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ABSTRACT 
 

In general, fire occurs only when 3 essentials elements come together: heat (sufficient), material (Fuel), and oxygen. 
Most of the available fire detection techniques, such as smoke detector, flame detector, heat detector etc, have a prob-
lem with transport delay and also give a high rate of false alarm. The proposed algorithm detects fire at its early stage 
in both indoor and outdoor using video image processing with few false alarms. The algorithm begins by loading the 
selected video clip from the database developed to identify the presence or absence of fire in the video frame. In this 
approach, background subtraction was employed, which is comparing the current frame with the reference frame. If 

the result of subtraction is less than the set threshold, the difference is ignored and the next frame is taken. However, 
if the difference is equal to or greater than the set threshold, the frame is then subjected to colour and shape test. This 
is done by using combined RGB colour model and shape signature. The proposed technique was very effective in 
detecting a fire compared to those techniques using only motion or colour clues. Major contribution of this work is 
developing a database for both indoor and outdoor fire and also, an approach for detecting a fire using colour and 
shape signature. The proposed technique can further be improved by monitoring the fire growth. 
 
Keywords: Fire detection, Flame color recognition, Flame shape recognition

1. INTRODUCTION 
 

This Fire plays a very important role in human life. Human 

beings rely on fire for their cooking, warmth, blacksmith, and 

a host of industrial applications. Despite its many advantages, 

fire can be dangerous if left uncontrolled. Such fire has the 

potential to cause physical damage like human burning, 

property/environmental destruction and water contamination. 

Fire can be characterized by the heat it generates, smoke it 

emits, its motion and its flame shape. 

 

    
Figure1: Fire Triangle(www.sc.edu/ehs/training) 

 

Fire outbreak results in colossal loss of lives and property. 

In recent times, many fire outbreaks were reported in Nigeria. 

For example, the Kano State Fire Service says 134 lives and 

property worth N635million were lost to fire incidents in the 

state from January 1 to December 31, 2020, dailypost.ng 

(2020). Also, Premium-times (2016) reported another Fire 

outbreak at Sabon Gari Market Kano where shops and prop-

erties worth Millions of Naira were destroyed and took men 

of the Kano State Fire service over 10 hours before they fi-

nally put it out. News Agency of Nigeria (NAN) also re-

ported that the Kano State Fire Service on the 23, May 2021 

revealed that no fewer than 64 persons, including eight fire-

fighters, sustained several degrees of burns from a petroleum 

tanker explosion at a filling station in Sharada area of the 

state https://www.vanguardngr.com(2021). 

 

Conventional fire detection systems such as smoke and 

fire detectors operate based on electronic sensors, which usu-

ally depend on heat and pressure, as reported by Cleary & 

Grosshandler, (1999). These types of sensors suffer serious 

shortcomings; such as transport delay, conduction delay and 

wind; thus, inappropriate for outdoor application and can 

give high false alarm rate. With rapid development of fast 

and effective digital camera technology, coupled with a more 

flexible and faster image processing algorithms, we intend to 

approach the problem of early fire detection using a vision-

based fire detection technique which is devoid of those short-

comings associated with the conventional method. The vi-

sion-based methods have a fast response time, ability to mon-

itor sizeable area, suitable for both indoor and outdoor appli-

cations and comparably cheaper. 

1.1 Related Works 

https://www.bayerojet.com/
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In the last two decades lot of effort was dedicated on the 

study and evaluation of different vision-based fire detection 

methods, with a majority of researches focusing on fire col-

our and motion.(Yu et al., 2013) proposed a real-time video 

fire flame and smoke detection algorithm which was based 

on foreground image accumulation and optical flow tech-

nique. Two parameters were used for the foreground accu-

mulation to differentiate flame candidate areas from that of 

smoke. The flame regions are recognized by a statistical 

model builds by foreground accumulation image, while the 

optical flow is calculated and a motion feature model is used 

to discriminate the smoke regions. (Seebamrungsat et al., 

2014)proposed a real time fire detection system using video 

sequence captured from any video camera such as webcam. 

The expected fire and background are separated by means of 

background subtraction technique. Two consecutive frames 

are compared to check for fire growth. If the growth contin-

ues in five frames, the alarm is triggered and computer screen 

displays the video with the red box superimposed on the de-

tected fire region. They reported a response time of 15 sec-

onds.In another work by Wang et al., (2014), they used chro-

matic and dynamic features of fire to develop an early fire 

detection method. They also employed a moving object de-

tection algorithm in the pre-processing phase to detect the in-

between frame changes. In addition, they employed fire col-

our model developed for same fire detection strategy to de-

tect possible smoke samples which is used as an early alarm 

for fire detection.  

Sayyed et al., (2019)proposed an autonomous fire detec-

tion technique using mounted camera. This prototype takes 

continuous video feed of the surroundings. Once the pres-

ence of fire is confirmed in a direction, the robot aligns itself 

in that direction and moves toward that place. After reaching 

there, a cross check for the presence of fire is done by a pyro 

sensor. Upon receiving positive result, the fire extinguishing 

procedure begins and continues till the fire is extinguished. 

In recent work by (Huang & Du, 2020). They combined 

rough set (RS) with support vector machine (SVM) method 

in machine learning theory to avoid many flaws in conven-

tional methods of fire detection. Experiment results show 

that the RS-SVM classifier model based on parameter opti-

mization mitigates deficiencies in overfitting and determin-

ing local extremum with excellent reliability and stability, 

thus enhances the forecast accuracy of fires and reduces false 

fire-detection alarms. In another work, (Jeong & Kim, 2020). 

presented a fire detection algorithm using thermal images. 

They used adaptive flame thresholds that varied depending 

on the characteristics of input images, as well as the centre of 

gravity of the heat-source and hot-source regions. Prelimi-

nary decision thresholds were adaptively set to the motion 

pixel ratio of input images to maximize the detection accu-

racy. At the final stage, the texture correlation and intensity 

of the flame candidate blocks were averaged for a specific 

period and tested for their conformity with the fire decision 

conditions. As a result, they recorded a fire detection accu-

racy of 94.24%, with minimum false detection, 

In this paper, a multimodal system is proposed to solve the 

problem of early fire detection from video sequence using 

three steps. In the first step, we perform a fire detection using 

the RGB colour model, then followed by an extraction of the 

standard deviation of the suspected fire region. Finally, the 

shape feature of the segmented region is used to confirm if 

the segment region is really fire region. The remaining sec-

tion of this paper is organised as follows: Section 2 presents 

the proposed fire detection method. Section 3 gives the ex-

perimental results and discussion. Finally, conclusions are 

drawn in Section 4. 

 

2. METHODOLOGY 

 

This section presents the algorithm of detecting a fire us-

ing colour and shape information. The methodology 

adopted in this work comprises the following four stages 

namely: 

 

Database development 

Detection of fire frames 

Segmentation of the region of interest 

Classifications of the segmented region as fire or non-fire 

 

2.1 Database Development 

We conducted a thorough online search for publicly 

available domestic fire database that contains the varia-

tions of interest, such as indoor and outdoor fire scenarios. 
But we could not find any, this may be connected with the 

fact that the western world is less concerned with domestic 

fire, unlike wild fire, which has lots of databases available 

online. For this reason, we resort to locally developed our 

database. The developed database contains 130 video 

clips for both fire and non-fire. We developed fire clips in 

an isolated place under the supervision of a fire service 

professional from Kano State Fire Service to guarantee 

quality and safety. The size of the clips ranges from 

4.5MB to 10MB of about 250 to 600 frames that run in 17 

to 30 seconds, respectively.  

 

The developed database covers class A and B fires 

which are the common types of fire occurring in our local 

environment. Among the 130 clips captured, the fire in 30 

clips was made using wood, similarly, textile materials 
were used in making 30 fire clips. While, we used other 

organic materials such as paper to produce 30 fire clips to 

https://www.bayerojet.com/
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represent the class A fire. For class B fire, kerosene, petrol, 

paraffin wax were the materials used in making the 

fires.Tomake the database more challenging, different il-

lumination intensities and wind variations are considered.  

 

Thus, the fire video clips were captured in both indoor and 

outdoor situations. Other variations in the database in-

clude motions from trees and other passer-by and also re-

flection from the adjacent walls. Figure 2 shows the ex-

ample images from the database. 

 

2.2 Pre-processing 

Image enhancement is the process of digitally manipulat-

ing, adjusting or improving the quality of an image, such 

as brightness, sharpness, noise removal, etc using image 

processing tools. The image pre-processing steps aim to 

enhance the image quality for the smooth processing of 

the image in the subsequent stages. 

 

2.2.1 Noise filtration is the process of removing un-

wanted components or features from an image. In this 

work, we employed a median filter to filter out the salt and 

pepper like noise in the image. The idea of a median filter 

is simply replacing pixel value under consideration with 

the mean value of its neighbour. This has the effect of 

eliminating pixel values that are way off the majority of 

the pixels in the neighbourhood. Figure 3 shows the noisy 

and filtered image. 

 
 

 

 

 

 

 

 

 

 

Figure. 3 (a) is the noisy image and (b) is the filtered image 

 

2.2.2 Detection of Fire Frame: Identifying moving objects 

from a video sequence is a fundamental and critical task 

in image processing. A common approach is to perform 

background subtraction, which is used to detect subtle ob-

ject movement between the video frames. One of the most 

common approaches used in object detection is to com-

pare the current frame with the previous one or with some-

thing we call background or reference frame. Usually, the 

first frame of the video, which contains no object of inter-

est, is considered as the reference frame say frame (k). As 

the video advances, an object of interest appears in the 

subsequent frames (k+1, k+2, k+3,…, k+n). In order to 

detect the object of interest, the current frame say frame 

(k+3) is subtracted from the reference frame(k). that 

is((k+3) –(k)). Note that all the common pixels between 

the two frames cancel out; the only pixels that remain will 

be that belonging to the moving object in the current frame, 

as illustrated in Figure 4. 
 

 

Figure 4: Image Subtraction 

 

Note that in Figure 4 left is the fire image, which is the 

current frame, at the middle is the subtraction sign and the 

reference image. To the right of the Figure is the equal 

sign and the result of the image subtraction operation. In 

the same way, to test the presence of fire in a frame,the 
current frame is subtracted from the reference frame. The 

 

Figure 2: Example Images from the Developed Database 

https://www.bayerojet.com/


                                      ISSN: 2449 – 0539  

BAYERO JOURNAL OF ENGINEERING AND TECHNOLOGY (BJET) VOL.17 No.1, JAN, 2022  PP 22-29 

Also available online at https://www.bayerojet.com             25 
 

idea of background differencing method is to detect the 

differences in pixel values between the current frame and 

background frame. If the result is less than the set thresh-

old, the difference is ignored and the next frame is taken. 

However, if the difference is equal to or greater than the 

set threshold, the region is taken as a suspected fire region. 

 

 

2.4 Segmentation 

Following a successful moving object frame detection, the 

next step is to segment the detected object in the frame 

and test to see if it belongs to fire class or not. Segmenta-

tion refers to the process in which an image is subdivided 

into constituent regions or objects. These objects can be 

further processed or analysed for the extraction of quanti-

tative/quantitative information. Also, segmentation is a 

technique for discriminating the foreground image (in fire) 

against the background (other regions in the image). Sev-

eral methods are used for segmentation, which include 

seed growing, snake method, edge-based segmentation, 

region-based segmentation and threshold-based segmen-

tation methods. In this work, we use the threshold-based 

segmentation method because of its simplicity and accu-

racy. The threshold operation is a grey value remapping 

operation g defined by: 

 

  𝑔(𝑣) = {
0     𝑖𝑓       𝑣 < 𝑡
1      𝑖𝑓       𝑣 ≥ 𝑡

                     (1) 

 
where v represents a grey value and t is the threshold value.  

 

Threshold maps a grey-valued in the input image to a bi-

nary value in the output image. In the threshold approach 

once an appropriate threshold value t is selected (which 

was experimentally determined in this work as 80 (i.e 𝑡 =
80) after manually considering 10 clips containing fire 

and 5 non-fire clips) the background pixels are forced to 

black while the foreground ones are converted into high 

intensity. This action converted the entire image into a bi-

nary image (i.e. after the threshold operation, the image is 

converted into two region types, identified by the pixel 

values of 0 and 1). This has immensely reduced the com-

plexities of the data and made segmentation straight for-

ward. Figure. 5 shows a successful segmentation of a fire 

region. 

 

 

 

Figure 5: Image Segmentation, (a) is the input image and (b) is the seg-

mented image 

 

 

 

2.5 Fire Detection Using Colour 

Colour is a very important attribute for object recognition. 

It can be used to detect a ripe (Red) or unripe (green) fruit. 

In the same way, we can describe a fire using its colour 

properties. The colour pixel can be resolved into three 

basic elements: i.e. Red, 

Green and Blue (RGB). (Noda & Ueda, 1994) decom-

posed RGB colour model to detect red colour information. 

They further established the ratio of these colours in the 

fire region and concludes that a fire region has R-compo-

nent greater than G- component and G-component greater 

than blue. R > G and G > B. Thus, fire colour has R being 

the dominant colour channel in an RGB image of fire. The 

correlation between the 3 channels is shown in Figure 6. 

 

 

Figure 6: Illustration of fire colour characteristics 

Figure.6 illustrates the RGB values of same frame at two 

different positions. Figure. 6(a) shows the coordinate 

(x=326, y=189) with the corresponding RGB values of 

''255, 148, 96''. This justifies our second condition for fire 

detection such that R>G>B which qualify the region as a 
fire while Figure. 6 (b) shows coordinates (x=56, y= 38) 

https://www.bayerojet.com/
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with the corresponding RGB values of' '32, 25, 25''which 

does not satisfy the RGB condition and therefore, it qual-

ifies the region as non-fire. 

In this work, we used the cropped region in Figure 6 to 

test the value of each pixel and justified the condition for 

R>G>B. To achieve this, we cropped image patchfrom 

3different frames and compute and compare the corre-

sponding colour components; R>G and G> B values. We 

then compared their pixel with the values in each frame 

and took the average. If the average is such that R>G and 

G>B we concluded that there is a fire in the frame, other-

wise we declared it as non-fire. To further ensure that the 

cropped region is a fire region, we subjected it to standard 

deviation test, since fire has a unique range of values for 

its standard deviation.  

2.6 Standard Deviation 

The standard deviation of an image is used to find the cor-

relation between two image bitmaps. Comparison of two 

bitmaps means how much each pixel of image1 differs 

from the corresponding pixel of image2 and vice versa. 

Standard Deviation tells us how many pixels are different 

in terms of its colour in the given two images.  

We calculated standard deviation using the formula: 

𝜎 = √
1

𝑁
∑ (𝑥𝑖 − 𝜇)2𝑁

𝑖=1           (2) 

σ = standard deviation       xi = each value of dataset 

µ is the arithmetic mean of the data  

N = the total number of data points. Using 20 video clips, 

we have experimentally found that the standard deviation 

of fire ranges from 30 to 69. 

Having determined that, we test each cropped image to 

find its standard deviation (std), if the std falls within the 

threshold (30-69) and satisfies the RGB condition, we 

concluded the frame contains fire. We also noted that re-

gions with lower than 30 std or higher than 69 std belong 

to non-fire regions.   

2.7 Fire Detection Using Shape 

Colour is not the only feature used to identify fire. There 

are some non-fire objects with the same colour as a fire 

such as ambulance siren, fire coloured shirt. The funda-

mental difference between fire and non-fire objects is the 

nature of their shape and motion. The size and shape of 

fire flame changes from one frame to another. To detect 

such a significant fire movement, we need to analyse the 

difference between consecutive frames. Since fire has ran-

dom and irregular shape, which is unique as illustrated in 

Figures 4-6, we therefore exploited this unique character-

istic of fire to classify whether the frame under consider-

ation contains fire. 

Shape is one of the most important descriptors used in im-

age analysis and the most conservative and robust feature 

of human visual perception. Object’s shape simplifies 

scenes and categorise objects into their basic primitive 

classes. Shape is a geometrical feature of an object that is 

invariant with respect to time, translation, rotation and 

scaling. Several algorithms were presented in the past by 

many researchers, such as Box-counting method, Perime-

ter method, signature, skeleton, edge detection and con-

tour extraction, etc(Gonzalez et al., 2002). In this work, 

we employed a shape signature method to extract the 

shape information from an object. In detecting shape of an 

object, three common points are considered; the object’s 

centroid distance, complex coordinates (position function) 

and farthest point distance. The centroid distance (radial 

distance) function represents the distance between the 

boundary points (x, y) and the centroid (x1, y1) of the 

shape and it is computed using (3). 

𝐶𝑑 = √((𝑥1 − 𝑥2) + (𝑦1 − 𝑦2))2     (3) 

Boundary lines identify the outer edge (or outline) of a 

shape or area. A boundary is formed using chain codes. A 

chain-code represents objects within the image or borders 

between an object and the background.  

            𝐵 =  𝑏𝑤𝑏𝑜𝑢𝑛𝑑𝑎𝑟𝑖𝑒𝑠 (𝑏);                                          (4) 

where b is the input image         

                 𝑸 =  𝑩 {𝟏};       𝒑𝒍𝒐𝒕 (𝑸)           (5) 

  Also, chain code represents the boundary of a region and 

is formed by the following boundary in a given direction 

(e.g. clockwise or anti-clockwise) with 4-neighbors or 8-

neighbors. The code is based on starting point and direc-

tion. In this work, a chain code was used to find the bound-

ary of an object using the formula in (3). 

Using instructions given in equations (3) to (5) the bound-

aries of different objects can be determined as illustrated 

by Figure 7 

  This shows that we can also use a boundary graph to 

identify and classify objects based on its shape. 

https://www.bayerojet.com/
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3.0 RESULT AND DISCUSSION 

To verify the function and performance of the proposed 

fire detection algorithm, computer simulation was con-

ducted on the developed datasets. In this work, ten video 

clips were sampled from the developed database to test the 

algorithm using colour, standard deviation, and shape fea-

tures. The experimental results are as summarized in Ta-

ble 1 to 3. 

As presented in Table 1, the ten test videos (V1 to V6, 

V8, V10 V11, and V14) have frames that contain fire 

scenes and non-fire scenes. It can be noted that we rec-

orded highest true positive recognition from V5. This can 

be attributed to the fact that V5 is an indoor video with 

fewer illumination changes and absence of moving ob-

jects. While, video V10 had the lowest TP recognition, 

which can be attributed to the fact that V10 is an outdoor 

video containing many challenges such as illumination 

variation, moving objects, etc. the overall accuracy of this 

method using colour features only is 63.63%. However, 

when we fused in std to the colour features, the recogni-

tion performance dramatically improved to 86.89% as 

presented in Table 2. 

 

Figure 7: Shape signature of different objects. Left are the objects and right are the corresponding boundary graphs. 
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Table 1: Result summary of colour-base 

 
 

From the results in Table 1, we can derive the following 

indices of the algorithm.  

 

SENSITIVITY: True Positive Rate, TPR = TP / (TP + FN) 

TPR= 2588 / (2799) = 0.9246 = 92.461% 

 

SPECIFICITY: True Negative Rate TNR = TN / (FP+TN) 

SPC = 324 / (1268) = 0.2555 = 25.552% 

 

FALSE DETECTION RATE, FDR = FP / (FP +TP) 

FDR= 944 / (3532) = 0.2673 =26.73 % 

 

The accuracy of the algorithm specifies the ability of 

the algorithm in detecting the region of interest (ROI). 

 

Accuracy=(TP+TN)/(TN+TP+FN+FP) x 100% 

Accuracy = 2588 / (4067) ×100% = 63.63%  

 

The simulation result of the shape-base method is pre-

sented in Table 3, this approach illustrated robustness to 

illumination and presence of moving object in the video. 

The recognition performance of the shape-base method 

stands at 83.78% with a low false detection rate of 13.74% 

only. 

 

 

 

 

 

 

 

 

 

 

 

Table 2: Result summary of color-base plus STD 

 
 

TPR = TP / (TP + FN); TPR= 3388 / (3515) = 0.9639= 

96.39% 

TNR = TN / (FP+TN); SPC = 163/ (572) = 0.2849 = 

28.49% 

FDR = FP / (FP +TP); FDR= 409 / (3797) = 0.1077 

=10.77% 

Accuracy=TP+TNTN+TP+FN+FP×100% 

 

Accuracy = 35514087=0.86885 = 86.89%    

 
Table 3: Result summary of Shape base detection method 

 
 

TPR = TP / (TP + FN) = 2793 / 2936 = 0.9513 = 95.13% 

 

TNR = TN / (FP+TN) = 245 / 690 = 0.3551 = 35.51% 

 

FDR =FP / (FP +TP) = 445 / 3238 = 0.1374 = 13.74% 

 

Accuracy=((TN+TP)/(TN+TP+FN+FP)) × 100%= 

3038 / 3626 = 0.83784 = 83.78% 

 

Comparing the performance indices of the three ap-

proaches presented in Tables 1, 2 and 3. the colour/STD 

approach was found to outperform the others in terms of 

its overall accuracy and low false detection rate

True +ve False +ve True -ve

(TP) (FP) (TN)
V1 275 68 124 48 19 16

V2 550 97 331 86 24 11

V3 425 52 318 25 11 19

V4 625 49 322 187 51 33

V5 500 68 376 18 21 17

V6 425 24 320 36 23 22

V8 500 69 359 51 13 8

V10 650 35 155 301 118 41

VD11 550 216 118 161 25 30

VD14 250 21 165 31 19 14

TOTAL 4750 699 2588 944 324 211

Video Clip 

No

Total no 

of Frames

Rejected 

Frames
False -ve

True +ve False +ve True -ve

(TP) (FP) (TN)

V1 275 68 163 6 16 7

V2 550 93 390 27 21 19

V3 425 41 356 5 12 11

V4 625 17 322 187 9 13

V5 500 68 378 16 23 15

V6 425 14 340 31 18 22

V8 500 65 412 11 5 7

V10 650 351 147 24 118 10

V11 550 226 98 131 19 30

V14 250 21 187 7 4 9

TOTAL 4750 964 2795 445 245 143

Video 

clip

Total 

number 

of frames

Rejected 

frames

False -ve 

(FN)
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4.0 CONCLUSION 

In the present study, a multimodal image pro-

cessing-based fire detection algorithm was pro-

posed that was designed to detect and classify 

video frames containing flame in them. First the 

RGB was used to test if R>G>B if this is true, then 

subsequent stages which include test of std and 

shape descriptors were followed to ensure the 

frame contain fire or not. The computer simulation 

results revealed that the fire detection accuracy of 

the proposed algorithm when tested separately 

stands at 63.63% for color and 83.78% when shape 

features were used. However, when multi features 

of color and std were used, the recognition accu-

racy improved significantly to 86.89%. Further-

more, the proposed algorithm significantly re-

duced the false detection rate to 10.77%. A future 

study will focus on implementing this algorithm on 

a real-life embedded image processing board to 

verify its real-time processing and detection per-

formance. 
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