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Abstract \/

Fire is one of the disasters that often occur in everyday life. There has bee research
done to build a fire Simulator. In this paper, we propos iresSimulgfto is applied
optimal path search algorithm to arrange the quick eva(;%é. his sim considers the

n

structure of a building and the location where the fire hasiiniually OC(W(% applying it to the
simulator. Especially when implementing the train* lati W efighters, optimized
evacuation path for the required virtual rescuer awaitig rescu& informed to implement
more realistic firefighting training simulator. e simyl for the test, fixed data was
set to apply the shortest path search algorith flame sm pread algorithm. As a result

of the test, the optimized path was deriv gh aveiting the flame occurred from flame
smoke spread algorithm and following ortes ﬁ\\ rch algorithm.
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1. Introduction @ 5\\9\

At present, the me a@wllding nsist of large-scale, multifunctional and complex and
automatic alarm s ?§\ anno o reach the demand of evacuation. Because of the
people’s limit et the inf tion from different parts in a fire will be difficult. If the
evacuation c@ ffectiv inished in the preliminary stage, it will result the unnecessary
casualties. T ore, se a safe and effective evacuation method is important in a

fire.To escape the saf icient in fire, the study of algorithms have been developed.
In this paper, @ mented fire training simulation was applied the optimal path search

algorithm and th€ ire smoke diffusion algorithm.For the existing optimized path search
algorithm,  there ‘are Greedy method, Linear Programming Simplex Method, Binary
Programmingy_Network Simplex Method, and for flame smoke spread algorithm, many
algorit ﬁ‘o under study such as Jordan Method, Geometric Equation, etc. Applying these
al i@ informs the optimized evacuation path for the required rescuer awaiting rescue
e% y 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.

S Dist.7 . Dist.1
Figure 1. The Resuylt é\ortest F&{%earch

As shown in Figure 1, shortest path ithm x ate the shortest distance from the
starting point to all peak points. Fi all, thgk st distance of peak point from the
starting point is found, and the djstdnce (wei to the peak point found from the starting
point is memorized separately“(distance). T m all the peak points found, peak points
with the lowest weight is continued to to explore all optimized path. The key is that
the weight is accumulat the loweStyVeight of peak point is continued to be found, in
other words, Gree @i (Gre xploration method)[9].As shown in Figure 1, before

e the&@s ath, but after ignition, since this path is not possible,
a new explor f ortes%[h required. In other words, the optimized path considering

2.1.2. Linear Progra Simplex Method

Linear Prograggfing 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%mpriate distribution of limited resources.

@ : Minimize(Maximize) Z = 31—, c;x;(1)
nt:
kst — equation: Y\ six; < S(2)
Yis1sixi = Sp = Xizqg(=six;) < (=5Sk),
Yic1Sixi = S = Xitg Si X < S MLz (=sixi) < (=Sk)

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

2.1.3. Binary Programming O
IQD;}O

*

The problem of shortest path exploration is included inN imizat blem between
peak points. Binary Programming is a method of exp @ e optimized path by planning
minimum cost problem with the variable 0 or 1. It is @ ed in lea , (4).

Q M"ni%(Maximize)Z =¥ cixi(3)
| O° N\
constraint: \

<

6 ‘\kat — equation: Yi—; $;x; < S (4)
Xi <®S 0, x; é&&ci <-1
Binary Programming can be‘ﬂ&ght ag@%t of a tree, and a tree with the depth of two
I

parts in all nodes not diffeting 1 or called balanced tree, and binary search tree
includes searchable rec ording o the key value. For the average time take to find the
key in the binary seo&\ e'to be miaiinum, it is in well arranging the key [3].

2.1.4. Netwo '%ax Me@d :

From the of vi the minimum cost problem either maximum flow or the
minimum cost, this m to search the optimal path or optimization using the value or a
variable that take t st cost.

In general congepts, while inode and s node is related, . is defined as the flow or the costs

by zandi.Hereq =:. iSdefined by assigning of I and j, and has a value 0 or 1. Generalizing this,
it can be o@’as equation (5) and (6).

raint;

Q O Minimize(Maximize)Z = ¥i_; Y- ¢;jx;;(5)

kst — equation: Y,i—; xix — Z}l:l xgj = Sk(6)
Xij <0, —Xij < O,xij <1, —Xij <-1
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(&) The First Stage (b) Inserted States of 6
- N .
(@ Inserted Statesof 3 (d) The Results of Optimal Path Sear ?“
Figure 3. Optimal Path Search in B §y Tree
Binary Programming and Network Simplex Method frx(e optimization

using binary tree. It is a matter of choice searchl ath’ to de exit to avoid the
ignition point. In other words, the path selection is ¢ r a new binary tree. When a

new node is added, the new node has 0 or 1 andg arch m| costs Also it is possible

to calculate the optimal value to ensure mi costs.* 3 shows the optimal path
search in binary tree, the result of search is

2.2. The Fire Smoke Diffusion A% s&
et

2.2.1. Linear Algebra Gause

Gause-Jordan eliminatiopsis made theNCo&gricient matrix with only O or lusing the row
operations and is made j mn that I 0 the other elements in column that has 1.This
is the process of credtifig,s that the,aove does not have 1 than have one line. The equation
in

(7) is shown in th@

For4~"obtaini ause-Jordan Method is to convert to A from I(Identity matrix) after
existing A and | listed. When the flames and smoke spread, it is the way that fire and
smoke fills’%move then one by one in matrix by many different paths which is possible
spread [5

g.

X=A471c

66 AX=C ()

% metric Equation
en fire and smoke spreads, it is a common way that implement to spread in the form of

a circle or a rectangle. In equation (z—z;)*+{y—5)* =" r is the radius, and (23: %] 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 @ squase
spreads, 4 can be define. Here, the rectangular is half of a horizontal, b is the | Nﬂhe
half, 4 means the position of the center. When a fire occurs usually, we need E(%ﬂer the
two such as when will spread the diameter of the circle, when spread on dire@| e corner
hanmo rectangular. So [4, 5] of algorithm introduced for implement as i form with
the real world. \

3. Simulation OQ

3.1. The Implementation of Optimal Path Sea@Algor

Even if how to burn, we have to |mplem§ e alg Knat can guide the shortest path
so that it can avoid ignition point. Th int optlmlzed path search algorithm
was developed from the current Io 0|d|n nltlon point, to the exit possible to

le

evacuate in the shortest distance. gn and j entatlon Binary Programing method is
applied, and it is implemente edy met

1. The distance of the @ found e@g the current node.
2. The shortest di m@ede is brought in.
3. Node passed bx% excl

( for(i=
2; if(row[i] + m_paths[pos].distance

<m_pathsfi].distance)

m_paths]i].distance
= row[i] + m_paths[pos].distance;
m_paths[i].header = pos;
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min_index = -
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 ?y

3.2. The Implementation of Fire Smoke Diffusion Algorithm

When a fire occurs practically in a room, the flame and ke alway p o different
directions depending on the situation in the building. Beca directiog’ofspread and the
rate of spread is most of the conditions, it must set artlflc es |Iar rm with the real

world. Thus, it is essential to use optimization aIgori@; the firg,smo pread

In this paper, the simulation of fire smoke diffusi orlthm%fnented the simulation
by using spread of smoke and fire as start the ion of f| The"order of implementation
can be as follows. Q‘ %

1. The value is obtained by condltlon \@
2. Increase the value. Xd

3. It also increases when overl rea |s

4. The other area is found néi ring are

5

.1~ 4 method is repeat

{

(pty - cenle
ifr2<=r

retum false; ®
}
int&fire viue@sor_status_ﬁre[object.mobject];

+

static boolpt_in_ci P@Tpt POII)S nter, unsigned )
~ - rx

int&smo e =g sensor_status smoke[object.mobject];
iff fire_value>0)

nt64 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 @Q

Experiments which include the collection of basic data forﬁ%wsimul conducted

in fire training simulation. However, In the case of fire g sim . the result is
completely different as the terms of the simulation. B the mag, will' be different the
results by the optimal path search and the fire s iffusioalgofithm, this part was
conducted several times. Regarding the default value'setting for t , by assigning various
values on the environment setting screen on the lation pregram, the time taken to explore
the optimized path of the applied algoritrlmg easured.@Table 1 shows the test data
setting table, and because transmission _j alue t itted as soon as it is detected

regardless of the ignition situation, the valye econds was maintained in all test
cases. As the case become larger, j les to a“{ fire, and in this case, the shortest
R,

distance must be explored quick

le 1.Th mental Data Set
transeyi %\ Speed af fire [Level of fire |Speed of smoke [Level of smoke
CASE :
Wse ) (sec) (pixel/sec) (sec)
CASELANNT . B 30 8 30
CASE?2 10 10 35 13 35
CASE3 10 15 40 18 40

Table 2 is the@s of experiments using data set of Table 1. In the table of results, the
meaning of each ofthe values is the amount of time that the shortest distance can calculate.

Tabl periment Result for Automatic Disaster Information Broadcast
O System
:EASE 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

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
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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.

OE (c)The Screen of After the Ignition

2 O Figure 7. Experiment Result of Simulation Program

re 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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