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Abstract 
 
One of the supporting aspects of Electronic Traffic Law Enforcement (ETLE) is the detection of traffic light status. 
This detection is used to determine whether someone driving a vehicle violates a traffic light or not. There are several 
ways to find out the status of the traffic lights that can be done, including what is often done is to install a system 
embedded in the traffic light system and then send a message to the traffic light status ETLE system from time to time. 
In this study, the status of the traffic lights is obtained by analyzing a still image from closed-circuit television (CCTV) 
using OpenCV and then comparing the Average Pixels Values (APV’s) in some area to get a conclusion about whether 
the traffic lights are in a certain color condition. In experiments conducted this method can detect the status of traffic 
lights with an accuracy of more than 99%. 
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1. Introduction 
The indiscipline of road users is commonly seen in daily life. This indiscipline is closely related to oversight of law 
enforcement or in this case the presence of traffic police on the streets. It is common knowledge that when there are 
police on the streets, the driver will obey the traffic rules. But when there no police officers are seen, they tend to 
return to their original habits: breaking the rules. 
 
According to World Health Organization (WHO), the causes of traffic accidents can be grouped into three main 
factors, namely human factors - that is, accidents caused by vehicle users, for example driving at high speed, 
disorderly, violating traffic signs and so forth. The next factor is the vehicle factor, which is a factor that is caused by 
the condition of the vehicle, for example, a blown tire, a brake failure, or something else (United Nations, 2020). And 
finally, the physical environmental factors of the roads, these are more related to the condition of the road where the 
accident occurred, for example, damaged roads, potholes, waterlogged, dark, without road markings, sharp turns, and 
so on (Hobbs et al., 1996). 
 
Based on the official release of the Indonesian National Police (Polri) in the news on Kompas on December 28, 2019, 
the number of traffic accidents in Indonesia in 2019 increased by 3% compared to the previous year. Total traffic 
accidents in 2019 were 107,500 incidents, while in 2018 there were 103,672 accidents. In the official release of the 
National Police it was stated that the factors causing the increase in accidents in 2019, the biggest was due to human 
error, and violation of regulations or traffic signs is the beginning of an accident with this human factor (Ardito 
Ramadhan, 2019). 
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Since the police are not likely to be on the streets and monitor vehicles all the time, the role of Information Technology 
(IT) is expected to help in this monitoring. Therefore, the Electronic Traffic Law Enforcement (ETLE) was then 
introduced.  
 
ETLE then expected to replace the role of the police in conducting surveillance and law enforcement for traffic 
violations on the streets. If there is a violation, the ETLE system will provide information to the authorities complete 
with evidence in the form of photos and/or videos when the violation occurred. The ETLE which is currently being 
developed in Indonesia is currently limited to the enforcement of regulations of traffic lights violations -in this 
regulation are mainly the driver not stopped at a red light or not stopped at the right place of crossing. 
 
To find out the status of the traffic lights on the crossing, some ETLE systems use an embedded system get traffic 
light status information. This embedded system sensor gets input from the traffic light to determine its status (red, 
yellow, or green light), and then sent to ETLE for the conclusion. 
 
In this study, the embedded system will be replaced by a computer vision application -powered by OpenCV on Python 
programming, that gets input from the closed-circuit television (CCTV) camera's still image. The result of this program 
also a conclusion that the traffic lights status from a particular direction of crossing is in the red, yellow or green light 
-the same situation as when people see it on the street.  
 
This method is simpler because it does not require modification of the traffic lights, besides the existence of CCTV 
cameras is mandatory in ETLE because it will be used as the evidence of violations. 
 
2. Research Methods 
In order for this research to be well directed, the researcher uses the application development research method as 
shown in Figure 1. The research will start with a literature study. This activity is to find out several things that are 
needed in this research, including how the application can retrieve image data from the camera, how to process data 
from moving images so that traffic light signal conditions can be known, and several other things. 
 
After knowing the things that are needed from the literature study, an application will be made to retrieve data from 
existing Closed-Circuit Television (CCTV) cameras. The development of a moving image capture application from 
this system was continued with field trials using direct data from CCTV obtained from one of the districts in East 
Java. 
 
At the beginning of system development, the criteria needed for a traffic light signal detection system are determined 
in advance, namely: 
1. Data obtained from CCTV is in the form of live and realtime data, therefore it is necessary to collect data directly 

from CCTV(Jianbing and Shuhui, 2019). 
2. Video capture using Real Time Streaming Protocol (RTSP) (Cattaneo et al., 2017) with data in H.264 format in 

accordance with ITU recommendations(ITU-T, 2007). 
3. Data obtained from CCTV will be processed on the server and endeavored to obtain data conclusions that are 

close to realtime in the field. 
4. All results will be stored on the server to be processed for further analysis. 
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The test results in the field will provide an overview of whether the traffic light signal detection system has provided 
valid information or not. If it is felt that the system has not provided valid results with live data in the field, then 
system development will continue until the system is declared reliable to determine the condition of the traffic light 
signal in the field. 
 
The current era of Internet of Things (IoT) has revolutionized the way devices/objects interact with each other. In the 
past, a device interacted more with humans before other devices, so in this IoT era, devices can interact with many 
other devices without involving humans at all (Anindito et al., 2018). The development of IoT devices can use various 
programming languages. However, by using the Python programming language, IoT system developers will be able 
to be more interactive and design Machine-to-Machine (M2M) equipment more comprehensively (Kristiana et al., 
2018). Through Python -and its supporting modules, applications can interact with the world, through sensors, 
cameras, communication media, and other hardware (Hillar, 2016). 
 
One of the growing fields in IoT today is computer vision (Al Azam et al., 2019). The main purpose of computer 
vision is to understand something that is happening in an image. As a human, this is actually quite simple. But for 
computers, the task becomes very difficult. So why bother using computer vision? Because pictures are everywhere! 
And of course, we actually know something based on the images received by our eyes and inferred by our brains 
(Prasetyanto et al., 2019). 
 
In this study of signal recognition of traffic control lights, a computer vision application will also be applied to 
applications that take pictures from surveillance cameras. This surveillance camera is already available, and this 
research application will recognize the condition of the traffic light signal, whether it is red, yellow, or green. And as 
previously explained, this application will use the Python 3 programming language and the OpenCV module. 
 
3. Review of Literatures 
The history of digital images dates back to 1920. That is when the first digital images were produced by British 
inventors -Harry G. Bartholomew and Maynard D. McFarlane, who developed the cable drawing method of the 
Bartlane transmission system (Darujati et al., 2021). Followed later by Russell A. Kirsch who in 1957, produced a 
device that generated digital data that could be stored in a computer; It uses a drum scanner and a photomultiplier 
tube. Then in the early 1960s, Industrial Automation, Inc., invented the first way to produce digital images in real-
time. It uses a square wave signal detected by the pixels of a cathode ray tube to create an image (Ahmad et al., 2021). 
These ideas were the basis of the basic scanning idea of the first digital camera designs. In the early days of digital 

 
Figure 1: The Flowchart on The Research 
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cameras, it took a long time to capture images and produced poor quality. Until then, solid state technology developed 
with the Charge-Coupled Device or CCD. CCDs are now part of the primary imaging system used in almost all areas 
of digital imaging. 
 
Currently digital images are captured based on CCD sensors of the three basic colors of visible light: Red, Green and 
Blue (RGB). Like the computer screen we use. The dots forming this digital image are then encoded in the 3 parts of 
the color with different intensities. 
 
By default, this intensity uses the amount of 1 byte or 8 bits of data, or in numeric we know 256 possible intensities. 
From a value of 0 which means there is no such color at all, up to a value of 255 which means that the color has a 
maximum intensity, as shown in Figure 2. Therefore, the RGB value as the basis for forming colors has three 8 bits 
of data or what we call RGB888 or RGB24. 
 
In Figure 2 we can see, mixing all the basic colors with the highest intensity will produce white and the absence of 

intensity in all colors will produce a background color. This is why the screen background is always black. Also in 
Figure 2 it can be seen that in the process of searching for this traffic light status, we only need to search for 2 basic 
colors. Namely red and green. Why? because red traffic light images come from red pixels, green traffic light images 
come from green pixels, while yellow traffic light images come from mixing red and green colors (Deckman et al., 
2018). 
 
Average Pixels Value 
Average Pixels Value (APV) is one way to determine the brightness level of a color in an area of an image. As it is 
known that image color is built from 3 basic colors (red, green, and blue), then the average brightness level in an area 
is the average value of all pixels in that area. 
So the basic equation of APV is: 
 
𝐴𝐴𝐴𝐴𝐴𝐴 =  

∑ (𝑉𝑉𝑟𝑟𝑟𝑟𝑟𝑟 + 𝑉𝑉𝑔𝑔𝑟𝑟𝑟𝑟𝑟𝑟𝑔𝑔+ 𝑉𝑉𝑏𝑏𝑏𝑏𝑏𝑏𝑟𝑟)𝑔𝑔
𝑖𝑖=0

𝑛𝑛
  (1) 

 
V in this equation is the value of the pixels that make up a particular color. So 𝐴𝐴𝑟𝑟𝑟𝑟𝑟𝑟 is the red pixel value, 𝐴𝐴𝑔𝑔𝑟𝑟𝑟𝑟𝑟𝑟𝑛𝑛  is the 
green pixel value, and 𝐴𝐴𝑏𝑏𝑏𝑏𝑏𝑏𝑟𝑟 is the blue pixel value. Because the pixel value is always between 0 and 255, the APV 
value also ranges from 0 -which means all pixels are 0 so that the area is black or no light intensity, and 255 -which 
means all pixels are 255 so the area is white. or with the brightest light intensity. 
 

 
Figure 2: RGB Wheel 
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It should be noted that the APV value cannot determine the color type, because it is not designed to look for a specific 
color type. The APV value only provides information on the average intensity. To determine the color of the traffic 
light that is currently on, the APV equation will be slightly modified. So, we will use the following three equations: 
 
𝐴𝐴𝐴𝐴𝐴𝐴𝑟𝑟𝑟𝑟𝑟𝑟 =  ∑ (𝑉𝑉𝑟𝑟𝑟𝑟𝑟𝑟)𝑔𝑔

𝑖𝑖=0 
𝑛𝑛

    (2) 

𝐴𝐴𝐴𝐴𝐴𝐴𝑦𝑦𝑟𝑟𝑏𝑏𝑏𝑏𝑦𝑦𝑦𝑦 =  
∑  (𝑉𝑉𝑟𝑟𝑟𝑟𝑟𝑟 + 𝑉𝑉𝑔𝑔𝑟𝑟𝑟𝑟𝑟𝑟𝑔𝑔)𝑔𝑔
𝑖𝑖=0

𝑛𝑛
  (3) 

𝐴𝐴𝐴𝐴𝐴𝐴𝑔𝑔𝑟𝑟𝑟𝑟𝑟𝑟𝑛𝑛 =  
∑  (𝑉𝑉𝑔𝑔𝑟𝑟𝑟𝑟𝑟𝑟𝑔𝑔)𝑔𝑔
𝑖𝑖=0

𝑛𝑛
   (4) 

 
Each equation will be used specifically for each color in the traffic light. Because the position of the color of the traffic 
light is certain, the position of the area measured in each APV has also been determined beforehand. 𝐴𝐴𝐴𝐴𝐴𝐴𝑟𝑟𝑟𝑟𝑟𝑟or 
equation (2) will only be used to calculate the intensity level for red lights, 𝐴𝐴𝐴𝐴𝐴𝐴𝑦𝑦𝑟𝑟𝑏𝑏𝑏𝑏𝑦𝑦𝑦𝑦 or equation (3) for yellow lights, 
and 𝐴𝐴𝐴𝐴𝐴𝐴𝑔𝑔𝑟𝑟𝑟𝑟𝑟𝑟𝑛𝑛  or equation (4) for green lights only. 
 
Note, that equation (3) is slightly different from equation (2) and equation (4). This is because the yellow color is a 
combination of the basic red and green colors. Therefore, if you want to know the level of brightness of these colors, 
then the two colors must be measured and then averaged. 
 
When all APV values for all traffic light colors have been obtained, then a comparison can be made. The color of the 
traffic light with the highest APV value is the color that is currently lit. 
 
4. Experimentation 
At the beginning of the experiment, the researcher created a prototype application that reads images offline and 
calculates the APV of a predetermined area. By using this prototype, the researcher tried with some traffic light photos 
like the one in Figure 3. and then compared the results obtained 
 
The results of the initial experiment of the researchers got quite encouraging results. All traffic light data entered in 
the application can be correctly identified, the current traffic light condition at that time. 
 
Therefore, the researchers then increased the experiment with live data that had been agreed upon, by directly taking 
data from CCTV at a crossroads. CCTV at this crossroads is active for 24 hours (except when there is maintenance or 
there is a problem). For direct data retrieval, researchers use Real Time Streaming Protocol (RTSP) communication 
through an internal communication network, on a server. 
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For this, the researcher uses the python programming language with the help of the OpenCV module. The example of 

the results processes in the real time field is shown in Figure 4. 
 
In this real time data collection, researchers got around 140 thousand photos of different traffic light conditions at one 

location. However, there are around 36 thousand photos that cannot be processed further. It should be noted that 
between 23:00 and 04:59 the traffic light at the crossroads in this research is in a yellow flashing condition, considering 
that at these times the traffic is very light. Traffic lights will be active again at 05:00.  
 
The results of the calculation process carried out by the application are then confirmed with the real conditions in the 
photo and the results will increase over time. The table results can be seen in table 1. 

                   
Figure 4: Prototype Application on Several Condition of Traffic Light 

   
(A)      (B) 

 

   
(C)      (D) 

Figure 3: The Result of Real Time Process 
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In table 1 it can be seen that the APV method can be trusted to determine the condition of the traffic light status. Errors 
that occur during the day are mainly due to the condition of the traffic lights which are sometimes dim and coupled 
with backlighting so that the processed area has an insignificant difference. 
 

5. Conclusion and Future Works 
As stated in the introduction above, this research is part of the bigger research of Electronic Traffic Law Enforcement 
(ETLE). The research on APV will later be used in the ETLE system that is being built to determine the status of 
active traffic lights in real time. When the traffic light status is in red condition, then the vehicle that exceeds the limit 
to stop will be declared as violate and will be further processed by police officers. 
 
For system reliability, it is also necessary to find a treatment to overcome the occurrence of calculation errors during 
the day. Although the percentage that happens is very small, this can be a problem if someone is found guilty while 
what actually happens is because of a color reading error. 
 
There is a possibility that the error can be eliminated by replacing the traffic light with LED or a lamp with a greater 
power to get greater intensity, so that during the day the differences between an off and an active traffic light signal 
can be distinguished more significantly. 
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