Thesis focuses on the usage of digital twins for IAQ, especially on its applications in
people counting and Building Information Modeling (BIM).

IAQ is an important factor in building occupant well-being, and digital twin technology offers
a comprehensive method to controlling and improving IAQ parameters.

By combining sensor data from numerous sources, such as air quality sensors, occupancy
sensors, and BIM models, digital twins enable real-time monitoring of IAQ.

The number of individuals is important for IAQ management since it helps determine
ventilation requirements and evaluate probable pollution sources. Occupancy sensors are used
by digital twins to precisely detect the amount of people in a building, allowing for dynamic
modifications to HVAC systems and ventilation rates dependent on occupancy levels.

BIM integration with digital twin technology improves IAQ management by enabling
improved analysis and prediction of IAQ performance by giving a virtual model of the building
and its systems. Digital twins provide proactive decision-making by merging BIM data with
real-time sensor inputs, allowing building operators to identify and fix IAQ concerns quickly.
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1.INTRODUCTION

Air pollution is the single largest environmental health risk in Europe. Heart disease and stroke
are the most common reasons for premature death attributable to air pollution and are
responsible for 80% of cases of premature death; lung diseases and lung cancer follow.[1] Air
pollution could be separated into two different categories according to the location of a person,
one of them is the outdoor air quality, and another is indoor air quality (IAQ). Also, the
definition of air pollution could be Any alteration of the chemical, physical, biological
characteristics of air, due to changes in the concentration of its normal constituents, and, above
all, due to the presence of new compounds, harmful to animals, humans, vegetation, and/or
materials.[2]

Attempts have always been made to improve indoor air quality using HVAC systems based on
variables that have a direct impact on air quality. These variables have a direct impact on human
health. Therefore, monitoring indoor air quality can lead to a reduction in these impacts in each
location. Many factors are required for a qualified IAQ, and each of them can play a crucial
role.

Although, there are so many factors for reaching the better monitoring the air quality like the
sensors for detecting the CO2, NO2, and ..., however, just a few research and essays focused
on the occupancy load which not only plays a huge role in air quality, but also it was the most
important factors during the Covid-19.

In this work, an attempt was made to develop a real-time indoor air quality monitoring system
based on the digital twin as dynamic data and the Building Information Modeling System as
static data of a building in Torino named FCA, which was a location for manufacturing Fiat
and some other car companies in Italy.

1.1. DIGITAL TWIN PREVIEW FOR INDOOR AIR QUALITY

A Digital Twin is an integrated Multiphysics, multiscale simulation of a vehicle or system that
mirrors the life of its corresponding flying twin by using the best available physical models,
sensor updates, fleet history, and so on.” The Digital Twin is ultra-realistic and may take into
account one or more critical and interdependent vehicle systems like propulsion/energy
storage, avionics, life support, vehicle construction, thermal management/TPS, and so on.
Manufacturing flaws that may have an impact on the vehicle may also be specifically
evaluated.[3]

In addition to this, among all sources A Digital Twin is a virtual replica of a physical system
or asset that is used to simulate and analyze its behavior under different conditions. In the
context of indoor air quality, a digital twin can be created to model the behavior of a building’s
HVAC (heating, ventilation, and air conditioning) system and the flow of air throughout the
building.



By creating a digital twin, building operators can monitor and optimize the IAQ parameters in
real-time, such as temperature, humidity, occupancy load and air quality, which leads to
improve indoor air quality and occupant health and comfort.

1.1.1. BUILDING INFORMATION MODELING

The key element of sharing ideas among the engineers and actors has always given to the
representation languages in the construction process. From this point of view, the construction
industry has seen many developments during that time.

Nowadays, one of the most important developments for the AECO individuals is to share their
works in a digital way. Building Information Modeling, known as BIM, enables the engineers
and architects to share their work interoperability.

By the presence of BIM engine 3D modeling the losing data is limited to the minimum. This
fact comes from the flexibility and the power of the BIM modeling as a static model but with
a lot of parameters.

BIM enables effective collaboration among architects, engineers, contractors, and other project
stakeholders. Different teams may use BIM to access a common database, allowing them to
collaborate in real time and make educated choices. It means that a team whole can use a single
database DB model with the specific collaborations of different scales.[4]

Central

Figure 1.1: work-sharing for integrated model [5]

BIM acts as a central repository for all construction-related data, including designs, materials,
specifications, and papers. Construction teams may use BIM to work quicker, more precisely,
and make more significant decisions.

By simulating energy analysis and displaying material utilization, BIM aids in the promotion
of green building practices and sustainability. Architects and designers may determine the most



efficient strategy to decrease energy use, carbon footprint, and environmental impact by
modeling several scenarios of building design.

Overall, there are so many benefits in using BIM modeling and giving a specialized parameter
of a specific project. We can say that BIM could increase the accuracy, flexibility, cost
efficiency, and sustainability of a project.
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Figure 1.2: BIM system process [6]



1.1.2. CASE STUDY

In the 1960s and 1970s, several Italian automotive manufacturers (that later merged into the
FCA Group) launched programmers to protect and promote their historical heritage, which led
to the opening of the Centro Storico Fiat (Fiat Historical Center) in Turin in 1963.[7] It is in
Mirafiori area of Torino.

Figure 1.3: FCA case study location

These days, according to the policy of municipality the FCA has been moved to another place
and the building of FCA is abandoned. This part of the building is constructed by the steel
structure. The area of FCA is around 2.000.000 m2 in which it was divided into the
manufacturing, testing system, offices, and montaging system.
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Figurel.4: BIM model of case study

The figure above shows a part of a FCA, and it is created by the Revit software, known as one
of most useful BIM software in the world.

The part of building which I have chosen for the designing was dedicated to the offices of FCA
in past, it is located between columns 20-24 in vertical axis and columns 60-64 in horizontal
axis the purpose of designing remains for the office with the 11 rooms, but some changes have
been taken into consideration like adding the test area for the cars in past uses to office.
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Figurel.5: The area of case study to design

Figure 1.5, highlighted by red, represents the previous situation of FCA consist of the area
analysis of cars and an office which I have chosen to create the new office in two levels. It has
been prevented to change or reconstructed the main walls, however, the interior walls changed
and redesigned. Figures 1.6, 1.7 illustrate the plans of ground floor and the first floor after the
design phase.
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Figurel.7: post design of the area second floor

1.1.3. OVERVIEW OF INTERNET OF THINGS (IOT) USING SENSORS
In 1989, David Nichols and his colleagues at MIT invented the first IoT device, and this was
shortly followed by John Romkey and Simon Hackett creating the Internet Toaster in 1991.
The Internet toaster was a big milestone, as Romkey and Hackett successfully connected a
toaster to the internet and managed to turn it on and off remotely.[8]
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Figure 1.8: The history of loT

The revolution of IoT will definitely change the whole world in few next decades in which
machines will be grown enough to talk to each other and understand the process and keep doing
the process without human-interference. Thanks to internet for leading to the human comfort,
even these improvement could be sightly seen in the systems of HVAC in which the building
core has a connection to the weather stations and get the data from sensors inside and the station
to adapt the temperature of inside and even the position of shaders. It would be appreciated
that; these movements are doing in a less than minuets. A good epitome of these kinds of
buildings could be the Edge of Amsterdam building.

EDGE Amsterdam West is destined to become one of the most sustainable office buildings in
the world. Located in Amsterdam West, the Netherlands, the 60,000m? multi-tenant office
building is equipped with a smart, innovative heating and cooling solution where NovoCon®
actuators guarantee a fail-free health-optimized indoor climate. EDGE Amsterdam West is an
energy positive development based on its building consumption.[9]



Figure 1.9: The edge building sensors[10]

Also, there is another professional example which was done in one of the Torino hospitals. In
this work the main idea of using the IoT was counting the users in each area and detection of
accumulation of people. This project has been done after Covid-19 happened.

Figure 1.10: The BIM model of the hospital and the sensors’ locations

The picture above shows the location of the sensors in a BIM model of building. After sensors
calibration each door will have the own counting value that we are using this value to find exact
number of the people in each dedicated place. In this way, the number of people could be
controlled by the team to check the occupancy load of each area which leading to reducing the
number of contaminated people by virus.
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Figure 1.11: The algorythem of the sensors

In this simple algorithm slrooml = R1 is the first room in the hospital and in this room we
have just 1 door counting because of that the room value is equal to the s1(1.door calibrated
sensor value).

When looking at the room4 = s7-s6-s8 that means dedicated directions of this room is inside
(+) and outside is (-) and in this room we have s7, s6, s8 (door7, door6, door8).

1.Whenever a person come inside to the room4 with using s7 will increase the total number of
the room4.

2. Whenever a person goes outside from with using s6 and s8 that will decrease the total people
number in the room4.

Directions can be dedicated to whatever user wants so the algorithm can be modified based on
the dedicated directions.[11]

They used two leaner sensors (S1, S2) and one multi-detection (T1) sensor in each door of
rooms in which the leaner sensors can + or — the number of accommodations based on the
direction of the multi-detection finds from movement of a person which wants to come in or
out, moreover, this multi-detection sensor can define the temperature of the moving element.
So, the sensor minimized the error of counting things instead of people.

|

Figure 1.12: The sensors location on door
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For S1, S2 linear sensors and T1 detection movement sensor there are some examples like

Ql Maotion Detected!!] Q!
q;e/ 4

Figure 1.13: The sensor Sland S2 and T1 models

In this project all the sensors are connected to the gateway with MQTT protocol, and they are
processed with some multithread C code to compute IN-OUT number.[12]

With the presence of gateway all the sensors could be connected to the chain network which is
also connected to the main system.

The network e.g., [oT gateway, bridges sensor networks with the traditional communication
networks. It settles the heterogeneity between various sensor networks, mobile communication
networks, and the Internet (all computer networks).

The sensors also connected to the gateway through the wireless which is named Low-cost [oT-
based sensing. The low-cost IoT sensors enable the use of wireless communications and
computing for interacting with the physical world. The relevant sensors could sense indoor
environmental parameters such as IAQ, comfort, lighting, and acoustic conditions.[13]

1.1.4.THE STRATEGY OF SUSTAINABLE VENTILATION IN IAQ

IAQ refers to the air quality within and around buildings and structures, particularly as it
pertains to the health and comfort of building inhabitants. So, some of the strategies for having
a sustainable ventilation system is to use low-emitting materials which means It is critical to
utilize low-emitting materials whenever feasible to guarantee acceptable indoor air quality.
Paints, adhesives, carpets, and other materials with low quantities of volatile organic
compounds are examples of this. (VOCs). Moreover, appropriate ventilation is essential for
ensuring healthy indoor air quality. In each building based on the environment, number of
levels, structure, ... sustainability has a special way for the ventilation system, and it is critical
to have suitable ventilation systems in place and to have them maintained and cleaned on a
regular basis. This includes air filters. Also, natural ventilation may be an excellent approach
to enhance interior air quality while also lowering energy use. This might involve opening
windows or utilizing other natural ventilation methods to breathe fresh air and finally the way
that tested in this thesis is regularly monitoring the air quality to check the pollutant particles
or accumulation of people over the HVAC potential system which cause the low quality of
indoor air.
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These mentioned technics could guarantee the qualification of the IAQ and the importance of
these technics for the place that people are living or working is overweight of the place which
people using as a temporary place like metro.

1.1.4.1. THE DEFENATION OF ACH AND ITS FORMULA

The amount of air exchanged in a room or space in one hour is measured in air changes per
hour (ACH). It is used to quantify a room's or building's ventilation rate and is normally
represented as the number of air changes per hour.

Simply said, ACH is a measurement of how frequently the air in a location is replaced with
new air. For example, if a room has an ACH of 1, that indicates that once per hour, the whole
volume of air in the room is replaced with fresh air. When the ACH is set to 2, the full volume
of air in the room is replenished twice each hour.

The amount of carbon monoxide (ACH) in the air is a key indicator for ensuring appropriate
indoor air quality, and it is determined by factors such as the number of people in the area, the
size and form of the room, and the amount of time spent in the targeted area. In general, a
greater ACH indicates better ventilation and a lower concentration of pollutants or toxins in
the air. However, it's crucial to remember that ACH is only one of numerous elements that
affect indoor air quality, and a high ACH isn't always required or desired. A high ACH can
result in energy inefficiency and increased heating or cooling expenses in some instances, such
as in extremely cold or hot climes.

Monitoring the number of people using IoT and embedded sensors results in two types of ACH
in this thesis: one based on the laser counter and the other should be the ACH necessary based
on the permitted occupancy load. These two variables indicate whether or not the ACH of
actual time is enough.

12



aculty of Architecture — Master Degree in Architecture for a sustainable design  Academic Year 2019-20  Atelier E: Environmental and Technological Design  Teachers: Prof. Mario Grosse, Dr. Mehrnoosh Ahmadi

Airflow rate for ventilation (IAQ)

qr-IAQ = qr-IAQ(p)X Nocc X Focc [m3/h]
ACH,.jaq = Griaq / VO [1/h]

Oriaq day-averaged required hourly volume airflow rate for indoor air quality [m3/h]

Qriaq ~ Minimum required airflow rate per person related to the considered space unit given in the Table 1
[m3/h per person]

Foce occupancy factor [-] calculated as h, ../ 24 in which h, is the occupation duration

ACH, .o day-averaged required Air Change per Hour for indoor air quality [1/h]

Vol net volume of the considered space unit [m3]

25/11/2019 mario.grosso@polito.it, mehroosh.ahmadi@polito.it

Figurel.14: The airflow rate formula [14]

Also, the amount of Qr-1aqr) could be found as below based on European standard EN 13779-
2007

Faculty of Architecture - Master Degree in Architecture for a sustainable design Academic Year 201920  Atelier E: Environmental and Technological Design  Teachers: Prof. Mario Grosse, Dr. Mehrnoosh Ahmadi

Airflow rate for ventilation (IAQ)

Table 1: g, jaq(p)

Minimum qaq, for different space types m3/h per person
residence (bedroom, living, kitchen) 27
office 36
bar, restaurant 40
meeting room 32
gym 46
library 30
25/11/2019 mario.grosso@palito.it, mehrnoosh.ahmadi@polito.it 4

Figure 1.15: The minimum standard of Qr-IAQ [15]
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In this thesis according to the design which is office the minimum required ACH per person
considered as 36 and Focc also considered as 8 hours of working. Also, according to the ENE
which is the combinations of European and American standards for the standard sq meter per
person is considered as 7 sq meters equals to 85 sq feet.

In this work by the presence of the sensors which named as S1, S2, T1 before in this chapter,
the Nocc will be the parameter that will be changed by the people enter or exit. Therefore, the
parameter which the thesis will be focused on in this work will be this factor that makes the
contamination of CO2, and other pollutant particles.

Another important factor which is calculated in the second formula is the volume or simply the
geometry of the area of each room. What makes this formula different from current strategy of
using HVAC system which are working according to the temperature, being set by a user,
however, in this version the accumulation of people, the time of spending, and the area will be
directly connected to the [AQ.

1.2. STATE OF ART IN DIGITAL TWIN FOR IAQ

The main idea of presenting this thesis was the reduction of the risks of human health while it
is proved that people are working or living inside an area even more than 90 percent of daily
time. As it is said that many dangerous risks, human are facing among the time that we are
working or living by scientist, this fact that we are dealing with many risks in the daily routine,
forced the architects and engineers to find a way to a stable strategy of the IAQ. The evidence
shows also during the Covid-19 ventilation of each area and social distance play the most
crucial role to avid the separation of the virus, as well as this, even CO2 or Radon which are
produced during the breath of human and come from soil respectively cause the indoor air
pollution. Moreover, there are some pollutant particles like VOCs which are toxic and will be
discussed in detail in this chapter.

By the given vision, monitoring the number of occupancy load at real-time taken the priority
due to the emission mentioned pollutions.

1.2.1. REDUCING THE SICK BUILDING SYNDROM (SBS) AND BUILDING RELATED
ILLNESSES (BRI)
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It is potentially necessary to separate the SBS from BRI because as the definitions say that SBS
is not real illness, but BRI is a real sickness happen due to the chemical reaction of the elements
in an indoor air, for having a better sense of each of them the definitions are defined as below.

Negative impact on health and on comfort due to prolonged stays (discomfort, illness, or real
diseases) defined as “Building related illnesses” (BRI) or “diseases correlated to buildings”.

SBS (“Sick building syndrome”) happens when people feel uncomfortable when in offices, but
it is not a real disease.[16]

Also, it is worth mentioning that both SBS and BRI are caused by the low indoor air quality
and the accumulation of people. On the other hand, having a proper ACH in an area could help
the reduction of these diseases and as illustrated in this thesis proper ACH needs the exact
number of occupants. Therefore, monitoring the occupancy load could be one of the ways to
reach this goal.

The most substantial pollution in an indoor air quality are the human metabolic activities,
VOCs, Radon, equipment, and building materials.

1.2.2. REDUCING THE PRESENCE OF VOCs, CO2, RADON IN IAQ

Volatile Organic Compounds (VOCs) basically defined as (HC aliphatic, aromatic, chlorides,
cycloalkanes, aldehydes, terpenes, olefins, alcohols, esters, and ketones)

They are produced from some building materials, finishings, furniture specially those made by
wood, and in some especial temperature and RH microbes produce the MVOC (Microbial
Volatile Organic Compounds)

They are also categorized in three different levels VOC, VVOC, and SVOC [17]

2.3.1 Volatile Organic Compounds — VOC

Organic compounds that are detected in the interval of n-hexane (n-Cg) to n-hexadecane
(n-Cy¢) under the conditions specified in ISO 16 000 part 6.

2.3.2 Very Volatile Organic Compounds - VVOC

Organic compounds that are detected before n-hexane (< n-Cg) under the conditions
specified in ISO 16 000 part 6.

2.3.3 Semi-Volatile Organic Compounds - SVOC

Organic compounds that are detected in the interval after n-hexadecane (> n-Cyg) to n-
docosane (n-Czp) under the conditions specified in ISO 16 000 part 6.

Figure 1.16: The VOCs definitions [18]
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Above all, it is crucial that the VOCs are the one of the biggest groups which cause SBS.[19]

About Radon known as Rn in chemistry, the scenario will be different from VOCs because
radon is created by some exchange in molecular of Radium which also called Radioactive and
it is put in the carcinogenic group, means causes cancers.

Studies on underground mine workers showed the correlation between Rn exposition and the
high eventuality of lung cancers.[20] So, it should be mentioned as a BRI element which comes
from soil in the structure and then in the atmosphere of an area.

Figurel.17: The incoming Radon from soil [21]
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Here is the concentration of Rn in Italy, showing the provinces situation.
Bgim3
Bg/m3

Bg/m3

Rn concentrazione | SReEE ' T
in italian houses - EEQESER

Bg/m3

Bqg - Becquerel

1 Bg = 1 disintegration/s
Ex. 100 Bg/m?® - 100 atoms that disintegrate comssE
every second in 1 m? of material or air. . | | 49

Figure 1.18: The concentration of Radon in Italy in 2017[22]

For VOCs and Radon, the effective ventilation system (a better ACH) is of the ways to get rid
of those gases in indoor air.
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2. METHODOLOGY

In this chapter we will see the methodology of the process of digital twin for indoor air quality.
BIM model of FCA plays the static data and this model should be affected by the dynamic data
of sensors. The first challenge was to find a common language between these two. After reading
some articles I found excel so flexible to be a common language. This is coming from the fact
that the excel is readable by many different software such as Revit as a BIM software or even
Power Bi as a presenting software.

So, the data of sensors should be recorded in an excel file and the excel file should be as input
data. However, Revit is not able to read the .xlm file which is the type of excel files. Thanks to
creating the feature of Dynamo plugin in Revit by Autodesk to give the ability of reading this
kind of files.

Due to the situation now, lack of time, and the cost of sensors, the dynamic data of sensor
which is the number of people simulated and is not real.

After having complete data of each room these data should be represented in plans also. The
final calculation will be done by the dynamo and the first output will be a file of excel and this
file also calculates the second output and define the rooms which have more ACH based on
occupancy load than the standard ACH based on the acceptable occupancy. Finally, the third
result would be presenting and saving the data in a graphical way by using Power Bi.

The integration between BIM model and sensor simulation could be mentioned as a key of
reaching the monitoring system of occupancy load which results in the ACH define in real-
time and the indoor air quality at the end.

So, the hole process from starting point to the end could be divided into 3 different areas of
input data, analyzing process, and the output data.
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Figure 2.1: The thesis process
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2.THE INTEGRATION BETWEEN STATIC DATA(BIM) AND DYNAMIC DATA (loT)

2.1.THE SIMULATION OF LASER COUNTER (DB)

As mentioned before, due to the lack of time, lack of budget and the fact that the case study
was closed, we could not apply real sensors to get the data. Therefore, we need dynamic data
in real-time to change the number of people which is the parameter of my studies in this thesis.
After having a lot of research, I found that the excel could be run also a dynamic data and it
could give a random number of people for each room. This possibility is called My Macro in
excel which uses VBScript (Microsoft Visual Basic).

VBScript is an Active Scripting language developed by Microsoft created in 1996 that is
modeled on Visual Basic. It allows Microsoft Windows system administrators to generate
powerful tools for managing computers without error handling and with subroutines and other
advanced programming constructs.

In this case, although it would be better to use the real sensors and having a real data of number
of people it is not necessary by the existence of my macro feature to have random number.

For doing the this, I have started to create an excel file and manage it into three different
columns which is rooms, number of laser counter and the date of record. In this case study I
have designed an office with 11 rooms.

@ Auosave @XD) 2 Booke - Last Modified: April 19 + O search
File Home Insert Pagelayout Formulas Data Review View Automate Developer Help
2~ [ D 4 |calibri v YA A == ‘E‘ v >0 v | 20 wrap Text
[~ — = —|— — —

Paste < B I U~ H+v O A === = 32 [E&] Merge & Center

PR
Undo Clipboard Font [ Alignment
E20 v
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ROOM LASER COUNTER DATE
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1

2

3

4 Room3
5 Room4
6

7

8

9

Room5

Roomb

Room?7

Room8
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Figure 2.2: The excel for laser counter occupancy

After creating the excel file, it is time to use my macro to create the laser counter columns as
dynamic data and generating random number for each room. First you should be sure that your
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developer tab is working in some excel files, you should manage it manually. You can find the
tab at the top of the page in the toolbar.

ﬂ AutoSave [Fé

Book?2 « Last Modified: April 19 v P Search

File Home

Insert Page Layout Formulas Data Review View Automate Help
2y
[~

Calibri Juo A A =E = v o0 v 20 wrap Text
| I | 2

Figure 2.3: The applying developer tab in excel

If you cannot see the developer tab, first go to the File and then at the end of page click on
Options and then Customize Ribbon. From the page find the developer and click on that. Make

sure that the check box is checked.

r

Excel Options ? X
General . .
@'@ Customize the Ribbon.
Formulas
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A Font Color |> > @ View
Font Size > @ Automate
E|Furmat Cells )[:\Develuper ]
ﬁFUrmat Painter B Add-ins
ﬁﬂFreeze Panes b3
~ > @ Hel
A Increase Font Size L g v
EHInsert Cells... ‘ New Tab | | New Group | | Rename... ‘
f:tlnsert Function... Customizations: | Reset - FD
Fcinsert Picture —
"!#Jlnsert Sheet Columns v | Import/Export ~ p
[ Conce

Figure 2.4: The developer customizing manually

After reaching the developer page from the toolbar open the Macros.
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Figure 2.5: Active the Macro in excel

The page coming up is the macros reading files where you can create a macro and order to run
or stop or uploading other macros that have been created before. Just give a name to the macro
and click create. In my studies I need two macros. So, I have created my macro which I code
to generate the random number for each room and another one macro timer.

Macro

Macro name:

. | MyMacro

MacroTimer

bt Run
Step Into
Edit
Create
Delete

Options...

Macros in: | All Open Workbooks

Description

Cancel

Figure 2.6: Creating two Macros

For the creation of macros, you need to know VBScript. In the script of My Macro, I explained
to macro to generate the 11 random number between 1 to 10 and put the numbers in columns
B which is related to the laser number counter and at the end of this script I call macro timer
because in this script I ask the macro to regenerate and do my macro in every 30 seconds.
Finally, we can have an excel file developed by VBS using macro to generate every 30 seconds
a random number as a laser counter data for each room.
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2.1.2. BIM MODEL SET-UP

As it is emphasized a lot in BIM system of construction, one of the most powerful software is
Revit created by the Autodesk and It has been using for a long time to model the physical mass,
buildings electricity, building structure, and building architecture. The key role of using Revit
is the flexibility and adaptation of the rvt files even for those who work in a group, and they
must do their job separately. The transmission of these files is much easier than another group
of BIM model engine. However, the power of getting the new parameter and creation of
elements based on the modeling of information was the main, biggest, interesting feature in
Revit.

In this thesis set-up the BIM model is a one of the stages which should be completed, but what
it means the set-up in BIM model, it means that creation of the variables and parameters which
should be existed in a project and readable for the engine and the other related softwires.

Now it the time to set up the parameters. For doing this first we have to know what kind of
parameter we want to create, and in which categorize it should be included. In Revit we have
two kinds of parameters. There is one just as a project parameter for a project that you need for
temporary time and a shared parameter which you can be able to share among different projects.

In this project because of the plugin of dynamo we need to create the shared parameters. So,
first we must identify the parameters and the features of them in advance. In addition, it is
important that the parameters in Revit will be created in a text file like note, so the text file
should not be modified at all.

The first parameter No110, which is the dynamic data of laser counter and second parameter
Nol11 which represents the number of acceptable occupancies loads for each room should be
created both in a one group of categories. The creation of parameters would be as following
way. (The name of parameter has been given as I like it)

First, we open the shared parameters from the manage tab which is the icon below.

Eﬂg GHG- B2 M a-"OA G-0 B-8-- Autodesk Revit 2023 - Project110 - Floor Plan: Level 1 oo R e - @- _ g
MEDM Acchitectwe  Stucure  Steel  Precast  Systems Inset Amotate  Analyze Massing &Site  Collaborate  View Manage Add-ns  Modity (-
o o . T . Y ogE oo B e
Iy & () Object Styles | Ew L,E] JL ‘\‘_f ::éE fe = & CE & ’ =
A snaps T B e - ) - B [I5:]
Madify| Materials Para al, Manage “®  Phases ' @  Dynamo Dynamo
[ Project Information  Service @R sy Outcomes  Links 5 Player
Select ~ Settings Options Gener. Design Manage Project Phasing Selection Inquiry Macros Visual Programming
g

Properties

Figure 2.8: Creating shared parameters

Second, we must give a name to the group and create the group parameter, I named it shared
parameter OCC. By clicking on the create group a note file will be created automatically in the
file location, that is the one of the powers of BIM engine to model your case with different
characteristics.
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Edit Shared Parameters X

Shared parameter file:

C:\Users\hamiorezano\OneDrive\Deskto| Browse... Create...

Farameter group:

Shared Parameters OCC v

Parameters:
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MNolll New...

Parameters

Groups

New...
Rename...

Delete

Figure 2.9: Creating parameters group

Now we must create each of parameters by clicking on “New” in the “Parameters” part which
will be saved in the note file that mentioned before. As you are creating each parameter you
should name it and tell the discipline of the parameter so the Revit can understand to put the
parameter in correct category. Also, the type of the parameter is very important, and you must
choose that this parameter type comes from string, text, and extra options. Once you have done
the process you can click on OK.

It is noticeable that you cannot use the same name of one parameter for more than once. In my
case [ used common discipline and the type of the parameter both are text.

Shared parameter file:

C:\Users\hamiorezano\OneDrive\Deskto| Browse... Create...
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I .
Ne Name:
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ies.
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Edit Tooltip...

B

Help

Figure 2.10: Creating parameters type

25



In the next stage the created parameters should be identified for an especial use in the project.
So, until now Revit knows the parameter, but it cannot put it in a specific category of project
elements by itself. For doing this stage we should open the project parameter from the manage
toolbar. After opening the project parameter by clicking on the new parameter, the page in
figure 2.11 will be seen.

n BEecH@ - G-~ -G R e-FA0A -0 DE-8- - Autodesk Revit 2023 - FCA_A
Architecture  Structure  Steel  Precast s Insert Annotate Analyze Massing & Site Collaborate  View  Manage  Ac
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Figure 2.11: Applying parameters in project parameters

Project Parameters X

Parameter Name Search:

b Filter

Parameters available to elements in this project: 42 items

RB Height/Depth

RB Host Element ID

RB Host Element Name

RB Host Element Surface Name
RB Host Face QID

RB Inner Reveals

RB Length/Width

RB Link

RB Main Category

RB Material Finishing

RB Material ID

RB Measurements

RB Project

RB Quantity Detection Type

/@, )

How do I manage project parameters? oK

Cancel

Figure 2.12: Creating a new project parameters

Once you select the new parameter you can choose the shared parameter instead of project
parameter, then click on select and choose the parameter which created before in shared
parameter and from the box highlighted by the green rectangle, the parameter should be given
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in a specific category or categories. In this project because I am giving the parameter to the
rooms, I checked rooms from the box.

Parameter Properties *
Parameter Type Categories
() Project parameter Category name search:
(Can appear in schedules but not in tags) Filter list: | Architecture v
© shared parameter [_JHide un-checked categories

(Can be shared by multiple projects and families, exported to ODBC, and

appear in schedules and tags)

Parking

Parts

Planting

Plumbing Equipment
Plumbing Fixtures
Project Information

Farameter Data

O
O
O
O
O
Name: -
No110 [ Railings
’ L Type [ Ramps
Discipline: © Instance [ Roads
[] Roofs
Comman
Type of Parameter: © values are aligned per group type ] RVT Links
et (") values can vary by group instance [ Schedules
G t der: [ Shaft Openings
roup parameter under: 0 Sheets
Text e [ signage
Tooltip Description: [ site
O

Specialty Equipment

Check All Check Mone

Add to all elements in the selected categories

Figure 2.13: choosing the project parameters type and category

Now the parameter is ready to use in the specific area of your interest in the project. The only
set-up remaining is to give the room tag the created parameter No110 and Noll1 and save it
as a family and load it in project. It can be done by editing the family of room tag and adding
a label from the “create” panel and choose the parameters and move them in to the right box
by clicking the highlighted red bottom, then clicking on “Apply” and “OK”. It could also
mention that | create parameters in different labels and give the name to each of them by using
text.
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Edit Label ? X

Select parameters to add to the label. Parameters will be combined into a single label.
Enter sample values to represent this label in the family environment. [:]Wrap between parameters only

Category Parameters Label Parameters

Select available fields from: Parameter Name Spaces| Prefix | Sample Value | Suffix |Break
<All> v No110

Area
Base Finish

Ceiling Finish
Comments -
Department
Floor Finish S
IfeGUID

Level

Multi Leader Tag: Host Count

Name

Nolil

Number

Occupancy

&

Figure 2.14: Applying the parameters in room tag

Finally, the result of the room tag will be as the image below and you can load it in your project
2as easy as clicking on the “Load into Project.”

HNEPHWP R 7 QL M E - OA |G DE Sd-e&@-7 AUTOTRSK KEVIL 2U23 - M_ETKNeNa locale - SNeet: - 4R R 2748 TR )
Create Inset  View Manage Add-ns Modiy (5~

E%Ik A #EHRSTARQFAAY S N EE T

Line Detail || Symbol Masking Filled Aligned Angular Radial Diameter Arc  label Text Check Find/ Reference Set Show loadinto  loadinto
Group Region Region Length Spelling Replace  Line © Project Project and Clase

Select ~  Properties Detail Dimension ~ Text % Datum Work Plane Family Editor
Properties X [ Lvelle 1 - piano tera B - X

Family: Room Tags

Laser Counter
No110
Room Name

Acceptable Occupancy

Properties help
Properties  Project Browser - M_Etichetta locale e —

Figure 2.15: Editing the room tag and loading in project
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2.1.3. USING VPL FOR DATA ENETRY OF BIM

Visual Programming Language, known as VPL, is a programming language that allows users
to develop programs by manipulating graphical components rather than inputting text-based
commands. Users in VPL interact with visual components such as icons, flowcharts, and
diagrams to represent programming constructs such as loops, conditionals, and variables. These
graphic elements may be dragged and dropped into a canvas or workspace and then linked
together to form a program. Because VPLs are more intuitive and easier to understand than
traditional text-based languages, they are frequently used to introduce programming concepts
to beginners and non-programmers. They can also be handy for swiftly building complicated
programs since the visual representation allows you to examine the structure of the program
and spot any mistakes. There is much software even in fields completely different from the
construction world. In fact, there are VPL software for the world of music, art, video editing,
app and game development, etc. However, Dynamo BIM was born specifically first for the
construction program in 2014 by Autodesk. Nowadays Dynamo not only is a program for the
Revit and construction apps but also it roles have been greatly increased in almost all the
engineers software like AEC, Fusion 360, and Autodesk civil 3D.

Also, in this thesis its roles are like playing a common language between the data of laser
counter and static data of BIM model. I found the Dynamo BIM with a very friendly
environment, easy use for users and flexible, although, many people are on the believe that text
base languages are more flexible such as VBS or LabVIEW.

Basically, Dynamo is created with the nodes and wires. Each node plays a crucial role and
according to the aim of use. In the other hand, it employs a node-based interface in which
users drag and drop nodes onto a canvas and connect them to form a program.

Dynamo is very useful for building parametric designs and automating repetitive activities in
Revit. Users can design custom nodes that interface with the Revit database and manipulate
building elements such as walls, floors, and ceilings. Dynamo also contains a library of pre-
built nodes for typical activities like shape creation and data handling.

The explanation of nodes and wires of data analyzing for one room will be explained in this
chapter, So the other rooms follow the same nodes and wires and at the end of the chapter the
whole dynamo script can be seen.

It is important that to know the green groups represents as an input data and the blue groups
are related to the parametric data, the purple groups are the analyzing data, the gray groups
illustrate the sorting of data and finally the dark group is the output data.

First, it is important to import the dynamic data as an input data, So we need the “file path” and
“file from path” to get the exact location of the excel file which contains the laser counter data.
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[] Fite Path w File From Path

Br

A\Occupanyl110.xlsm

Figure 2.16: Using file path for importing the excel file

Now from the browser we can choose the excel file and we must connect the file from path
to an import excel node and tell the exact sheet name that we used in excel. By adding a
watch list, we can see the accuracy of the imported data.

] File Path = Fi
D kel @ Data.ImportExcel

B . file
\Book2.xlsx sheetName
readAsStrings

showExcel

Figure 2.17: Importing the excel file

So, as we can see from the “Watch” each row is located in a one list but we do not need the
first row as it is just the title of them so by using the “List remove Item” node we will
remove the list 0 which was only the titles by using “Code Block™ and writing [0].

[l1 Code Block

1/[e];

Figure 2.18: Using remove list for the list 0

In last watch we can see all the rooms and numbers imported correctly so we can creat the
nodes as a group by drag and selecting them and left click, then creat a group and name it as
we wish.

30



INPUT LASER COUNTER SIMULATION

<Double dlick here to edit group description>

i List. RemoveltemAtIndex

[[] File Path - Rl i ‘& Data.ImportExcel

list >
B N ° file =
\ K L sheetName
\Book2.xlsx

readAsStrings
[1 Code Block

showExcel

Figure 2.19: Creating input laser counter simulation

This is the first input data so now we need to creat a group of nodes to input the rooms. By

using “categories” node and select the rooms and connect the “all categry element” node to
that by wires we can input all rooms taged in file.

INPUT ROOMS

<Double click here to edit group description>

#_ Categories

=H All Elements of Category

Rooms Elements [

Figure 2.20: Importing the rooms

The third action would be gathering the input datas which are the specific room from the
elements and the laser counter list number of the mentioned room from the input data of excel.
It could be done by creating code blocks and write the “x[]” in code block and between the
brackets write the exact number of element and the list number from the excel.

INPUT ROOMS

<Double click here to edit group description> A~ <Double dlick here to
i edit group description> A ©

¢ Categories =B All Elements of Category

[/1 Code Block

Rooms v [ category . Etements

INPUT LASER COUNTER SIMULATION

<Double click here to edit group description>

0" List.RemoveltemAtIndex
i W Watch
D File Path - File From Path & Data.ImportExcel b1z

['1 Code Block

[/1 Code Block

1rel;

Figure 2.21: Connecting the rooms to imported excel
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The room 1 in the elements is number 30 so one code block is x[30] and will connect to the
elements and the x[0] is the number of the list of excel for room 1. Now we must give these
values to the parameters which have been created in Revit.

To begin, we may begin with parameter Nol10, the laser counter parameter, and connect the
code block to a get parameter by value. But first, we should know that code block x[0]
comprises three strings: rooml, laser number, and date of data recording. We need another
code block to separate these three parts and must write x[ 1] to acquire the precise laser number.
In addition, we must convert the string to a number using the string from number node. Then
it should be passed to the node get parameter by value, and the name Nol10 in a string code
should be assigned to it. As a result, the outcome will be as follows.

ment.SetParamete

g from Object

id String.Split

Figure 2.22: Getting the data of LOC

By doing this right now we can see that the parameter of No110 is getting the value and it
will be seen in the room1 tag.

Laser Counter
2
Room 1
null

Acceptable Occupancy

A |

Figure 2.23: Representing the laser counter in room tag
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The next stage is to give the No111 parameter to the room tag as an acceptable occupancy load
based on the standards of offices. For this parameter first we must find the area of the room 1
and divide it to the standard occupancy square meters. So, we use the node named element get
parameter value by name and the element should connect to the room 1 mentioned before and
the parameter should be written area as a string then we can divide the result to 7 m2 as a
standard offices per person based on ...... by using divide node. Now we can give the
parameter as we did to room 1 tag, but instead of No110 we must use Nol11 and connect the
element to the room 1 again.

1:: Element.GetParameterValu

s String.Split

meterByName

Element

Figure 2.24: Creating the standard occupancy load

Finally, you can see that the number of Nol11 parameter is getting value in room tag.

Laser Counter
2
Room 1
8

Acceptable Occupancy

AP

Figure 2.25: Representing the acceptable occupancy in room tag

Now we can start to compare these parameters to monitoring the occupancy load and, in this
thesis, I used a conditional order to divide the finalizing result of comparison in to three
situations:

1. the LCO is more than AOL then the result must be “no”

2. the LCO is equal to AOL then the result must be “Limit”
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3. the LCO is less than AOL then the result must be “yes”

This conditional order could be done by Phyton script node and clicking ton + to add another
parameter. So, the string which is the LCO number and AOL number must be converted to the
number by using the string to number and give them as In[0] and In[1].

« Python Script

CPython3

Figure 2.26: Using python script for conditional situations

By double clicking on the node a script platform will be open and according to the
explanation of above the conditional order will be a below. It is important that do not exit the
script before saving or running the code.

ﬂ Python Script - O X

sys
clr
clr.AddReference( 'ProtoGeometry )
Autodesk.DesignScript.Geometry

x=IN[O]
y=IN[1]

X>y:
OUT="no"
X==y:

OUT="Limit"

OUT="yes"

P Run CPython3

Figure 2.27: The script of python

One of the factors that the room tag already has is the comment, so we need to utilize the result
of this comparison done by the phyton to provide it to the comment to express the outcome in
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the plans that will be explained after this phase. To add a new parameter, I prefer to use the
comment. So, the result is passed as a string to the node element set parameter by name, and
the element is room1, the parameter is comment, and the result is the value.

LCO and AOL Comparison

<Double click here to edit group description> AL

¢ Python Script

number —
ouTt

' @ Element.SetParameterByName

element | Element

parameterName
number

AUTO [[1 Code Block

Figure 2.28: The LCO and AOL comparison

The result could be seen in each room tag properties and the comments should be according to
the three different situations.

roperties X
Rooms (1) v ;
Upper Limit Livello base traverse (5.8 m)

Limit Offset 11.9000

Base Offset 0.0000

Text B
No110 8

No111 8

Dimensions B
Area 56.853 m*

Perimeter 30.2048

Unbounded Height 11.9000

Volume 480.058 m*

Computation Height 0.0000

dentity Data A
Number 31

Name Room 1

Image

[Comments Limit

Occupancy

Department

Base Finish

Ceiling Finish

Wall Finish

Floor Finish

Occupante

Yroperties help Apply

Properties Project Browser - FCA_ARC2023 08
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Figure 2.29: Representing the conditions in comments of room

The next thing to do is to find the ACH based on the LCO and AOL. ACH, which mentioned
in the introduction chapter is a formula contains the number of occupancy load multiples by
the minimum qr.1aq per person based on the standard number EN 13779-2007 and multiples by
the time spent in the area/24. After having the answer, we can divide the answer by the volume
of room to find the ACH.

For doing that we need to use the nodes for the calculation and named “formula” and define
each parameter to it. The number of occupancy load defines as N and the qr-IAQ per person
defines as Q and the time spent in area/24 could be named as F.

Formula

>:| Q*F*N I output

Figure 2.30: Creating the airflow rate formula in VPL

As you write the formula in the box the parameters in the left will be created so just, we need
to give the exact values to them. Regarding the q, according to the standard for offices is 36
and the f value considered 0.33 which means that people spend 8 hours every day in the office.
However, for parameter n we must create two nodes of same formula, one for the LCO and the
n would be the number of laser counter or the excel file and another is based on AOL which
comes from the minimum standard of area in offices. So, for q and f we can create a code block
or number node.
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Qr-1AQ Based on LCO and AOL
Conclusion

<Double click here to edit group description> AL

Qr-IAQ based on LCO .

output
>| | number 2

[ 1 Code Block

Qr-IAQ based on AOL

> number

AUTD

AUTOD

Figure 2.31: Airflow rate conclusion based on LCO and AOL

After getting the result the Qr-IAQ each should be divided by the volume of the room. First,
we should find out the volume of the room, Therefore, we must use the node of element get
parameter value by name and the element will be the room1 and the parameter name will be
the volume which should be written as a string node.

Valume of each room

<Double click here to edit group description> A

* Element.GetParameterValueByName

element | var[l.[]

String

parameterName

Volume

480.058121758142

Figure 2.32: Importing the volume room 1
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Valume of each room

<Double click here to edit group description> ~

var[}-1

ACH Results for
LOC and AOL
Qr-IAQ based on LCO and AOL Dokl ek e o e it
Conclusion f. ACH based on LCD
<Double click here to edit group descriptions =

qr >/ anfv

Qr-IAQ based on LCO ]

= O*F*N
ACH based on ADL

Figure 2.33: Final ACH results based on LOC and AOL

Finally, we have done all calculations to get the output, which are the ACH based on the real-
time occupancy load (LCO) and the ACH based on the acceptable occupancy load (AOL).

For the result it is important to do what is shown in dynamo for all the rooms and gather the
data of ACH LCO and ACH AOL by the creating list node and add as many as rooms you have
in this case 11 rooms so the number of added is 11. In this part we must separate the results
into two lists, one for ACH LCO and ACH AOL and connect the number of ACH of each room
to the list, it is prohibitively important to connect them in order. For the better understanding
have a look to the figure below

~Y

. .

-
(=) —

(=)
= <
n <
T O
E E
E

=
2 2
= =
L4 =

creating list
« Diouble dick hare b sdit group
description=

Gathering
ACH,
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Figure 2.34: Gathering the ACH of all rooms

Now for the managing the list which have been created, we must use the list “transpose” node
since at the end we need an excel, so, it is important that the excel understand that these
numbers should be put in a column not in rows so we will create again two transpose nodes for
each ACHs and connect the result to the nodes. Now in this step we must accumulate the results
for ACHs in one list, so again we use the create list node. Also, the first row, which should be
the room names, should be selected and sorted in another list. Figure2.34

So, the only thing that remains for the output is the data. For creating data for the output, we
need to excel give the all the parameters that have been created as Noll0 and Nolll.
Therefore, we need to create a list of these data and give the data based on the row and columns
created in the output excel. It is worth mentioning that the element comes from all categories
and category element which is rooms. Figure2.35

For this part we should give the parameters by the vale node with the element which is the
rooms in these terms in front of each room we can see the LOC number and the AOL in the

Element GetParameterValueByName

aicmant > warL ]

['1 Code Block

result excel

Figure 2.35: Sorting the data of parameters
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L4

Rooms

Elements

item10

item0
item1
item2
item3
itemé
item5
itemé
item7

item8

item10

item0

iteml

item2

item10

Figure 2.36: Sorting the data of ACH of rooms
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It has seen the data collected in a create node in a group of data sorting. The final step is to
transpose the data since the data should be in one row specialized for a room. And as the
flowchart illustrates for the conclusion as an output, we need to create again an excel file to
write the number of laser counter occupancy and its ACH and the acceptable occupancy load
and its ACH in one file. For this result we need to use the” data export to excel”.

# Data.ExportToExcel

filePath | data

startRow

startColumn

overWrite

writeAsString

Figure 2.37: Using exporting excel node

This node needs a file path which shows where you want to save your output data and the
sheet name that you will input the data and even the starting column and row, Finally the
data.

So, the first thing to do is to create an excel file and give the file location using file path and
connect it to the node export. Also, the sheet name and the starting row and column should be
given as number to the node.

[] File Path
Br

.\FInal Result.xlsx

Figure 2.38: Giving the file initial information to excel
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As you can see from the figure above the only thing, we must add is the data which has been
sorting, however, the excel does not understand the flow chart of data, thus we must create a
list again to give the that exact rows and columns which are the names and numbers should be
put. In addition to this, the list which has been created should be transposed.

4

_h

1 £
=

Figure 2.39: Connecting the all data sorted to the exported excel
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Now one of the outputs which should be created has been done, thanks to VPL, especially
Dynamo. As soon as run the Dynamo in Revit we can see the two excels will be opened. Ine
the input data of laser counter and another is the rooms, laser counter, acceptable number,
ACHs based on ACO and ACH based on AOL and the last columns is the differences
between ACHs shows that the status of ACH in each room.

file Home Insert Pageloyout Formulas Data Review View Automate Developer Help © Comments
AR Jn A N = =[Z e e Bwapten OB BB B=E iy O @
M~ p Erin~ .
Paste B I Uwile o Aw === =3 T Mevas & Corer v o <0 o Condtional Formatas Cell insert Delete Format Sort& Find& | Analyze
- o = v - SS=I=E= ] Merge & cente $ % % WA e~ ble~ Styles - . ~ & Clear ~ Filter - Select~  Data

Clipboard & Font B Alignment [ Mumber [ styles cells Ediing Analysis ¥
c19 v i I -

i A C ] E F G H J K L M N &

Rooms Number | _Laser Counter Occupancy | Acceptable Occupancy Load | ACHbasedonLcO | AcHbasedonsol | AOL-LCO
2 31 2 8 0049494007 0.197976028 -0.148482021
3 32 3 13 0039806044 0.172492857 0.132686813
4 33 5 4 0189936926 0.151949541 -0.037987385
5 34 7 5 0211894874 0.151353482 0.060541383
6 35 8 9 0.261101185 0.293738833 0.032637648
7 36 4 6 0.201174045 0.301761068 0.100587023
8 37 3 3 0.283272266 0.283272266 1)
9 38 5 10 0.159077109 0.318154217 0.159077109
10 39 2 6 0.095570047 0.28671014 0.191140094
n a0 6 7 0.245654413 0.286596815 0.040942402
12 a1 8 7 0.360394925 0.31534556 -0.045049366
13
14
16
19
20
=
2
3
24
>
2
27
Sheet1 o i e »
- - = wmoomom . =

Figure 2.40: Exported excel view

This system works automatically and there is no need to open the excel each time. The main
result in this system is to find the AOL-LCO. The negative number shows that the number of
occupancy load at real-time is more than the standard or the positive number represents the
occupancy load is less than the standard or in 0 situation it shows that the occupancy load is
on the limit or board red line of standard.

So, the whole VPL language which done by the nodes and wires of Dynamo could be as it is
shown in the figure 2.41
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Figure 2.41: Whole system of VPL in Dynamo
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2.1.4. CREATION OF FILTER TO CONTROL THE OCCUPANCY LOAD OF EACH ROOM

Another output of this thesis is the presentation of the room occupancy status in three
different colors according to the number of LCO and AOL in each room. This Pite the room
occupancy parameters which have already added to the room tag in Revit. One of the other
challenges of this thesis was representing the occupancy in red, yellow, and green for the
situations LCO is higher than AOL, LCO is equal to AOL and the LCO is less than the AOL.
When it comes to separation in Revit, there is a power of separation in different fields by
using filters which allows Revit to work as a dynamic system. Based on the parameter of
comments in room tag it could be possible to apply a filter to define the strategy of
representing the colors mentioned above and thanks again to Dynamo Phyton Script node
because of the transmission of the data and conditional situation.

For the starting point we must create a filter in the Visibility Graphic tab in Revit by clicking
the V and G on keyboard we can access to the different parameters of Revit model. Now
click on the filter tab to create the filter of parameters.

~

Visibility/Graphic Overrides for Floor Plan: Livello 1 - piano terra X
Model Categories Annotation Categories Analytical Model Categories Imported Categories  Filters
Enable . Prajection/Surface Cut
Name Filter | Visibility - - Halftone
Lines Patterns | Transpare... Lines Patterns
No filters have been applied to this view. Click Add to apply one.
[
4
N
4
Add Remove Up Down

All document filters are defined and -

oK Cancel Apply Help

Figure 2.42: The view of Visibility/Graphic

In this tab by clicking on the Edit/New button we can access all filters created for the plan
levels and we can see in the bottom left there is a creation button and by clicking on that a new
tab will be open to name the filter.
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Filters

Categories

Filter Rules

—|- Rule-based Filters Select one or more categories to be included in
Check Limit the filter. Parameters common to these
Check No categories will be available for defining fitter AND (All rules must be true) M Add Rule Add Set
Check Yes g Rooms Comments v
Interno Filter list _
muri Filter Name X quals v | [ Limit v | -
Selection Filters [ Hide
(] Name:
O
O ODaﬁne rules
O
Select
[}
! | Use current selection
| 5]
| .
| [] Curtain Panels
i [l Curtain Systems
f_‘] D x\j Check All Check None
How do I create and use view filters? aK Cancal Apply

Figure 2.43: Creating the filter in VG

As you can see for this thesis, [ have created three different filters Check Limit, Check No, and
Check yes and from filter rules I specified the rules only for the Rooms and the parameter of
Comments because the comparison between LCO and AOL will be applied on the comment
parameter of room tag and for each of them I write the exact string oof dynamo phyton script.

Once it is done, we can manage the colors based on the filter created from the visibility graphic
tab and by click on add and select the filter and give them colors by the override pattern, line,
and transparency. Here is the example of limit situation which means the LOC and AOL are
equals.
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-~

Visibility/Graphic Overrides for Floor Plan: Livello 1 - piano terra X

Model Categories Annotation Categories Analytical Model Categories Imported Categories Filters

Enable o Projection/Surface Cut
Name Filter Visibility = = Halftone
Lines | Patterns | Transpare... Lines Patterns
Check Limit Override... | Override... | Override...
Check Yes I | |
Check No Fill Pattern Graphics

u Pattern Overrides
Foreground (@ visible

Pattern: |<Sn|\dﬁ|\> ] V|

Color: [ | ReB 238-251-004
b
Background [ visible
Pattern: |<sold il [ v| .. i
Y
Color: [ | Res 238-251-004
b

Howv do these seftings affect view graphics?

Add Remove Clear Qverrides oK Cancel

e ——

All document filters are defined and §
modified here Edit/New... R

| oK Cancel Apply Help

Figure 2.44: Creating the filter color in VG

We must repeat all these for other two filters and it is noticeable that after doing the filter and
the creation of that it will just applies in one level and for other levels, we must just add the
created filter to the visibility graphic tab of each level.
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Visibility/Graphic Overrides for Floor Plan: Livello 1 - piano terra X

Model Categories Annotation Categories Analytical Model Categories Imported Categories Filters

Enable o Projection/Surface Cut
Name Filter Visibility . - Halftone
Lines Patterns | Transpare... Lines Patterns

Override... Override...

Check Yes
Check No

O
O

[ =
[ =

7

Add Remove up Down

All document filters are defined and
modified here

| I N

Edit/New...

Figure 2.45: Final result of applying filters in VG view

Finally, after clicking on ok, you can see that all the rooms of the level get its color by the filter
check. This goal was one of the aims of project to make an integration between the BIM model
and the Dynamic data which is IoT. Now by changing the number of LCO not only the room
tag will represent the new number on the room, but also the filter changing the color of each
room based on the ratio of LOC to AOL.
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Figure 2.46: Final result of applying filters in first floor plan
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2.2. PRESENTING DATA WITH GRAPHICAL USER INTERFACE

The Graphical User Interface (GUI) is a graphical user interface that allows users to interact
with software and devices via the use of graphical components such as icons, windows, and
menus. When compared to command-line interfaces, it provides a more intuitive and user-
friendly manner of communicating with computers. GUIs let users conduct activities by
interacting with graphical components directly, such as clicking on icons, dragging, and
dropping files, and picking options from menus.

Hereby, because of being user friendly in terms of data from the ACHs and simpler to represent
the result in the graphics which has always been a way of interesting in architecture, I had to
use a one of the GUI software which in this case I use the Power BI to not only get the benefits
from the pointed mentioned, but also using the software as a dashboard to keep the recorded
data in specific area. Power BI Desktop is a windows program that is used to create reports and
dashboards. It provides more comprehensive data modeling capabilities, interactive data
exploration, and customization choices than the Power Bl service. Power Bl integrates a variety
of data sources, including Excel files, databases, cloud services, and web sources like
Salesforce, Google Analytics, and others. It can connect to both on-premises and cloud-based
data sources. This includes the accessibility of the users to the data at different times and the
ability to compare the data as they wish. Also, Power BI has data transformation tools that
enable you to clean, restructure, and integrate data from many sources. To prepare data for
analysis, you may construct links between tables, specify computed columns and
measurements, and use various transformations.

To start linking the data in Power Bi it is necessary to connect the data and create a
presentation sheet. In this case I chose to create a sheet based on the selection of rooms.

First, we must load the data in software both the excel as input and output. Figure 2.45
represents how we can upload the data.
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Figure 2.47: Importing the excels in Power BI

As the file location has been selected, we must check the sheet and click on “Transform
Data.” Then the Power Bi reviewed the excel data to make sure that the columns and raw
transformed successfully. If the type of the data is correct, we can continue by clicking on.
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Figure 2.48: Loading the data of excels in Power BI

Now it is time to upload the input excel as well and we should do all the processing again. So
in the left part of the view, we can see the both data uploaded.
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Figure 2.49: Uploaded sheets in Power BI

There is one challenge here because the software is so smart. We must create the co-relation
between these two data, and it would be done by clicking on common data integration.
Usually, the software does it on its own, and in this case room name and room are common
data sources founded by the software. If the software does not recognize the common data in
both sheets, you can select it manually.
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Figure 2.50: Creating the co-relation between sheets
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After finishing this process, we can start to give the data according to what you want to
present. In my thesis I start with the slicer and give the filter the data of all rooms and the
feature of that is the rooms can be selected separately.
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Figure 2.51: Using filters to present the Rooms

After that by using the slicer again, I gave the data of the time of recorded laser counter from
sheet 1 both the date and time.
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Figure 2.52: Using filters to present the times

Now I want to show the laser counter occupancy in ratio to the acceptable occupancy load by
using the percentage. In these terms we can understand that the percentage below 100 is
acceptable and above that means the occupancy load is over the acceptable one. For doing
this I prefer to use the funnel data analyzer. This feature also gives us a chance to understand
how much percentage of the acceptable occupancy load is occupied.

B “ Untitled - Power Bl Desktop B Search signin )
file  Home Insert  Modeling  View  Optimize  Help  Format  Data/ Drill
< GLEDEODR PROEE BE 5 4
1 L0 0 7 & A i
[T copy i u C] 74 & LA
- Get Excel Dsta SOL Enter Dataverse Recent  Transform Refresh | New Test More New  Quick Publish
< Format painter  dataw workbaok hub~ Server data sources+ data~ visual box visualsv — measure measure
Cligbeard Data Quaries nsent Cakulations Sensitivity share ~
[} % Filters & % Visualizations » Data »
1= Build visual
EJ  RoomName DATE, Time "Sum of Acceptable Occupancy Load and Sum of Laser Counter B £ search — | P Search
Accounting Room I Tuesday, May 30, 2023 Occupancy # r[} a
] Archiv .  Bpsheet
g5 O Achive Room B 123171898 122810 PRt ’ s o this sl Byshest
CEO Office

|- warrmm s |
Sum of Acceptable Occ. E F\‘J::elf bi E 0 —’\;:t:se: ::‘;
(AID A )
A E ﬁ U e e ¥ ACHbasedonL..
. Sum of Lasr Counter Oce Sum of Laser Counter hﬂEL oo H T ACHAOL-LCO)
Security is (A Q¥ AaTE
Senvices

L1 Kitchen-Rest Room
B Meeting Room
[ Office

o ; B E R Py Room Name
Team-Work Room s08% ‘ Add data fields here E @ a o
Technical Room L E-fDRDE vBsheti2
] Vice-President e - [T pate
Filters on this page Z LASER COUNTER
Category ROOM
Add data fields here 406 data fields here . O e
Values

Filters on all pages
Sum of Acceptable Oc... ™ X

Add data fields here Sum of Laser Counter ... X
Tooltips
Add data fields here

Drill through

Cross-report oo

Keep Il filters (0]

Page 1 n A drill-throuinh fielrs here
Figure 2.53: Using funnel data analyzer to present the LOC and AOL
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The next data for this sheet is to understand the number of ACH LOC and ACH AOL which

can be represented by the clustered column chart.
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Figure 2.54: Using clustered column chart to present the ACH LOC and ACH AOL

And finally, the ACH AOL — ACH LOC is the final data that I want to add as the result. So, it
is obvious that if the number of the formula is negative it means that the over occupancy load
happened and if the number is positive, it means that the occupancy load is acceptable.
However, if the number is equal to 0 it means that the ACH AOL and ACH LOC is on the

limit board red line. For doing that I have chosen to use the card which indicates only a single
data.
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Figure 2.55: Using single number to present the ACH(AOL)-ACH(LOC)

So, the only thing is remains is that we can give a name to the sheet and manage the data
position on sheet. After that it is only necessary to save the file in a location and refresh the
data whenever possible. Here is the final sheet based on the input and output data coming
from excels.

It is noticeable that according to the data server costs around 2000 euro I could not report the
Power Bi in the Microsoft dashboard specialized for Power Bi. So, the data should be
refreshed manually because the feature of auto refresh sheet needs to be connected to the
main server. Thus, the data you will see in Power Bi sheet refreshed by my own.
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3. RESULT AND DISCUSSION

3.1. INTERROPERABILITY VALUE FOR DIGITAL TWIN

The value of interoperability of digital twin for IAQ shows an acceptable result as the
monitoring of people and the relation between mentioned feature and IAQ has always been a
permanent problem which has a direct relation to the health of people. The whole system and
method were to create a connection between the static data which is the BIM model of the FCA
and the dynamic data which is the laser counter system enables to control the income or
outcome of people in an area. According to the cost and time spending of applying the process
of sensors for the laser counter system, instead I preferred to simulating the process with the
excel VBScript as we know that the real sensor test has been applied and proven in one of the
hospitals in Torino. The connection between these two happened by using VPL language
specially Dynamo which is one of the strongest VPLs. The simulated excel file was input into
the Dynamo and the whole process takes less than one second to apply the changes into the
output which was an excel file as well. The result of the this studies should be divided into
three parts, including the representation of the occupancy load into red, green, yellow in BIM
model according to the ratio of the LCO and AOL and then output excel which contains the
LCO number, AOL number and the ACH based on both of them to understand the ACH (AOL-
LCO) which represents the IAQ in those areas and finally the GUI which convert the data in
graphical way and sort them in better way. The results which will be presented below captured
in three times.

One of the biggest problems in results was the Power BI because as the simulation and whole
process of VPL working the excels are used, the Power BI cannot get the back up and refresh
the data and gives the error. So, in this part time we could not get the result of Power BI.

Overall, we can see that the whole process of digital twin for monitoring the people which
include the integration of BIM model, and the laser counter simulation works well.
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Figure 3.3: Third result on second floor
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Figure 3.4: Forth result on second floor

3.2. ANALYSIS OF DATA OUTPUT

As you can see the minimum error happened in the process it is noticeable that the result should
be refreshed to Power BI by the user to be submitted but all other data and whole process of
the digital twin for IAQ works as an acceptable for the target of monitoring the number of
people and finding the ACH of each area for the better result in saving energy and the health

problem.
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As you can see the minimum error happened in the process it is noticeable that the result should
be refreshed to Power BI by the user to be submitted but. Also, there is a video to prove the
workability of the system, linked below:

https://www.dropbox.com/s/gnwv7j7wgk26mha/video_2023-06-14 00-13-53.mp4?dI=0

4. CONCLUSION

As conclusion it is obviuos that without technology specially IoT know as digital twin which
will be a main feature of saving energy, accurcy, human health, and other good features in
furure, we are just consuming the energy and surroundings with a lots of daily problems. What
we can say about the total global warming total CO2 emmission and what we can do?
Techology always has a good solution for the world which should be pereserved fo the next
generations.

4.1. SUMMARY OF THE STUDY’S FINDING

The whole process of the Digital twin for IAQ begins by conducting an in-depth literature
review to establish a foundation of knowledge regarding IAQ parameters in which the number
of occupancies was the main factor of it. So, monitoring the number of occupancies enables us
to understand the ACH and the effect such as reducing the risk of BRS containing real diseases
like the Covid-19 and unreal sicknesses like sick building syndrome. The methodology section
outlines the process of developing a digital twin framework for IAQ. It includes steps such as
data collection, sensor simulation with excel VBScript, BIM model, and the implementation of
machine learning algorithms for predictive analytics which is done by VPL and Dynamo plays
the main core of the process. The study also discusses the challenges and considerations
involved in creating an accurate and reliable digital twin model. The results show that the whole
process is perfectly reliable, and the accuracy of the process was worth doing more studies on
this process. It could be mentioned that it would be better to use the real sensors to get the real
data which needs to allocate more budget and the time of at least one month to gather them.

4.2. FUTURE DEVELOPMENTS

As it is mentioned in this thesis for several time first, it is better to work and analyzing the real-
time data by using the real sensors instead of simulation of that, so one of the further
developments could be done by the ICT engineers to create a real data base using the Java
Script and another developments could be done by the mechanical engineers to use the ACH
(ALO-LCO) number to do the mathematical system of HVACs. By doing this the HVAC
system could adapt the ACH of area based on the mentioned number developed in this thesis.
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https://www.dropbox.com/s/gnwv7j7wqk26mha/video_2023-06-14_00-13-53.mp4?dl=0
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Figure 4.1: Further development possibility
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