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Abstract: The aim of this article is to study the tools and methods that will improve the video smoke detection with high accuracy and 

eliminating the fault alarm which may occur because of fogs and weather conditions. 

 

Keywords: Fire, Video smoke detector, IR, NIR, Thermal Cameras, DSLR, Fire alarm system, Low - Cost Fire Detection 
 

1. Introduction 
 

Fire is one of the most popular public safety issues in the 

environment outdoors or indoors. Fire causes life lost and 

properties lost, which may costly damage the infrastructure 

and economic crisis, therefore detecting smoke at an early 

stage plays a big role to eliminate those damages. The lesser 

the property damage, the shorter the downtime to reopen 

businesses and allowing them to return and recover quickly.  

 

The time taken from the fire to the sensor is important to 

achieve the early video smoke detection, which is the time 

taken from the fire movement to the sensor, as well as the 

accuracy of the data to avoid fault alarms (15) (13).  

 

A large amount of Video smoke detector methods were 

conducted and studied in the past 9 years, such as Thermal 

cameras, smoke pattern, fire detection algorithms as well as 

RGB techniques. (1 - 3 - 10).  

 

2. Research Design  
 

The aim of this thesis is to analyse the tools that can be used 

to detect the smoke at early stages in variant conditions 

outdoors and indoors in different weathers. This can be used 

by image smoke detector (ISD) or video smoke detector 

(VSD). The cost is to be reduced by eliminating the asset 

damages and time by reconstruction the assets that were 

damaged by the occurred fire, before going deep to near 

infrared radiation, wavelength radiation concept is 

elaborated as shown below:  

 

 
 

A study by Hu, Y., Lu, X. using a low - cost near - infrared 

digital camera for fire detection and monitoring using 

specific ranges of wavelengths to control and have better 

visual of smoke comparing to human visualization system 

(HVS) since the wavelength range is limited by 380 - 750 

Nanometers. Nowadays near infrared (NIR) is popular 

within industrial markets as a cost – saving method for 

conducting materials wavelength.  
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Figure 1: The outputs of the wavelengths between 830 and 

1000 nm of NIR, 

The pictures below indicate the lack of sensitivity of the near 

- infrared (NIR) sensor to smoke occlusion. However, the 

white and gray plumes are most visible in RGB images 

most. The flames in the near - infrared (NIR) image are 

distinct from other image features and appear almost white. 

Hence, fire in RGB images showed shades of red and 

yellow. The effectual of distance on the ability of the near - 

infrared (NIR) to see through smoke was not directly tested. 

The experiment shows that burning fire is clear in the 

infrared images when no fire but can be detected in RGB As 

shown in the figure below. The near - infrared (NIR) Images 

contrast ratio fire to the background was between 1.28 and 

2.40 compared to RGB which is between 0.86 and 1.58 near 

- infrared (NIR) ratios are always higher, as shown below:  

 

 
Figure 2: Comparison of near - infrared (NIR) and RBG 

images considering contrast Studies have shown that near - 

infrared (NIR) cameras (Right side) are more sensitive to the 

presence of flames than RGB cameras (Left side). 

 

 The near - infrared (NIR) improved in consumer camera 

effectively penetrates smoke and provides high - resolution 

output in this experiment (4000 × 3000 pixels). The low - 

cost option of using this technology showed thermal sensors 

being attractive. Near - infrared sensors will never achieve 

flame detection Efficiency of IR Sensors, yet, it is More 

Affordable for consumer. The near - infrared camera is a 

good choice. (12)  

 

3. Planned Experiment 
 

The planned experiment will be divided into more stages to 

ensure the reliability and quality of the detection rate 

avoiding fault alarm. Stage 1 is choosing the suitable low 

budget camera by understanding the market pricing to make 

it affordable for the end users. Stage 2 is collecting many 

smoke and non - smoke images such as fog, rain and dust 

images to train the dataset to recognize the fire, since it is 

very important in gulf regions to detect and avoid triggering 

false alarm, the sample photos will be taken in fog, dust and 

rainy weathers in multiple angles and views, then start 

testing the detector in order to conduct the study and 

enhance of any points need to be modified. In case of any 

false alarm, which means detector triggered alarm without 

any real fire a re - modification need to be setup in the 

dataset training which is stage 3. The other test will be 

indoor, which will be a minor challenge comparing to the 

outdoors because there are no any dust, fog and Rain indoor. 

The result can go backward and forward to ensure the 

quality and accuracy. More scenarios should be tested since 

many challenges can occur outdoor. The testing should not 

be limited to a specific equipment since it can use any 

outdoor or indoor applications. The challenges that may be 

faced during testing is the battery life of the camera, 

originally DSLR battery usage is not meant to be long life 

battery, which is DC battery supply, but the testing may take 

several days to get the result, an external spare battery can 

be a solution but in the final stage transforming DC battery 

supply to AC supply can resolve the problem if it's possible  

 

4. Expected Results 
 

After taking multiple pictures in various conditions, the 

Expected outcome of this test is the consideration of more 

sample pictures in the future since weather conditions can’t 

be predictable. To have an accurate readings and fast 

detection response the dataset requires a sufficient sample 

picture.  
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