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Abstract 

Fire is one of the disasters that often occur in everyday life. There has been much research 

done to build a fire Simulator. In this paper, we propose a fire Simulator that is applied 

optimal path search algorithm to arrange the quick evacuation. This simulator considers the 

structure of a building and the location where the fire has initially occurred, applying it to the 

simulator. Especially when implementing the training simulation for firefighters, optimized 

evacuation path for the required virtual rescuer awaiting rescue was informed to implement 

more realistic firefighting training simulator. For the simulation for the test, fixed data was 

set to apply the shortest path search algorithm and flame smoke spread algorithm. As a result 

of the test, the optimized path was derived through avoiding the flame occurred from flame 

smoke spread algorithm and following the shortest path search algorithm.  
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1. Introduction 

At present, the modern buildings consist of large-scale, multifunctional and complex and 

automatic alarm system cannot afford to reach the demand of evacuation. Because of the 

people’s limitation, to get the information from different parts in a fire will be difficult. If the 

evacuation can’t be effectively finished in the preliminary stage, it will result the unnecessary 

casualties. Therefore, setting up a safe and effective evacuation method is important in a 

fire.To escape the safe and efficient in fire, the study of algorithms have been developed.  

In this paper, the implemented fire training simulation was applied the optimal path search 

algorithm and the fire smoke diffusion algorithm.For the existing optimized path search 

algorithm, there are Greedy method, Linear Programming Simplex Method, Binary 

Programming, Network Simplex Method, and for flame smoke spread algorithm, many 

algorithms are under study such as Jordan Method, Geometric Equation, etc. Applying these 

algorithms informs the optimized evacuation path for the required rescuer awaiting rescue 

especially when implementing the training simulation for firefighters, providing 

implementation of more realistic firefighting training simulation. To enhance responsive 

ability of first-line firefighters with many emergency situations in real fire situation, this will 

be used as the training simulator for the firefighters.  

In Section 2 of this paper examines related work, and in Section 3, the proposed the fire 

Simulator is tested to evaluate its method. Finally, Section 4 concludes. 
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2. Related Work 
 

2.1. The Optimal Path Search Algorithm 

 

2.1.1. Greedy Method 

In case the burning point of option finds in the building, to avoid the ignition point, it 

searches for the shortest distance at the current position. And then, the people provide 

guidance so that they can into the building. The Optimal path search algorithm is 

implemented avoiding ignition point from the current position. There is several algorithm for 

the optimal path searching, but as associated algorithms with the simulation program 

implementation, there are the following things. 

 

 

Figure 1. The Result of Shortest Path Search 

As shown in Figure 1, shortest path algorithm can calculate the shortest distance from the 

starting point to all peak points. First of all, the closest distance of peak point from the 

starting point is found, and the distance (weight) to the peak point found from the starting 

point is memorized separately (distance). Then from all the peak points found, peak points 

with the lowest weight is continued to be found to explore all optimized path. The key is that 

the weight is accumulated, and the lowest weight of peak point is continued to be found, in 

other words, Greedy method (Greedy exploration method)[9].As shown in Figure 1, before 

ignition, 0-1-3-5 is 11 to be the shortest path, but after ignition, since this path is not possible, 

a new exploration of shortest path is required. In other words, the optimized path considering 

the weight is 0-3-5[1]. 

 

2.1.2. Linear Programming Simplex Method 

Linear Programming has the objective function that expressed as a linear function, and the 

constraints that expressed as a linear inequality. It is the best techniques to obtain best 

solution for appropriate distribution of limited resources.  
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Equation(1) is converted as a formula that satisfies the constraint by dividing into two 

formula(2).The equation (1), (2) search the path of the optimized conditions by including 

several conditions. 
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Figure 2. Best Solution in Linear Programming Simplex Method 

Figure 2 shows the optimal path to the punctual coordinates that exit is the best path to 

meet. In case (a) is no the ignition point around the exit, and in case(b) find other the exit to 

starts the fire. Therefore, it is a set of coordinates to find the optimal path [2]. 

 

2.1.3. Binary Programming 

The problem of shortest path exploration is included in the optimization problem between 

peak points. Binary Programming is a method of exploring the optimized path by planning 

minimum cost problem with the variable 0 or 1. It is defined in Formula (3), (4).  

 

        (        )  ∑     
 
   (3) 

 

constraint: 

             ∑        
 
   (4) 

                       
 

Binary Programming can be thought as a concept of a tree, and a tree with the depth of two 

parts in all nodes not differing 1 or more is called balanced tree, and binary search tree 

includes searchable record according to the key value. For the average time take to find the 

key in the binary search tree to be minimum, it is in well arranging the key [3]. 

 

2.1.4. Network Simplex Method 

From the point of view of the minimum cost problem either maximum flow or the 

minimum cost, this method is to search the optimal path or optimization using the value or a 

variable that take the lowest cost. 

In general concepts, while node and  node is related,  is defined as the flow or the costs 

by and .Here,  is defined by assigning of I and j, and has a value 0 or 1. Generalizing this, 

it can be defined as equation (5) and (6). 

 

        (        )  ∑ ∑       
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constraint: 
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    ∑    

 
      (6) 

                           

 

Onli
ne

 Vers
ion

 O
nly

. 

Boo
k m

ad
e b

y t
his

 fil
e i

s I
LL

EGAL.



International Journal of Smart Home 

Vol.8, No.1 (2014) 

 

 

200   Copyright ⓒ 2014 SERSC 

 
(a) The First Stage                   (b) Inserted States of 6 

 

 
(a) Inserted States of 3        (d) The Results of Optimal Path Search 

Figure 3. Optimal Path Search in Binary Tree 

Binary Programming and Network Simplex Method can deduce from the optimization 

using binary tree. It is a matter of choice searching a path to guide the exit to avoid the 

ignition point. In other words, the path selection is added a new node as binary tree. When a 

new node is added, the new node has 0 or 1 and is search minimum costs. Also it is possible 

to calculate the optimal value to ensure minimum costs. Figure 3 shows the optimal path 

search in binary tree, the result of search is 2-7-6-3[4].  

 

2.2. The Fire Smoke Diffusion Algorithm 

 

2.2.1. Linear Algebra Gause-Jordan Method 

Gause-Jordan elimination is made the coefficient matrix with only 0 or 1using the row 

operations and is made  its column that has all 0 the other elements in column that has 1.This 

is the process of creating so that the above does not have 1 than have one line. The equation 

(7) is shown in the following. 

 

                                                                     (7) 

       

 

For obtaining, the Gause-Jordan Method is to convert to A from I(Identity matrix) after 

existing A and I are listed. When the flames and smoke spread, it is the way that fire and 

smoke fills to remove then one by one in matrix by many different paths which is possible 

spread [5, 6]. 

 

2.2.2. Geometric Equation 

When fire and smoke spreads, it is a common way that implement to spread in the form of 

a circle or a rectangle. In equation , r is the radius, and  is the 

location of the center. As shown in Figure 4, the flames spread out of the circle in flash point. 
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Figure 4. Geometric Equation Method 

In addition, another expression, If fire spreading implemented as the form of a square 

spreads, 4 can be define. Here, the rectangular is half of a horizontal, b is the length of the 

half, 4 means the position of the center. When a fire occurs usually, we need to consider the 

two such as when will spread the diameter of the circle, when spread on direction like corner 

hanmo rectangular. So [4, 5] of algorithm introduced for implement as the similar form with 

the real world. 

 

3. Simulation 
 

3.1. The Implementation of Optimal Path Search Algorithm  

Even if how to burn, we have to implement the algorithm that can guide the shortest path 

so that it can avoid ignition point. Therefore, in this paper, optimized path search algorithm 

was developed from the current location, avoiding the ignition point, to the exit possible to 

evacuate in the shortest distance. In design and implementation, Binary Programing method is 

applied, and it is implemented in greedy method. 

 

1. The distance of the node is found excluding the current node.  

2. The shortest distance node is brought in.  

3. Node passed before is excluded.  

4. 1 ~ 3 method is repeated.  

 

intmin_index = -1; 

unsigned pos = start; 

m_paths[pos].distance = 0; 

while(duplicate[pos] == false) 

{ 

duplicate[pos] = true; 

std::vector<__int64>& row = m_graph[pos]; 

for(i = 0; i<arr_size; i++) 

{ 

 if(row[i] + m_paths[pos].distance 

<m_paths[i].distance) 

 { 

  m_paths[i].distance 

= row[i] + m_paths[pos].distance; 

  m_paths[i].header = pos; 

 } 

} 
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min_index = -1; 

for(i = 0; i<arr_size; i++) 

{ 

 if(duplicate[i]) continue; 

 if(min_index == -1 || m_paths[i].distance<m_paths[min_index].distance) 

  min_index = i; 

} 

pos = min_index; 

if(min_index == -1) break; 

} 

Figure 5. Program Source for Shortest Path Search Algorithm of Simulation 
Program 

3.2. The Implementation of Fire Smoke Diffusion Algorithm 

When a fire occurs practically in a room, the flame and smoke always spread to different 

directions depending on the situation in the building. Because the direction of spread and the 

rate of spread is most of the conditions, it must set artificially as the similar form with the real 

world. Thus, it is essential to use optimization algorithms of the fire smoke spread. 

In this paper, the simulation of fire smoke diffusion algorithm implemented the simulation 

by using spread of smoke and fire as start the ignition of fire. The order of implementation 

can be as follows. 

 

1. The value is obtained by condition. 

2. Increase the value.  

3. It also increases when overlapping area is included. 

4. The other area is found neighboring area. 

5. 1 ~ 4 method is repeated.  

 

static boolpt_in_circle(POINT pt, POINT center, unsigned r) 

{ 

double r2 = (pt.x - center.x) * (pt.x - center.x) +  

(pt.y - center.y) * (pt.y - center.y); 

if(r2 <= r * r) return true; 

return false; 

} 

 

int&fire_value = g_sensor_status_fire[object.mobject]; 

int&smoke_value = g_sensor_status_smoke[object.mobject]; 

 

if(fire &&fire_value> 0) 

{ 

__int64 prev = g_sensor_status_firetime[object.mobject]; 

if((__int64)GetTickCount() - prev>g_level_fire * 1000) 

{ 

 fire_value++; 

 g_sensor_status_firetime[object.mobject] = GetTickCount(); 

} 

} 
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if(!fire &&smoke_value> 0) 

{ 

__int64 prev = g_sensor_status_smoketime[object.mobject]; 

if((__int64)GetTickCount() - prev>g_level_smoke * 1000) 

{ 

 smoke_value++; 

 g_sensor_status_smoketime[object.mobject] 

= GetTickCount(); 

} 

} 

Figure 6. Program Source for Smoke Flame Diffusion Algorithm of Simulation 
Program 

3.3. Result of Simulation 

Experiments which include the collection of basic data for the simulation were conducted 

in fire training simulation. However, In the case of fire training simulation, the result is 

completely different as the terms of the simulation. Because the map will be different the 

results by the optimal path search and the fire smoke diffusion algorithm, this part was 

conducted several times. Regarding the default value setting for the test, by assigning various 

values on the environment setting screen on the simulation program, the time taken to explore 

the optimized path of the applied algorithm was measured. The Table 1 shows the test data 

setting table, and because transmission is a value transmitted as soon as it is detected 

regardless of the ignition situation, the default value of 10 seconds was maintained in all test 

cases. As the case become larger, it applies to a larger fire, and in this case, the shortest 

distance must be explored quickly. 

Table 1.The Experimental Data Set 

 
Table 2 is the results of experiments using data set of Table 1. In the table of results, the 

meaning of each of the values is the amount of time that the shortest distance can calculate. 

 
Table 2. Experiment Result for Automatic Disaster Information Broadcast 

System 

 
Table 2 shows the values of experiment and the values of experiment was expressed only 

two decimal places to normalize. Looking at the numerical result, the ignition point is 

CASE transmission 

(sec) 

Speed of fire 

(pixel/sec) 

Level of fire 

(sec) 

Speed of smoke 

(pixel/sec) 

Level of smoke 

(sec) 

CASE1 10 5 30 8 30 

CASE2 10 10 35 13 35 

CASE3 10 15 40 18 40 

CASE 1  path 2  path 3  path 4 path   5 path 6 path 

CASE1 0.94 0.93 0.72 0.72 0.72 0.72 

CASE2 0.89 0.87 0.62 0.61 0.61 0.58 

CASE3 0.79 0.77 0.57 0.54 0.75 0.71 

Onli
ne

 Vers
ion

 O
nly

. 

Boo
k m

ad
e b

y t
his

 fil
e i

s I
LL

EGAL.



International Journal of Smart Home 

Vol.8, No.1 (2014) 

 

 

204   Copyright ⓒ 2014 SERSC 

avoiding the relevant ignition point to guide to the nearest emergency exit (Number 2 

passage). Also, when the ignition point is relatively far (Number 4 passage, number 5 passage, 

number 7 passage), it can be guided to the nearest emergency exit regardless of the ignition 

point, therefore, we can see that the result is derived in similar level to each other. 

As shown in Table 1, CASE means a large fire so that rise and the results of search the 

shortest path so that fast speeds of fire. 

When the ignition occurs near the emergency exit (Number 1 passage), it must be guided 

to another emergency exit, therefore some time is required to search the emergency exit. Also, 

the closer the ignition point is (Number 1 passage), the flame spreads irregularly requiring 

more time, because it must be measure to find out to which emergency exit it must guide.  

 

 

 

 

 

 

 

 

 

 

(a)The Point of Ignition 
 

 

 

 

 

 

 

 

(b)The Screen of Before the Ignition 
 

 

 

 

 

 

 

 

(c)The Screen of After the Ignition 

Figure 7. Experiment Result of Simulation Program 

Figure 7 shows the experiment result of simulation program. Figure 3 shows the screen of 

before the ignition. The screen which displayed the result of the experiments. 

As shown in Figure 7, the exit of the shortest path was chosen as the nearest exit. However, 

after the fire progress, the direction of fire was changed by fire smoke diffusion algorithm. 

Therefore, the exit of the shortest path was chosen by optimal path search algorithm again. 
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5. Conclusion 

In this paper, the training fire simulation was implemented to firefighters. When 

implementing the training simulation for firefighters, Binary Programing method is applied, 

and it is implemented in greedy method. Especially when implementing the training 

simulation for firefighters, providing implementation of more realistic firefighting training 

simulation. For the simulation for the test, fixed data was set to apply the shortest route search 

algorithm and flame smoke spread algorithm. As a result of the test, the optimized route was 

derived through avoiding the flame occurred from flame smoke spread algorithm and 

following the shortest route search algorithm. 
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