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Abstract: Fire smoke reduces the visibility of emergency direction signs, rendering them ineffective
for providing appropriate guidance along evacuation routes in a fire situation. This is problematic
because civilians may select evacuation routes that expose them to smoke or fire in a burning
building. This study proposed using a smartphone voice-guided evacuation system (SVGES) to
provide alternative evacuation routes for civilians trapped at a fire scene. To verify the efficacy
of the SVGES, experiments were conducted with 26 participants in a simulated fire scenario. The
experimental results showed that when using the SVGES, the participants chose the safest evacuation
route with a 100% successful evacuation rate.
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1. Introduction

Innovative technologies have advanced considerably in the post-pandemic era. How-
ever, such advancements have not been widely applied to the field of fire evacuation. In
the event of a fire incident, people are not always aware of where the ignition point is,
which may lead to poor decisions locating and moving toward emergency exits during a
fire evacuation [1]. The implementation of proper evacuation procedures can thus facilitate
emergency management in buildings and environments where a fire incident occurs [2].

Currently, stationary active dynamic signage systems are the standard for indicating
the direction in which people should move during an emergency [3–9]. Since these tend
to be mounted on a wall or ceiling [10], smoke can easily affect visual guidance during a
fire [11–13]. In fact, some research has shown that such systems are not an optimal solution
for evacuation [14].

The ability to locate people quickly and accurately in buildings that are on fire is critical
to the success of building fire emergency response operations [15]. Since indoor positioning
systems are not yet widely applied worldwide [16], the orientation and route can only be
identified by indoor signs. However, both visual and auditory information are important,
especially for providing emergency information in many early warning systems [17].

Smartphone penetration has been forecasted to grow in the next few years. Smart-
phones can be considered an excellent platform that provides ubiquitous computing [18].
Therefore, the present study proposed a smartphone voice-guided evacuation system
(SVGES) as a voice-based evacuation directional indicator that can be operated on a smart-
phone [19]. The SVGES provides route signage to guide people along the most appropriate
evacuation route and away from the fire source [20], helping them to safely reach an
emergency exit [21].

Research has recognized the practical value of smartphones as a tool for indoor pedes-
trian navigation [22,23], and the precise indoor positioning they can provide demonstrates
their potential for future applications [24]. Particularly in dark environments, evacuations
can be complicated by possible obstacles and nodes. Previous research showed that using

Int. J. Environ. Res. Public Health 2022, 19, 6061. https://doi.org/10.3390/ijerph19106061 https://www.mdpi.com/journal/ijerph

https://doi.org/10.3390/ijerph19106061
https://doi.org/10.3390/ijerph19106061
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/ijerph
https://www.mdpi.com
https://orcid.org/0000-0001-5206-0556
https://orcid.org/0000-0002-8502-6087
https://doi.org/10.3390/ijerph19106061
https://www.mdpi.com/journal/ijerph
https://www.mdpi.com/article/10.3390/ijerph19106061?type=check_update&version=3


Int. J. Environ. Res. Public Health 2022, 19, 6061 2 of 8

a smartphone app for guidance in dark indoor environments can improve wayfinding
efficiency [25].

The process for developing the SVGES proposed in the present study was based on
the following three objectives: (1) design electronic route signs (ERSs) for indoor position-
ing and identifying the safest evacuation route; (2) design a smartphone app that uses
voice, image, and text notifications to help evacuees choose the most appropriate evacu-
ation route; and (3) verify the efficacy of the SVGES for aiding evacuation route choices
through experiments.

2. Method

Intelligent systems are typically set up in centralized facilities and may be damaged
during a fire. Thus, portable devices such as smartphones may be more reliable for dis-
tributed operation. For ease of use, we tested this with a commercially available Bluetooth
5.0 beacon. We adopted a guidance method used with movable road signs to solve the
need to rely on precise positioning. Escape routes were predesigned by an architect in
accordance with local regulations, and the strongest ERS Bluetooth beacon signal received
by a smartphone was used as a positioning reference. The system was designed to handle
changing environmental conditions as a fire develops, and to provide building occupants
with turn-by-turn navigation guidance through their smartphone [26]. The ERSs were
configured so that one or several fire points corresponded to a predesignated escape route.
Each ERS on each route had its own auditory system, thus ensuring that low positioning
accuracy would not cause any problems navigating the escape routes.

Experiments were conducted in a university classroom to determine whether the
SVGES could guide evacuees in the correct direction. User acceptance and the ability of
the app to reduce casualties were also examined. The equipment, participants, procedures,
and test scenarios are described in the following sections.

2.1. SVGES

The SVGES included a preset software program that generates the safest evacua-
tion route according to different building floor plans. These evacuation routes were pre-
designed by the architect in accordance with local regulations. The SVGES provides
dynamic recommendations for avoiding fire and smoke, based on the safest, shortest dis-
tance. Development and operation of the SVGES involved the following hardware and
software components:

A. Smartphone;
B. Smoke detectors;
C. ERSs

(a) Battery;
(b) Two beacons;
(c) Photosensitive components;

D. Smartphone app.

The SVGES can communicate with a smartphone in the situation of a fire, providing
guidance along evacuation routes via voice, image, and text notifications. Figure 1 shows a
flow chart of the SVGES.

2.1.1. ERS

Each ERS comprised a photoresistor and two beacons mounted outside of a smoke
detector, with each smoke detector assigned a specific detector beacon number to indicate its
spatial location. These evacuation routes were pre–designed by an architect in accordance
with local regulations. In the event of a fire, the smoke detector nearest to the fire activates
first. When the photosensitive component on the ERS is triggered by the LED on the smoke
detector, the beacon starts transmitting a signal via Bluetooth. Based on these signals, the
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app can detect the fire source and indicate the safest evacuation route. Figure 2 shows a
diagram of an ERS fitted to a smoke detector.
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2.1.2. Smartphone App

The SVGES app is designed to operate on Android smartphones. It was programmed
to identify a fire source and determine the safest evacuation route through the following
steps: (1) track the ERS Bluetooth signals every second; (2) determine the location of the
user’s smartphone relative to the ERSs; (3) identify the location of the fire source relative to
the user; (4) determine the safest evacuation route; and (5) notify evacuees which direction
they should move via voice, images, and text.

In the event of a fire being detected, a designated shortest evacuation route is calculated
for each ERS, and each ERS transmits its own voice, image, and text notifications to guide
evacuees along the safest evacuation route via the app. Figure 3 depicts the app user
interface showing the safest evacuation route.
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2.2. Participants of the Experiment

A total of 26 participants (14 men, 12 women) took part in the experiment. Their age
distribution was 20–50 years, with an average of 32 years. All of them were unfamiliar with
the experimental environment, and this was the first time they had been in the experimental
space. Regardless of the number of trials, the participants remained unaware of the location
of the fire source.

2.3. Experimental Environment

The experimental environment was on the second-floor basement of a university
building. Figure 4 shows the floor plan. All rooms on the floor had a single door as the exit.
The floor had one corridor with two exits. Each room and the corridor were regarded as
nodes for choosing a direction for a specific evacuation route.
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2.4. Experimental Procedure

Before the experiment, the participants provided informed consent and were informed
that they would be taking part in a simulated fire evacuation route experiment, the aim
of which was to study how to choose the best evacuation route away from the fire source.
Participants were asked to act as if they had actually encountered a fire and to leave the
room in which they started as quickly as possible in order to find an exit to evacuate.

The researchers designated a fire source along one of the evacuation routes. Two experiments
were performed. In the first experiment, the participants were required to evacuate without
using their smartphones and to freely select an evacuation route. In both experiments,
the evacuation progress of each participant was recorded until the end of the experiment,
including their chosen route and the time elapsed from when they left the room they started
in.

Prior to the second experiment, the participants were informed that the fire source
might be in a different location, and that they needed to use the SVGES app to assist them
with their evacuation route decisions. The designated location of the fire source in this
experiment was actually identical to that in the first experiment, but the participants were
unaware of this.

At the beginning of the second experiment, the fire alarm system and SVGES were
activated, and the participants’ smartphones scanned the ERS located in the starting room.
The smartphone app then provided warnings of where the fire was located and notified the
participants of the safest evacuation route via voice messages. The user interface displayed
text messages such as “move forward”, and this was supplemented with images.

Following the evacuation route directions given by the app, the participants began by
moving to the door of their starting room. The app then scanned the other ERSs located
on the ceiling of the corridors to detect the location of the fire source and then provided
appropriate guidance to the participants. For example, if the fire source was located to
the left of the starting room, the app instructed them to “go right”. If participants did not
follow the notifications from the app (e.g., they went left when they were instructed to go
right), the app would detect that they were moving away from the safest evacuation route.
If they moved further away from the recommended route, the app would instruct them to
“go back” via voice, image, and text notifications.

Referring to Figure 4, the app was able to detect which direction the participants were
moving in based on their position relative to the ERSs. The signal from ERS 1 (S1 in the
figure) was used to identify their starting point. If a participant turned left as they exited
the starting room, their position would be closer to ERS 3 (S3) and further from ERS 2 (S2),
indicating to the SVGES that they were actually moving toward the fire source. Thus, the
SVGES could determine that the participant was moving away from the safest evacuation
route and then inform them to turn around and move in the other direction.

3. Results and Discussion

This research proposed an SVGES that provides the safest evacuation route in a fire
building by using voice, image, and text messages. In the experiment, the SVGES was
implemented in an experimental environment to verify the evacuation route choices made
by the participants in a fire situation.

In the first experiment, the participants freely selected their evacuation route without
using the SVGES (no SVGES). The second experiment was performed with the participants
using the SVGES and following the notifications from the SVGES when choosing their
evacuation route. If a participant’s evacuation route was toward the exit near the designated
fire source, this was defined as a failed evacuation. If the participant chose an evacuation
route that was toward the exit that was away from the designated fire source, this was
defined as a successful evacuation. In the first experiment, the successful evacuation rate
was 58%. When the SVGES was used, the successful evacuation rate was 100%. Previous
studies have found that the presence of more nodes during an evacuation can lead to higher
failed evacuation rates [27,28]. Using technology to guide wayfinding behavior in a fire
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scene is critical because blind wayfinding under thick smoke is highly dangerous. In the
process of the evacuation experiment, Figure 4 shows that although the floor plan was very
basic, there were still multiple nodes for evacuees to decide on a possible direction to move
in to reach safety. In a more complex environment with additional nodes, the probability of
a failed evacuation would be substantially higher.

Previous studies have not focused on using smartphones for controlling evacuation
signs based on the positioning of devices, and they have overlooked the importance of
providing evacuee-specific voice guidance [29]. An efficient evacuation system could
reduce the stress levels of evacuees and significantly increase the survival rate during a
fire evacuation [30]. In our experiments, we found that the SVGES improved evacuation
efficiency. In an actual building fire, the SVGES might reduce the number of casualties.

Although it may be difficult to view the appropriate evacuation direction indicated on
the smartphone when thick smoke is present, the app’s voice notifications overcome this
by also announcing the direction in which evacuees should move in to reach safety. Thus,
the SVGES may help evacuees even in dark spaces with thick smoke.

Path selection in the event of a fire is key to success or failure. Recent research
on guided evacuation has typically focused only on visual guidance while ignoring the
importance of auditory guidance. Our experimental results clearly indicate that using the
proposed SVGES can help evacuees choose the appropriate direction to move toward in
order to reach safety.

Leader–follower behavior can adversely affect evacuation route decisions during a fire
evacuation [31–33]. The proposed SVGES may overcome this problem by providing clear
directions for evacuees, ensuring that they move away from a fire source in what might be
an unfamiliar location with many nodes.

The experiments in this study were conducted using a single-path node. On the basis
of probability, fire situations involving many intersection nodes along an evacuation path
are likely to result in a higher rate of evacuation failure when the SVGES is not used.

Previous studies have measured the required safe egress time against available safe
egress time (Equation (1)) when investigating the success probability of escape and evacua-
tion, and they have found that the correct selection of a node direction along a path is critical
to success [34,35]. Therefore, the present study recommends that whether the selected node
direction along a path is correct or not should be considered in this calculation, as shown
in Equation (2).

REST = Td + Ta + Tr + Tt ≤ ASET (1)

This study found that the mathematical formula after adding parameters should be
recommended (Equation (2)):

REST = Td + Ta + Tr + Tt/Jn ≤ ASET (2)

REST: Required safety egress time;
Td: Fire detection time;
Ta: Fire alarm time (warning time);
Tr: Recognition time and response time;
Tt: Evacuation time (travel time);
n: Number of turn nodes on the escape path (n > 0);
J: Correct path node direction (if correct = 1; otherwise, 0);
ASET: Available safe egress time.

4. Conclusions

Fire equipment installed in a building might not ensure absolute safety during an
evacuation. The present study proposed an SVGES and designed ERSs for indoor posi-
tioning, enabling the SVGES to direct evacuees along the safest evacuation route via voice,
image, and text notifications on a smartphone app. Experiments were conducted to verify
the efficacy of using the SVGES in a fire building. When 26 participants evacuated using
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the SVGES, the successful evacuation rate was 100%. When the SVGES was not used, the
successful evacuation rate was only 58%.

The results demonstrate the success of using the SVGES in a single-room environment
and indicate that it is feasible for use in a fire evacuation. Theoretically, it can guide any
number of people to safety in a fire event; however, if more nodes are present, this may
adversely affect evacuation route decisions, potentially resulting in a higher rate of failed
evacuations. This emphasizes the importance of making the correct decision at nodes
along an evacuation path. Future studies should investigate the proposed SVGES being
implemented in environments that are more complex and contain multiple fire sources to
identify and overcome deficiencies in the current research.

Author Contributions: Conceptualization, T.-W.K.; methodology, T.-W.K. and C.-Y.L.; software,
T.-W.K.; validation, T.-W.K., C.-Y.L. and Y.-J.C.; formal analysis, T.-W.K., C.-Y.L. and G.L.-K.H.;
investigation, T.-W.K.; resources, T.-W.K.; data curation, T.-W.K.; writing—original draft preparation,
T.-W.K.; writing—review and editing, T.-W.K., C.-Y.L. and G.L.-K.H.; visualization, T.-W.K.; supervi-
sion, T.-W.K., C.-Y.L., Y.-J.C. and G.L.-K.H.; project administration, T.-W.K. and G.L.-K.H.; funding
acquisition, T.-W.K. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by Kuo Tzu-Wen architects and T S Industrial Co., Ltd.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The datasets generated and analyzed during the current study are not
publicly available due to the restriction of the library surveyed in the study, but are available from
the corresponding author on reasonable request.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Fu, M.; Liu, R.; Zhang, Y. Why do people make risky decisions during a fire evacuation? Study on the effect of smoke level,

individual risk preference, and neighbor behavior. Saf. Sci. 2021, 140, 105245. [CrossRef]
2. Chen, J.; Shi, T.; Li, N. Pedestrian evacuation simulation in indoor emergency situations: Approaches, models and tools. Saf. Sci.

2021, 142, 105378. [CrossRef]
3. Balboa, A.; Javier, G.-V.; Cuesta, A.; Abreu, O.; Alvear, D. Testing a real-time intelligent evacuation guiding system for complex

buildings. Saf. Sci. 2020, 132, 104970. [CrossRef]
4. Cho, J.; Lee, G.; Lee, S. An automated direction setting algorithm for a smart exit sign. Autom. Constr. 2015, 59, 139–148. [CrossRef]
5. Filippidis, L.; Xie, H.; Galea, E.R.; Lawrence, P.J. Exploring the potential effectiveness of dynamic and static emergency exit

signage in complex spaces through simulation. Fire Saf. J. 2021, 125, 103404. [CrossRef]
6. Galea, E.; Xie, H.; Deere, S.; Cooney, D.; Filippidis, L. Evaluating the effectiveness of an improved active dynamic signage system

using full scale evacuation trials. Fire Saf. J. 2017, 91, 908–917. [CrossRef]
7. Galea, E.; Xie, H.; Lawrence, P.J. Experimental and Survey Studies on the Effectiveness of Dynamic Signage Systems. Fire Saf. Sci.

2014, 11, 1129–1143. [CrossRef]
8. Ran, H.; Sun, L.; Gao, X. Influences of intelligent evacuation guidance system on crowd evacuation in building fire. Autom. Constr.

2014, 41, 78–82. [CrossRef]
9. Zhao, H.; Schwabe, A.; Schläfli, F.; Thrash, T.; Aguilar, L.; Dubey, R.K.; Karjalainen, J.; Hölscher, C.; Helbing, D.; Schinazi, V.R. Fire

evacuation supported by centralized and decentralized visual guidance systems. Saf. Sci. 2021, 145, 105451. [CrossRef]
10. Kubota, J.; Sano, T.; Ronchi, E. Assessing the compliance with the direction indicated by emergency evacuation signage. Saf. Sci.

2021, 138, 105210. [CrossRef]
11. Hsiao, G.L.-K.; Tang, C.-H.; Huang, T.-C.; Lin, C.-Y. Firefighter Wayfinding in Dark Environments Monitored by RFID. Fire Technol.

2015, 52, 273–279. [CrossRef]
12. Kobes, M.; Helsloot, I.; de Vries, B.; Post, J.G. Building safety and human behaviour in fire: A literature review. Fire Saf. J.

2010, 45, 1–11. [CrossRef]
13. Lin, B.S.-M.; Lin, C.-Y.; Kung, C.-W.; Lin, Y.-J.; Chou, C.-C.; Chuang, Y.-J.; Hsiao, G.L.-K. Wayfinding of Firefighters in Dark and

Complex Environments. Int. J. Environ. Res. Public Health 2021, 18, 8014. [CrossRef] [PubMed]
14. Fridolf, K.; Nilsson, D.; Frantzich, H. Fire Evacuation in Underground Transportation Systems: A Review of Accidents and

Empirical Research. Fire Technol. 2011, 49, 451–475. [CrossRef]
15. Li, N.; Becerik-Gerber, B.; Krishnamachari, B.; Soibelman, L. A BIM centered indoor localization algorithm to support building

fire emergency response operations. Autom. Constr. 2014, 42, 78–89. [CrossRef]

http://doi.org/10.1016/j.ssci.2021.105245
http://doi.org/10.1016/j.ssci.2021.105378
http://doi.org/10.1016/j.ssci.2020.104970
http://doi.org/10.1016/j.autcon.2015.05.004
http://doi.org/10.1016/j.firesaf.2021.103404
http://doi.org/10.1016/j.firesaf.2017.03.022
http://doi.org/10.3801/IAFSS.FSS.11-1129
http://doi.org/10.1016/j.autcon.2013.10.022
http://doi.org/10.1016/j.ssci.2021.105451
http://doi.org/10.1016/j.ssci.2021.105210
http://doi.org/10.1007/s10694-015-0477-y
http://doi.org/10.1016/j.firesaf.2009.08.005
http://doi.org/10.3390/ijerph18158014
http://www.ncbi.nlm.nih.gov/pubmed/34360307
http://doi.org/10.1007/s10694-011-0217-x
http://doi.org/10.1016/j.autcon.2014.02.019


Int. J. Environ. Res. Public Health 2022, 19, 6061 8 of 8

16. Wong, M.O.; Zhou, H.; Ying, H.; Lee, S. A voice-driven IMU-enabled BIM-based multi-user system for indoor navigation in fire
emergencies. Autom. Constr. 2022, 135, 104137. [CrossRef]

17. Chan, A.H.; Ng, A.W. Perceptions of implied hazard for visual and auditory alerting signals. Saf. Sci. 2009, 47, 346–352. [CrossRef]
18. Rehman, I.U.; Sobnath, D.; Nasralla, M.M.; Winnett, M.; Anwar, A.; Asif, W.; Sherazi, H.H.R. Features of Mobile Apps for People with

Autism in a Post COVID-19 Scenario: Current Status and Recommendations for Apps Using AI. Diagnostics 2021, 11, 1923. [CrossRef]
19. Gao, B.; Chen, Z.; Chen, X.; Tu, H.; Huang, F. The effects of audiovisual landmarks on spatial learning and recalling for image

browsing interface in virtual environments. J. Syst. Arch. 2021, 117, 102096. [CrossRef]
20. Chou, J.-S.; Cheng, M.-Y.; Hsieh, Y.-M.; Yang, I.-T.; Hsu, H.-T. Optimal path planning in real time for dynamic building fire rescue

operations using wireless sensors and visual guidance. Autom. Constr. 2018, 99, 1–17. [CrossRef]
21. Cheng, M.-Y.; Chiu, K.-C.; Hsieh, Y.-M.; Yang, I.-T.; Chou, J.-S.; Wu, Y.-W. BIM integrated smart monitoring technique for building

fire prevention and disaster relief. Autom. Constr. 2017, 84, 14–30. [CrossRef]
22. Tang, C.-H.; Lin, C.-Y.; Hsu, Y.-M. Exploratory research on reading cognition and escape-route planning using building evacuation

plan diagrams. Appl. Ergon. 2008, 39, 209–217. [CrossRef] [PubMed]
23. Michel, T.; Genevès, P.; Fourati, H.; Layaïda, N. Attitude estimation for indoor navigation and augmented reality with smart-

phones. Pervasive Mob. Comput. 2018, 46, 96–121. [CrossRef]
24. Murata, M.; Ahmetovic, D.; Sato, D.; Takagi, H.; Kitani, K.M.; Asakawa, C. Smartphone-based localization for blind navigation in

building-scale indoor environments. Pervasive Mob. Comput. 2019, 57, 14–32. [CrossRef]
25. Diao, P.-H.; Shih, N.-J. MARINS: A Mobile Smartphone AR System for Pathfinding in a Dark Environment. Sensors 2018,

18, 3442. [CrossRef]
26. Zhang, J.; Guo, J.; Xiong, H.; Liu, X.; Zhang, D. A Framework for an Intelligent and Personalized Fire Evacuation Management

System. Sensors 2019, 19, 3128. [CrossRef]
27. Jin, B.; Wang, J.; Wang, Y.; Gu, Y.; Wang, Z. Temporal and spatial distribution of pedestrians in subway evacuation under node

failure by multi-hazards. Saf. Sci. 2020, 127, 104695. [CrossRef]
28. Danial, S.N.; Smith, J.; Khan, F.; Veitch, B. Human-Like Sequential Learning of Escape Routes for Virtual Reality Agents.

Fire Technol. 2019, 55, 1057–1083. [CrossRef]
29. Peacock, R.; Hoskins, B.; Kuligowski, E. Overall and local movement speeds during fire drill evacuations in buildings up to 31

stories. Saf. Sci. 2012, 50, 1655–1664. [CrossRef]
30. Tavares, R.M.; Galea, E. Evacuation modelling analysis within the operational research context: A combined approach for

improving enclosure designs. Build. Environ. 2009, 44, 1005–1016. [CrossRef]
31. Ding, N.; Sun, C. Experimental study of leader-and-follower behaviours during emergency evacuation. Fire Saf. J. 2020,

117, 103189. [CrossRef]
32. Xie, W.; Lee, E.W.-M.; Lee, Y.-Y. Simulation of spontaneous leader-follower behaviour in crowd evacuation. Autom. Constr. 2022,

134, 104100. [CrossRef]
33. Zhu, R.; Lin, J.; Becerik-Gerber, B.; Li, N. Human-building-emergency interactions and their impact on emergency response

performance: A review of the state of the art. Saf. Sci. 2020, 127, 104691. [CrossRef]
34. Hadjisophocleous, G.V.; Mehaffey, J.R. SFPE Handbook of Fire Protection Engineering, 5th ed.; Chapter 38 Fire Scenarios; National

Fire Protection Association: Greenbelt, MD, USA, 2016.
35. Tinaburri, A. Principles for Monte Carlo agent-based evacuation simulations including occupants who need assistance. From

RSET to RiSET. Fire Saf. J. 2021, 127, 103510. [CrossRef]

http://doi.org/10.1016/j.autcon.2022.104137
http://doi.org/10.1016/j.ssci.2008.06.003
http://doi.org/10.3390/diagnostics11101923
http://doi.org/10.1016/j.sysarc.2021.102096
http://doi.org/10.1016/j.autcon.2018.11.020
http://doi.org/10.1016/j.autcon.2017.08.027
http://doi.org/10.1016/j.apergo.2007.05.001
http://www.ncbi.nlm.nih.gov/pubmed/17583670
http://doi.org/10.1016/j.pmcj.2018.03.004
http://doi.org/10.1016/j.pmcj.2019.04.003
http://doi.org/10.3390/s18103442
http://doi.org/10.3390/s19143128
http://doi.org/10.1016/j.ssci.2020.104695
http://doi.org/10.1007/s10694-019-00819-7
http://doi.org/10.1016/j.ssci.2012.01.003
http://doi.org/10.1016/j.buildenv.2008.07.019
http://doi.org/10.1016/j.firesaf.2020.103189
http://doi.org/10.1016/j.autcon.2021.104100
http://doi.org/10.1016/j.ssci.2020.104691
http://doi.org/10.1016/j.firesaf.2021.103510

	Introduction 
	Method 
	SVGES 
	ERS 
	Smartphone App 

	Participants of the Experiment 
	Experimental Environment 
	Experimental Procedure 

	Results and Discussion 
	Conclusions 
	References

