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Abstract: Surveillance camera is used as a new technology for security. In this research, the combination of OpenCV 

with image processing will be discussed. Saving the space in the hard drive by recording only video when here would 

be an image formed in the subtraction of the original image to the next image captured. With the use of Image 

Processing and Fuzzy logic, the research was enhanced by eliminating the recording of same image captured. After 

analyzing the background images, it can now determine when to start recording the video or when to stop recording a 

video by subtracting the images in the backdrop image and comparing the image if there was an object in motion using 

template matching. With the application of the project, memory storage saved up to forty-six percentage points. 

 

Index Terms: Image Processing, Surveillance Camera, OpenCV, Fuzzy Logic, Rule-Based 

 

 

1.  Introduction 

Computers are used as an educational tool in academe, it let the students to work on worksheets, documents, 

presentations, programming, and other related educational requirements[1]. Students in Bulacan State University give 

students free time to use the computer laboratory if there are school requirements and when the laboratory has no 

schedule. Computer parts are easy dismantled by people and are prone to damage in computer laboratories when the 

classroom is not monitored by the staff. The settings of the computers may also be changed such as wallpapers, 

enabling and disabling peripherals and even installing unauthorized software’s which is not related to academic tracks 

such as games and others[2, 3].  

In Department of Education (DepEd), there are reported stolen computer laptops in school vicinities which the 

suspects are still unknown[4]. In 2018, there are also reported students that bring tools to dismantle and steal computer 

parts and LCD projectors in DepEd which was addressed by the Philippine National Police where it launched a counter 

measure to the issue to provide DepEd Computerization Program (DCP) which installed CCTV cameras in school 

premises[5]. Moreover, some are recovered because the computer parts, laptops and LCD projectors are placed in the 

marketplace online.  

The most problems in computer laboratories in Bulacan State University Sarmiento campus are some computes are 

reconfigured by the students, they tend to change the peripherals of the computer to another computer, and some of the 

computer parts are stolen. With these trendy problems that cannot be monitored by the security and the faculty, a 

solution was proposed. A surveillance that would record the events in 4 computer laboratories. With this technology, 

another problem arises. The hard drive will be full in a month time due to continuous recording with 1920x1080 

resolution per camera. Tracing back the CCTV footage would only be limited because it will continuously record 

everything even there are no people or movement in the classrooms[6]. The project also used high resolution to provide 

clearer recordings and to identify the person involved. However, the average file size of this resolution is 20-30 MB per 

minute, and this is per camera[7]. This would be from 80MB – 120MB per minute for all the cameras installed in the 

classrooms[8].  

Some of the solutions provided are the users may unplug the CCTV cameras after classes, reduce the resolution 

size gathered by the cameras and use motion sensor cameras. However, this project used subtraction of image with the 

use of Open CV and fuzzy logic. This would still use high resolution video and would only record images when there 

are motion detected using image subtraction[9]. 

The researcher also employed the Anfis Model analysis. Template Matching[10] is the ability to compare the 

preceding image with the backdrop image (TM). The TM program assesses the sensitivity of the image subtraction and 

calculates the difference, resulting in measurements of the unknown picture in the frame[11]. This would also cause the 
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system to activate the alarm system that is part of the project. The alarm goes off between 8 p.m. and 6 a.m., when the 

classroom is empty of students and faculty. Sensitivity is also set when a window is left open or an electric fan or air 

conditioner is left on, which causes other objects in the classroom to move. The security guard or the utilities will be 

notified and can fix the problem.  

2.  Background 

For years, technology advancement had gone through so much, in terms of security. One of the most popular in 

terms of security is the Closed Circuit Television (CCTV). There had been security cameras that had been introduced 

which have the advance capability of introducing alarm. Surveillance is used not only by the private sectors but also in 

home security. Security cameras don’t prevent crime and intrusion but it will have a copy of the incident that took place. 

The main purpose of implementing surveillance cameras is to provide a playback feature and it can be viewed over the 

internet with a use of a computer or even a mobile phone. 

Here are the following components that can be considered to help develop the project: 

A. AdHoc Technology 

The term Internet of Everything has been used by companies like Qualcomm and CISCO[12]. The basic structure 

of the IoE is based on four components that are composed of things, data, people and the process of communication.  

The basic process of each component represents the interconnection and the basic property of networking. The 

Machine to Machine (M2M), People to People (P2P) and People to Machine (P2M) [13]. Everything that enclose the 

idea of this network represents the IoE. Figure1 also combines all the components that will show the manipulation of 

the entity with the prescribed process.  

B. Human Computer Interface (HCI) 

The basic input set-up of a computer is the traditional keyboard and mouse which is still used. The track ball 

mouse has upgraded to an optical mouse with the same function and the keyboard became a multimedia or even 

extended keyboards. Today, many input devices are sold in the market like joysticks, drawing pad, and others[14]. 

Other peripherals to have communication between M2M are by input output ports and wireless communications. 

Most of the HCI uses wireless connectivity like ADHOC, Bluetooth, Radio Frequency or Wireless Fidelity.  

With regards with the data that was processed and transferred through this medium, connection must not break. 

Once the data was not received by the recipient, the sender resends the data through the network. This is applicable in 

the Response Time and Throughput. 

C. Image Processing 

The application of image processing on image comparison has been in the base of research of most journals in the 

line of visual mining. The digital image has 3 dimensions, the Red, Green, and the Blue (RGB) format. In image 

processing, the core factors are seen through histogram. Each histogram of the RGB format has different levels.  

This format cam produce the histogram of the image by using the formula IRGB = (FR, FG, FB) where FR(x , y) 

id the concentration of the pixel distribution for the Red Histogram of the image. The FG( x , y) is the concentration of 

the pixel distribution of the Green histogram and FB(x , y) is the concentration of the pixel distribution of the Blue 

histogram [4]. If we combine all the histograms, it will result to the histogram of the image.  

To get the luminance gray scale value of the image, we have to convert the image to grayscale. Each color will 

only require partial distribution for the gray scale. 30% for the Red, 59% for Green and 11% for Blue will be added 

together to formulate the gray scale value of the image[15]. Thus  

 

𝐼𝐺𝑅𝐴𝑌 = (𝐹𝑅 ∗ 0.3, 𝐹𝐺 ∗ 0.59, 𝐹𝐵 ∗ 0.11)                                                      (1) 

 

will compute for the histogram of the luminance gray scale of the image.  

The case of converting the image to grayscale would determine the comparison of the edges of the different image 

comparison or template comparison. The histogram of the image formed is the combination of the different colors that 

was given by the RGB combination. The images can be compared to the series of data in the database with the use of 

area process.  

Area process must have a kernel [16] to process the image and convert the data into a matrix form using the values 

of gray from 0 – 255. Comparing the result of the two values can determine the equality of both image that came from 

the user and the data from the database. 

Based from figure 3 and 4, the word level approach gets the emphasized word[17]. The word commands will 

pertain to short words [18, 19]as an instruction such as ON and OFF. The emphasized word will be Cut [20, 21]and will 

be translated into image. For example, the command words are “Lights Off”, the first word would be Cut and will be 

translated to an image that will be compared to the database of commands. The second word will be cut and translated 

into an image then will be compared to the database of instructions. If the command and instruction will match, then the 

command and instruction will be executed in the program. 
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Comparing the images by the use of template matching [22]. In OpenCV, the use of template matching helps to 

search for matches between an image patch and an input image.  

 

 

Fig. 1. Searching for the image template from the input image. 

The goal of searching the template image in the desired input image has to be the highest matching area shown in 

figure 4 to identify the matching area, the template will be compared to the input image by sliding it from left to right 

and from top to bottom. At each location, It is calculated if the comparison how good or bad the match at that location 

[23]. 

1. Objective of the Research 

To create a paper that will introduce the use of  Open CV with the fusion of Fuzzy logic in conserving memory 

space of the hard drive. When the images that are captured by the camera does not match, it will re compare when it 

captures the third image. Comparing the first image from the second image and comparing the third image to the first 

and second image would tell a sequence that would trigger the image recording to start. Having several information as 

an input now enters the problem of having a rule based expert system. To system will be able to save more hard drive 

space using template matching and Anfis Model. 

2. Methodology 

Based on the different methodology used by the in the Information Technology, Agile Methodology is the most 

adaptable to be used because it lets the researcher to iterate the process once the objective is not met or there is a need to 

enhance the  project. 

 

 

Fig. 2. Methodology of the study using Agile 

The project followed the approach because Agile methodology, as shown in Figure 2, enables for quick output and 

employs the throwaway prototype theorem. When the project's functionality is being tested, it is recommended that the 

system be revised in accordance with ISO 25010. Each functionality will be developed in parallel with others, resulting 

in a more comprehensive development of the study. 
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3.  Discussion 

The paper will focus on the different applications and hardware components that can be used to provide better 

solution on the school administration, staff, students, and faculty. 

The innovation through time of the components using 4G wireless connection can be an advantage in the paper, 

thus it must be flexible to adopt in the 5G in the future. 

A. Application of OpenCV. 

OpenCV implements template matching in the function of match template. This would be used in the research to 

identify if there would be a movement in the vicinity[24, 25, 26]. There are 6 methods that may be used and these are: 

CV_TM_SQDIFF 

 

𝑅(𝑥, 𝑦, ) =  ∑ (𝑇(𝑥′, 𝑦′) − 𝐼(𝑥 + 𝑥′, 𝑦 + 𝑦′))2
𝑥′𝑦′                                                      (2) 

 

CV_TM_SQDIFF_NORMED 

 

𝑅(𝑥, 𝑦, ) =  
∑ (𝑇(𝑥′,𝑦′)−𝐼(𝑥+𝑥′,𝑦+𝑦′))2

𝑥′𝑦′

∑ (𝑇(𝑥′,𝑦′)2∗∑ 𝐼(𝑥+𝑥′,𝑦+𝑦′))2
𝑥′𝑦′

                                                            (3) 

 

CV_TM_CCORR 

 

𝑅(𝑥, 𝑦, ) =  ∑ (𝑇(𝑥′, 𝑦′) − 𝐼(𝑥 + 𝑥′, 𝑦 + 𝑦′))2
𝑥′𝑦′                                                    (4) 

 

CV_TM_CCORR_NORMED 

 

𝑅(𝑥, 𝑦, ) =  
∑ (𝑇(𝑥′,𝑦′).𝐼(𝑥+𝑥′,𝑦+𝑦′))𝑥′𝑦′

√∑ 𝑇(𝑥′,𝑦′)2.∑ 𝐼(𝑥+𝑥′,𝑦+𝑦′)2
𝑥′,𝑦′𝑥′,𝑦′

                                                       (5) 

 

CV_TM_CCOEFF 

 

𝑅(𝑥, 𝑦, ) =  ∑ (𝑇′ (𝑥′, 𝑦′). 𝐼(𝑥 + 𝑥′, 𝑦 + 𝑦′))𝑥′𝑦′                                                    (6) 

 

where 

 

𝑇′(𝑥′, 𝑦′) = 𝑇(𝑥′, 𝑦′) − 1
(𝑤. ℎ)⁄ . ∑ 𝑇(𝑥′′, 𝑦′′)𝑥′′,𝑦′′   

𝐼′(𝑥 + 𝑥′, 𝑦 + 𝑦′) = 𝐼(𝑥 + 𝑥′, 𝑦 + 𝑦′) − 1
(𝑤. ℎ)⁄ . ∑ 𝐼(𝑥 + 𝑥′′, 𝑦 + 𝑦′′)𝑥′′,𝑦′′                         (7) 

 

CV_TM_CCOEFF_NORMED 

 

𝑅(𝑥, 𝑦) =  
∑ 𝑇′(𝑥′,𝑦′)∗𝐼′(𝑥+𝑥′,𝑦+𝑦′))𝑥′,𝑦′

√∑ 𝑇′(𝑥′,𝑦′2
∗ ∑ 𝐼′( 𝑥+𝑥′,𝑦+𝑦′)𝑥′,𝑦′

2
𝑥′,𝑦′

                                                     (8) 

B. Sugenio Method. 

Both Mamdani and Sugenio [22]are used in different ways. Sugenio in the other hand supplies information in the 

project relatively because it focuses more on minimal inputs. The configuration of the rules is suitable in using Sugenio 

because the translation of the data can be identified to be more reliable. 

The interpretation of the data is expressed in terms of generating signals if the surveillance camera would start the 

recording of the video or to stop recording. 

C. Rule-Based Expert System. 

The implementation of the rules in Bio informatics is used in the research to prove whether the application would 

record the instance of the video or stop. With the set of rules given, the analysis would define a definite procedure of the 

system. 
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Table 1. Rules of the image subtraction in the system 

Original 
Image 

Second 
Image 

Subtraction Motion 
Detection 

1 1 1 1 

1 1 0 WAIT 

1 0 1 WAIT 

1 0 0 0 

0 1 1 1 

0 1 0 WAIT 

0 0 1 WAIT 

0 0 0 0 

 

The application of the subtraction would define that there was a movement detected in the vicinity, then the motion 

detection would be logically on. But in the fourth row, the original data was on then the original image was off, this 

means that there was a movement but the subtraction did not get a value. This means that the data may be the same so 

the motion did was not triggered. 

D. Application of Fuzzy Logic. 

The focus of the proposed paper will be on the data that would be the result of the subtraction using OpenCV. The 

difference of the data would result to recording the video and will only stop the recording when there is no more 

evaluation of difference from the original image to the next image captured by the project. 

 

 

Fig. 3. Rules in the Fuzzy Logic 

 

Fig. 4. The structure of the application. 
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These are the set of rules that the research is going to use. The main purpose of the rules is to set the dataset and to 

analyze the data if there would be any movement in the area. The set of instruction will also guarantee the rules are 

followed and may be adjust if the system needs improvements 

There are three inputs of the data to be analyzed. The output would depend if the data that are analyzed would be 

on, off or wait status. The wait status would wait for the next image to be captured, the uncertainty of the values would 

determine that there are still unrecognized data. Using Sugeno, the application of the rules set will determine if there is 

motion in the specific frame by using image subtraction 

 

 

Fig.5. Anfis Model 

The Anfis model of the research is presented where the representation of 3 inputs that will be evaluated in the set 

of rules that would produce the output. This is also a representation of the process of the hidden layers and the 

evaluation on how to evaluate on how does the fist image affects the background image that is the second image and the 

subtracted image as the third output. The determination of the difference thru image subtraction allows the system to 

identify if there was a motion detected. In every sensitivity settings, there are different output that was gathered, hence, 

the best fit sensitivity was tested that may add in setting the bias of the Anfis Network. 

4.  Load Testing, Results and Discussions 

The surveillance cameras are tested to see the application of image subtraction and motion detection based on the 

given set or rules. 
 

 
(a) 
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(b) 

Fig. 6. Set up of the surveillance camera. 

The surveillance camera can detect motion if the featured is on. In figure 6a, the feature of the motion can be 

turned on or off. Once there was a motion detected. The boarder of the video would turn to red. This will determine that 

a motion had occurred. This setting also provides the users to configure the level of sensitivity as to the desired output 

where the in Figure 6b, the sample of cameras of cam2 and cam3 was turned off to identify the notification of the 

system’s functionality. This also allows the system to not notify the personnel in charged of the project deployment. 

Testing and calibrating each camera was also shown in figure 6a and 6b. 

 

 

Fig. 7. OpenCV application 

In this figure 7, when the application detects a motion through the subtraction of the original image and the second 

image using image processing. Then it will trace the object through match template function and will draw a box to 

identify the area of the match. This will identify the bounding box of the images that was detected by the system which 

was the result of the image subtraction.  

 

 

Fig. 8. Sensitivity Testing. 
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Changing the sensitivity level of the application, the figure 8 states that the lesser the value of the sensitivity, the 

more it is sensitive to a motion. When the sensitivity level was set to 1, all of the movement are determined and was it 

results to slower interaction but more précised. When the sensitivity level was set higher, the motion was determined by 

group. The transition and the output was faster. 

 

 

Fig. 9. Rule Viewer 

Testing of each data in the fuzzy system will make trigger the image to capture the video. When the set of rules 

was applied to the system, it integrates the Sugeno method in the subtracted image that is determined by the second 

image and would create a bounding box to signify the difference. The rules covers all the instances that may occur in 

the system, hence the boundaries of capturing images that was effectively subtracted from the first image also depends 

on the sensitivity level that was set by the user. 

5.  Conclusion 

The proposed study is composed of different technology which was combined by the author to answer the different 

difficulties which was encountered by the school and may be applied in different establishments. 

Based from the experiment conducted, using rule-based expert system with fuzzy expert system in a surveillance 

camera would save some amount of hard drive space. In the experiment, it was not measured, but by recording only 

when there is a motion, the surveillance camera would not record from 9 pm until 7 in the morning. The sensitivity level 

in the experiment shows that the lesser the value, the more sensitive the detection becomes in detailed areas. The larger 

the value, the motion are detected as a group. It is shown in figure 3 that the set of rules was predetermined to be a 

guidelines for the whole system while in figure 8 showed the sensitivity level, this will allow the user to interact with 

the settings. The lower value of the sensitivity, the more sensitive the system which takes more time to evaluate the 

image subtracted while the higher the value, the faster the detection. However, if the value of sensitivity is high, the 

tendency to identify the object is not precise that may detect objects as batch. 

A natural 1-day video of a CCTV footage with a 1920x1080 resolution, Audio Codec AAC and H. 264 codec 

specification usually consumes 20-30 MB per minute which is roughly 1.5 GB per day. With this approach, the 

recordings will take place every motion detected, saving a lot of memory spaces. The school hours start from 7:00 am 

with a maximum of 8:00 pm which is 13 hours, may have the maximum of 13 hours, saving 11 hours of video 

recordings which is 46% of memory storage per day. 
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