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1      
 

 
        

  .    

    ,   

   . 
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 –    ,     

 ,     -  

  ,     
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  ,      

 . 

        ,   

,     ,      

  .     , 

        

 .    : ,  

 .       
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,      ,     
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  ,    ,   

    ,     

.      .   - 

        ,   

  -       

.          

 .         . 

      , 

  , , ,   . .     

        . 

 
1.1.1   
 

     . - ,    

   ,      

 . - ,     

  ,  .     

  . 

 

 
 1 –   

 

 ,         

     ,   

    , . .     
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.   1  ,       

  .        

, -       ,   . 

         

 (CO), ,      ,   

 .         , 

    .     

,   .        

    ,  -     

 .  ,   ,   , 

   .      

,        .  , 

       

    ,    

        

,      .   

   ,      

  CN, -  —   2.  

      (CHx, H2O, HO, CO2, CO) 

         

 .  ,       

  ,    .    

        -

  ,        

       [1]. 

        

:  

−  ( , ), 

− ё  (  ), 
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−  ( , ), 

−  ( , ), 

−  ( , ,  ), 

−  ( ), 

− -  ( ), 

− ё  ( , , , , ), 

− - ё  ( ). 

     .       

   .       

 ,   ,  ,   

.  ,    ,  

   [2].      

 –     ,    

   .  ,  5000  – 

 ,          

5000 .     – 2000 ,  ,  

       2000 ,   

    (  2). 
 

 
 2 –          

 

            

,      , 
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    ,      

 -     . 

         

         

      ,   

 .      , 

       

   .        

      .    

    ,   , , 

.           

 1. 
 1 -        

     

 - ё  ё - ё  

   ё -  

 -  - 

 ё -  ё  

 -  -  

  -  

 

1.1.2   
 

,   ,     

    , .  , 

     .    

    ,      

. 

           

    .    "    "  
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    .       

 :  

1) " ,   ,   ,  ; 

        ."  

    .    

   ,      . 

2) "       ,   

    ." 

 ,     ,    , 

, ,     . 

3) "     ,   .   

 :    ,  .      

,       ;  ,  

   ,   ." 

   ,        . 

       ,   

  ,    .     

       , 

 ,     .   

          

   ,    . 

         

2D  [3].      

    [4].   

      [5]: 

−   ; 

−    ; 

−    ; 

−    . 
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     , 

  ,       

 . 

         

   : 

1. ,    .   

  ,    –   

  [6, 7, 8]. 

2. -    ,   

.        

     ,   , , 

-  [9, 10, 11]. 

3. ,     ,  

  ( )  ( ,   

).        [12], 

 [13]   [14]. 

4. ,    -

 .       

  [15].     

        

 . 

 

1.2   
 

    -  ,  

        

      . 

 ,     ,   

    ,    . 
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 ,     -  

   -  , —  

       ,   

      [16]. 

         -

.   (  , ),    

,      ,   .  

,         , 

      .   ё  

   , , ,    

   :  

1) ,      ;  

2) ,     .  

 ,     ,     

. 

         , 

, ,   . .     

: 

1)   : 

)        ( ) -  ,  

  : 

−      -    ,  

,  ; 

−      - ,    

 ; 

)        ( ) -  , 

        

(  ); 
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2)  ( )  –    

  ; 

)  –       

 ; 

)  –         

 ,       ; 

3)   –       

; 

4)  –    ,   

 ё  ,       

       

   ; 

5)   –     ; 

6)   -  ,   

  ,    

.        ,   

  ,       

    . 

        

   : CO2, H2O, CO  .   

  , ,  ,  

       .   

     ( , , , , 

  .),     , , ,   . 

     ,   , , 

, , , ,   .    

   [17]. 

 , ,     

,       ,  
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   (  );    

(  )       ,    

   ;     

 ;     . 

       .  ,  

 ,        

 (  ).      
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1.3   
 

    ,   

 .      

     . ,    

     [18]:  
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   ,       

  ,      ,  

  . 

•        

    ,    -    : 

  -   ,  -   

  - ,      ,  

        . . 
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.     ,    
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,       

 :  

1. ; 

•  , 

•  . 

2.  

•     ( , ), 

•      (  )  

3.   

•      (  ),  

•      (  ) 

    ,      

. , ,        

  ,     

  -   .    

    -    . . 

       

   ,    , , 

     . 

 

1.5       
 

      ,   

 ,      

 ,    [19].   

    ,   
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,       , 

        

  . 

  [20] «      

      » 

      .  

      

 ,       

      

.     ,  

       

  «   ».     

      ,   

   .       

  ,      

 ,     - , 

   ,   ,    

    3 ( - ). 

 

   

)   )    
 

)   
 

 
 3 –          

  
 

   ,    

F-rate,     .   
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    ,   

  F-rate,     

  ,   ,    

  . 

   RGB    

     : 

 1: R> G⩾B 

 2: R> RT 

 3: S⩾ (255-R) × ST / RT 

   RT     R, S 

    ,  ST  

,   R  RT    .  1  

2 ,    R      

.  ,       

   ,     

    . 

   ,   

    ,    

   . 

      

         

  [21].      

    ,     

  : 

𝐹𝐷 , , 𝑘 =  {  𝑖 |𝐼 , , 𝑘 − 𝐼 , , 𝑘 − | > 𝐿   𝑜 ℎ 𝑖                (1) 

 (x,y)        

    x       y. I (x,y,k) 

   (x,y)  . I(x,y,k-1)  
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  (x,y)  . L –   .  

  1     FD(x,y,k) 

   . 

    ,     

-    -  .   

   ,   

   ,       

        .  

 ,        

.         ,  

        

       . 

 ,        

    (  4). 

  
) ) 

 4 –       

 
         

    :     ,    

   ,   ,    . 

       

      [22]. 

         

       

     . -
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   ,    .  

-         

 ,      

      ,   . 

        

  . 

         

.           . 

      ,   

   .    ,  ,  

   ,      

,      RGB.      

RGB    ,    RGB 

   ,      

.   YCbCr     (Y)  

 (Cb,Cr) .  , -    ,  

          

,         

.     ,    

     (  5). 

 

 5 –    
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,        

 , ,     

     ,      

        .  

 ,       

         

      

. 

         

      .   [23]  

 -    

   ,     

 ,    .     

  ,     .    

         

 ,   .   

  ,     -  

 .       

   ,     

   . 

         

 [24],          

 .   [25] ,     

   1–3 ,      10 . 

        -

     . ,   

[26]    ,    

    . 
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  ,     

 " "   .  ,   

   ,      

, , ,   . . 

       

 :  ,   ,  

     ,  

 . 

     RGB,  

   ,  YCbCr  HSV. 

      

        

 ,     . 

 ,   ,      

  ,   , , , 

  . .     ,  

   -   
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       ,  
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 . 
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2.   -    

         

 . 

3.      

     , 

     . 

4.   . 

 

2.2        

 
         

    (  6).    

 : 

1.     , . . ,  

 . 

2.    -     

. 

3.      . 

 
 6 –      
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2.3     
 

      -    

  .     

        [27]. 

   -     . 

       ,  

    . , ,     

  ,      

 (  7). 

 

 
 7 –    

 
     ,  

 .     , , 

     (  ). 

     ,   

   .      

 Ф .      

     ,    

.         

        .  

 -       . 

     ,   

 ,      (  8). 
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  -     ,  

 . -  ,  , 
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     ( ), 

      . 

     ( , , )  

        

 .     -

     ,  , 

     . 

   ,   -

.     ,  ,   

,   . .  (  9, - ). 
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 9 – )   )   )   )   
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    (  ,   

         

    ).    

    ,      

   . 

       . 

   ,       , 

     .     

  , , ,   .  

   ,     
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   ,     ,   

    (  10). 
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 10 –     

 

2.4    
 

       

     .     

     .     

  ,     

 .  

          

   ,     

  .      

       . 

          

  (matching).   ,  

      , 

  -    " ", " ", 

" ", "  ", " "  . .  " "  

,     ( ),   

   -      

  . 

     : 

− :  ,  ,   , 

 ; 
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−  : , , , , 

,  ,     ,  

,     ,  ,  ; 

−  : ,   

,    , ; 

−  :  ,  

, , ,   ,  

  , ; 

−  : , ,  , 

, , , ; 

− /  :     

; 

−  :     

; 

−  :     . 

       

 .      

.        

.      

,      [28]. 

        

.  ,   11      

     . 

 



32 

 

 

 

 

 

 
) ) ) 
 11 –  : )   )   ) 

    
 
         

 .      

       

       

  .       

   ,      

 . 

 

2.5  .   
 

         

   .  ,    

       , 

       ,    . 

 —     ,  

  .    ( ), 

ё     .    

,   ,     .  

   .   

   .   ,  

     . 
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     ,    

   (      ),  

    ,    

  ,       

  .       

 ,           

. 

     

   .      k-

, AdaBoost    . 

  AdaBoost      

 .     ,        

 (   ), . .    ,    

 ( , -1 –  , +1 –  ),   

    (    

 ,        

 ),        

(  12). 

 
  

) ) ) 
 12 –   AdaBoost: )  1  ) 

  )    7  
 

       (SVM) 

     ,    

   .     ,   
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    ,      

   .         

:    ,     

    ,       

  . 

   —      

        

    .    

    ,  . 

   ,  

    .    

,         

 ,      

 (  13). 

  
) ) 

 13 –   SVM: )   )  
   

 
      , 

       (  ).  

,     — ,   

 . 

,      , 

   (  ). 
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 ,       (  

  ,   . .).   
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 ,  ,    .  
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( )    ,    

   . ,   , ,  
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   ,     . 

,       ,  

      .  

        

 ,     ,    
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 ,      
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   ,   ,  

     ,   
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    ,     , 

 ,        

 ,     -

 . 

 

2.6.1        
 

 ,  ,     

        

 ,  ,   

       

 . 

 

2.6.2           
 

       

        -
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 .        

Background Subtractor    OpenCV [29].  

         

 .      

  M      :    

 


=

=
M

i
ii xbpxp

1

),()(             (2) 

 
 x – D-    ; bi(x) –   

  ; pi, i =1,...M —   . 

     : 

 

.)(,,
1 








= 
=

M

i
iiii xbpp            (3) 

 
   D-    

.   ,  c  x  y   

        , 

  . 

        

 ,       

 .        

 RGB  HSV   : 

R> G ⩾ B,            (4) 

R > RT,            (5) 

S ⩾ (255-R) × ST / RT.          (6) 

   (5)-(6)  RT     

R, S     ,  ST  

,   R    RT   
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 .  (4)  (5) ,    R   

   . 

    -  

      . 

         

: 

sd=s1/s2,               (7) 

 s1 –  -   , s2 –   

  (  14). 

 

 

 

) ) 

 14 ‒    :  ‒  ;  ‒  . 

 

2.6.3         
 

      -  

    ,   

   ,   : 

circularity = s× (4π×s/P2),                   (9) 

squareness = s/(x×y),                 (10) 

aspectRatio = s× (min(x, y)/max(x, y)),              (11) 
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roughness = s*(P1/P),                  (12) 

, s –  - , P –  - , x  y – 

   - , P1 –  . 

       

        -

:  

fr= FPS/MAXS*С,                              (13) 

 
 MAXS –       

, C –     

, FPS –   .   

     - ,   

   ,     

   . 

       , 

   .     

   -    

 .        

   ,   .    

      (SVM).     

   :    ,    

     ,      

   .      

 -        

"  "  "  ". 

 
2.6.4      -     

 
  15  -     

  . 
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 15 – -       

 

2.4         

 
      , 

   ,      

   . 

       

 OpenCV   ,   RGB  

HSV    . 

       

   .     

   (SVM). 
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3   
 

      , 

 ,      

. 

 

3.1         

 
      

      

 [30],   Dyntex [31],      

  YouTube [32]. 

          

   ,  ,   

.      ,  

    ,    

. 

       

         .  

           

,        .  

    9229    

7119    ,   

   19 .    80 %, 

  – 20 %   . 

         

2. 
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 2 -    

  
    

  
    

   

Bilkent\ fBackYardFile.avi, 
 334 

, : 
320 240  

 : 1,251  
 

Bilkent\ barbeq.avi,  186 

, : 
320 240 

 : 516  

Bilkent\ forest4.avi,  113 

, : 
400 256 

 : 251  

Bilkent\ forest5.avi,  45 

, : 
400 256 

 : 246  

Bilkent\ ForestFire1.avi,  
54 

, : 
400 256 

 : 247   
 

Bilkent\ fire1.avi,  146 

, : 
320 240 

 : 542  

Bilkent\ forest2.avi,  154 

, : 
400 256 

 : 273   

Bilkent\ controlled1.avi,  
67 

, : 
400 256 

 : 275 
 

Dyntex\ 66ammj00.avi,  
158 

, : 
720 576 

 : 227 
 

Dyntex\ 64cac10.avi,  104 

, : 
720 576 

 : 203  

   

Bilkent\ sEmptyR1.avi,  
134 

, : 
400 256 

 : 458 
 

Dyntex\ 648ab10,  1 

, : 
384×288 

 : 716   
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  2 

Bilkent\ sEmptyR2.avi,  
5 

, : 
400 256 

 : 437 
 

Bilkent\ sParkingLot.avi,  
563 

, : 
400 256 

 : 1,136  

Dyntex\ 649h320.avi,  
120 

, : 
720 576 

 : 206 
 

Dyntex\ 6489610.avi,  47 

, : 
720 576 

 : 201  

Bilkent\ sBehindtheFence.avi, 
 254 

, : 
320 240 

 : 675  

Bilkent\ sBtFence2.avi,  
226 

, : 
320 240 

 : 1403  

Bilkent\ sWasteBasket.avi, 
 137 

, : 
320 240 

 : 963  

Bilkent\ sMoky.avi,  473 

, : 
320 240 

 : 625 
 

Bilkent\ sWindow.avi,  
211 

, : 
320 240 

 : 247  

Bilkent\ Car_Counting.avi,  
46 

, : 
320 240 

 : 384  

       

YouTube\ 15.mp4,  48 

, : 
640 360 

 : 243  

YouTube\ 19.mp4,  546 

, : 
320 240 

 : 1035 
 

 

 

http://signal.ee.bilkent.edu.tr/VisiFire/Demo/FireClips/controlled3.avi


44 

 

  2 

YouTube\ 16.mp4,  386 

, : 
492 360 

 : 412  

YouTube\ 20.mp4,  356 

, : 
480 720 

 : 1678  

YouTube\ 17.mp4,  125 

, : 
640 360 

 : 636  

YouTube\ 21.mp4,  275 

, : 
580 360 

 : 763  

YouTube\ 18.mp4,  45 

, : 
640 360 

 : 207  

YouTube\ 22.mp4,  57 

, : 
720 480 

 : 224 
 

 

          

    .      

 16. 

     
     

 16 -     : -  –    . 
 

     , 

  ,    « »   

.        

  TR – true re ognition, FRR – false rate rejection  FAR – 

false alert rejection.  TR (  )   

 ,         ,  

  .  FRR   

, FAR – . 
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3.2          
 

      , 

       

.         

  .      

  17-19.  

    
    

 17 -       
 http://signal.ee.bilkent.edu.tr/ VisiFire/Demo/FireClips/Bilkent/barbeq 

(  267):  –   ;  –   ;  –   
 ;  –  . 

    
    

 18 -       
 http://signal.ee.bilkent.edu.tr/ 

VisiFire/Demo/FireClips/Bilkent/fBackYardFile (  65):  –   ; 
 –   ;  –    ;  –  . 

    
    

 19 -       
 http://signal.ee.bilkent.edu.tr/ 

VisiFire/Demo/FireClips/Bilkent/ForestFire1 (  316):  –   ;  
–   ;  –    ;  –  . 
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      3 

  ,  4  

  ,    5  

    . 

 3 -    (   ) 

  
 

 

 
   

 
 

TR, % FRR, % FAR, % 

Bilkent\fBackYardFile.avi 1251 1127 90,09 9,91 0,39 
Bilkent\barbeq.avi  516 507 98,26 1,74 0,23 
Bilkent\forest4.avi  251 235 93,63 6,37 0,41 
Bilkent\forest5.avi  246 234 95,12 4,88 3.65 
Bilkent\ForestFire1.avi  247 240 97,17 2,83 3.23 
Bilkent\fire1.avi 542 529 97,60 2,40 2,21 
Bilkent\forest2.avi 273 264 96,70 3,30 1,46 
Bilkent\controlled1.avi 275 246 89,45 10,55 4,45 
Dyntex\6ammj00.avi 227 217 95,59 4,41 0,28 
Dyntex\64cac10.avi 203 185 91,13 8,87 0,24 

  - - 94,47 5,53 1,65 
 

 4 -    (   ) 

   
 

   
  

 

FAR, % 

Bilkent\sEmptyR1.avi 458 3 0,65 
Bilkent\sEmptyR2.avi  437 12 2,74 
Bilkent\sParkingLot.avi  1136 5 0,44 
Dyntex\648ab10.avi 384 6 1,56 
Dyntex\6489610.avi 201 1 0,49 
Dyntex\649h320.avi 206 2 0,97 
Bilkent\sBehindtheFence.avi 675 0 0 
Bilkent\sWasteBasket.avi 963 0 0 
Bilkent\sWindow.avi 247 4 1,61 
Bilkent\sBtFence2.avi 1403 8 0,57 
Bilkent\sMoky.avi 625 15 2,4 
Bilkent\Car_Counting.avi 384 11 2,86 

  - - 1,19 
 

 

 

 

http://signal.ee.bilkent.edu.tr/VisiFire/Demo/FireClips/controlled3.avi
http://signal.ee.bilkent.edu.tr/VisiFire/Demo/FireClips/ForestFire1.avi
http://signal.ee.bilkent.edu.tr/VisiFire/Demo/FireClips/forest5.avi
http://signal.ee.bilkent.edu.tr/VisiFire/Demo/FireClips/forest5.avi
http://signal.ee.bilkent.edu.tr/VisiFire/Demo/FireClips/forest5.avi
http://signal.ee.bilkent.edu.tr/VisiFire/Demo/FireClips/controlled3.avi
http://signal.ee.bilkent.edu.tr/VisiFire/Demo/FireClips/ForestFire1.avi
http://signal.ee.bilkent.edu.tr/VisiFire/Demo/FireClips/forest5.avi
http://signal.ee.bilkent.edu.tr/VisiFire/Demo/FireClips/controlled3.avi
http://signal.ee.bilkent.edu.tr/VisiFire/Demo/FireClips/controlled3.avi
http://signal.ee.bilkent.edu.tr/VisiFire/Demo/FireClips/controlled3.avi
http://signal.ee.bilkent.edu.tr/VisiFire/Demo/FireClips/controlled3.avi
http://signal.ee.bilkent.edu.tr/VisiFire/Demo/FireClips/controlled3.avi
http://signal.ee.bilkent.edu.tr/VisiFire/Demo/FireClips/controlled3.avi
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 5 -       

 
  

TR, % 
FRR, 

% 
FAR, 

% 
  

 
FAR, 

% 
www.youtube.com/watch?v
= tK7B5gIlmL4  

82,71 17,29 2,05 www.youtube.com/watch?v=kNO
GqQ_szq4 

5,71 

www.youtube.com/watch?v
= wFzFih7lCk8 

63,69 36,31 5,58 www.youtube.com/watch?v=VCrj
1nAkJeo 

6,06 

www.youtube.com/watch?v
= rETOYCzD_i8 

96,13 3,87 0,47 www.youtube.com/watch?v=CQ_
ek2lvxuw 

8,94 

www.youtube.com/watch?v
= _W5GxLO1U4U 

83,86 16,14 0,56 www.youtube.com/watch?v=iEo4
rTGTo8o 

3,91 

www.youtube.com/watch?v
= Pxu0gbMNDWQ 

92,31 7,69 1,43 www.youtube.com/watch?v=hk_g
YUNEI0A 

4,23 

www.youtube.com/watch?v
= OZhP5UqguxQ 

94,19 5,81 1,52 www.youtube.com/watch?v=ekjt4
LH89nk 

1,08 

  85,48 13,14 1,93   4,98 
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 20 ‒    .  
Bilkent\barbeq.avi.  ‒  ;  ‒  ;  –  - ;  –

   . 
 

  
  

  
  

 21 ‒    .  
Bilkent\ForestFire1.avi.  ‒  ;  ‒  ;  –  - ; 

 –   . 
 

http://signal.ee.bilkent.edu.tr/VisiFire/Demo/FireClips/ForestFire1.avi
http://signal.ee.bilkent.edu.tr/VisiFire/Demo/FireClips/ForestFire1.avi
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 22 ‒    .  
Bilkent\fire1.avi.  ‒  ;  ‒  ;  –  - ;  –

   . 
 

  
  

  
  

http://signal.ee.bilkent.edu.tr/VisiFire/Demo/FireClips/ForestFire1.avi
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 23 ‒    .  
Bilkent\controlled1.avi.  ‒  ;  ‒  ;  –  - ; 

 –   . 
 

3.4         
 

     

,  ,    

  85,91 %,    ,   

    1323   9229.  

,      

  ,   67   7119,  

   1,19 %.  ,   
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http://signal.ee.bilkent.edu.tr/VisiFire/Demo/FireClips/ForestFire1.avi
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