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Abstract— Current existing static signage system (SSS) used to
guide the occupant’s wayfinding to the nearby main exit. Yet, it
does not navigate to the safest and shortest route direction. This
situation has led the evacuation process become more critical and
challenging, especially when they were getting into traps at the
spreading hazardous location. Thus, a dynamic signage system
(DSS) in the autonomous evacuation navigation system (AENS) is
proposed to overcome this problem. Through the system, it will
block the hazardous area, provide the safe route information and
navigate the occupants to the nearest exit. The effectiveness were
verified and evaluated via 6 sets of experiments using SSS and DSS
in two different floor plan layout. There were 30 participants
involved and run the specific experiment, which consists of 2 groups
of occupants; 10 familiar and 20 unfamiliar. After the completion of
the experiment, they were required to fill-up a set of survey regarding
their understanding and satisfaction of the proposed system. The
result obtained shows a difference significant on the time taken to the
nearest staircase, between familiar and unfamiliar occupants.
Nonetheless, all the participants showed a 100% satisfaction towards
the effectiveness of DSS implemented in the AENS.

Keywords—Autonomous evacuation navigation system, dynamic
signage, safest and shortest, static signage, unfamiliar wayfinding,
navigation.

L.

HIS present in Malaysia, all the building are complied

with the standard regulations in the National Fire
Protection Association (NFPA) codes and standards, Fire
Services Act 1988, Uniform Building By-Law (UBBL) 1984,
and Hazardous Material (HAZMAT), as the a fire safety
standards. Its main objective of fire safety is to provide the
occupants’ safety in enclosed environments, avoiding,
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reducing the number of fatalities, the number of injuries, and
any death cases [1], [2]. In addition, Occupational Safety and
Health Administration (OSHA) Act of 1970 also provides
guidance for emergency standards for employers and
employees to reduce on the job injuries, illnesses and deaths.

Signage system is one of the standard fire safety codes
implemented in the building. The signage systems are one of
the important and widely used as wayfinding information. It
was designed with the specific installation guideline such as
the size, height, design, position, location of the sign, specific
distance, and etc. The standard signage used in most of the
buildings using symbol only, or wording only or combination
of both the symbol and wording. It reacts as an agent to
convey the wayfinding information and assisting occupants
towards to the exit. An effective signage system can reduce
the apparent complexity of an enclosure thereby improving
wayfinding under both general circulation and emergency
conditions. On the other hand, ineffective signage may
contribute to the loss of commercial earnings in general
circulation situations, which has more serious consequences in
emergency situations [3].

In this research, we were focusing on exit signage usage for
exit navigation guidance during the emergency evacuation.
There are two types of character in signage system; static and
dynamic. The traditional signage was considered as static
signage system (SSS), for example the exit signage and
emergency building floor plan system (BFPS) as shown in
Fig.1 and Fig.2. Both are the common signage systems
designed, and used in most of the building. Normally, it's
made of a metal or plastic, which react as a passive
communication and constant due wunable to update
automatically in real time changes. In contradict dynamic
means energetic, capable of action and able to adapt real time
changes. The dynamic sign system (DSS) usually uses
advanced technology, and able to switch attention and break
into consciousness when attention had been focused on other
tasks.

Wayfinding during emergency evacuation is a challenging
issue and critical problem, especially for those unfamiliar
occupants [4]. It may vary depending on human behavior,
knowledge, experience and the building environment.
Despites the SSS is intended to help overcome the wayfinding
problem, in real situations when the hazardous spreads and
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block the directed exit area, it failed to navigate towards the
safest location. In addition, with the SSS design, it can only
point to the nearest exit [5], which occupants have less
information on the safe path to follow, especially for those
unfamiliar occupants.  Also, the deficiency problem of
information conveyed by the emergency SSS caused the less
effectiveness of its main purpose [6].

Fig.1: Example of exit sign for emergency egress
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Fig.2: Emergency building floor plan system (BFPS)

According to [7]-[10], it was proven the occupants used the
familiar path as the exit selection (the path used when they
entered the building), become as followers or reacts as agents
to lead the emergency evacuation, tend to follow light,
withdraw to previous location when encountered fire or
smoke, and follow the spacious environment compared to
many obstacles. These also been supported through study by
[6], only 38% of the participants see the present of static
signage, and concluded the traditional static emergency signs
are no longer effective due to possibilities of the collision and
other unexpected problem, especially in a complex building.
Although a mathematical approach was presented, the
complexity of human actions makes it unfeasible [11], due to
differences behavior in real situation of emergency as cited by
Yuan (2005) in [12].

A successful wayfinding design allows people to determine
their location within a setting, determine their destination, and
develop a plan to take them from their location to the
destination [13], [14]. In order to overcome the gap, we study
the importance of providing information through dynamic
signage. As claimed by [15], the understanding, use of the
information, and the cognitive processes towards signage is
more important compared to the sign visibility conditions and
design. Therefore, we proposed an autonomous evacuation
navigation system (AENS), the evacuation preparedness
awareness solution to help occupants in wayfinding
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navigation during the emergency evacuation. In AENS, we
implemented DSS which consists of specific function of
navigation sign.

Hence, this paper was organized as follows: section 1
discuss on the background of problem; section 2 explained the
systems thinking adaptation in AENS and the AENS function;
section 3 focusing on the experimental methodology used —
the objectives and hypothesis, and the specific method used;
section 4 discussed the result based on the observation,
comparison of arrival time, and the participant’s satisfaction;
and section 6 provides a brief conclusion of our work and
future work

II. CONCEPTUAL FRAMEWORK FOR AENS

A. Systems Thinking Adaptation in AENS

Systems Thinking (ST) is conceptual framework, which
analyzed and answered the basic of 5W 1H questions, “what,
where, why, when, who and how”, and then proceed with
solution finding. The full patterns of system behavior can be
clearer identified due to each of the systems is interrelated and
any changes of the process can be seen clearly, instead of
discrete snapshots [16]. Most of the problems were viewed
and solved from various perspectives, depending on human
knowledge and experience. Applied ST comes into place
because the need to change the mindset, addressing the
problem and manage uncertainty, risk, priority, and
opportunity. Moreover, in order to understand the
relationship and interaction for requirement of the proposed
solution, it reframed the problem through an expanded view
and followed by evaluating the potential outcomes, and its
rationality in overcoming the problem.

B. Explanation on AENS Functions

The AENS was developed from the integration of the
involved in designing the navigation system which might help
occupants to find the safest and shortest route to exit. We
integrated the systems involved starting from the detection
until the evacuation into one coherent system linked the
components in order to achieve its purpose and mission.
Through the system integration (SI) for AENS, we use our
existing system capability and resources, to avoid the
complexity problem and high cost incurred.

This evacuation preparedness model, AENS was proposed
to overcome the wayfinding problem, especially for
unfamiliar occupants [17]. Fig.3 shows the conceptual
framework of SI for AENS, which starts from the adaptation
of systems thinking (ST) to the existing subsystem. ST
changes the system behavior into a system point of view and
studies the connection between sub-systems. ST adapted
human, integrated to be as a part of the system and they need
to follow the instruction of the emergency evacuation.
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Fig.3: Conceptual Framework: System Integration for Autonomous Evacuation Navigation System
Table 1: Dynamic Signage System (DSS) in AENS
Signage Interpretation Signage Interpretation
RIGHT Direction to follow the right LEFT Direction to follow the left path
(I path F e |
Direction to follow the straight Direction not to entered the path
I path

The ST concepts also been adapted in the fire alarm control
panel system (FACPS), and building floor plan system
(BFPS). Both, FACPS and BFPS must be integrated, so
BFPS knows the location of hazardous. With the proactive
fire indicator in FACPS, it will trigger siren for emergency
evacuation and send the involved fire indicator’s location
information to BFPS. Once BFPS received it, automatic the
floor plan is updated and sends the latest updated information
to the evacuation route matrix (ERM). ERM stored
information of the floor plan layout with the specific fire
indicator’s location. ERM called another subsystem,
algorithm for the safest and shortest route (ASSR) to perform
a calculation for the safest and shortest route using a specific
algorithm. Each of the subsystems plays an important role to
ensure the accurate information given to AENS towards to the
safest and shortest route. At the end, once the AENS received
the “optimal route” information, it provides 4 types of DSS; 1)
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right, 2) left, 3) straight and 4) no entry (cross mark). The
DSS is available at the sub exit of the main door in specific
zone area. Table 1 explained further the specific function of
the DSS in AENS, which should appear during the emergency
evacuation of fire and its interpretation.

III. EXPERIMENTAL METHODOLOGY

A. Obijectives and Hypothesis

The experiments were designed to evaluate the
effectiveness of the DSS used and implemented in the AENS,
which will display the navigation through a specific signage.
Therefore, we set the specific objectives and hypothesis to
measure and validate the experiments. The objectives as
below:
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1) To compare the time taken to reach the nearest safe exit for
unfamiliar occupants with the SSS with the dynamic
signage system DSS;

2) To evaluate the level of understanding towards the dynamic
signage;

3) To examine is there any adverse effect of the DSS, such as
causing confusion and hesitation.

Hence, the hypotheses are concerned at the experimental time
taken results are:

Ho: There is no difference in the experimental time taken
result between SSS and DSS, and

Hi: There is a difference in the experimental time taken result
between SSS and DSS.

B. Building and Participants

The experiments were conducted at the level 13th and 14th
of the office building as illustrated in Fig.4 with legends of the
main entrance, left staircase exit and right staircase exit. This
building was selected due the complex and using close
building concepts, and commonly visited by unfamiliar
occupants.

There are 30 unfamiliar participants, 10 familiar and 20
unfamiliar occupants, in which the experiments consist of
eight sessions:

1) Experiment 1 (E1): Level 13-unfamiliar occupants evacuate
using the SSS,

2) Experiment 2 (E2): Level 13-unfamiliar occupants evacuate
using the DSS,

3) Experiment 3 (E3): Level 14-unfamiliar occupants evacuate
using the SSS,

4) Experiment 4 (E4): Level 14-unfamiliar occupants evacuate
using the DSS,

5)Experiment 5 (E5): Level 13-familiar occupants evacuate
using the SSS,

6) Experiment 6 (E6): Level 13-familiar occupants evacuate
using the DSS

7) Experiment 7 (E7): Level 14-familiar occupants evacuate
using the SSS, and

8) Experiment 8 (E8): Level 14-familiar occupants evacuate
using the DSS

The participants came from different gender, level of age and
education.  Before the experiment starts, we conducted a
short briefing, in order to ensure the smoothness of the
activity. The participants were reminded that the experiment
is not the competition, so they need to react as normal
behavior. The souvenir and certificate were given out after
the completion of the experimental and survey.

C. Procedures for SSS

The SSS evacuation procedure as below:
1) Certain areas will be blocked by fire (placing cones and
hanging rope with pictures of fire).
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2) Each experiment involved 5 unfamiliar/familiar occupants
searching for wayfinding to exit.

3) At start time, ts = 0, all the participants allocated randomly
in the office, according to the specific zone location as
shown in Fig.5 (number in yellow and red circle).

4) All of them wore the specific tag with identification (ID)
number and color to differentiate the group.

5) The evacuation started as soon as the emergency alarm was
given out.

6) The participants evacuate, follow the SSS or any path to
exit.

7) Once they arrived at the nearby staircase, we recorded their
arrival (end) time, te.

T

T e

e |

. Legend: ntrance |
Fig. 4: Experimental floors plans layout — Level 13" and 14™ of
Yayasan Melaka
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Fig. 5: Unfamiliar participant’s location and DSS in AENS during
the experiment

Legend:
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D. Procedures for DSS

The DSS evacuation procedure as below:

1) Certain areas will be blocked by fire (placing cones and
hanging rope with pictures of fire).

2)Each experiment involved 5 unfamiliar/familiar occupants
searching for wayfinding to exit.
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3) At start time, t; = 0, all the participants allocated randomly
in the office, according to the specific zone location.

4) All of them wore the specific tag with identification (ID)
number and color to differentiate the group.

5) The evacuation started as soon as the emergency alarm was
given out.

6) The participants evacuate, and need to follow the DSS. The
dynamic DSS in AENS consists of right arrow, left arrow,
straight arrow and no entry.

7) Once they arrived at the nearby staircase, we recorded their
arrival (end) time, te.

E. Measurement

In this section, the measurement was divided into two parts;
1) the arrival time taken from the allocated location until they
reach the nearby staircase; and 2) the outcome result from the
survey form.

The arrival time for individual participants were recorded
manually by two helpers. The first helper stops the stopwatch
once the participants reach the exit door. The second helper
gave a card with an ascending number to all the participants
based on first come first serve basis. It was purposely to
know the arrival position of the participants. Then, they will
record the time taken together with the arrival number.

After completing the experiment, all the participants being
asked to complete a survey related to the experiment and
system. The survey questionnaire included items that address
the constructs included in the proposed model, including user
satisfaction. Since the survey was conducted in government
office, the measurement that was originally written in English
was translated into Bahasa Malaysia. It starts with the brief
information about the research, then on the first section, the
five statements about the demographic characteristics
inclusive the experience in any emergency evacuation.

On the second section, we accessed the user satisfaction
towards their experience during the experiment. The six
statements were rated on a 5-point scale (5=very satisfied,
4=satisfied, 3=neutral, 2=not satisfied, and I1=very
dissatisfied) and one open-ended item. The statements
included: 1) I understand the purpose of the system
development; 2) the system is easy to follow; 3) The system is
easy to understand; 4) The system helpful to guide me to the
safest exit; 5) I would recommend the system to others; and 6)
Overall, I am satisfied with the new system. The seventh
question used open-ended item, so users have the opportunity
to comment about the system.

On the last section, we accessed six questionnaires
regarding the user understanding on the AENS dynamic
signage used using open-ended item. Prior to administering
the experiment and survey, the Fire and Rescue Department of
Malaysia examined the experiment and the survey
administration protocol. During the submission of the survey
form, the helpers check it to ensure all questionnaires
completed by the participants.
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IV. RESULTS AND DISCUSSION

In order to ensure that all objectives are answered, the results
and discussion section was divided into five parts;
D)participant’s demographic information, 2)experimental
observation, 3)comparison of the arrival time, 4)participant’s
satisfaction, and 5)findings from the objectives and
hypothesis.

A. Participant’s Demographic Information

As in Table 2, the data obtained from the 10 familiar and 20
unfamiliar participants; 50% are male and female, and with
the range age from 20 years old to 45 years old. 75% of them
have experience in fire drill, 25% never have any experience
and none has experience in the real fire. Age fraction of the
participants showed a different purpose for entering the
building. For example, 50% of unfamiliar participants were
interested to know more about education loans provided by
the office. It is consistent with the fraction of 40% is the
participants who have certificates and diplomas.

Table 2: Demographic information of the respondents (n = 30)

%
333%
66.7%

%
16.7%
20.0%
16.7%
36.7%
10.0%

0%

Education

SPM

Certificate
Diploma
Bachelor Degree

Status

Familiar
Unfamiliar

n

20

woohn o m

Gender
Male
Female

n
15
15

Master
PhD

50%

50%

=

Age
<20
20-
26-30
31-35
36-40
41-43
46-30
=30

Experience in Evacuation
Fire Drill

Real Evacuation

Never

%
76.7%
33%

20%

=N

0%
36.7%
36.7%

6.7%
10.0%
10.0%

0%

0%

23

O S bl

B. Experimental Observation

Unfamiliar: Level 13th - During the experiment 1 (E1) for
SSS, the participant with ID 1, 2, 4 and 5 were trying to find a
way out by using room to room technique, once they found
out the main entrance and alternative door with SSS have been
blocked by fire. They also discussed among themselves and
withdraw to previous location until the participant ID 1 found
the way to exit, called the others and finally reach the nearby
staircase. In experiment 2 (E2) for DSS, the participants
smoothly follow the signage provided and once they saw the
participant ID 1 passing the route to the exit, they just follow
until reach the nearby staircase.

Unfamiliar: Level 14th - The similar scenario as El
observed during the experiment 3 (E3) for SSS, but due to the
floor plan layout was not complex as in level 13th, the
movement is smoother. Level 14th layout was more open,
less “room in the room” concept, and easy to predict the
alternative route. Participant ID 3 was the first person found
the exit route, after withdrawals from the opposite room and
followed by others. During the experiment 4 (E4) for DSS,
the participants smoothly follow the DSS provided and reach
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the nearby staircase safely, exactly the same observation in
E2.

Familiar: Level 13th - During the experiment 5 (E5) for
SSS, all the participants directly follow their familiar route,
once they found out the main entrance and alternative door
with SSS have been blocked by fire. They able to find out the
alternative route since they are familiar with the floor plan
layout. The evacuation process during experiment 6 (E6) able
to minimize the duration time taken because the participants
follow the signage provided and they know the alternative
route available.

Familiar: Level 14th - The similar scenario as E5 and E6
been observed during the experiment 7 (E7) for SSS and
experiment 8 (E8) for DSS. Due to the open layout, they
easily predicted the alternative route.

C. Comparison of the Arrival Time

Fig. 6 and Fig. 7 illustrates the evacuation result of E1 vs E2,
and E3 vs E4 on the comparison of the arrival time taken for
unfamiliar participants to the nearby staircase, between SSS
and DSS for level 13" and 14%. Based on Figure 6, the
participant with ID 3 in level 13" recorded the small
difference of the arrival time compared to others due the
location was nearby the staircase exit and did not face any
obstacles of the fire hazard. On the other hand, the participant
with other ID 1 took longer time to arrive because need to go
through all areas during the wayfinding. During the
experiment, the arrival time for occupant ID 1, ID 2, ID 4 and
ID 5 shows more or less the same figure. As mentioned
during the observation, they discuss among themselves trying
to find a way out. In overall, we noticed that the evacuation
process completes faster when we implemented the DSS in
AENS with an average of 77 % and 45% of improvement in
level 13" and 14,
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Fig. 7: Comparison of unfamiliar occupants’ arrival time between

SSS and DSS at level 14 (E3 vs E4)

Fig. 8 and Fig. 9 shows the result of ES vs E6, and E7 vs
E8 on the comparison of the arrival time taken of the familiar
participants to evacuate to the nearby staircase, between SSS
and DSS for level 13" and 14", Despite they are familiar; the
evacuation time taken is faster when DSS is implemented with
10% and 18% of improvement in level 13" and 14th.
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Fig. 8: Comparison of unfamiliar occupants’ arrival time between
SSS and DSS at level 13" (E5 vs E6)
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D. Participant’s Satisfaction

Fig. 10 shows the participant’s satisfactory results after
analyzing the survey given once completes the experiment.
Majority of them voted for satisfied and very satisfied answer.
Question 1 (I understand the purpose of the system
development) showed 56.67% satisfied and 43.33% of very
satisfied. Question 2 (the system is easy to follow) achieved
balance results of 50% for both answer. Question 3 until 5
(the system is easy to understand, the system helpful to guide
me to the safest exit, I would recommend the system to others)
showed the same result; 46.67% of the participant was
satisfied and 53.33% were very satisfied. Highest satisfaction
of 56.67% was voted by a majority of the participants when
answering question number 6 (overall I am satisfied with the
new system) and 43.33% very satisfied.

60%

|

50%

o

s

3 4
Question No.

m Not Satisfied

m Very Dissatisfied

Fig. 10: Participants satisfaction towards the DSS in AENS

For unfamiliar occupants, we received several good comments
for question number seventh, such as, ““‘good”, *““an effective

1
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exercise”,
as provided
understand”, “

the buildings must have wayfinding signage to exit
in this exercise”, *“this system easy to
good! this system is easy to understand”, “ok,
good, “can be practiced at other multilevel building”, “good
in terms of preparation if real things happened™, “new system
needed to increase the effectiveness of the current system from
time to time. The systems need to communicate to make it
more practical. Well done!”, “this system is very helpful in
terms of route signs”, ““clear objectives and an organized
system and straight forward”.

On the other hand, for familiar occupants, they also give
the good comments, such as, “good”, overall good system”,
“use the real material such as fire or smokes for the
experiment”, “staff do not need the signage but the signage
makes us feel confident and safe”.  The  last  question
accessed on the user understanding related to the DSS used in
AENS during the experiment and achieved 100% the correct

answer for the signage used.

E. Findings from the Objectives and Hyphothesis

We applied inferential analysis, the Mann-Whitney U test
with continuity correction in order to further find out whether
the differences between the results are statistically significant.
The test is only focusing for unfamiliar occupants to study the
effectiveness of the experiment. As mentioned before, the
null and alternative hypotheses to the test are; Ho: There is no
difference in the experimental time taken result between SSS
and DSS, and Hj: There is a difference in the experimental
time taken result between SSS and DSS.

Based on the test result as shown in Table 3, the two-tailed
p-value for both levels is 0.027 and 0.001; which p-value <
0.05. Therefore, we rejected the Ho with this sufficient
evidence, significant (*p-value<0.05) and support our H; that
there is a difference in the experimental time taken result
between SSS and DSS.

Table 3: Mann-Whitney U test of Two-Sample

Level 13 Level 14
SSS DSS SSS DSS

Min 22.070 20.030 71.100  42.090

Max 267.030 57.090 97.171  48.000

Median 263.010 56.070 79.120  46.090

Mean 215.435 48.869 82.534  45.667

var 1688.790  261.425 99.468 5.205
p-value 0.027 0.001
*p<0.05

In previous section, we have set the objectives and hypothesis.
Overall, we founded that we have already achieved the
targeted objectives and the accepted hypothesis as shown in
Table 4.

Table 4: Summary of Objectives and Hypothesis
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Measurement Results and Findings

1. Compare time taken
within SSS and DSS

Time taken using DSS < time
taken using SSS

2. Understanding level
towards DSS

Very satisfied : 56.67%
Satisfied : 43.33%

3. Adverse DSS effect
(confuse/hesitation)

100% answered the correct
interpretation

p-value = 0.027 and 0.001;

4. Hypothesis for unfamiliar (Rejected Ho)

V. CONCLUSION

Our main focus is to ensure occupants able to evacuation
independently without any agents help towards the safest and
shortest nearby exit, potentially for unfamiliar occupants.
Through the experimental results, founded and strong support
that the time taken were reduce when we tested using DSS in
AENS. The two-tailed p-value 0.027 and 0.001 also has
proven its effectiveness to overcome the wayfinding problem
with the combination of system integration. In addition,
participant’s also claimed 56.67% of them were really
satisfied with the new system.

We will continue our efforts to extend the indoor
wayfinding research to further types of public buildings with
different spatial layouts and properties. This study is
predicted successful if human become as a subsystem and give
full cooperation, nevertheless, the enhancement is needed on
the policy enforcement. Besides, as claimed by [18],
evacuation data are generally affected by behavioral
uncertainty, and a single experiment may not be representative
of a full range of the behaviors of the occupants.
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