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Abstract 

C3Fire is a micro-world that provides the simulation system, which is use to improve team 

management skills in fully controlled enviroment. C3Fire system can be used  in research 

process where researcher can select some characteristics of the real world and create the well 

controlled simulation system. Training is used for developing skills to tackle with emergency 

situation.  

The purpose of our thesis is to develop and test, Communiacation and Self Organization   

cofigurations in a team training environment. Success of dealing with emergency 

management situation mostly depends on these training factors. 

In the first step we had studied different theories and research work relevant to 

Communication and Self Organization. In second step we studied the structure of the C3Fire 

then we developed different configurations based on communication and self-organization. In 

third step we test these training session with the real world participants. Finally we analyze 

the behavior of the participants while playing the game. 

Keywords: C3Fire, Simulation System, Micro World, Teamwork, Self Organization and 

Communication 
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1 Introduction 
Teamwork is creating a work culture that values collaboration. In teamwork, people 

understand and believe that planning, thinking, decision and action are far better when done 

separately. People recognize and belief that ―none of us good as all of us‖. Teamwork is a 

joint action of two or more than two peoples, in which they contribute with different skills and 

express his opinion in a group in order to achieve common goals. This doesn‘t mean that 

individual have no importance: this means that effective and efficient teamwork goes beyond 

the individual accomplishment.  

Simulated environment is the traditional training methodology used to train the people in the 

team. Simulation is the replication of some real thing or process. The act of simulating 

something is generally to represent real characteristics or behavior of the physical or abstract 

system. 

Simulation is used in many contexts, such as for performance optimization, safety 

engineering, testing, training and education. Simulation environment is used to represent of 

real world situation in controlled environment. The control environment behaves much like a 

real world environment. Key issues in simulation include acquisition of valid source 

information about the relevant of key characteristics and behavior, the use of simplified 

approximation and assumption within the simulation and fidelity and validity of simulation 

outcome. 

C3fire is also such kind of simulated environment that allows collaboration training and 

controlled studies of cooperation and coordination in dynamic environment. In c3fire, fire 

fighting strategy is used to examine close coordination and planning for teamwork due to its 

complex and emergent appearance. Typical learning goals in c3fire are to understand how to 

perform distributed planning, coordinated actions, communication and tactical reasoning. 

In c3fire simulation environment team can be trained by different ways, depending on the 

desire characteristics of trainer. Some major training objectives are to train teams regarding: 

 Coordination 

 Self Organization  

 Communication 

 Logistic Handling 

 Information Searching 

The goals of each aspect are to create controlled environment in specific domain to achieve 

the required characteristics of the team. Although each of these aspects are separate from each 

other but some of them are dependent on each other. 

1.1 Aim 
Aim of our project is to create and test different scenarios of Self Organization and Communication.  



 

2 
 

Self organization is a process of evolution where the effect of the environment is minimal. In self 

organization the main purpose is to train and test the people in a way to accomplish the goal in a 

team, players cannot communicate with each other. All communication is done through staff 

members. Each player has to organize his own self in such a way that whole team become more 

organize. 

Communication is a process of transferring information. In C3fire, there are three different ways for 

communication between the players i.e. Mail, Diary and GIS. Our main propose is to find which 

communication tools are more appropriate for better communication and controlling environment.  

1.2 Outline 
This thesis contains the following chapters: 

 Chapter 2: In this we will presents theoretical framework and literature regarding 

various methodologies and approaches for decision making, teamwork and situation 

awareness.  

 Chapter 3: This chapter provides detailed description of C3Fire environment, its 

functions and simulation layers. 

 Chapter 4: This chapter is focused on configurations and scenarios designed for self 

organization and communication training. It applies knowledge of theories presented 

in chapter 2 with understanding of C3Fire presented in chapter 3. It also explains how 

theories presented in literature apply to designing of different configurations.   

 Chapter 5: This chapter contains our analysis of our work. It will cover both analysis 

on designed scenarios and experiment results. 

 Chapter 6: In this chapter we conclude our findings and present an overall summary 

with important results. 
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2 Theory 
This chapter discusses general theories presented and discussed in literature about decision 

making, situation awareness and teamwork in command and control environment. In other 

chapter, we will discuss how these theories apply to simulation environment and 

configurations designed for logistics and coordination training as part of our work. 

This chapter is organized as follows: Next section contains information about decision 

making followed by text on types of decision making and RPD model. Next section discusses 

OODA loop variations followed by FRAM model. Second last section contains information 

about teamwork and team performance in emergency situations. Last section presents theories 

of situations awareness (SA) and different levels of SA. 

2.1 Decision Making 
“Decision making can be regarded as an outcome of mental processes (cognitive process) 

leading to the selection of a course of action among several alternatives. Every decision 

making process produces a final choice. The output can be an action or an option of 

choice.”[1] 

2.2 Types of Decision Making 
There are different theories of decision making but normative decision theory and naturalistic 

decision theory being the central theories in decision making. 

2.2.1 The Analytic Approach 

Analytic theories require some kind of formal comparison among decision alternatives using 

deliberate and procedural rules that quantify those alternatives. This results that all related 

factors can be both identified and quantified in terms of their absolute or relative impact. 

Methods of comparison are relying on various kinds of sequential or distributed, logical 

and/or mathematical algorithms, so that there is a direct link between facts and conclusions. 

Numerous specific procedures for comparing alternatives are known, most of which can be 

computationally modeled by production systems operating on a representation of the problem 

space. Many, for example, are based on Bayesian statistics and evaluate options for different 

hypotheses and probabilities of the accuracy of different observations. Other analytic 

strategies include subjective expected utility analysis, single feature difference, and 

elimination by aspects. [2] .The basic idea is to compare multiple options concurrently to 

arrive at an optimal solution Analytical decision making tends to be thorough, but time 

consuming. Theoretically, experience is not necessary for effective analytical decision making 

-- reasoning power is enough. [3]  

2.2.2 The Intuitive Approach 

Over the last 10 to 12 years, intuitive theories of decision making have become important, in 

explaining decision making in C2 and other complex, real-world domains. Natural Decision 

Making (NDM) theories are based on descriptive, rather than normative, models of the 

strategies employed by experienced decision makers in coping with real problems. [3] In 
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NDM the focus in the decision event is more front-loaded, so that decision makers are more 

concerned about sizing up the situation and refreshing their situation awareness through 

feedback, rather than developing multiple options to compare to one another. [4] Intuitive 

decision making strives to find the first solution that solves the problem, rather than waiting 

for the "best" solution. This approach relies on an experienced commander's ability to find out 

the key elements of a problem, rapidly integrate them, and make a proper decision. Intuitive 

decision making thus replaces analysis on the bases of experience and judgment. [3] 

 

A short definition of naturalistic decision making is ―NDM is the way people use their 

experience to make decisions in field settings” [4] 

Orasanu and Connolly (1993) described the eight key characteristics of naturalistic decision 

making settings. 

Those characteristics are ill-structured problems, uncertain dynamic environments, shifting or 

competing goals, action/feedback loops, time stress, high stakes, multiple players, and 

organizational goals and norms. These characteristics are usually found in battle situations at 

least as much as in any other human activity. Command and control operation are therefore an 

almost ideal setting for research to better understand naturalistic decision making processes 

and for the application of those processes to improve command and control performance. [4] 

2.2.3 The recognition-primed decision (RPD) model: 

“The Recognition-Primed Decision (RPD) model asserts that decision makers draw upon 

their experience to identify a situation as representative of or analogous to a particular class 

of problem. This recognition then leads to an appropriate course of action (COA), either 

directly when prior cases are sufficiently similar, or by adapting previous approaches. The 

decision maker then evaluates the COA through a process of .mental simulation” [5] 

 

The RPD model proposed that experienced decision makers generate fewer alternatives for 

action and that they generate the options sequentially. The decision maker does not directly 

compare the alternatives but instead, stops generating alternatives when a reasonable decision 

is found. The focus is on understanding the situation and judging its ease, not on the 

generation of options and the direct comparison of the alternatives (perhaps through 

calculation) to find an acceptable solution. The decision maker is aware of the demands of 

time and of the possible inaccuracy of the whole information. [4] 

2.2.4 Principles of intuitive approach 

There are three basic principles underlie intuitive theories.  

 

1. The first one is that decisions are made by sequential, holistic evaluation of potential 

courses of action against some criterion of acceptability rather than by feature-by-

feature comparison of multiple alternatives along multiple dimensions. 

 

2. The second principle is that the decision maker bases primarily on recognition-based 

processes to generate options and compare them to previous experiences. Thus, there 
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is no exhaustive generation and comparison of two alternatives. Instead, the decision 

maker identifies possible courses of action by first assessing the situation then 

recognizing past situations that are similar.  

 

3. The third principle is that decision makers adopt a satisfying criterion, stopping the         

search when an acceptable course of action is identified, rather than searching for an    

optimal solution. Real world situations often demand very rapid responses and decision 

makers may have to accept a solution that merely works without considering whether a 

better solution exists.[3] 

 

Intuitive decision making attempts to find the first solution that solves the problem, rather 

than waiting for the ―best‖ solution. The intuitive model works on the assumption that is 

based on personal experience; the commander will generate a workable first solution, and 

therefore does not need to develop numerous options. If time permits, the decision maker may 

evaluate his decision; if he finds it defective, he moves on to the next reasonable solution. [3]  

 

Each model of decision making has its strengths and weaknesses; which is better depends on 

the nature of the situation, particularly on the time and information available. Typically, the 

analytical approach is more appropriate for deliberate planning rather than to military action, 

when the time is measured in hours or days and extensive information can be gathered and 

processed. In this situation, modeling, simulation, and exercises may be useful in allowing the 

commander to evaluate his potential courses of action. The intuitive approach is more 

appropriate for the fluid, rapidly changing environment of combat, when time and uncertainty 

are critical factors. In practice, the commander usually will integrate certain analytical 

methods and decision aids into an essentially intuitive process whenever the situation 

warrants and time permits. 

 

2.3 Distributed Decision Making 
A group decision is made by a set of actors who work together to achieve a common goal in a 

very immediate and concrete way. There is typically a single, identifiable outcome from the 

group process: a paper is written, a diagnosis is agreed upon, a budget is allocated, or a policy 

is set. In contrast to groups, decentralized organizations are composed of multiple 

autonomous actors in a distributed decision environment. Distributed decision making 

involves a set of actors who are autonomous within their sphere of concern, and act 

independently based upon their own understanding of the situation they confront, but who 

recognize that they have interdependencies among themselves. Coordination in a distributed 

decision setting is more likely to emerge when the autonomous agents are able to take their 

interdependencies into account in deciding on their independent actions. This requires a 

sharing of their different perspectives among themselves, in a process of perspective taking. 

For the one person situation, distributed decision making can be useful in order to better 

understand or manipulate a complex decision situation. This will particularly be necessary for 

dynamic systems when decisions have to be made distributed over time and when new 

information is acquired. For the multi person situation, distributed decision making is even 
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more obvious. Apart from the diverse information the decision makers might possess, one 

particularly has to consider the distinct decision rights and decision competence as well as the 

kind of communication between the decision making units. [6 & 7] 

2.4 Situation awareness 

Many definitions of SA (situation awareness) have been developed. Some are very closely 

tied to the specific domain and some are more general. Most simply put, SA knows what is 

going on around you. [10] Endsley formally defines SA as, ―The perception of the elements in 

the environment within a volume of time and space, the comprehension of their meaning, and 

the projection of their status in the near future” [8] 

 

2.4.1 Model of situation awareness 

 

 
Figure 2.1: Endsley’s model of situation awareness [9] 

Level1: At the first level of situation awareness we collect all the cues and evidences needed 

to find out what is going on. Cues and clues are anything that your senses can capture. Thats 

why it is so important to not rush the process but to take a moment to concentrate on the task 

of size-up. Endsley calls this first step the perception phase of situation awareness. This is 

where paying attention is so important. [9] 

Level2: At the second level, we take all those cues and clues captured in your size-up and 

make sense out of what it all means. Endsley calls this the comprehension phase of situation 

awareness. [2] Brain takes the cues and clues gathered in step one and searches through 

memory stores for similar experiences. If an individual have more training and experience, 

obviously, it‘s easy for his brain to pick the information that will help to figure out what is 

going on. This helps us decide our strategy and tactics. [9] 

http://en.wikipedia.org/wiki/File:SA_Wikipedia_Figure_1_Shared_SA_(20Nov2007).jpg
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Level3: The third level of situation awareness is most challenging stage being able to predict 

what is going to happen in the future. Endsley calls this the projection phase. Predicting the 

future isn't easy, but it is essential in the emergency scene. Commanders must be able to not 

only figure out what is happening right now, but what is going to happen next. This realistic 

anticipation of future events is what's going to help improve safety. [9] 

Remember, situation awareness is more than just paying attention. [9] 

2.5 The OODA-loop 
The OODA (Observe-Orient-Decide-Act) loop was developed in an attempt to make clear 

why American fighter pilots were more successful than their opponents in the Korean War. It 

explains fighter combat in terms of four activities, or stages. As the name means the first 

stage, Observe, involves taking note of some feature of the environment. The second stage, 

Orient, refers to pointing one‘s aircraft towards the opponent, so as to be in a good position 

for entering the third stage, the Decide stage, which involves deciding what to do next. This 

leads to the fourth stage, Act, which involves implementing what has been decided. Following 

the Act stage, a new observation is made, and so it goes. No explicit consideration is given to 

exiting from the loop. Perhaps Boyd did not see the need for this; if the Act stage is successful 

there is, of course, simply not anything more to observe, so the loop would stop for be short of 

input. 

              
Figure 2.2: Boyd's OODA loop [21] 

                                           

Later Boyd developed the OODA loop into a more general model of winning and losing. This 

later version of the OODA loop is shown in Figure 2.2. It was proposed to apply to various 

forms of combat, and not only one-on-one fighter engagements. As Figure 2.2 shows, Boyd 

achieved generalization of the OODA loop by elaborating the Orient stage from representing 

a physical orientation to representing a mental orientation and by introducing a number of 

feedback loops, thus actually placing the OODA-loop in the cybernetic camp. Figure 2.3 

shows the modified version of OODA loop. 
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Figure 2.3: The modified OODA-loop [21] 

                                                       

2.5.1 The Dynamic OODA loop 

The Dynamic OODA loop is an attempt to remedy the shortcomings of the OODA loop. 

Firstly, it includes a representation of the effects. Secondly, it includes the concepts required 

to break free from the purely reactive model of C2. Thirdly, it provides a representation of the 

functions required for C2. [21] 

 

MILITARY ACTIVITY has been added in DOODA loop to remind that, in anything but one-

on-one combat, the act stage in military circumstances is highly complex and may, in turn, be 

composed of a number of sub-processes, and, second, in that a number of stages have been 

added between the INFORMATION COLLECTION stage and the DECISION stage to reflect 

the fact that C2 decisions are not based on raw information but that the information must be 

processed into understanding and planning before a decision can be made. SENSEMAKING 

means a form of understanding in terms of what can be done. The concept of sense making 

differs from the individually oriented concepts of situation awareness and situation 

assessment. One possible outcome of the sense making process is that the mission has been 

accomplished, and that no further action is required, as indicated in the figure. [20] 

 

COMMAND CONCEPT acknowledge that the information actually used is only a subset of 

the information that is available, and that this subset has been chosen by the commander and 

his staff, based on their emerging concept of the operation that informs them about what they 

need to know. The command concept provides guidance for the planning process, which then 

leads to a more detailed concept of how the commander‘s intent is to be achieved, as a basis 

for the decision about what to do and the subsequent orders. It also helps the commander and 
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his staff to cope with the mass of information that will be received during the actual operation. 

[20] 

 

 

 
Figure 2.4: The Dynamic OODA loop (DOODA loop) [20] 

                                         

The term SENSORS is introduced between the effect and the information to acknowledge that 

the commander and his/her staff  the information they can access is filtered by the sensors 

available to the commander, including, of course, people. The term FRICTIONS between 

MILITARY ACTIVITY and EFFECT points to all the factors that will prevent the effect 

from turning out exactly as the commander intended. Such a term could have been added also 

on the information side of the figure. The arrows are an important feature of the DOODA 

loop. They represent the fact that, a given function requires that other functions have been 

accomplished. Thus the arrows specify logical relations among the functions, and they should 

not be given too strict a temporal interpretation at the process level. At that level, there may 

well be overlap between the processes that accomplish the different functions. This goes also 

for SENSEMAKING and COMMAND CONCEPT. The arrows are in every level of C2. The 

formulation of the DOODA loop in terms of functions in aid of the overall C2 function 

contributes to this aim. [20] Model in Figure represents our current best understanding of the 

likely relations among functions. The DOODA loop is to be a general model of C2, valid at  

2.6 FRAM Model 
Functional resonance accident model describes socio-technical systems by the functions they 

perform rather than by their structure, and aim to capture the dynamic of such systems by 

modeling non linear dependencies and variability with such functions are performed. FRAM 

postulates both normal behavior and failure are emergent phenomena that cannot be attributed 

to specific system components. In FRAM, functional resonance is the detectable signal that 

emerges from the unintended interaction of the weak variability of many signals. [18] Since it 

must be based on an understanding of system functions rather than system structures. The 
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entities are therefore more likely to be characteristic or frequent functions than to be system 

structures or physical units. In some cases a characteristic function are closely associated with 

a structural unit. The steps of FRAM are presented here.  

 

Step 1: Identifying functions. Six aspects that a FRAM module addresses for each function 

that is identified. 

 

 Inputs (I) which are needed to perform the function. Inputs constitute the links to 

previous functions and can be either transformed or used by the function in order to 

produce the outputs.[19] 

 

 Outputs (O) that are produced by the function. Outputs constitute the links to 

subsequent functions.[19] 

 

 Resources (R), representing what is needed by the function to process the input (in 

terms of,     e.g., hardware, procedures, software, energy, manpower). [19] 

 

 Controls (C), or constraints, that serve to supervise or restrict the function (to monitor 

it and adjusts it when it goes astray). Controls can be active functions or just plans, 

procedures and guidelines. [19] 

 

 Preconditions (P), which are system conditions that must be fulfilled before a function 

can   be carried out. A common precondition is that another step or process has been 

completed or on the other hand a specific system condition has been established. [19] 

 

 Time (T), which can also be considered a special kind of resource. All processes take 

place in time. Time can also be a constraint in the sense that there is a time window for 

an activity. [19] 

 

A graphical representation of functions is shown in Figure 2-5. 

                    
Figure 2.5: The hexagonal function representation [19] 
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Step2: Characterizing the (context dependent) potential for variability using a checklist. 

  

Common performance conditions are identified in the FRAM method to be used to elicit 

actual variability: [19] 

 Availability of personnel and equipment 

 Training , preparation, competence 

 Communication quality 

 Human machine interaction  

 Availability of procedures  

 Work conditions  

 Goals, numbers and conflicts 

 Available time  

 Stress 

 Team collaboration  

 Organizational quality 

 

Step 3: Define functional resonance based on identified dependencies among functions. 

  

The output of the functional description of step 1 is a list of functions each with their six 

aspects. These functions may be linked together through their aspects. The output of one 

function may be the input of another function. When the links between functions are found 

through thorough analysis of functions and common aspects, these links may be combined 

with the result of step 2. [19] 

 

Step 4: Identify barriers for variability and specify required performance monitoring. 

  

Barriers are hindrances that may either prevent an unwanted event to take place, or protect 

against the consequences of an unwanted event. In FRAM, four types of barriers systems are 

identified. [19]  

 Physical barrier systems block the movement of mass, energy or information. 

 Functional barrier systems set up preconditions that met before an action can be 

undertaken. 

 Symbolic barrier systems are indications of constraints on actions that are physically 

present.  

  Incorporeal barrier systems are indications of constraints on actions that are not 

physically present .[19]  

2.7 Teams & teamwork: 
A team is defined as ―A group of interacting individuals sharing a common goal and the 

responsibility for achieving it‖ [12] 

Teams are used in every field like aviation, the military, health care, financial sectors, nuclear 

power plants, engineering problem-solving projects, manufacturing, and countless other 

domains. Teams are used when errors lead to severe consequences; when the task complexity 



 

12 
 

exceeds the capacity of an individual; when the task environment is ill-defined, ambiguous, 

and stressful; when multiple and quick decisions are needed; and when the lives of others 

depend on the collective insight of individual members.[11] 

 

 As teamwork is defines as cooperative effort by the members of a team to achieve a common 

goal. [13] 

 

Teamwork is becoming increasingly important in many multi-agent environments, such as, 

virtual training, interactive education, internet-based information integration, RoboCup 

robotic and synthetic soccer, interactive entertainment, and potential multi-robotic space 

missions. Teamwork in such complex, dynamic domains is more than a simple union of 

simultaneous coordinated activity. [13] 

2.8 Self organization: 

Self-organization is a form of workplace decision-making in which the workers or individuals 

themselves agree on choices instead of an owner, manager or traditional supervisor telling 

workers what to do, how to do it and where to do it. One of the significant success factors for 

such teams is clear responsibilities assigned to team members. And one can also look at 

nominating an informal leader. The idea of self-organized teams is not only novel and 

revolutionary but also the highest form of empowerment. Self-organization starts long before 

a person arrives on the business scene. The concept of self-organized teams has many benefits 

for the individuals involved and for the organization as a whole. One of the benefits of self-

organization is getting individuals out of their comfort zones. This allows for individual 

responsibility to grow in the form of team cohesiveness to strengthen, and leadership qualities 

to emerge. 

The concept of self-organized teams, works well when the team members have 

complementary skill-sets. Maturity levels need to be high and a very high sense of 

involvement needs to be there for the concept of self-organized teams to work. Thus, a high 

sense of involvement is a prerequisite to successful self-organized teams. Self-organization 

starts at the personal level with an ability to manage you, being organized, managing time 

effectively, and carving out time for self-improvement. Self management or self organization 

may work well when team sizes are small and there are limited personality conflicts.  

Self-organization can solve many problems faced by companies or agencies - be it training 

employees, reducing attrition/ staffing, creating hierarchies, automating processes to make 

them system dependent - & would result in savings at the same time. But certain critical 

factors need to be taken care off for moving towards it:  

1. Showing benefits of this concept to the teams 

 2. Empowering these self-organization teams to take decisions on their own  

3. Evolve right performance evaluation factors for these teams  

4. Recognition of the teams  
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5. Need not be said - needs to be top driven. 

Self organization requires self leadership as a pre requisite to be effective. And self leadership 

is much dependent on a person's maturity level. Unless a person is able to lead self 

effectively, their ability to contribute in a self managing team will be abysmal. Self-

organization is a great idea for those who are dedicated, driven, and looking to create 

something. Behind the most successful self-organized teams is a manager ensuring that the 

team knows the target, the boundaries, and have the resources to do the job. [14] 

2.9 Communication in (simulation environment) Microworlds:  
Microworlds are simulated environments that realistically capture aspects of decision making 

problems. Microworlds are low-fidelity computer simulations, providing a computer-

generated task environment that has complex, dynamic and opaque characteristics 

(Svenmarck and Brehmer, 1991; Brehmer and Dörner, 1993; Granlund, 1997; Granlund, 

2002). With the use of microworlds we can bridge the gap between the confines of the 

traditional laboratory experiment and the ―deep blue sea‖ of field research. [15]  

Microworlds are characterized by the fact that they are complex, dynamic and opaque 

(Brehmer and Dörner, 1993). They are complex because they pose many goals, which means 

that the participants have to consider several options concurrently, e.g., different courses of 

actions or contradicting goals. Secondly, they are dynamic in the sense that participants have 

to consider different time-scales and unforeseen effects since the relationship between 

different variables are uncertain. Opaqueness refers to those dimensions of the simulation that 

are invisible to the participant, e.g., the speed, direction, and impact of wind. Opaqueness 

forces participants to make hypotheses and test them in order to understand and control the 

system. By enabling the experimenter to manipulate these dimensions, microworlds provide a 

much more tractable, reproducible, and flexibly designable research environment than a field 

study (Brehmer and Dörner, 1993; Gray, 2002). Furthermore, with microworlds the researcher 

is able to investigate questions that cannot be addressed in either field studies or laboratory 

experiments (Gray, 2002), and at the same time address issues that can be seen in real world 

tasks (Dörner and Schaub, 1994). It has been shown that experimental participants take well-

designed microworlds seriously and become so engaged that their behaviour becomes 

completely natural and, accordingly, valuable to the researcher (Dörner and Schaub, 1994; 

Gray, 2002). These considerations make microworlds valid tools for studying the impact of 

culture on decision making in command and control settings. [15] 

Many of the characteristics in the microworlds are similar to the characteristics of tasks that 

people normally encounter in real-life situations, allowing controlled studies of decision-

making, both by individuals and teams of decision-makers. [16] 

2.9.1 Geographical information systems 

2.9.1.1  Introduction 

In the last two decades, many organizations working with emergency management (EM) have 

made extensive investments in various information and communication technologies (ICT), 

such as geographical information systems (GIS), advanced databases, and mobile 

applications, with the goal of increasing performance and control in their work. This includes 



 

14 
 

management of everyday accidents and emergencies, as well as response to crises and 

disasters. Various powerful, easy to use – and understandable – computer-based decision 

support and information management systems have been proposed to assist EM participants to 

achieve a higher level of sophistication in information support during emergency response 

efforts. [16] 

2.9.1.2  Background 

Geographical information systems (GIS) are computer-based systems, which integrate 

different technologies for spatial visualization, data management, decision modeling, and 

planning, and provide a common organizational framework for heterogeneous 

multidimensional data. In EM, most of the initiatives to use and integrate GIS within the work 

of EM organizations have arisen in the last two decades. GIS have been used to support 

emergency response operations during the World Trade Center terrorist attacks, the hurricane 

Fran and Katrina response and recovery, and many others. [16] 

Present GIS for command and control applications are designed to support tasks such as real-

time assessment of the responded events, access to operational data about the target area and 

the operational resources, and, not the least, data exchange between commanding officers. 

Such support GIS offers may influence the way that commanding officers give orders to their 

subordinates, for example in form of mission tactics (extinguish fires north east of city X), or 

direct control (go to position x, y), and consequently how well command teams perform. For 

example, the mimetic representation of reality that GIS provides to its users may encourage 

such direct control. Thus, the communication is likely to be different with GIS compared to 

the traditional data exchange using paper-based maps. [16] 

At the same time, the handling of systems, such as GIS, is becoming increasingly complex, 

requiring much attention from the users under a high level of stress. In many EM 

organizations, commanding officers do not work with GIS on a daily basis. These 

commanding officers have often problems to fully exploit the functionality as well as to 

understand and interpret the presented data in GIS. Many EM organizations working with GIS 

may thus encounter significant problems in using these systems when they are challenged by 

extraordinary situations that demand use beyond the ‗normal‘ operations. In such situations, 

for example large flooding, forest fires and storms, it happens that GIS is abandoned for less 

sophisticated equipment, especially in communication intensive phases. This development is 

worrying since ICT, and particularly GIS, are becoming an indispensable part of modern 

emergency response operations. Most command and control systems are also becoming more 

and more coupled, meaning that it soon will be impossible to perform important tasks without 

using the equipment. There is thus a risk that GIS-based command and control applications 

meant to improve efficiency may actually become a bottleneck for performance. [16] 

2.9.2 Electronic mail 

Email is by far the most popular form of computer mediated communication. Because it has 

been so widely adopted for communication within organizations, people are receiving an 

increasing amount of email on the job. To inform the design of technology that may alleviate 

the communication overload problem, we conducted an empirical study to understand 

decision rules and strategies people use to reply to, file, or delete email messages. [17] 
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Electronic mail often abbreviated as email or e-mail, is a method of exchanging digital 

messages, designed primarily for human use. 

2.10 Theory Summary 

To sum up, teams operating in emergency situations need to make decisions quickly by 

analyzing situations and should work as a team removing impediments in teamwork. 

Granularity of details may vary about approach towards decision making and team work but 

at abstract level, these all theories apply to C2 environment teamwork. We will discuss their 

application in other chapters. 
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3 The C3Fire Environment 

3.1 Overview 
C3fire is micro world, where different member of the team collaborate with each other in the 

dynamic environment. In C3fire players work like a team, coordinate with each other. The 

main purpose of this simulation is to create different scenarios: perform experiments on it to 

observer the respective results. C3fire based on real world scenario where player‘s main task 

is to disengage burning fire in the forests.  

C3fire is derived from Command, Control and Communication.C3fire is a simulation tool 

which is used to examine the collaboration between different team members. In C3fire the 

target area is forest fire fighting. Forest fire fighting is a sub ordinary interest and has been 

chosen because it creates a good dynamic task environment for the subject. In this fire 

fighting task group of people coordinate with each other to achieve one single goal (disengage 

the fire from forest). 

In general C3fire session environment contain different type of static objects like forest, 

houses, hospitals, schools, market, persons etc. Firefighting units are under the control of 

emergency management team. Emergency management team consists of humans running the 

system. In the system there are water units and gas units, which are used to fulfill the needs of 

fire fighting units. Water and gas units are also under the control of team. 

Team consists of two types of human players, one is trainee/fire fighting unit chiefs and other 

is staff members/commanders. Fire fighting unit chiefs is responsible for low level of 

operations like fire fighting. Fire fighting unit chief‘s main role is to protect houses, hospitals, 

markets etc. from the fire while staff main role is to take a big picture of the system, analyze, 

make strategy and communicate with the fire fighting unit chiefs.  The communication among 

the team members can be done by emails, diary and GIS.  

Figure 3.1 shows the hierarchy of the system. In the figure fire-fighting unit chiefs controls 

the fire fighting units which are on the ground level. On the upper level Command and staff 

members give instruction to the fire-fighting unit chiefs. Experiment manager is the person 

who manager and whole experiment. Experiment manager analyze the team strategy and 

coordination between the team members. 

The purpose of C3fire is to analyze the team performance and collaboration work in a 

simulated environment. During the session log files are generated, which are used later to 

analyze the performance of the team, how they responded in the different situations. C3 fire 

simulative environment play an important role in creating complex, dynamic, real world 

environment that is used for training of emergency treatment organization members.  
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Figure 3.1: C3Fire environment hierarchy [22] 

Our main focus on this thesis report is on two prime areas Self Organization and 

communication. These two areas are playing very important role in the emergency treatment 

organization. 

In next few sections we will explain purpose, characteristics of micro world, simulative 

environment etc. 

3.2 Purpose 

3.2.1 Training 

C3fire is used to train the people. In this environment, they can learn how to communicate 

and co-operate with each other to disengage the fire. Different players handle different units, 

but as their task is common so they have to co-ordinate with each other by using note book or 

email, they have to work together like a single team. Players can experience problem 

regarding communication, coordination to exchange information. Practicing and playing game 

again and again will make them expert and increase communication capabilities. They get 

know the needs of the other players to achieve their goal as a team. 

3.2.1.1 Emergency Management Systems 

Emergency Management Systems mainly focuses on dealing with risks. It evolves preparation 

for disaster. Emergency management is a continuous process in which group of people 

manages hazard or try to reduce the impact of the hazard and appropriate action are taken 

depending on the nature of the hazard. Effective emergency management is dependent on 

effective emergency plan. Every individual performance is dependent on the other individual. 

Figure shows the cycle of emergency management. 
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Figure 3.2: Emergency Management Cycle [22] 

Emergency management system is also called as social dynamic system, which 

contains different actors communicating with each other. In Emergency management 

system decision maker‘s goal is to set coordination between the teams to reach the 

certain goal state and to limit the negative consequences on human, material and 

economic environment as far as possible. This type of system needs hieratical 

organization because one of its characteristics is that it often get complex. 

A complex dynamic system consists of target system, controlling system and staff. 

 

 

Figure 3.3: A complex dynamic system [22] 

   

Figure 3.3 shows these three entities in the perspective of forest fire fighting. Target area is 

the target of the emergency organization system. In forest fire fighting, target area is the fire 

in the forest. The controlling system is the objects that are used by the staff members to 

control the target system. Fire fighting units, water units, fuel units etc. are the controlling 

system of the fire fighting units. Staff is for controlling the whole situation. They collect the 

info and take necessary steps according to situation. Their task is to command and control the 

organization. 
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3.2.1.2  Complex dynamics system 

Emergency Management Systems are complex dynamic system and controlled by distributed 

decision making. The complexity and dynamic behavior make it difficult to predict and 

control. State of the system is change on the action of the decision maker. 

Complex dynamic systems usually have following criteria: complexity, dynamics and 

opaqueness. Complexity of the system can be handled by gathering relevant information and 

making hypothesis about the system. Dynamics of the system means that its state changes 

according to the action of the decision makers and decision makers have very little time to 

make decision. Opaqueness means it‘s difficult to see the state of the system and what the 

relation between them is. 

3.2.1.3 Emergency Management System 

In emergency management system there are two types of knowledge: theoretical knowledge is 

learned from theoretical studies while experience-base knowledge is learned by using the 

system in the real situation. Experiences based knowledge is preferred in such kind of 

simulation base system. 

Knowledge can also be described in three levels of human action control as shown in figure 

3.4: knowledge based behavior, rule based behavior and skill based behavior. 

 

 

Figure 3.4: The level description of human action control [22] 

 

The knowledge based behavior represents activities that are activated by explicit goals and 

mental model of the problem. Rule based behavior is a conscious activities controlled by 
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stored that may have been derived on the basis of previous occasions. Skill based behavior 

based on activities based on intentions. 

There is a difference between novice and expert users. Novice user is totally new for the 

system and has no practical experience of the system. On the other hand expert users have 

knowledge if using the system. He can use the system more efficient way. This means the 

experience work on rule and skill based behavior level. 

3.2.1.4 Training Goals 

The goal of emergency management system is to train the people, so that they can have 

experience of handling emergency situation in the real world. Training for emergency 

situation in the real world is often too expensive. The purpose of simulating the environment 

is to fill the gap between the theoretical studies and work in the real world. This means that 

this system is used to train the people for the understanding of the real world. 

3.2.2 Research 

The main idea behind the C3fire is to create bridge between valid field studies and laboratory 

research.C3fire is micro world that provide the environment to be used to carry on research on 

communication, command, control and leadership. C3fire system is a good way to analyze, 

improving leadership qualities, team collaboration, decision making carried out in dynamic 

context etc. In C3fire researcher can select the important characteristics of the real world and 

can apply of small control simulated environment. By using these characteristics, system 

generate task environment that have complex and dynamic characteristics.  

C3fire is highly configurable simulated environment. Researcher can configure the system to 

meet their research goals. On the basis of goals of researcher, player‘s organizations and 

communication structure can be setup. It depends on the purpose of game, configurations can 

varies. Organization can contain up to 20 players depending on the task and speed of the 

server. 

To analyze the performance of the team members, computer based monitoring is used. During 

the game playing session, log file is maintain, where all information regarding the session is 

stored for carrying on further research on it.  

3.3 Characteristics of Microworld 
Some of the characteristics of Micro world are as follows: 

1) It is used for experiment learning, exploring, investigating and searching. 

2) It provides structure, which allows user to get meaningful structural knowledge. 

3) It allows user to see its feedback, which is used to judge efficiency of the user. 

4) It saves all information in the form of log, which is used for judgment. 

5) It is conceptual based. 

3.4 Simulation Environment 
C3fire is a simulated environment where group of people coordinate each other to disengage 

fire at certain location. Team members communicate with each other by using diary, emails or 
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any other communication tools, depends on the configuration. Some of the important features 

of the simulations are as follows: 

 

Figure 3.5: C3fire simulation environment [22] 

                

3.4.1 Fire Fighting Units 

In C3fire environment any object that can move inside the simulation environment is called 

unit. Fire fighting units in the simulation are some of the roles in the simulation use by the 

players to disengage the fire. Some of the common fire fighting units is Fire fighters, Water 

Tanks, Fuel Tanks etc.    

Fire fighters: Fire fighters are used to disengage fire area particularly. Its properties 

common properties are moving speed, water, fuel etc. Default value of water and fuel 

depends on the setting of configuration. Fuel is used for moving fire fighter from one 

place to another place. Water is used when fire fighter is on the fire burning place (to 

disengage fire).   

Water Tanks: Water tanks work as a supplier to fire fighters. Water tank fills its 

water from any water resource provided in the simulation and then provide it to the 

fire fighter to disengage the burning place. Water tanks should always have enough 

water to help other fire fighting units. Its properties include its moving speed, water 

capacity etc. Its properties depend on the settings of the configuration. 
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Fuel Tanks: Fuel tanks are fuel supplier to all units. Almost every unit needs fuel to 

move from one place to another place. Fuel tanks can supply fuel to any unit. Fuel 

tank should always have enough fuel to help other fire fighting units. Fuel tank fills its 

fuel from any fuel resource provided in the simulation. Its properties also include its 

moving speed, fuel capacity etc. Its properties depend on the setting of the 

configuration. 

Depending on the configurations, some extra units can also be added like car, helicopter etc. 

3.4.2 Objects 

Objects are some of the static images placed in the simulation. Different object have different 

properties. Some of the object burn fast and some burn slowly. Some of the objects are as 

follows: 

Houses    

Pine Trees                         

Birch   

Fuel   

Water     

Fuel and Water logistic have different properties.  

Fuel: Fuel logistic provides fuel to all vehicles. It is a static object so it can‘t move. It 

works like fuel station, any unit come near to it to fill its fuel. Fuel tank also came near 

to it to fill its tank. 

Water: Fire fighters and fire tanks can come near to water logistic to refill its water. It 

works like water supplier.  

3.4.3 Organization  

Configuration of organization depends on the training and research goals. Organization can be 

varied, depending on the target you want to achieve. Typically C3fire architecture consists of 

four layers. The layers are emergency alarm, staff members, unit chiefs and ground units as 

shown in figure 1. 

Emergency alarm: Emergency alarm is a top layer of the simulation architecture. 

Alarm system can also be said as task assigner. Whenever fire burns, it send messaged 

to staff members. 

Staff: Staff members are at the second level in hierarchy. The purpose of staff 

members is to watch the whole situation and get the whole situation under control. 

Staff members can only send messages to fire fighting unit‘s chiefs. Staffs are the 

main persons who make a plan of fire fighting to disengage fire. Staff members give 

commands to the fire fighting unit chiefs. 
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Figure 3.6: Four layer architecture of C3fire [22] 

 

Fire Fighting Unit Chiefs: Fire fighting unit chief‘s responsibility is to control the 

ground units. Their tasks have defined by staff members. They have to follow the 

instruction of staff members. They also have to inform the staff members about the 

situation near to him. Depending on the situation, some time they have to take 

decision on their own. 

Ground Units: There are different types of ground units. Fire fighting units are the 

most common one. They are totally under control of the fire fighting unit chiefs. Fire 

fighting unit‘s task is to disengage the fire. Fire fighting units can be moved by simple 

mouse drag and drop. Some of the others ground units are water tanks and fuels. The 

responsibility of water tank is to provide water to fire fighting units and responsibility 

of fuel tank is to provide fuel to all moving units. 

Number of players can be varying, depending upon the configuration and server 

speed. Any number of players can be placed at any level of hierarchy. One player can 

handle more than one unit. Players can communicate with each other by using 

different means of communication like diary, emails etc (depending on the 

configuration). 

3.5 Monitoring 
C3fire also have functionality to monitor the collaboration, and it is integrated in almost all 

modules of the system. Computer based monitoring is used to analyze the collaboration 

between players in C3fire. During the session, log file is create which contains all 

collaboration information occurs during the session. Figure shows complete hierarchy of 

creating the log file. Log file save data of individual work of the players in terms of personal 

Map (GIS) and on the collaborative work in terms of information about the email and the use 

of the distributed (GIS) and Diary. 
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During the session play, system creates the log file of configuration. In the log it keeps track 

of all dynamic activities done by the players.  

 

Figure 3.7: The Log Process in the C3fire Environment [22] 

 

3.5.1 Quantitative Analysis 

The quantitative analysis based on information which is gather by analyzing player‘s 

performance and collaboration from the simulation tools and player‘s communication. The 

purpose of quantitative analysis is to gather information in the form of graphs and 

mathematical calculations so that it can be measures and compare. The information medium 

in C3fire is maps, emails and diary. The information gather by emails and messages are little 

bit harder to analyze. But it is good way to analyze how they communicate with each other in 

different situation. The information gathered by simulation analysis is used for performance 

measurement and how well the team has solved their task. The information extract from GIS 

has mainly used to observe situation awareness and some of the information distribution. 

3.5.2 Session Replay 

Session replay function allows the manager and the members to see their whole session by 

high speed playback. Session replays the whole activities occurred during the session. It 

shows where the fire has burned and how they reached to the burning location. How fire 

fighting units manage to disengage the fire. The main reason of session replay function is to 

show the collaboration and some of the important steps they have taken during the fire 

fighting. Session replay also play important role in team learning. After playing they can view 
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their play and analyze, which steps are positive and which are not required at certain time. 

Team member can share their views during the session replay. Session replay is a most 

important component of the C3fire. Session is played at several distributed workstations but 

session replay can only be seen at one workstation.   

3.6 Analysis 
By the data collect by monitoring of C3fire four types of analysis can be perform: 

Effectiveness of the teams, the information distribution in the organization, the situation 

awareness and the student work and collaboration methods.  
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Figure 3.8: Analysis goals 
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4 Training Self organization & Communication 
After having understanding of various theories and models related to decision making, 

teamwork and situation awareness, this chapter is dedicated to description of sessions 

designed to train for logistics handling and coordination aspects in computer based simulation 

environment. It links to knowledge presented in previous chapters to form sessions having 

attributes to effectively measure logistics and coordination capabilities of team in C2 

environment. The topics in this chapter provide in-depth and focused discussion on scenarios 

and their effectiveness to measure logistics and coordination aspects of teamwork. You may 

need to go back to previous chapters to consult and review concepts as this chapter build upon 

knowledge of previous chapters. 

4.1 Training Day 
Players on a training day may be involved in playing several sessions, normally 4 to 7 in one 

training day. Training day starts with instructions about environment, training organization, 

simulation system and training goals, before playing any session. After this, training continue 

with session play and each session involve simulation fire fighting, post review, questions and 

planning for next session. After last session, debriefing on complete training can be organized 

and participants are presented with conclusive remarks. 

Before any session play, pre-sessions training is intended to give necessary knowledge to 

players about training goals, environment, simulation system and training organization. It is 

followed by one or multiple sessions‘ play; wherein each session play, players play simulated 

task, filled some questionnaire about that session play and conduct discussions about positive 

and negative aspects of their session play in team. This helps them refine their plans for 

upcoming sessions play. After finishing sessions‘ play, final briefing is conducted with 

conclusive judgment and with words of thanks or some rewards to players or teams on various 

dimensions. 

4.2 Scenarios 
This section contains detail about various scenarios designed for training and testing. It 

contains detail about session, players‘ organization, training goals, expected outcomes with 

information about decisive factors that determines success or failure to achieve goal in a 

session. 

In the following sections, we will describe each type in detail. 

4.2.1 Self Organization Scenario 

This scenario is for self organization and this designed for six players. Two level hierarchy is 

used where players (P1, P2, P3, P4) can communicate with the help of staff members (S1, 

S2). So players (P1, P2, P3, P4) cannot communicate directly. In this configuration we have 

eight firefighting units, one car, two water trucks and two fuel trucks. The aim of this scenario 

is to test self organization capabilities of team working in this scenario. We put all the units at 

the center of the map and place each unit near to each other.  Since this configuration is for 

self organization so everybody have capability to control everything. 
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Figure 4.1: Organization in Self Organization Scenario 

 

4.2.1.1 Training Goals  

Major focus in this session is checking self organization, logistics handling, and 

communication patterns among team. It helps in practicing situations where everybody is 

responsible for controlling everything and they need to collaborate in a controlled manner for 

accomplishing some goal.  

Training goals for these sessions are: 

 Checking player‘s capability to handle multiple tasks at same. For example 

firefighting with water plus fuel supply and coordination with other players. 

 Training player to handle multiple tasks under emergency situation while working in a 

team. 

 Training player to work in a team in a loosely coupled fashion where everybody has 

everything required to perform his task.   

There are two interesting scenarios made available in this category: 

 Single Responsibility Scenario: 

 Mix Logistics: 
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4.2.1.2 Single Responsibility Organization: 

Evolution: 

First we configured this scenario with one fuel truck unit and one water truck unit. That result 

in failure in controlling the fire. Then we added one fuel truck unit and one water truck unit. 

We also removed one firefighting unit and added one car that functions to move all over the 

area to find out the fire. After the addition of water and fuel truck unit, team performed well. 

Since each player has opportunity to control every unit but during test it is observed that 

players preferred to take same units. For example player P1 take only fire fighting units. In 

the same way other players also take the same units. So we can say that each player has only 

single responsibility. Team success depends on abilities and performance of the players. 

Player used natural approach of decision making rather than more rational approach requiring 

more time and effort as it suits for dynamic emergency situations requiring immediate 

response (see Natural Decision Making). 

To give each player, all resources required fighting fire; it seems that reducing dependency on 

other players. However, this tests player‘s ability to focus at multiple goals at the same time. 

It also test how players coordinate in such a loosely coupled organization where their 

coordination will be primarily for fire-fighting which is primary task and not to resolve some 

dependency such as water requests. In such scenarios, it may be possible to accomplish task in 

both ways; by fire fighting individually and by coordinating fire fighting with other players.  

However, approach to accomplishment is important to team building and teamwork. 
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Figure 4.2: Map of Self Organization Configuration 

 

4.2.1.3 Mix Logistics 

This is one of interesting scenario of self organization that would test players self organization 

ability for handling logistics. Having six players, two (P1 and P2) controlling fire fighting 

trucks and other two (P3 and P4) are controlling one water and one fuel truck each and other 

two are staff members. 

 Training Goals 

This session is really interesting and can be used for many training objectives: 

 It can train players to work in a team with defined hierarchy and responsibilities.  

 To train players to manage different interactions within team for different objectives. For 

example: 

o Firefighters need to communicate with players responsible for logistics supply. 

o Firefighters need to coordinate with each other for firefighting. 

o Logistics players need to coordinate for logistics handling. 

 To check coordination patterns among team players. It can help to check and train people 

to 
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o Individualist nature: Players who prefer to work alone or with limited & explicit 

interaction; feel ease with more individualist type of working where less 

communication and interaction is required and more individual work is required.  

o Communicative and Collaborative nature: Players who prefer to work in close 

collaboration and coordination with other players in a team. Interaction does not 

bother them and they don‘t hesitate to request and offer services and help from 

other players in a team. 

To train people for better planning, defining working style and then sticking to plans. More 

than one working style can work out but it‘s really difficult to accomplish objective without 

any plan. 

 

4.2.2.1 Evolution 

There is direct dependency of player A and player B on other two units for water and fuel. 

Player C and Player D have mix responsibilities for both water and fuel. As logistics are 

shared by Player C and Player D, this would make it interesting that how they manage this 

shared responsibility, as success will depend how well they worked in combination not as 

individuals. 

Strong interaction among players is required at multiple levels: 

 Players A and Players B need to synchronize firefighting efforts with each other.  

 Players C and Player D need to communicate to share information. They can share 

each other‗s load if some particular player (C or D) is having more request, it can pass 

some to other player. 

 Player A and Player B will communicate with Player C & D for logistics. This     

      Communication will be requests for logistics. 

 

This configuration will test logistics handling, planning & coordination capabilities of a team 

with some work on self organization. Major emphasis in this configuration is testing self 

organization among team. Coordination is necessary to successfully accomplish this scenario 

but coordination details can vary in granularity. Some teams of more individual nature will 

make sub grouping like (Player A will work with Player C and Player B will work with Player 

D. 

 

4.3 Communication 
In the world today, teams play an important role in ensuring that many projects are 

accomplished. When we work in a team then we have shared objective. One key element to 

successful teamwork is communication. Communication is a two-way lane - There is giving 

and receiving. 70% of mistakes at the workplace are a direct result of poor communications. 

Team communication takes the credit, and blame, for almost every team success or crisis. 



 

31 
 

That's because almost everything we do hinges on communication. Communication is a 

process by which information is exchanged between individuals through a common system of 

symbols, signs, or behavior.  

4.3.1 C3fire communication means. 

 Mail: The mail system  is available in the simulation environment for the 

communication purpose with in the fire fighting team. It is based on a textual 

communication mecahnism.This mail system contains an interface through which a 

user can send or recieve electronic mail with in the session. 

 Diary: It is another way of communication. Its aims to support the work in the staff 

room and on the other hand it is as similar as the actual diary. 

 GIS: The purpose of GIS is to communicate by pointing on the map (Geographical 

Location). 

We want to train people to effective use of these communication means and any of 

combination to achieve given task. 

 Mail 

 Mail + Diary 

 GIS + mail 

 GIS + mail + Diary 

4.3.2 Scenarios:  

This section contains detail about various scenarios designed for training and testing: Major 

focus in this session is check teamwork, logistics handling, and communication patterns 

among team. It helps in practicing situations where everybody is responsible for single task 

and they need to collaborate in a controlled manner for accomplishing some goal. It provides 

clean separation as no person is handling multiple tasks. In these scenarios each player can 

see and control his own units. The interesting thing in these scenarios is that each unit can 

view fire when it will be near to fire location.  

There are two variations of this scenario: 

 Indirect communication 

 Direct communication 

4.3.2.1 Indirect communication 

In indirect communication players are not allowed to communicate directly but players 

communicate with the help of staff members. There are number of different communication 

medium available for players but we designed different communication patterns.  

Mail only: The configuration is designed for six players. Two level hierarchies are used 

where players (P1, P2, P3, and P4) cannot communicate directly but these players 

communicate with the help of staff. Players only use mail system for communication. Figure 

4.3 shows the user interface of the session with Mail only. Figure 4.4 shows the organization 

in the mail only scenario. 
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Figure 4.3: Map of Mail only configuration 

 

                          

Training goals: Training goals for this session are: 

 To train people to effectively use mail based communication. 

 To train people to survive with limited choices of communication means. 

 To train people to coordinate using only mail communication means. 

 To train people to communicate without any interactive communication means. 
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Figure 4.4: Organization in mail only scenario              

                       

Diary + Mail: The configuration is designed for six players. Two level hierarchies are used 

where players (P1, P2, P3, and P4) cannot communicate directly but these players 

communicate with the help of staff. Players use mail system and diary for communication. 

Figure 4.5 shows the organization in mail and diary scenario. Figure 4.6 show the user 

interface of the mail and diary scenario. 

Training goals: Training goals for this session are 

 To train people to communicate effectively when multiple communication means 

available. 

 To train people to prioritizing and selecting optimal communication mean for 

communication. 

 To clarify usefulness of different communication means 
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Figure 4.5: Organization in mail and diary scenario 

                                                       

 

Figure 4.6: Map of Mail and Diary configuration 

                                                       

GIS + Mail: The configuration is designed for six players. Two level hierarchies are used 

where players (P1, P2, P3, and P4) cannot communicate directly but these players 
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communicate with the help of staff. Players use mail system and GIS for communication. In 

this case only two choices are available to the players so now it depends on players how they 

will use these communication means. Figure 4.7 shows the organization in Mail and GIS 

scenario. Figure 4.8 shows the user interface of Mail and GIS scenario. 

Training goals: Training goals for this session are almost similar to above session. 

  

Figure 4.7: Organization in Mail and GIS scenario 
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Figure 4.8: Map of Mail and GIS configuration 

GIS + Mail + Diary: The configuration is designed for six players. Two level hierarchies are 

used where players (P1, P2, P3, and P4) cannot communicate directly but these players 

communicate with the help of staff. Players use mail system, diary and GIS for 

communication. In this case maximum choices are available to the players so now it depends 

on players how they will use these communication means. Figure 4.9 shows the user interface 

of Mail, Diary and GIS scenario. Figure 4.10 shows the organization of Mail, Diary and GIS 

scenario. 

Training goals: Training goals for this session are: 

 To train people to communicate effectively when multiple communication means 

available. 

 To train people to prioritizing and selecting optimal communication mean for 

communication. 

 To clarify usefulness of different communication means 
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Figure 4.9: Map of Mail, Diary and GIS configuration 
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Figure 4.10: Organization in Mail, GIS and Diary scenario 

            

4.3.2.2 Direct communication: 

In direct communication players are allowed to communicate with other players directly.  

There is no restriction on players for communication. There are number of different 

communication medium available for players but we designed different communication 

patterns.  

Mail only: The configuration is designed for six players. Two level hierarchies are used where 

players (P1, P2, P3, and P4) can communicate with each other and with staff members 

directly. Players only use mail system for communication. Figure 4.11 shows the user 

interface of Mail only configuration in direct communication. Figure 4.12 shows the 

organization of Mail only scenario. 
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Figure 4.11: Map of Mail only configuration 

   

Training goals: Training goals for this session are 

 To train people to effectively use mail based communication. 

 To train people to survive with limited choices of communication means. 

 To train people to coordinate using only mail communication means. 

 To train people to communicate without any interactive communication means. 
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Figure 4.12: Organization in Mail only scenario 

                                              

Diary + Mail: The configuration is designed for six players. Two level hierarchies are used 

where players (P1, P2, P3, and P4) can communicate with each other directly. Players use 

mail system and diary for communication. Figure 4.13 shows user interface of configuration 

using Diary and Mail. Figure 4.14 shows the organization in Diary and Mail scenario. 

Training goals: Training goals for this session are: 

 To train people to communicate effectively when multiple communication means 

available. 

 To train people to prioritizing and selecting optimal communication mean for 

communication. 

 To clarify usefulness of different communication means 
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Figure 4.13: Map of Mail and Diary configuration 

       

Figure 4.14: Organization in Mail and Diary scenario 
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GIS + Mail: The configuration is designed for six players. Two level hierarchies are used where 

players (P1, P2, P3, and P4) can communicate directly. Players use mail system and GIS for 

communication. In this case only two choices are available to the players so now it depends 

on players how they will use these communication means. Figure 4.15 shows the user 

interface of GIS and Mail configuration. Figure 4.16 shows the organization in GIS and Mail 

scenario. 

Training goals:  Training goals for this session are similar to above session. 

 

 

Figure 4.15: Map of Mail and GIS configuration 
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Figure 4.16: Organization in Mail and GIS scenario 

                                            

GIS + Mail + Diary: The configuration is designed for six players. Two level hierarchies are 

used where players (P1, P2, P3, and P4) cannot communicate directly but these players 

communicate with the help of staff. Players use mail system, diary and GIS for 

communication. In this case maximum choices are available to the players so now it depends 

on players how they will use these communication means. Figure 4.17 shows the user 

interface of GIS, Mail and Diary. Figure 4.18 shows the organization in GIS, Mail and Diary 

scenario.  

Training goals: Training goals for this session are: 

 To train people to communicate effectively when multiple communication means 

available. 

 To train people to prioritizing and selecting optimal communication mean for 

communication. 

 To clarify usefulness of different communication means 
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Figure 4.17: Map of Mail, GIS and Diary configuration 

 

Figure 4.18: Organization in Mail, Diary and GIS scenario 
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5 Analysis 
This chapter discusses various dimensions for carrying out analysis using C3Fire micro-

world. It covers both analysis on designed scenarios and experiment results.  

5.1 Observation during session play 
During training session, observers and managers should be around observing the session and 

how players behave. Some important things, observer should focus during training. Similar 

sessions are: 

 Communication: Communication plays an important role in team success so the 

manager should notice that how the players communicate with each other. During the 

session players should communicate with the help of email. Players are not allowed to 

communicate directly through any other means. 

 Stress level: During the session playing manager must notice that the stress level of 

the players means that players are relaxed during the session and they perform well. 

Whether they exhibit frustration or stress during session play. 

 Unnoticed units: Manager should notice that the players use all the units. It may be 

possible that some of the units are not used by team members. This possibility arises 

as there is no organization by default. During session play, if players will not organize 

them properly there is strong possibility to miss some units and thus wasting some 

resources in form of units not used. 

 Double commands: The above scenario we design for self organization so the 

manager must notice about double commands about units. It means that if one player 

control the unit, the other player also tries to control the same unit. This can be 

observed during session play with help of unit movement on GIS. If intended position 

of unit is changed often without reaching at any point. There arises a strong possibility 

that unit is given instructions by multiple players. 

 Car moving: We mentioned above car plays an important role so the manager should 

observe the car movement. He must notice that player use the car effectively all the 

time during the session play. This can be observed during session play by observing 

car movement on GIS. If is still and not moving for a long time it arise strong 

possibility for its lack of utilization. Car movement is important for giving information 

to other units about fire and its location. If it is not performing its function properly, 

then other players can find problem in doing their tasks. As fire fighters depend on the 

information given by car about fire place, car movement is important for successful 

accomplishment of scenario. 

5.2 Things to look for in logging 
C3Fire provides comprehensive logging framework of complete session, enabling detailed 

analysis and session replay possible at later stage. All events are marked in log files that can 

be processed for more detailed analysis. Log file contains huge information but some major 

things to look for in particular: 

Log file contain the information regarding session which have been played. After executing 

session log file is generated. Log file contain all information about the session. All 
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information in the log file is saving in numeric form. All number contains unique values. Log 

files are stored in C3fire/Session/Logs/ folder. Every log file is saved with the unique id. 

Log files contain information about: 

 Session Info: It contain all the information about the session like session ID, Log 

Version, License ID, Session time etc. 

 Log event Info: It contains all the values against code and their description. 

 ConfigFile: It contains all information regarding configuration. 

 ScenarioFile: It contains all information regarding scenario. 

 RoleIDNrs: It contains unique IDs against every role in the session. 

 UnitIDNrs: It contains unique IDs against every unit in the session.  

 FireTypeIDNrs: It contains unique IDs against fire characteristics. 

 ObjectTypeIDNrs: It contains unique IDs against Objects. 

 MarkTypeIDNrs: It contains unique ID against mark. 

Log:  It is the most critical tag in the log file structure. It contains all events occurred in the 

session, time of the event and numeric values against each event. The actual values of the 

numeric values can be search by the upper tags. 

Using the log file team manager can find out several activities occur during the session in the 

specific time. 

Use of emails: By using log files we can analyze the use of emails. When a player write mail 

and when he read it. Log tag contains emails relevant data like this: 

        <Event nr = "84" time ="02:15:00" val = "27 4 S1 f1,f2,f3,f4                 

move_around_diffrent_locations|" /> 

This line shows event number, time and values. Values contain in numeric form and space 

separated. By searching values against 27 in LogEventInfo tag, it contains: 

27   = "Role send Mail                               : Role To Text" 

Its values are ―Role To Text‖. So in log value after 27 is 4. We have to search 4 in RoleIDNrs 

tag. Where value against 4 is ―Y‖.  That means sender is ―Y‖ and instead of ―To‖ we already 

have its values ―S1,f1,f2,f3,f4‖ who are the receiver of the message. Finally instead of ―Text‖ 

we have text value ―move_around_diffrent_locations‖. 

Using these values from the log files we can abstract information about messages. When 

player sends message to whom? How they control the whole session? What message they sent 

in the critical situations? How many total messages sent? How much time receiver took to 

answer the message? 

Use of water refill:  Water refill can be calculated in the same way as we calculated send 

emails. By using this information we can analyze: After how much time fire fighting units 
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demand for water? How much time water tank take to reach the fire fighting unit? How much 

time water tank take to refill the water? 

Use of fuel refill: By using fuel refill information manager can analyze: After how much time 

units demand for fuel? How much time fuel tank took to reach the unit? How much time fuel 

tanks take to refill fuel? Initially, when the session started at what time first unit ask for fuel? 

How many times each user call for fuel tank?  

Use of Car: By abstracting values of car, manager can analyze the use of car. How much time 

car took to find out the fire location? After finding fire, does players still used car to find out 

any other fire location or not?   

Communication delays: By this kind of information manager can analyze: In how much time 

it took to send message to its recipient? In self organization all communication is handled by 

staff. Unit can‘t communicate with each other directly. So communication delay can effect 

directly on success and failure of the session. 

Fire start time: By this kind of information manager can analyze:  At what time fire start? 

When car locate the location of the fire?  

5.3 Execution Analysis  
Here we will discuss one example of execution analysis for one experiment carried out on 

‗Self organization‘ scenario. Here is a graph that showing what happened during the session. 

So here we are trying to explain graphically. X axis shows time in seconds and y axis shows 

some events. 

 

Figure 5.1: Graphical representation of execution 



 

48 
 

               

5.4 OODA Analysis of C3Fire: 
Here we discussed OODA loop perspective for fire fighters, self organization and 

communication means. OODA describes how people actually carry decision making process.

   

5.4.1 OODA loop analysis for Fire Fighting Process: 

OODA loop helps fire fighters in making right decisions for turn off the fire. Each step in the 

loop with respect to the fire fighting units is described below also shown in figure below. 

 

 Observe: It includes collecting information about object, fire location, unit‘s location. 

 Orient: It includes analyzing and evaluating information regarding constraints and 

your strategy to accomplish goals. 

 Decide: It includes making the optimal decision to fight fire. 

 Act: This involves taking actions to implement decision. 
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Figure 5.2: OODA loop analysis for firefighting process 
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5.4.2 OODA loop analysis for Self Organization: 

OODA loop perspective helps in decisions making for extinguishing the fire. Each step in the 

loop with respect to the self organization is described below also shown in figure. 

 

 Observe: It includes collecting information about units, their types and number of 

players. 

 Orient: It includes analyzing this information with respect to goals of fighting fire. 

 Decide: It includes Decide optimal organization hierarchy and decides how to 

communicate this hierarchy to other players. 

 Act: It involves taking actions to implement your organization and communicate with 

others. 

 

 

 

                                    

Act Orient 
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Players 

Figure 5.3: OODA loop analysis for self organization 
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5.4.3 OODA loop analysis for Communication: 

Each step in the loop with respect to the communication is described below also shown in 

figure. 

 

Observe: This includes collecting information about possible communication means. 

 Orient: This includes analyzing collected information about communication means, 

considering types of information. 

 Decide: This includes decide which communication means to use, type of information and 

possible communication means. 

Act: It involves take actions to implement your decision (communication means). 
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Figure 5.4: OODA loop analysis for communication 
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5.5 Communication means and hierarchy: 
Communication can be either direct or indirect. Direct communication involves direct interaction 

between team players (fire-fighters) without involving staff members that reside above in the 

hierarchy. Contrary to this, indirect communication forces interaction among fire-fighter through staff 

members (indirect). These staff members act as a bridge between the communicating parties. In 

C3Fire, three communication means (Mail, Diary, GIS) can be either practiced in direct or indirect 

settings. Depending on the configuration and the combination of different communication means in a 

given setting, different results can be achieved. Communication using three communications means 

(Mail, Diary, GIS) in either direct or an indirect setting can have several consequences: 

Mail: Mail communication is directed communication that is a simplified form of real-world mailing 

system.  

Direct: In direct communication it is easier as players (firefighters) can directly sent to target persons 

without need to involve any other persons. This takes comparatively less time and is efficient than 

indirect communication. 

Indirect: This involves sending communication to the mediators. This involves deciding which 

mediator to use and ask him to send the message to the target firefighters. Clearly, this is inefficient 

and cumbersome in its approach but it tests player ability to survive in tough communication 

situations. Moreover, ambiguities and communication gap can arise as parties are not directly 

communicating and extra (often unnecessary) layer is involved in communication as often in the real 

world scenarios. 

Diary: Diary is a shared communication mean that is like a shared resource. Whatever written on the 

diary is visible to all other people involved in the communication. As apparent from its description, it 

is same as its functioning in direct and indirect settings. So this medium behaves same in both settings. 

GIS: GIS is to communicate by pointing the location on the map (Geographical Location). 

Direct: in direct communication, players use marker to indicate the other player to move in the marked 

direction. Marker can only be viewed by the player, to whom marker belongs to. Marker will blink for 

some time and then it will disappear. Marker is the tool to point out the location. If one player fined 

the fire location, he can mark that place for other players. 

Indirect: In indirect communication, players can directly point out the other player. Player will point 

the location to the staff members and staff members will communicate with the respected player to 

move towards that location by using markers. 
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6 Conclusion 
C3Fire is a simulated environment which is used to represent the real world situation in 

controlled environment. As it is configurable system so it provides possibility to change the 

environment according to the researcher‘s goals. The basic purpose of this system is to train 

the teams in command, control and communication domain. System works on the basis of 

configuration files. The results of the goals can be analyzed by using log files. 

Our work in this thesis was to develop different configurations to train and analyzed players 

in self-organization and communication area. To accomplish this task we had studied different 

theories regarding command, control and communication. On the basis of these theories in the 

perspective of self-organization and communication we had design different configuration. 

Different test session had conducted on these configurations to analyze and train people for 

emergency situation in the real world. 

In self organization the main purpose of the configuration is to test self organization 

capabilities of a team. Where we didn‘t allowed players to communicate with each other 

directly. If they want to send message to other player then they must convey it to responsible 

person. In this case more responsibilities are on the staff members. Absence of direct 

communication among the player created lot of misunderstanding between players. That was 

the reason that initial test failed. But when we ask them to discuss and make a plan before 

starting the game then they were able to achieve their goals. In self organization we analyze 

that for achieving success in this scenario, everybody should have capability to control 

everything (which is very difficult).  

In communication the main purpose of the configuration is to analyze which communication 

method is most effective. There were three different methods of communication in c3fire. 

These three communication methods are Mail, Diary and Markers (GIS). We created different 

configuration with different combination of communication methods to analyze which 

communication combination is most suitable and effective. By testing these methods to 

different configuration we analyzed that different communication methods are suitable for 

different configurations.   

Although due to lack of time, we were unable to conduct too many tests on our configuration. 

On the other hand we think that self organization and communication are two very important 

areas‘ to analyze the effectiveness of the team, Information distribution in the organization, 

the student situation awareness and the student work and collaboration method. 
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8 Appendix A - Manager Instruction 

8.1 Start a Server 
To start the session: Manager should start the server by running the program 

<C3FIRE-Server>\C3FireServer.exe or the script file 

<C3FIRE-Server>\C3FireServer.bat.  

After startup process, c3fire will display the message “Server Running”. 

 

Figure 8.1: Starting Window 

8.2 Start a Client 
When the c3fire client is started, system will ask the questions in the wizard. After answering asking 

these question c3fire client will be ready to run.  

8.2.1 Create new session 

When the user chooses to create new session, system will give the unique identity number to that 

session.  
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Figure 8.2: Creating new session 

When user will press ok, system will ask to browse the location of the configuration file, scenario file 

and Map image. 

 

 

Figure 8.3: Browse Configuration, Scenario and Map Image 
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8.3 Start Observer 
Manager can start the observer session. Observer is only to watch the session. The user interface of 

the observer depends on the session configuration. Observer can only be start after the manager 

started. 

 

Figure 8.4: C3fire start 

8.4 Start a Player 
Player interacts with the simulation and session. User interface of the player interface also depend 

on the session configuration. Player can only be start after the Manager will start.   

 

Figure 8.5: C3fire start 
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8.5 Session Replay 
Manager can also replay the previous session by entering ID of the session. 

 

Figure 8.6: Session replay 

8.6 User Interface 
The user interface of the c3fire consists of information panel, controlling panel and map. 

 

Figure 8.7: Manager Interface 
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8.6.1 Session Control Panel 

Session control is a group box which contains Start, Pause, Stop and Exit buttons. 

 

Figure 8.8: Session Control 

Start 

Start button is use to start the session when all player are ready to play. When start button is press, it 

will open dialog box for confirmation. 

 

Figure 8.9: Ready window 

Pause 

Pause button allows manager to pause the session during game play. After pausing the session 

manager can again start the session by pressing Start button. 

Stop 

Stop button stops the whole session and it cannot be replayed from the point where it is stopped. 

Exit 

Exit button is used to stop the session and close the c3fire. 

 

8.6.2 Time Panel 

This area shows the time of the session. 

 

Figure 8.10: Time panel 
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8.6.3 Role Panel 

Role panel display all participating roles in the session. It displays the Long Name and ID of the roles. 

If any of the roles is free then its background color will change into red. If all roles are active then it 

will be with normal background. 

 

Figure 8.11: One role is free 

 

Figure 8.12: All role are Active 

 

8.6.4 Wind Panel 

This will show the wind information. Winds information includes Wind Speed and Direction. 

 

Figure 8.13: Wind Panel 

 

8.6.5 Unit Info Panel 

It will display the information about fire fighting units. 

 

Figure 8.14: Unit Info 
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8.6.6 Unit Property 

It will show the information about the individual unit. 

 

Figure 8.15: Unit Property 

 

8.6.7 Map Panel 

Map panel will display the whole map design as a configuration. Manager can see all the units and 

geographical objects. Map is divided into x, y coordinates. 

 

Figure 8.16: Map Panel 
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8.6.8 Pointer Position Panel 

Pointer position panel shows the x, y coordinates of the pointer, when pointer is on the screen. 

 

Figure 8.17: Pointer Position Panel 

 

8.6.9 Unit Palette Panel 

It shows all the units in the session. These units can be fire fighting units, water units, gas units, car 

etc. 

 

Figure 8.18: Unit Palette Panel 

 

8.6.10 Object Palette Panel 

It shows all the objects in the session. These objects are static objects. 

 

Figure 8.19: Object Palette Panel 
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8.6.11 Fire Palette Panel 

It shows the status of the fire. Fire can be Clear, Fire, ClosedOut, BurnedOut etc. 

 

Figure 8.20: Fire Palette Panel 
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9 Appendix B – Player Instruction - Communication  

9.1 Communication session 
In the communication experiment, the main purpose is to find the most effective communication 

methods. There are three different types of communication methods: Diary, Mail and GIS. The 

purpose of the experiment is also to improve the communication skills by using these communication 

tools.  

 

 

 

 

 

 

 

 

 

                                                                 

                          Organization in mail, GIS and diary Scenario 

In the scenario shown in diagram, all players cannot communicate with each other. All players can 

communicate through staff members by using communication tools. Staff members can directly 

communicate with each other. Each player has fix number of units to control. 

9.2 User Interface 
User interface of the player in the c3fire consist of time, unit info, unit property, wind, pointer, unit 

palette, object palette, fire palette, marks palette, Diary, Mail. Marks palette, Diary and Mail are used 

for communication between players.. 

Figure 9.1: Organization in Mail, GIS and Diary scenario 
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Figure 9.2: User Interface - Communication 

   

9.2.1 Time Panel 

This area shows the time of the session. 

 

Figure 9.3: Time Panel 

 

9.2.2 Unit Info Panel 

It will display the information about fire fighting units. 

 

Figure 9.4: Unit Info 
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9.2.3 Unit Property 

It will show the information about the individual unit. 

 

Figure 9.5: Unit Property 

 

9.2.4 Wind Panel 

This will show the wind information. Winds information includes Wind Speed and Direction. 

 

Figure 9.6: Wind Panel 

 

9.2.5 Pointer Position Panel 

Pointer position panel shows the x, y coordinates of the pointer, when pointer is on the screen. 

 

Figure 9.7: Pointer Position Panel 

 

9.2.6 Unit Palette Panel 

It shows all the units in the session. These units can be fire fighting units, water units, gas units, car 

etc. 

 

Figure 9.8: Unit Palette Panel 
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9.2.7 Object Palette Panel 

It shows all the objects in the session. These objects are static objects. 

 

Figure 9.9: Object Palette Panel 

 

9.2.8 Fire Palette Panel 

It shows the status of the fire. Fire can be Clear, Fire, ClosedOut, BurnedOut etc. 

 

Figure 9.10: Fire Palette Panel 

 

9.2.9 Marks Palette Panel 

Marks Palette are used to pick the mark for respected player. User can drag the mark from the mark 

palette and place it on the map for other player to see. 

 

Figure 9.11: Mark Palette Panel 

 

9.2.10 Diary Panel 

Diary panel further contain of two panels Viewer and Editor. 

 Viewer panel is to see the incomming messages from the other users and staff members.In Diary all 

messages are available to every user. It also shows time of the message. Next and previos button is 
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to see next and previous message and Copy to Diary Editor is used to copy the data to Editor to 

further edit and forward it. 

In Editor Panel contain the text box for writing the message.  

 

Figure 9.12: Diary Panel 

 

9.2.11 Mail Panel 

Mail panel is used to write a message to a specifi player. It also contain two sub panels Viewer and 

Editor. 

In viewer player can view the messages from other players (who specifically sent to him). Editor is 

used to write the new message and send it to specific players by pressing button of specific player 

name. 

 

Figure 9.13: Mail Panel 
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9.2.12 Map  

Map panel will display the whole map design as a configuration. Player can see all the units and 

geographical objects. Map is divided into x, y coordinates. 

 

Figure 9.14: Map Panel 
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10 Appendix C - Player Instructions – Self  Organization 
In this experiment, you are allowed to play a game. This game presents a simulated environment of 

emergency management.  In this game you have to extinguish a forest fire to save objects like 

people, pine, banks, houses, birch and vehicles etc. 

This scenario is for self organization so every player has opportunity to control every unit. 

 

10.1 Organization 
There are six players having names P1, P2, P3, P4, S1 and S2. Two players are assigned the role of 

staff (S1 and S2) and rest four players are assigned the different roles among grounded units. The 

duty of two staff members is to only get aware with the situation and on the basis of the situation 

they guide the players (P1, P2, P3 and P4)controlling the grounded units. Means they don’t directly 

operate the system they only command and control the players managing the grounded units. 

There are thirteen grounded units which are operated by four players (P1, P2, P3 and P4).  

Since this configuration is for self organization so each player has opportunity to control every unit. 

In this case there are eight fire fighter units (F1, F2, F3, F4, F5, F6, F7, F8) , two water trucks (W1, 

W2), two fuel trucks (G1, G2)  and one car unit. This command and control structure is graphically 

presented in the following figure: 

  

 

Figure 10.1: Organization in Self Organization scenario 
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The communication structure of these six players are designed in such a way that the player (P1, P2, 

P3 and P4) cannot allowed to communicate directly. But these players (P1, P2, P3 and P4) can 

communicate with the help of S1 and S2.  

 

10.2 Game Interface 
Look at the screens of your monitor. There is 40 x 40 matrix showing the map. There is a map legend 

on the top right corner. On the left side of the screen there is an e-mail tool and different ground unit 

panels showing their states. All participants can see the same map. Each participant can just see the 

status of the units which he is controlling. 

 

10.3 Fire states  
Following are the different states of the cells in the map.  

 

       Clear represents no fire 

 

 Burning represents currently burning 

 

 No longer burning represents that the fire has been extinguished 

 

 Burned-out represents the area has been burned out 

 

A fire in a cell spreads in the NEWS (North, East, West and South) directions. More the cells burning 

at a time more quickly the fire spread and it will become difficult to control the fire. Cells that are No 

longer burning and those are burned out can’t start burning again. 

 

10.4 Map Description 
The map is a 40 x 40 matrix. Each cell in the matrix is uniquely identified by a number (representing 

the row) and a letter (representing the column). The map is shown in figure below.  
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Figure 10.2: Map of Self Organization configuration 

     

10.5 Objects in the game 
Following are the different types of objects in the game. Some objects burn faster than others as 

shown below. 

 

Normal Vegetation  

 

 Pine trees burns three times faster than normal vegetation.   
 

         Birch trees burn at half the rate of normal vegetation.   
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 Swamp never burns. 

 

 School burns as fast as normal vegetation.   

 

      House burns as fast as normal vegetation.   

   

   Fire brigade burns as fast as normal vegetation. 

 

              Market burns as fast as normal vegetation. 

 

Hospital burns as fast as normal vegetation. 

 

Fuel Station having unlimited fuel and never burns. In order to refill the fuel, units (Firefighter, car, 

fuel and water) must be on the NEWS (North, East, West or South) location. If the unit will be on the 

fuel station cell there will be no refill of fuel. 

 Water Station having unlimited water and never burns. In order to refill the water, units 

(Firefighter and water) must be on the NEWS (North, East, West or South) location. If the unit will be 

on the water station cell there will be no refill of water. 

 

10.6 Trucks 
There are three types of trucks. These trucks will be controlled by the players who are having the 

responsibility of that particular unit. States of trucks are shown by different colors. For example 

when a truck is moving towards its intended position is shown by white color having truck number as 

shown in figure. 

 

 

Figure 10.3: Intended position of Unit 11 

 

10.6.1 Fire fighter trucks 

Firefighter trucks are used to extinguish fire. These trucks are shown by red color. They require fuel 

to move and water to extinguish the fire. In order to extinguish fire truck must be on the unit where 

to extinguish fire. Following are different states of firefighting truck 
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1. Inactive represents truck in doing nothing 

2. Moving represents truck is moving 

3. Mobilizing represents truck is preparing to fight fire 

4. Fire fighting represents trucks is fire fighting 

5. Demobilizing represents ending the extinguish of fire 

6. Refill water represents truck is refilling water 

7. Refill fuel represents truck is refilling fuel 

10.6.2 Water trucks 

Water trucks are used to supply water to the fire fighter units. These trucks are shown by blue color. 

They also require fuel to move from one place to another. Following are different states of water 

trucks. 

1. Inactive represents truck in doing nothing 

2. Moving represents truck is moving 

3. Mobilizing represents truck is preparing to transfer water 

4. Demobilizing represents ending the transfer of water 

5. Refill water represents truck is refilling water 

6. Refill fuel represents truck is refilling fuel 

10.6.3 10.6.3 Fuel trucks 

Water trucks are used to supply fuel to the fire fighter units. These trucks are shown by yellow color. 

The purpose of these trucks is to supply fuel to other trucks and also manage its own fuel. 

1. Inactive represents truck in doing nothing 

2. Moving represents truck is moving 

3. Mobilizing represents truck is preparing to transfer fuel 

4. Demobilizing represents ending the transfer of fuel 

5. Refill water represents truck is refilling fuel 

6. Refill fuel represents truck is refilling fuel 

 

 

10.7 Wind palette 
Wind palette provides information about the wind direction and speed. While measuring the 

performance of team the wind factor should also be kept in mind. In other words the wind factor 

should also be added into the decision parameters list. The information about wind can be obtained 

from wind palette at specific interval of time. 
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Figure 10.4: Example of Wind Palette 

 

10.8 Unit Info & Unit property palette 
These two palettes gives detailed information about the units, including their current position, 

intended position, activity, and amount of fuel and water which it currently has. The difference 

between both the palettes is that the unit info provides a brief info about all the units in tabular form 

whereas the unit property palette displays the detailed information about each individual unit. 

 

Figure 10.5: Example of User Info Palette 

 

10.9 Mail Tool 
The only way to share information between all players is mail tool. With the help of this tool you can 

receive messages from other players and also send them messages. The players can communicate 

with each other on the basis of Table 2. 

This tool has two parts. In the upper window you can receive and read messages from other players 

while in the lower widow you can type and send messages to other players. The receipt of messages 

in the upper window is shown by the following 

1. The number at the top right hand corner of the upper window changes. This number 

represents the number of unread messages. 

2. The color of the upper window changes to pink indicating there are new messages. 

There are buttons below the lower window to send messages to either specific player or all players. 
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