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Currently, preventing epidemics is an extremely critical global topic. Using present data to quickly conduct virus simulations is a
difficult but interesting problem, especially when real situations are difficult to experimentally demonstrate. In the past, most
studies have used package software for disease transmission simulation, but this approach is limited by availability and
software cost. Therefore, we propose a visual simulation of disease transmission using building information modeling data and
a 3D model using Unity. The results show that the proposed method can effectively predict the probability and route of disease
transmission; it also verifies that the vertical pipeline on the floor plane is conducive to the spread of the virus (90%), and
disease transmission on the plane gradually expands outward from the starting room and has a higher probability of spreading
(80%) from the opposite room. In addition, a vertical pipeline was simulated using a toilet exhaust air ventilation pipeline,
from which it can be observed that the adjacent floors have a higher diffusion probability (70%). It has also been confirmed
that distance is the primary factor affecting disease transmission. This framework may provide designers and managers further
protection against the spread of future epidemics.

1. Introduction

COVID-19 has severely affected people in various countries.
With the popularization of vaccines, defenses against the virus
in each country have gradually been loosened. Although the
death toll has been decreasing, the number of confirmed cases
continues to increase. Therefore, reducing community-based
infections is important, and corresponding protective mea-
sures should be taken for similar diseases in the future.

1.1. Abbreviations. The abbreviations shown in Table 1 are
used in the article to simplify the description of related
terms.

1.2. Background. Recently, large-scale epidemics have become
serious. Common pathogen transmissions are divided into
food-borne, blood-borne, airborne, and droplet transmissions

[1]. Airborne and droplet transmissions are more difficult to
prevent than the other two, and presently, both can cause most
people to become infected or even die within a short period of
time. For instance, the severe acute respiratory syndrome
(SARS) coronavirus, discovered in 2003, is more infectious
and pathogenic than the respiratory tract infection (RTI); a
person infected with SARS died of pulmonary fibrosis and
respiratory failure caused by the virus. According to World
Health Organization (WHO) statistics, from November 2002
to July 2003, the number of infected persons worldwide
reached 8,096, of which 774 died. COVID-19, discovered in
2019, was more infectious than SARS, causing many countries
to be engulfed by the epidemic, with the number of global
infections reaching 574 million and the death toll in July
2022 increasing to 6.4 million.

In general, in epidemic prevention, the pipeline systems
of buildings are easily neglected and indirectly cause
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infections. For example, the sewage system contains waste
produced by lavatories, shower rooms, and kitchens [2, 3],
and the domestic sewage discharged from toilets contains
viruses [4, 5]. In addition, during the SARS epidemic in
Hong Kong, the Amoy Gardens housing estate caused local
cluster infections due to its pipeline system [6]. Previous
studies have found that viruses are affected by temperature
and humidity, and that temperature is a survival factor after
the virus leaves the host [7]. Compared to other environ-
ments, the temperature in a building tube is stable and close
to room temperature [8], and the tube materials are mostly
metal and plastic. The infectious virus can survive for
approximately 24–48h [9, 10], and it can be confirmed
whether the pipeline system will be a good way of infection
within 24–48 h. The prevention and prediction of infection
are a major challenges for public hygiene.

If a virus with no decreasing infectivity is transmitted in
the tube through feces, it is difficult to predict the random-
ness and direction of the infection. Thus, a heuristic algo-
rithm is used to solve this randomness problem using a
bionic pattern. Currently, the mainstream heuristic algo-
rithms which can be used to solve the problem of the ran-
dom spread of viruses include simulated annealing (SA)
[11], particle swarm optimization (PSO) [12], ant colony
optimization (ACO) [13], genetic algorithm (GA) [14], and
A Star (A∗) [15]. However, heuristic algorithms have several
applications in different fields. SA can be used to solve pipe-
line conflicts because there are many possible random pipe-
line modification methods [16]. Air particle concentration
and velocity are simulated using an indoor air conditioning
system, and PSO is used for localization [17]. An improved
ACO is used to search for mutations in viral genes [18].
GA is used to identify cancer genes in microarray data
[19]. A∗ is combined to plan the flight paths of an indoor
unmanned aerial vehicle [20]. In summary, it can be
observed that the heuristic algorithms have a positive effect
on both random and route searches; therefore, they are used
in this study to determine the spread probability and route
of the virus in the pipeline system.

The easiest method to obtain pipeline data is to export
the data stored in BIM, which is a visual model that cur-
rently contains data on the actual structure. In addition,
the entire building life cycle is currently imported in the con-
struction industry [21], in which the combination of BIM

and game engines creates more possibilities [22], such as
simulating the interior direction [23], improving engineer-
ing quality [24], and designing visualization reviews [25].
Therefore, through the combination of the aforementioned
heuristic algorithms and BIM, the spread probability and
route of the virus in the pipeline are visualized to provide
hospitals or office buildings with a simulation of the virus
in the pipeline system to prevent further infection.

1.3. Motivation. COVID-19 continues to cause inconve-
nience in daily life; as medical resources are insufficient,
mild-case patients can only be isolated at home, and the risk
of infection for uninfected family members or neighbors
remain. Effectively simulating the trajectory and probability
of infection is difficult; consequently, the required pipeline
data from the BIM software (distance, diameter, and speed)
is proposed. Using GA and A∗, we determined the disease
transmission and route, respectively. We use the Unity
engine to visualize the final route. The results show that
the combination of BIM, a heuristic algorithm, and Unity
can predict the probability and route of disease transmission
to other areas by building pipelines. This provides a refer-
ence for virus prevention and epidemic protection work in
the future.

2. Materials and Methods

The COVID-19 virus is stable inside pipeline systems but is
affected by the distance, diameter, and speed of the pipeline;
therefore, the risk of spreading cannot be controlled. To sim-
ulate the viral spread, we made the most valuable trade-off
for the factors (distance, diameter, and speed) of pipeline
systems connecting various rooms. In this section, we illus-
trate the use of heuristic algorithms to address the details
concerning the spread and route of viruses in pipeline
systems.

2.1. Disease Transmission in Pipeline Systems.Heuristic algo-
rithms are widely used today, as humans develop through
the observation of certain affairs and simulate situations to
solve problems encountered. For example, a GA is developed
to simulate the mating processes of biological chromosomes.
ACO is related to route change by observing the concentra-
tion of pheromones when ants carry food back to their col-
ony. Current heuristic algorithms are often used to solve
complicated permutation and combination problems, such
as NP-Hard, NP-Complete, NP, and P problems. The knap-
sack problem is a type of NP problem which has extensive
applications, such as discrete optimization [26], nonlinear
[27], and linear [28]. Therefore, simulating the complexity
of variable viruses could provide a feasible solution and
allow for adapting to more complicated variables in the
future.

The knapsack problem is extensively used in heuristic
algorithms such as SA [29], ACO [30], PSO ([31], and the
GA [32]. This study primarily discusses the knapsack prob-
lem of GA. This method solves a variety of knapsack prob-
lem types, such as the knapsack problem for dynamic
environments [33], the knapsack problem after blurring

Table 1: Abbreviation list.

Term Abbreviation

Building information modeling BIM

Severe acute respiratory syndrome SARS

Genetic algorithm GA

A star A∗

Simulated annealing SA

Particle swarm optimization PSO

Ant Colony optimization ACO

Nondeterministic polynomial NP

Industry foundation classes IFC
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[34], and the multiple-choice multidimensional knapsack
problem [35]. The GA and knapsack problems were com-
bined to solve disease transmission in pipeline systems with
different variables, as shown in Pseudocode 1.

2.2. Visualization of Virus Route. Building information
modeling (BIM) is a prominent science in the construction
industry. Common BIM software includes Revit, AECOsim,
Tekla, and ArchiCAD; these software manufacturers provide
application programming interfaces (APIs) to facilitate sec-
ondary development by users [36]. Among these, Revit is
currently the most commonly used BIM software, and its
secondary development software is dynamo [37]. The
advantage of dynamo is that it provides better use of the
software and is not affected by versions. In addition, it works
using the visual programming process without a need to
write code, so novices can get a good understanding of it.
Nevertheless, Unity has gradually shifted the application of
BIM toward the development of virtual reality and aug-
mented reality [38, 39]. The 3D model and information ele-
ment (IE) can be preserved by converting between the two in
the IFC file format. Thus, the necessary data for simulated
visualization can be found using the information from the
model. The game engine Unity is often used in simulating
reality, such as in traffic simulation [40], 3D anatomy [41],
and daylighting research [42]. Hanie and Rensburg [43]
used Unity to explore the spread of COVID-19 in South
Africa. The target search method used in the game engine

was the A∗ search algorithm developed by Hart et al. [44],
which benefits from the shortest distance selection with time
and movement [45]. Finally, we used the IFC file exported
from the BIM model as the basis of the Unity 3D model,
which is helpful for predicting the virus route in the pipeline;
the diffusion target is the result of the GA and the knapsack
problem.

3. Development of Framework

This study is divided into two parts: visualization and simu-
lative prediction. Both the knapsack problem and the GA
described in Section 2.1 were used as the prediction tool,
as well as the method described in Section 2.2, for visualiza-
tion, as shown in Figure 1. Therefore, in this section, we
sequentially introduce the predicted disease transmission
and routes. Section 3.1 discusses preprediction data process-
ing, and Section 3.2 is related to the forecast of disease trans-
mission probability and route.

3.1. Preprediction Data Processing. The exported data can be
separated into 3D models and digital data. The 3D model is
to export the IFC file and import the data into Unity. For the
digital data, we used dynamo, a secondary development soft-
ware provided by Revit, to select model elements to extract
the required pipeline data (distance, diameter, and speed).
However, this experiment is primarily based on the floor
plan, and we settle on a room to discuss the vertical pipeline

BEGIN
Randomize the start population (INITIALISE)
Evaluate each candidate (EVALUATE)
Repeat until the end condition is satisfied (REPEAT)

1. Choose parents (PARENT SELECT)
2. Crossing parents (RECOMBINE)
3. Applying mutate to the children (MUTATE)
4. Evaluate new candidates (EVALUATE)
5. Choose children to survive in the next generation (SURVIVOR SELECT)

END

Pseudocode 1: Pseudocode of research method.
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Figure 1: Architecture diagram of simulation and visualization.
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so that the virus is most likely to spread to the upper and
lower floors. During the simulation, we standardize the pipe-
line data to eliminate errors and improve the accuracy of the
simulation to further develop and apply the BIM data and
increase the reliability of the simulation.

3.2. Route Prediction of Disease Transmission Probability. To
simulate disease transmission from the pipeline to other
rooms, we can obtain information on the pipeline from
BIM, which helps us predict the spread probability and route
in greater detail. Disease transmission from one room to
another is affected by the environment and leaving the host
itself. In the literature, it has been found that viruses can sur-
vive for 24–48 h. Therefore, considering the influence of
viruses and pipelines, viruses cannot spread completely to
every room and are forbidden from reaching some rooms.
In fact, the evaluation method is that one closer to the knap-
sack capacity with a higher value; that is, this is an approxi-
mate current solution. Each iteration is the completion of
one simulation. In this experiment, 1000 iterations are per-
formed, and the results are added to determine the probabil-
ity of virus transmission. Three variables (speed, distance,
and pipe diameter) are individually simulated and added to
the results. It is concluded that the virus transmitted through
the pipeline with probability of occurrence reaches other
rooms, which is its ultimate goal.

The viral route is important because the pipelines of
building pipeline systems are complex and interconnected.
With respect to disease transmission, it is difficult to
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determine the behavior of the virus, especially where it dis-
perses and other contaminated rooms. This study imports
BIM (IFC) through the game engine to simulate the trans-
mission of the disease to other rooms in the pipeline and
uses the A∗ search algorithm, which is commonly used for
controlling the route of nonplayers in role-playing games,
to simulate the behavior of the virus. Using this combination
of software, the virus routes in the starting and target rooms
are simulated and determined.

4. Experiment Review

In this section, we demonstrate an actual case from the ini-
tial model to the final simulation of the game engine and
verify the experimental results. According to the case
description in Section 4.1, the probability of disease trans-
mission in Section 4.2, and the virus route in Section 4.3, this
experiment provides a feasibility diagram.

4.1. Case Description. This case concerns a student dormi-
tory with seven floors; each floor includes ten rooms, one
tearoom, and one social hall. The sewage system (discharged
from toilets) is connected from 10 toilets to the middle aisle
and then discharged to the sewage disposal tank in the base-
ment, as shown in Figure 2. The exhaust air ventilation sys-
tem is connected to different floors and cannot be connected
to the same floor, as shown in Figure 3. In addition, this
study is limited by the fact that the simulated pipeline needs
to be on the same main pipe and must not limit any pipeline

system. It is only necessary to consider the possibility of
spread to other dorms. This study primarily uses sewage sys-
tems on the same floor and ventilation systems on different
floors.

The left and right sides of Figure 2 (rooms 1 and 7) are
the pipes connecting the main vertical pipes and the pipes
connecting other areas, respectively. We set the two sides
as the infection areas and conclude that there are 12 rooms
in this experiment. Because the rooms are adjacent to each
other and the sewage branch belongs to the same main pipe,
the rate of infection is higher than in other areas. Simulta-
neously, the data show the pipeline information and the dis-
tance from one room to the others. Table 2 lists the
standards of distance, pipe diameter, and speed from the ini-
tial room 11 to the other target rooms.

Figure 3 shows a cross-sectional view of the vertical sim-
ulation of the pipeline room. Room 11 on floor 5 is the main
starting point for this horizontal simulation to verify the dis-
ease transmission problem of the virus on the vertical floor.
Unlike the horizontal simulation (sewage system), this
exhaust air ventilation system is a purely airborne disease
transmission system. Figure 3 also shows that the duct is
connected to the main pipeline, like the sewage system, to
verify the proposed architecture method. Table 2 also lists
the exhaust ventilation pipeline information exported from
the BIM data.

4.2. Probability of Disease Transmission. The data from BIM
standardizes the length, pipe diameter, and speed. In

Table 2: Standards of distance, pipe diameter, and speed. (The italic filling values are used in this study; the rest are the sizes of pipeline data
exported by BIM).

Distance (mm) Normalization Diameter (mm) Normalization Speed (m/s) Normalization

Horizontal-5F (initial point to target)

Room 11 to room 1 33878 0.70 32 0.21 1 0.56

Room 11 to room 2 25520 0.53 40 0.27 1.1 0.61

Room 11 to room 3 17651 0.36 50 0.33 1.2 0.67

Room 11 to room 4 25520 0.53 80 0.53 1.3 0.72

Room 11 to room 5 33389 0.69 100 0.67 1.4 0.78

Room 11 to room 6 41258 0.85 120 0.80 1.5 0.83

Room 11 to room 7 48429 1.00 150 1.00 1.6 0.89

Room 11 to room 8 41451 0.86 — — 1.7 0.94

Room 11 to room 9 33582 0.69 — — 1.8 1.00

Room 11 to room 10 25713 0.53 — — — —

Room 11 to room 11 0 0.00 — — — —

Room 11 to room 12 25713 0.53 — — — —

Vertical-1F~7F (initial point to target)

Room 11 (5F) to room 11 (1F) 16900 1.00 90 0.82 4 0.67

Room 11 (5F) to room 11 (2F) 13300 0.79 100 0.91 5 0.83

Room 11 (5F) to room 11 (3F) 9700 0.57 110 1 6 1

Room 11 (5F) to room 11 (4F) 6100 0.36

Room 11 (5F) to room 11 (5F) 0 0.00

Room 11 (5F) to room 11 (6F) 6100 0.36

Room 11 (5F) to room 11 (7F) 9700 0.57

Room 11 (5F) to room 11 (RFL) 10950 0.65
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addition, we assume that the room 11 is the starting room,
the other rooms are the target rooms, and that the virus is
6000 units (horizontal) and 4000 units (vertical). We then
simulated the distance and diameter, distance and speed,
and speed and diameter as the values and weights of the
knapsack. After running 1000 iterations through the GA,
the results shown in Table 3 were obtained. It can be
observed that the probability of infection of the vertical pipe-
lines connecting the upper and lower floors of room 1 and
room 7 is higher than that of the other rooms (more than
90%), while those of rooms 5, 6, 8, and 9 are obviously much
lower than those of the other rooms (below 20%), as shown
in Figure 4. Thus far, we understand that the spreading

Table 3: Simulation results of GA—Sewage pipeline (horizontal-5F).

Pairs Times 1 2 3 4 5 6 7 8 9 10 11 12

Distance & diameter

1 1 1 1 1 0 0 1 0 0 0 — 1

2 1 1 1 1 0 0 1 0 0 1 — 0

3 1 1 1 0 0 0 1 0 0 1 — 1

4 1 1 1 1 0 0 1 0 0 1 — 0

5 1 0 1 1 0 0 1 0 0 1 — 1

… … … … … … … … … … … — …

996 1 1 1 1 0 0 1 0 0 1 — 0

997 1 0 1 1 0 0 1 0 0 1 — 1

998 1 1 1 1 0 0 1 0 0 0 — 1

999 1 1 1 1 0 0 1 0 0 1 — 0

1000 1 1 0 1 1 0 0 0 1 1 — 0

Total 999 711 978 711 80 44 875 42 72 767 — 721

Distance & speed

1 1 1 1 1 0 0 1 0 0 0 — 1

2 1 1 1 1 0 0 1 0 0 0 — 1

3 1 0 1 0 1 0 0 1 0 1 — 1

4 1 0 1 1 0 0 1 0 0 1 — 1

5 1 0 1 1 0 0 1 0 0 1 — 1

… … … … … … … … … … … — …

996 1 1 1 1 0 0 1 0 0 0 — 1

997 1 1 0 0 1 0 0 0 1 1 — 1

998 1 1 1 1 0 0 1 0 0 1 — 0

999 1 1 1 1 0 0 1 0 0 1 — 0

1000 1 1 1 0 0 0 1 0 0 1 — 1

Total 984 696 979 762 89 44 864 48 97 727 — 710

Speed & diameter

1 1 0 1 1 1 0 1 0 0 1 — 0

2 1 0 0 0 1 1 1 0 1 1 — 0

3 1 0 0 1 0 1 1 1 0 1 — 0

4 1 1 0 1 0 0 1 1 0 0 — 1

5 1 0 1 0 0 0 1 1 1 0 — 1

… … … … … … … … … … … — …

996 1 0 1 0 0 1 1 0 1 0 — 1

997 1 1 0 0 1 0 1 0 1 0 — 1

998 1 1 0 0 0 0 1 1 1 0 — 1

999 1 0 0 1 1 0 1 0 0 1 — 1

1000 1 0 1 0 0 1 1 0 1 0 — 1

Total 1000 473 440 461 421 439 1000 431 441 455 — 439

Arithmetic mean (≈) 17 11 13 11 3 3 15 3 3 11 — 10
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probability on the floor plan is related to the starting room
and that the vertical spreading probability is 90%. In
Table 4, we also find results similar to those of Cheng and
Lin [2], in which the virus was gradually transmitted to other
floors. As shown in Figure 5, the probability of disease on
adjacent floors reached 70%, whereas on the farthest floor,
1F, this probability was approximately 30%. Therefore, it
can be observed from Figures 4 and 5 that the probability
of horizontal disease transmission is higher than that of ver-
tical transmission (approximately 80% in room 3).

4.3. Route of Disease Transmission. As shown in Figures 4
and 5, the diffusion of the virus was simulated using the dif-
fusion probabilities of each room and floor. To reduce the
simulation burden on the computer, each room was

Table 4: Simulation results of GA—exhaust air ventilation pipeline (vertical-1F~RF).

Pairs Times/room11 1F 2F 3F 4F 5F 6F 7F RF

Distance & diameter

1 0 1 0 1 — 1 1 0
2 0 1 1 0 — 1 1 0
3 0 0 1 0 — 1 1 1
4 0 0 1 1 — 1 1 0
5 0 0 0 1 — 1 1 1
… … … … … — … … …
996 1 0 1 1 — 1 0 0
997 0 0 1 1 — 1 0 1
998 1 0 0 1 — 1 1 0
999 1 0 0 1 — 1 1 0
1000 0 1 1 0 — 1 1 0
Total 163 409 678 801 — 850 659 440

Distance & speed

1 0 1 0 1 — 1 1 0
2 0 0 1 1 — 1 1 0
3 1 0 1 1 — 1 0 0
4 1 0 1 1 — 1 0 0
5 0 0 1 1 — 1 1 0
… … … … … — … … …
996 0 1 0 1 — 1 1 0
997 0 1 0 1 — 1 0 1
998 0 1 0 1 — 1 0 1
999 0 0 1 1 — 0 1 1
1000 0 1 1 1 — 1 0 0
Total 184 431 654 828 — 832 666 405

Speed & diameter

1 1 1 1 1 — 0 0 0
2 1 1 1 0 — 0 1 0
3 1 1 1 0 — 0 1 0
4 0 1 1 1 — 0 0 1
5 1 1 0 1 — 0 0 1
… … … … … — … … …
996 0 0 1 1 — 1 0 1
997 1 1 0 0 — 1 1 0
998 1 0 0 1 — 1 1 0
999 1 0 1 0 — 0 1 1
1000 0 1 1 0 — 0 1 1
Total 561 595 570 560 — 584 567 563

Arithmetic mean (≈) 8 12 16 18 — 19 16 12
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Figure 5: Probability of diffusion in each floor by vertical-1F~RF
(descending power).
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averaged and input into Unity. To set Unity (the arithmetic
means in Tables 3 and 4), it is necessary to fix the range of
the virus route to ensure that the virus moves in the pipeline

during the simulation. After generating the number of
viruses and determining their locations, a simulation was
performed. The results after the generation are shown in

Room 1
Room 2
Room 3
Room 4
Room 5
Room 6

Room 7
Room 8
Room 9
Room 10
Room 11
Room 12

Room 4 Room 5 Room 6

Room 7

Room 2

Room 1
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3F

2F

1F

(b) Vertical-1F~RF

Figure 6: Import to Unity virus generation result.
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Figure 6. Blue indicates not only the room but also the target
of the virus, and red indicates the virus. As shown in
Figure 7, the pipeline with the red border is the range of
the virus route that we fixed in the simulation, and the thin
black line is the virus route.

5. Conclusion

The application of BIM is well known; however, it is rarely
used for more in-depth information models and 3D draw-
ings. Therefore, we propose a visualization of disease trans-

mission probability and route prediction that combines
BIM and Unity. In addition, we use the pipeline data pro-
vided by the BIM to simulate the spread, and the 3D model
is imported into Unity for subsequent visualization. When
simulating the probability of diffusion, we compare the
number of rooms to a backpack, and the pipeline data are
the values and weights. We use the GA to perform an opti-
mization simulation with 1000 iterations. The horizontal
result shows that the disease transmission probability of
the vertical pipeline to the upper and lower floors is as high
as 90%, while that in the initial surrounding rooms lies

Room 4 Room 5 Room 6

Room 7

Room 2

Room 1

Room 3

Room 10 Room 9 Room 8Room 12 Room 11

(a) Horizontal-5F
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7F

RF
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4F
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(b) Vertical-1F~RF

Figure 7: Unity simulated virus route.
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between 60 and 80%, and the rooms with the lowest disease
probabilities are the outermost four rooms, where it is
approximately 20%. Furthermore, we found that the straigh-
ter the pipeline is, the more likely viruses are to spread
through it. To illustrate, the highest probability of disease
transmission (80%) for all plane pipes was in room 3. Even-
tually, the proposed method can effectively analyze the fac-
tors of the pipeline, which is conducive to simulating
disease transmission to various rooms. The vertical results
show the same situation as the horizontal results, and floors
farther from the starting room have a lower probability of
infection. The results also show that distance has a higher
influence than the other two factors; therefore, we can focus
on the distance between pipelines in future work.

This study has shown good simulation results and has
verified that this method can be applied to different situa-
tions of vertical or horizontal floors. However, due to the
limitations of the institutional review board (IRB), medical
majors, and disease transmission, the simulation cannot be
compared with a real situation. This demonstrates the
importance of our framework development, which will pro-
mote the application of BIM in hotels and hospitals in the
future.
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