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Abstract— This paper introduces an emotion-based BDI (Belief, desire, intention) methodology to model decision-making during fire
evacuation simulations while considering human emotions. The methodology is designed to represent human decision-making processes
in graphical representations, which can be simply translated for the implementation phase to simulate various case studies. The
methodology utilizes the Belief, Desire, and Intention architecture and the OCEAN Openness, Conscientiousness, Extraversion,
Agreeableness, and Neuroticism) personality behavior to represent decision-making processes graphically, making it easy to translate
into a simulation. The methodology aims to create a more realistic simulation closer to real human behavior by incorporating emotions
that affect decision-making. In this paper, we validate the emotion-based BDI methodology by replicating the bushfire Australia case
study and benchmarking with the previous work on BDI fire evacuation. From the comparison, we found that both results share almost
similar patterns. The results show ""dead while still unaware" (0% vs. 0%), ""dead while deciding what to do" (69% vs. 48%), "dead
while defending" (6% vs. 8%), and ""dead while preparing to defend" (6% vs 28%), ""dead while preparing to escape' (4% vs 0%) and
"dead while escaping" (15% vs 20%). The results show that in our Simulation, there is a death related to preparing to escape (4% vs
0%). However, the other causes of death have an almost similar percentage of death causes. Hence, based on the comparison, supporting
and validating our emotion-oriented simulation model is considered adequate. Therefore, this emotion-based BDI methodology can
systematically reproduce human cognition and emotion.
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Some studies highlighted the importance of considering
I. INTRODUCTION emotion's influence in multi-agent decision-making and

Emotion-based BDI methodology is created based on the producipg more be}ievable agents [,3]’ [‘,‘]' In addition,
Belief, Desire, and Intention architecture and the OCEAN mtegrating the emotl.o.nal empathy of }ntelllgent. agents can
personality behavior [1] to represent decision-making during increase the gdaptablllty of tb?’ agent 1n.dynaI.mC sHugtwgs
a fire evacuation simulation while considering human [5 2 Mean\x{hlle, human cognition mogiehng with emotion is
emotion. The methodology in [1] is designed to represent important in real-world Al appllcatlon deyelopment [,6]'
human  decision-making  processes  in  graphical According to Zena et al. [7], emotion determines the moving
representations, which can be simply translated for the speed of an individual durlng. CrOWd, evacuation. Sevgral
implementation phase, such as to simulate various case works have been done on creating a simulation considering
studies. The methodology focuses on modeling a more complex human emotion in various scenarios or case studies,
realistic simulation closer to real human behavior where especially in multl-agent simulations. .
human emotion is used as one of the factors affecting Argente et 2,11' [3] 1ntr0ducec.i the computathnal models of
decision-making. Hence, the personality and behavior from emotion and .1ntegrated emotion anq horm 1n multl-ag§nt
the OCEAN personality model [2] are used as the affecting systems. In this case, an abstract architecture of a Normative
factors that trigger certain emotions and actions based on emgtl.onal agent 1s present.ed. Emotlon Is important 1n
different scenarios. Therefore, in this paper, a fire bush decision-making processes, in which emotion is taken into
simulation will be done using emotion-based BDI account apart from rules and consequences of human actions.
methodology Taverner et al. [8] proposed the representation of emotion for

' multi-agent systems by incorporating culture and language in
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the definition of emotion. Gratch et al. [9] propose the
integration of emotion with decision-making policy. Another
emotion-based agent is based on fuzzy logic [10]. Sanchez et
al. [4] highlighted the good practices for designing emotional
BDI agents that should influence all BDI reasoning processes.
Furthermore, emotion will influence the perception,
motivation, and agent decision-making. Meanwhile, the
emotional state must be explicitly modeled and influence the
agent behavior [11].

The details of the existing works are summarized in Table
L. Tt is worth noting that our paper is in line with the effort to
design believable agents in Simulation [10], [12]-[15].
Meanwhile, the work is not about deep learning on emotional
Al technologies to read, classify, and respond to human
emotions, as stated in [16].

TABLEI
COMPARISON OF DIFFERENT WAYS EMOTION CREATION IN SIMULATIONS
Emot} on Approach Advantages Disadvantages
creation
Reactive The perception No cognitive The process of
creation of particular process is creating emotions
[12],[13] eventsis involved, and all  is too complex for
directly agents who this simplistic
responsible for encounter the approach to be
generating same situation effective, and it
emotions. will experience lacks backing from
identical a psychological
emotions. theory.
Fuzzy [15] employ It is suitable for The approach is
appraisal fuzzy logic to emotions that not sophisticated
[2], [14], captureall are expressed as  enough to
[15] aspects of their basic numerical realistically handle
agents. In their values, and can the complex
emotional be easily process of emotion
model, each implemented. creation, and it
pair of emotions necessitates
is assigned a familiarity with
value between 0 fuzzy logic.
and 100, which Moreover, there is
is then no confirmation
translated into from any
an actual psychological
emotion using a theory.
fuzzy inference
rule.
Creation They have The method is Familiarity with
through incorporated based on theories of
cognitive  emotional psychological emotions is
appraisal behavior into theories of necessary, and the
theories their agents by emotion creation  implementation
[17]-[23]  utilizing and seeks to can be
cognitive imitate the challenging.
appraisal human process
theories of emotional
introduced in response. It
psychology. regards emotions
as an integral
part of the
agent's cognitive
behavior.

II. MATERIALS AND METHOD

This section presents the modeling and simulating of bush
fire through Emotion-based BDI methodology and Unity3D
emotion plugin. Our methodology is to promote Agent-
oriented modeling for modeling a complex socio-technical
system [24]—[28]. As stated in [29], the Simulation consists of
a residential area surrounded by a forest with 100 houses. One
occupant stays in each house. The residential area also
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consists of two shelters, one on the upper right and one on the
lower left. On a normal day, the residents are doing their
everyday activities. Suddenly, a bushfire outburst affected the
residential area. The occupants begin to defend their homes or
escape to a safer area.

A. Step 1: Actor Identification

Based on the description of the case study, there is only one
actor which is the occupant involved in the scene. Figure 1
shows the organization model for this case.

Occupant

Fig. 1 Organizational model

B. Step 2: Primary Emotion Modelling

Primary emotion modeling involves modeling the first
emotion an agent or actor feels during an event or situation.
The modeler can list all possible emotions according to each
role responsibility. The role model is adopted to model the
primary emotion of the actor. Table 2 shows the role model
for the occupant. The responsibilities of the Occupant are to
"defend the home, evacuate, avoid fire, avoid obstacles". The
constraints are "fire cannot be controlled, have an obstacle,
fire can't be controlled, the obstacle cannot be controlled".
The possible emotions that relates to the responsibilities and
negative emotions are listed in Table 2. For example, in the
responsibility of "defending home," the occupant might have
the fear emotion or the opposite of fear emotion, which is the
hope emotion. This means the occupant can either feel
hopeful or fearful when defending their home. The
determination of positive emotion will be related to the
responsibilities and what the actor might feel when fulfilling
the responsibility, respectively. While the negative emotion
will represent what the actor feels when the constraints
happen or when the responsibility is not met.

TABLE I
THE ROLE MODEL FOR THE ROLE OCCUPANT
Role Occupant
Description Respond to Fire
Responsibilities Posm.ve Constraints Negat.lve
Emotion Emotion

Defend home Hope Fire cannot be Fear
controlled

Evacuate Hope Have an Fear
obstacle

Avoid fire Hope Fire cannot be Fear
controlled

Avoid obstacles  Hope Obstacles Fear
cannot be
controlled

C. Step 3: Belief Modelling with Primary Emotion Modelling

This step involves modeling actors' primary emotions,
facts, or general beliefs. The domain model is adopted to
model the primary emotion and the belief further. In domain
modeling, the primary emotions will be represented based on



the different entities and the relationship between different
entities when an event occurs. The emotions will be
represented by a heart shape (positive emotion) and a spade
shape (negative emotion).

As shown in Figure 2, there are domain entities in the case
study of the fire evacuation during a bushfire. The agent with
the role of the occupant is situated in a residential area. The

"residential area layout" consists of "Physical objects" of the
types "Shelter", "Fire" and "House". With the role of
occupant, the agent perceives events and performs actions on
physical objects. Decision-making for the agent's action is
affected by the emotion of hope or fear. Then, "Memory" will
update the agent's belief whenever the agent perceives an
event.

has Performs
Memory Corresponds
Action Event
Occupant acts upon
associated
is situated with
in
Residential Consists of Physical
Area Object
[y
Shelther House Fire

Fig. 2 Emotion-oriented domain model

D. Step 4: Modelling Emotion, Desires and Intention
(Secondary Emotion)

This step models the secondary emotions, desires, and
intentions of the emotion-oriented BDI cognitive architecture.
The secondary emotions are the emotion that appears after the
primary emotion, which can also replace the primary emotion.

. f

) Occupant

‘@

Fig. 3 Emotion-Oriented ROADMAP goal model

For example, in a fire evacuation situation, the primary
emotion or the first emotion the victim feels is calm. After
seeing the fire spread, the actor's emotion can change to
become fear, which is considered a secondary emotion.
Hence, two layers of the modeling layer are introduced in this
step. The first level represents the higher-level desires and
primary emotions related to the goals through the
ROADMAP goal model, as shown in Figure 3.

The goals provide an overview of the functionalities that
an agent system should achieve. The goals can be divided into

sub-goals. There are two types of goals: functional goals and
quality goals, representing non-functional requirements for a
system. In the emotion-oriented methodology, at the first
level, the modeler can model the primary emotion associated
with every goal. The goals related to a role indicate the actor
or agent involved in achieving the goal. Using the OCEAN
personality type described by [2], we can model decision-
making based on human behavior, as shown in Figure 4.

Figure 4 shows the second level of goal modeling with the
emotion-oriented i* Tropos goal model. In this case study, we
include three personality types, which are type-
N(O+C+E+A+N-), type-C(O-N+), and type-AEO(O-C-E-A-
N+). Based on the bushfire case study, the behavior of the
three types of personalities is listed below:

e Type-C(O-N+) Have their ideas - These people are
conservative, dependent, and sensitive. They will
evacuate or defend blindly without considering the
surrounding environment.

e O-C-E-A-N+ Irrational behavior - These people are
sensitive, introverted, solitary, negative, and give up
easily. They may express irrational behavior during
evacuation. In the case study, this type of personality
will keep trying to escape when they perceive fire
without considering their surroundings and do not
defend their home.

e O+C+E+A+N- Leading behavior - These people have
opinions and stable emotions. They are independent
and may be a leader in the evacuation. They can make
a decision based on the surrounding environment and
are often calm.

The emotion-oriented i* goal model in Figure 4 represents

a more detailed goal decomposition of an agent with



personality type-N (O+C+E+A+N-), roles of the occupant, E. Step 5: Deliberation Modelling

and the secondary emotion, which involved the differ'ent Figure 5 illustrates the knowledge model. The knowledge
levels of fear emotions. The modqls a159 represpnt the beliefs model is used for deliberation modeling and further elaborates
of the actor. Besides, in the emotion-oriented i* goal model, and expands the belief. Table 3 describes the instantiation of
the task is affected by the emotional state of every subgoal the knowledge model.

according to the different types of agent's personalities

described previously. TABLE III

SCENARIO MODEL FOR ACHIEVING THE GOAL "STAY ALIVE" FOR
PERSONALITY TYPE N: (O+C+E+A+N-)
Goal Stay Alive
Initiator Occupant with personality type O+C+E+A+N-
Trigger Has Fire

Description
Belief Step Desire Emotion Plan Soft
: 7 goal/
/ goal or

Home to

, plan
i Fire 1 Defend Hope <Prepare Fire

defend>  Near

i i to Fire
évevare to defen> < Fight Fire > éevaretoEscaD> éscapero sne\m> Flght the
fire
' Fire 2 Evacuate Calm <Prepare  Danger
to and

escape>  Hope

S Escape

Fig. 4 Level 2: Emotion-oriented i* goal model for Victim with personality to
type-N (O+C+E+A+N-) shelter
<<Service>>
as Personality
PersonalityType
Occupant
Event
Info perceives
hasFire
health:int
firelsNear
defend_motivation:Float
- ) isDanger&Hope
escape_motivation Float
Emotion
contains
Positive Emotion: String
Negative Emotion:String
performs Action
Memory
type:String
acts upon
Residential Area Physical object
type:String

Fig. 5 Belief details representation through the knowledge model
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In the emotion-oriented scenario modeling, all possible
emotions are listed with the activity, which includes both the
positive and negative emotions as modeled in i* goal model

Occupant ]

based on the different personality types respectively, as
shown in Table 3

Personality H

t--1 Personality Type

..................... RSO SSRGS
Memory Y < [
hasFire
------
isDanger&Hope
&

.........................................

Evacuation

Emotion

Preparing for escape

®
Stay Home

Positive Emotion
Negative Emotion

Move to shelter

[
Packing Stuft

isDangdr=true

Locate shelter
Plan the path

Fig. 6 Behavior Model for Occupant

F. Step 6: Implementation/Platform-Specific Design

In this section, we demonstrate the viability of the proposed
methodology. From the replication of a case study [30] done
by [29], we extended the BDI tool [29] by adding the
emotional properties to the tools to create a similar simulation
scene with the same fire evacuation case study. As stated in

[29], the Simulation consists of a residential area surrounded
by a forest with 100 houses. Each house had one occupant.
The residential area also consists of two shelters, one on the
upper right and one on the lower left. On a normal day, the
residents are doing their everyday activities. Suddenly, a
bushfire outburst affected the residential area. The occupants
begin to defend their homes or escape to a safer area.
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4 N
Case ustrallan Bush Fire
Study 2
% : P,
[ | | ]
( | | | | A
Prepare for Fire: (
. ) Preparing to defend X X
Actions Observes Fire or Preparing to Fight Fire:Defending Escape:Escaping
Escape
\ } |
| [
4 N
Cognitive Motivation to Motivation to
Attributes Defend Escape
S
\. J

-

'a N 7 4 4 4
Can rabonaluse\ N ) )
) whether ’ ’
Can rationalise d (;fen ding is Cannot rationalise Can rationalise
whether ible b s?ed n whether Can rationalise | |whether escaping| [Cannot rationalise
defending is POSSING Ba5e0 0 defending is whether escaping is possible by whether escaping
. the chance to . . . :
Behavlour |possible based on rcelve fire. fire possible based on is possible by evaluating the is possible by
the chance ro polton y the chance to evaluating the environement and evaluating the
: perception radius, : : ; :
perceive fire, fire effect of perceive fire, fire environement and| |checking if a safe | |environement and
perception radius, reparation and perception radius, checking if a safe path exists to checking if a safe
effect of prep : effect of path exists to shelter but have path exists to
" defense action : ;
preparation and but have their preparation and shelter their o'wn idea shelter
defense action own idesiand defense action and principle
principle
. VAN J /J VAN J \ /
Por:;mallty Type-N: O+C+E+A+N- Type-C: O-N+ Type-AEO: O-C-E-A-N+
pe
« Personalities will have their o This people are conservative, . :::EI:, ’:‘:s;':’."r‘::a:':ﬁc -
own gpinions and stable dependent, and S.T\SM‘-Q. Does pom i “pr.‘” sy
emotions. They are very not consider surrounding et .
independent and may be a environmant IO SRR eepences
leader in evacuation
p
P°SS|.M° Calm,Hope or Fear Hope or Caln-Alem-Fear Hope or Calm-Alam-Fear-
Emotion -Panic
-Panic-Terror-Hysteria

Fig 7 Classification of emotional factors based on case study 2

As a preparation to run the experiment with case study 2,
the occupant behavior from related works [30] is extracted to
create the agent behavior and classify the behavior description
to the appropriate personality and emotion, as shown in Figure
7. From there, the agent modeling is done based on the
emotion-based BDI methodology. The agent models are
transformed into a BDI-based simulation Unity platform. The
emotion-based BDI methodology can be transformed into the
emotion-based BDI simulation by adopting our previous work
[29]. A BDI plugin tool has been created by [29] using the
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programming language provided by Unity3D to develop the
BDI simulation model. Hence, to develop the emotion-based
fire evacuation simulation through the emotion-based BDI
methodology, the same Unity3D tools will be used to
implement the proposed methodology. Using a
transformation guideline, the models were transformed from
Steps 1 to 6 into Unity3D constructs. To map the emotion
factor to the Unity Construct, we combined emotion with
belief, as emotion is described to be a part of the agent's belief.



Figure 8 shows the simulation interface for a fire
evacuation simulation. The interface contains the
Simulation's settings similar to those described in [29]. In the
emotion-based BDI agent simulation settings, the difference
is that the action is considered based on the personality type.
Hence, there are three types of agents "Occupants" which are
Occupant Type N: (O+C+E+A+N-), Type-C: (O-N+) and
Type-AEO: (O-C-E-A-N+).

e

Fig. 8 The interface of the fire evacuation simulation in Unity3D

Figure 9 shows the parameters used in our experiment. The
parameters, formulas, and calculations are similar to [29] and
[30], as we extended the simulation tool created by [29].

General Settings

Max_health 300
Nb_people 100
Fire Settings

Fire_proba_grow 0.5
Fire_proba_ungrow 0.1
Fire_proba_propag 0.4
Fire_initial_intensity 3
Fire_max_intensity 15
Fire_damage_factor 1
Fire_injury_factor 3
Fire_init_number 20
Fire_max_number 70
Buidling Settings
Building_max_resistance 300
Building_protection_factor 0.001
Building_min_protection 1
Building_fire_ready 150
Occupant Settings
People_further_awareness 7
Proba_detection 1
People_defense_radius 1
People_preparation_factor 10
People_fighting_factor 15
People_overconfidence_bi: 0.7
Motivation_update_rate 0.2
Ability_update_rate 0.01
People_proba_decide 0.1
People_proba_act 0.1

Fig. 9 Parameters Used

II1. RESULTS AND DISCUSSION

Figure 10 shows the percentage of causes of death in our
Simulation. The result obtained is as follows: 69% of the
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occupants died while still passive (indecisive); 15% died
while escaping; 6% died while defending; 6% died while
preparing to defend; 4% died while escaping. The percentage
of death is calculated by the formula below:

Number of people died

x 100% = Percentage of death (1)

Total number of death

0
Dead indecisive 69

6
Dead preparing defend 6
Dead preapring escape 4
Dead escaping 15

Fig. 10 Causes of death in our experiment

It shows that from our Simulation the highest percentage
of death is caused by dying while indecisive. This shows that
the occupant does not know how to respond to a fire or is still
making decisions. To evaluate the correctness of the model,
we compared our results from Figure 11 with the results from
Figure 12. From the comparison, we found that both results
share almost similar patterns. The results show "dead while
still unaware" (0% vs 0%), "dead while deciding what to do"
(69% vs 48%), "dead while defending" (6% vs 8%), and "dead
while preparing to defend" (6% vs 28%), "dead while
preparing to escape" (4% vs 0%) and "dead while escaping”
(15% vs 20%). From the results, it shows that in our
Simulation there is a death related to preparing to escape (4%
vs 0%), however, the other causes of death have an almost
similar percentage of death causes. Hence, based on the
comparison, supporting and validating our emotion-oriented
simulation model is considered adequate.

Dead indecisive

Fig. 11 The Simulation results from [30]

Our result is then compared with a statistic from the 2009
Australian bushfire, as described by [30], to further validate
our model together with the simulation result. The
comparison of actual death rates, Simulation with BDI death
rates, and Simulation with emotion-based BDI death rates is
shown in Figure 12. We discovered that the Simulation done
with our method shows very similar death rates to the actual
death rate compared to the Simulation done only with BDI.



The comparison shows that the "passive" death rate in our
Simulation is similar to the actual results (69% vs 69%).
While "escape" death rates (14% vs 15%) and "active" death
rates (17% vs 16%) are also quite similar.

Causes of death rates

69 69

48

1
|
|

Escape Pasive Active

WReal mSimulated with BDI Simulated with EBDI

Fig. 12 Comparison between real, simulated with BDI and simulated with
EBDI (our Simulation) rates of death causes.

However, in the experiment done with only BDI, the results
are quite different from the actual result and emotion-based
BDI (48% vs. 69% vs. 69%). This is because the simulations
done by [30] and [29] do not have a "passive sheltering" state.
This means that an agent that started actively preparing cannot
return to a passive state. Therefore, with the introduction of
emotion with the emotion-based BDI methodology, the agent
can now go back to a passive state or passively wait for rescue
based on the behavior, personality type, and emotion reaction
description. The action and plan of the agent are obtained
based on the personality type, which then portrays the
emotion of the agent, allowing the agent to go back to being
passive or indecisive (deciding on what to do). This shows
how the added personality and emotional factors affected the
decision-making and allowed the simulation to be simulated
closer to the real situation. This means our method can be used
to model human emotion during evacuation to create an
emotion-oriented simulation model that can replicate actual
situations.

IV. CONCLUSION

This paper shows how to model a complex fire evacuation
simulation while considering the emotional properties and
converting the models into our proposed Unity3D bdi plug. It
has shown the potential of emotion-based BDI methodology
can systematically reproduce human cognition and emotion.
In future work, we will integrate and expand our methodology
with emotion and mood in line with works like [11], [31], and
[32] to integrate mood and emotion for agents. Another work
is to model the inference of other information based on
individual emotional expressions [33]. Meanwhile, we will
further enhance our current model based on the theory of
constructed emotion as stated in [34]-[36] and the taxonomy
of emotion [37].

Furthermore, we will continue to improve our emotion-
based BDI platform based on the components presented by
Mascarenhas et al. [38]. As emotion-based Al is still actively
researched [39], [40], evaluation case studies on this research
are needed. One way is to evaluate the effectiveness of the
emotion-based technology with a group of people to
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understand the user's perception when interacting with an
emotion agent [40], [41].

ACKNOWLEDGMENT

The funding for this project is made possible through the
research grant obtained from UNIMAS under the Smart
Partnership grant [FO8/PARTNERS/2103/2021].

REFERENCES

C. H. Paschal, C. W. Shiang, S. K. Wai, and M. A. Bin Khairuddin,
"Developing Fire Evacuation Simulation Through Emotion-based
BDI Methodology," Int. J. Informatics Vis., vol. 6, no. 1, pp. 45-52,
2022, doi: 10.30630/joiv.6.1.854.

T. Liu, Z. Liu, M. Ma, T. Chen, C. Liu, and Y. Chai, "3D visual
simulation of individual and crowd behavior in earthquake
evacuation," Simulation, vol. 95, no. 1, pp. 65-81, 2019, doi:
10.1177/0037549717753294.

E. Argente, E. Del Val, D. Perez-Garcia, and V. Botti, "Normative
Emotional Agents: A Viewpoint Paper," IEEE Trans. Affect. Comput.,
vol. 13, no. 3, pp- 1254-1273, 2022, doi:
10.1109/TAFFC.2020.3028512.

Y. Sanchez-Lopez and E. Cerezo, "Designing emotional BDI agents:
Good practices and open questions," Knowl. Eng. Rev., vol. 34,2019,
doi: 10.1017/50269888919000122.

S. A. Alanazi, M. Shabbir, N. Alshammari, M. Alruwaili, I. Hussain,
and F. Ahmad, "Prediction of Emotional Empathy in Intelligent
Agents to Facilitate Precise Social Interaction," App!. Sci., vol. 13, no.
2,2023, doi: 10.3390/app13021163.

G. Zhao, Y. Li, and Q. Xu, "From Emotion Al to Cognitive AL," Int.
J. Netw. Dyn. Intell., pp. 65-72,2022, doi: 10.53941/ijndi0101006.
Z.Tian, G. Zhang, C. Hu, D. Lu, and H. Liu, "Knowledge and emotion
dual-driven method for crowd evacuation," Knowledge-Based Syst.,
vol. 208, p. 106451, Nov. 2020, doi: 10.1016/j.knosys.2020.106451.
J. Taverner, E. Vivancos, and V. Botti, "Towards a Computational
Approach to Emotion Elicitation in Affective Agents," in Proceedings
of the 11th International Conference on Agents and Artificial
Intelligence, 2019, pp. 275-280. doi: 10.5220/0007579302750280.

J. Gratch and S. Marsella, "A domain-independent framework for
modeling emotion," Cogn. Syst. Res., vol. 5, no. 4, pp. 269-306, Dec.
2004, doi: 10.1016/j.cogsys.2004.02.002.

M. Bourgais, P. Taillandier, L. Vercouter, and C. Adam, “Emotion
Modeling in Social Simulation: A Survey,” J. Artif. Soc. Soc. Simul.,
vol. 21, no. 2, 2018, doi: 10.18564/jasss.3681.

M. Shvo, J. Buhmann, and M. Kapadia, "Towards modeling the
interplay of personality, motivation, emotion, and mood in social
agents," Proc. Int. Jt. Conf. Auton. Agents Multiagent Syst. AAMAS,
vol. 4, no. Aamas, pp. 2195-2197, 2019.

L. Luo et al, "Agent-based human behavior modeling for crowd
simulation," Comput. Animat. Virtual Worlds, vol. 19, no. 3-4, pp.
271-281,2008, doi: 10.1002/cav.238.

L. Van Minh, C. Adam, R. Canal, B. Gaudou, H. Tuong Vinh, and P.
Taillandier, "Simulation of the Emotion Dynamics in a Group of
Agents in an Evacuation Situation," 2012, pp. 604-619. doi:
10.1007/978-3-642-25920-3_44.

H. Jones, J. Saunier, and D. Lourdeaux, "Fuzzy Rules for Events
Perception and Emotions in an Agent Architecture," in Proceedings of
the 7th conference of the European Society for Fuzzy Logic and
Technology (EUSFLAT-2011),2011. doi: 10.2991/eusflat.2011.34.
M. Kazemifard, A. Zaeri, N. Ghasem-Aghaee, M. A. Nematbakhsh,
and F. Mardukhi, "Fuzzy Emotional COCOMO 1II Software Cost
Estimation (FECSCE) using Multi-Agent Systems," Appl. Soft
Comput., vol. 11, no. 2, pp. 2260-2270, Mar. 2011, doi:
10.1016/j.as0¢.2010.08.006.

W. Zakaria, U. K. Yusof, and S. Naim, "Modelling and simulation of
crowd evacuation with cognitive behaviour using fuzzy logic," Int. J.
Adv. Soft Comput. its Appl., vol. 11, no. 2, pp. 132-149, 2019.

J. Dias and A. Paiva, "I want to be your friend: Establishing relations
with emotionally intelligent agents," 12¢th Int. Conf. Auton. Agents
Multiagent Syst. 2013, AAMAS 2013, vol. 2, pp. 777-784,2013.

G. Marreiros, R. Santos, C. Ramos, and J. Neves, "Context-Aware
Emotion-Based Model for Group Decision Making," IEEE Intell.
Syst., vol. 25, no. 2, pp. 31-39, Mar. 2010, doi: 10.1109/MIS.2010.46.

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]



[19]

[20]

[24]

[25]

[26]

[27]

(28]

[29]

M. El Jed, N. Pallamin, J. Dugdale, and B. Pavard, "Modelling
character emotion in an interactive virtual environment," AISB 2004
Conv. Symp. Lang. Speech Gesture Expressive Characters, 2004.

M. Ochs, N. Sabouret, and V. Corruble, "Simulation of the Dynamics
of Nonplayer Characters' Emotions and Social Relations in Games,"
IEEE Trans. Comput. Intell. AI Games, vol. 1,no. 4, pp.281-297, Dec.
2009, doi: 10.1109/TCIAIG.2009.2036247.

N. Pelechano, K. O'Brien, B. Silverman, and N. Badler, "Crowd
Simulation Incorporating Agent Psychological Models, Roles and
Communication," Jan. 2005. doi: 10.21236/ADA522128.

B. G. Silverman, M. Johns, J. Cornwell, and K. O'Brien, "Human
Behavior Models for Agents in Simulators and Games: Part I:
Enabling Science with PMFserv," Presence Teleoperators Virtual
Environ., vol. 15, no. 2, pp. 139-162, Apr. 2006, doi:
10.1162/pres.2006.15.2.139.

A. Zoumpoulaki, N. Avradinis, and S. Vosinakis, "A Multi-agent
Simulation Framework for Emergency Evacuations Incorporating
Personality and Emotions," 2010, pp. 423-428. doi: 10.1007/978-3-
642-12842-4_54.

M. Ten, W. Cheah,and Y. W. Sim, "Engineering Blockchain Enabling
Win A Fortune Game among Novice through eAOM," in /4th ACM
Web Science Conference 2022, Jun. 2022, pp. 443-450. doi:
10.1145/3501247.3539018.

N. Hussain, C. W. Shiang, S. Loke, and M. A. bin Khairuddin, "A
Multi-Agent Simulation Evacuation Model Using The Social Force
Model: A Large Room Simulation Study," JOIV Int. J. Informatics
Vis., vol. 6, no. 1-2, p. 221, May 2022, doi: 10.30630/j0iv.6.1-2.929.
N. Hussain and C. W. Shiang, "Modelling of Crowd Evacuation with
Communication Strategy Using Social Force Model," J. Optim. Ind.
Eng., vol. 15, no. 1, pp. 233-241, 2022, doi:
10.22094/JOIE.2021.1941247.1898.

S. F. binti Zulkifli, C. Waishiang, M. A. bin Khairuddin, N. binti Jali,
and Y. R. binti Bujang, “How to Model an Engaging Online Quiz? The
Emotion Modeling Approach," J. Telecommunictions Inf. Technol.,
vol. 1, no. 2022, pp. 54-63, Mar. 2022, doi:
10.26636/jtit.2022.156221.

N. YenChern, C. WaiShiang, S. KengWai, M. A. bin Khairuddin, N.
bt Jali, and E. ak Mit, "Developing fire evacuation simulation through
BDI-based modelling and simulation," J. Phys. Conf. Ser., vol. 2107,
no. 1, p. 012047, Nov. 2021, doi: 10.1088/1742-6596/2107/1/012047.
S. K. Wai, C. WaiShiang, M. A. Bin Khairuddin, Y. R. B. Bujang, R.
Hidayat, and C. H. Paschal, "Autonomous Agents in 3D Crowd
Simulation Through BDI Architecture," JOIV Int. J. Informatics Vis.,
vol. 5,no. 1, p. 1, Mar. 2021, doi: 10.30630/joiv.5.1.371.

1671

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

C. Adam and B. Gaudou, "Modelling Human Behaviours in Disasters
from Interviews: Application to Melbourne Bushfires," J. Artif. Soc.
Soc. Simul., vol. 20, no. 3, 2017, doi: 10.18564/jasss.3395.

S. T. Tzeng, N. Ajmeri, and M. P. Singh, "Noe: Norm Emergence
and Robustness Based on Emotions in Multiagent Systems," Lect.
Notes Comput. Sci. (including Subser. Lect. Notes Artif. Intell. Lect.
Notes Bioinformatics), vol. 13239 LNAI, pp. 62-77, 2022, doi:
10.1007/978-3-031-16617-4_5.

S. T. Tzeng, "Engineering Normative and Cognitive Agents with
Emotions and Values," Proc. Int. Jt. Conf. Auton. Agents Multiagent
Syst. AAMAS, vol. 3, pp. 1878-1880, 2022.

J. Luo, M. Dastani, T. Studer, and B. Liao, "What Do You Care About:
Inferring Values from Emotions," 22nd Int. Conf. Auton. Agents
Multiagent Syst. (AAMAS 2023), pp. 2289-2291, 2023.

G. Simi¢ et al., "Understanding Emotions: Origins and Roles of the
Amygdala," Biomolecules, vol. 11, no. 6, p. 823, May 2021, doi:
10.3390/biom11060823.

K. Taveter and T. Igbal, "Theory of Constructed Emotion Meets RE,"
in 2021 I[EEE 29th International Requirements Engineering
Conference Workshops (REW), Sep. 2021, pp. 383-386. doi:
10.1109/REW53955.2021.00067.

T. Igbal, J. G. Marshall, K. Taveter, and A. Schmidt, "Theory of
constructed emotion meets RE: An industrial case study," J. Syst.
Softw., vol. 197, p. 111544, Mar. 2023, doi:
10.1016/j.jss.2022.111544.

R. Pekrun et al., "A three-dimensional taxonomy of achievement
emotions.," J. Pers. Soc. Psychol., vol. 124, no. 1, pp. 145-178, Jan.
2023, doi: 10.1037/pspp0000448.

S. Mascarenhas, M. Guimaraes, P. A. Santos, J. Dias, R. Prada, and A.
Paiva, "FAtiMA Toolkit -- Toward an effective and accessible tool for
the development of intelligent virtual agents and social robots," 2021,
[Online]. Available: http://arxiv.org/abs/2103.03020

M.T. Ho, N.-T. B. Le, P. Mantello, M.-T. Ho, and N. Ghotbi,
"Understanding the acceptance of emotional artificial intelligence in
Japanese healthcare system: A cross-sectional survey of clinic visitors'
attitude," Technol. Soc., vol. 72, p. 102166, Feb. 2023, doi:
10.1016/j.techsoc.2022.102166.

Y. Sullivan, S. Nyawa, and S. F. Wamba, "Combating Loneliness with
Artificial Intelligence: An Al-Based Emotional Support Model," Proc.
Annu. Hawaii Int. Conf. Syst. Sci., vol. 2023-Janua, pp. 4443-4452,
2023.

M. Gutica and S. Petrina, "Emotional Agents in Educational Game
Design," in Research Anthology on Game Design, Development,
Usage, and Social Impact, 1Gl Global, 2022, pp. 411-432. doi:
10.4018/978-1-6684-7589-8.ch021.





