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ABSTRACT 
With the aim of extending the visualization ability of the different electronic systems, in recent years the 
machine vision has been developed, increasing the autonomy of these devices and in the same way the 
amount of data that can be obtained. It is for this reason that this paper seeks a method to recognize 
color in different real images. From the above in this work is developed a recognition method of colors, 
using filtering by HSV and image processing through a camera and a data acquisition system with the 
aim of identifying different colors without taking into account environmental effects (luminosity, 
Intensity, Angle, Deepness) or electronic issues (Noise, Overcurrent, etc.). That is why was used a 
raspberry pi connected to a servomotor, in order to select the color through the angle of the motor. 
From the work was established that digital signal processing is very important at present increasing the 
autonomy of the system and the possibilities with a trained robot and a complete source of data. Taking 
into account that this work was performed with a camera that just gave the basic information of the 
image taken, and replacing it with a most sophisticated one, would give access to additional data that 
would increase the reach of this work. The last is due to allows the system to have a better identification 
of the environment, in addition to, the vision for machines, in the report performed was evidenced that 
digital processing of images allows the identification of the primary colors. 
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INTRODUCTION 

 

In the development of quality processes in the industry different types of sensors are used, as is for quality 

control of the external part or a cover of any product, where a color sensor is used, which allows a quick and 

effective way to determine if a product has the requirements necessary for its use. 

Initially, in [1] a color contrast enhancement algorithm is designed that it dependences on decomposing the 

interrelated color component of the color images based on RGB color model. Similarly, in [2] a color image 

edge detection algorithm is proposed in this paper. Average maximum color difference value is used to predict 

the optimum threshold value for a color image and thinning technique is applied to extract proper edges. The 

proposed method is applied over large database of color images both synthetic and real life images and 

performance of the algorithm is evident from the results and is comparable with other edge detection algorithms. 

On the other hand, [3] proposes new real time color recognition features, i.e., extracting primary colors for 

the purpose of vision-based human–computer interaction. Vision-based human–computer interaction could be 

achieved by analyzing segmented primary color regions. And [4] deals with the implementation of various 

MATLAB functions present in image processing toolbox of MATLAB and using the same to create a basic 
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image processor having different features like, viewing the red, green and blue components of a color image 

separately. 

The photoelectric sensor works through a stream that crosses by the phototransistor, which varies with 

according to the infrared light produced by an LED, this changes depending on the surface in which the light 

hits. The schedule that requires consists in identifying the voltage with respect to a reference color. [5] 

With the CMOS sensor (complementary metal oxide semiconductor by its acronym in English). The area of 

work can be increased and have a greater control of quality of the object, the operating principle for these two 

circuits is the photoelectric effect, which produces current depending on the intensity of the light that the sensor 

is receiving. [6] 

When using the sensor of active pixels, it is important to take into account that it I necessary to perform a 

program in a specialized software, in this case was used python with the tools that provides OpenCV, due to that 

is compatible with the operating systems GNU-Linux ARM. [7] 

With the Python Software and OpenCV the image produced by the sensor is obtained which is in RGB 

color model (Red Green Blue by its acronym in Spanish), which is a representation by the mixture the three 

primary colors. [8] 

With the purpose of making a correct identification of the color it is necessary to perform an additional 

treatment applying the HSV model (High Saturation value) which unlike the RGB color model, this one will not 

depend on factors such as the light, shade and lighting, allowing to obtain a measure of the 

sample more accurate in its processing. [9] 

 

 

Fig. 1:1 

 

METHODS AND MATERIALS 

 

For the development of the application an identification of colors will be conducted, for which the most 

appropriate software and hardware are selected, in order to obtain the maximum amount of data possible to 

analyze. 

 

Recognition of colors with camera: 

After reviewing the literature about the topic and the jobs that were developed previously, the main 

problems and solutions that can be present in the course of development were identified. 

Initially the problems when using color recognition are categorized into two groups mainly which are: the 

natural factors and on the other hand the artificial factors. 

For the first group the solutions proposed were to control the intensity of ambient light, check the shadow 

of the environment, reduce the noise through filters and have a room with favorable conditions for the 

development of the project. 

For the second group the solutions were to improve the output of the signal by a correct programming code 

and by checking the connections of the circuit and use the appropriate system power. 

For the development of the project the different steps to follow are identified which are divided into 

three major groups, data acquisition, processing and results.  

For the acquisition of data, it was used a web camera which it acquires the data in an analog way and its 

converted into digital, then the data is sent through a communication port for further processing.  

The processing is performed with a high level programming language (Python) and using different tools in 

order to simplify the complexity of the code in   OpenCV, which is a tool for image processing. [10] 
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Once the processing is performed and the final image is obtained with different masks then it is proceeded 

to its analysis and the identification of the different components of the image according to the obtained data.  

There were selected the different instruments for the development of the application which are a Raspberry 

Pi, a Web Camera and a servo motor, which are explained then. 

 
Fig. 2 

 

Raspberry Pi: 

is characterized by being a reduced board computer that includes a SoC (System on a chip), in addition to 

an operating system provided by the Foundation Raspberry Pi called Raspbian (based on the operating system 

GNU/Linux Debian). [11] 

 

Webcam: 

composed mainly by a sensor of active pixels, the web camera is equipped with a microcontroller, which 

allows performing conversions from analogue into digital and a communication through serial data 

transmission. 

 

Servomotor: 

is a device that has the ability to be placed in any position within its range of operation, and remain stable in 

this position, the majority of servo motors operate between 0º and 180 degrees. 
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Simulation of the assembly: 

The schematic shown in Figure 1 is a representation of the mounting fact developed in Fritzing. [12] 

Figure 1 shows the main components used in the mounting system, where highlights the components 

explained previously. Additionally in Figure 2 is shown a flow diagram for the socket and image processing 

used throughout this work. 

 

1. Analysis of Results: 

Below the different results obtained can be appreciated in the processing of images, and the explanation of 

these results. 

 

First result: 

The result shown in Figure 3 is the recognition of a color per unit, in the present case the color blue and the 

different masks that contain the image displayed, in addition to the original image and the analysis of outcome. 

In Figure 3 three images can be appreciated, in the upper right corner is the image produced by the camera 

without any retouching, a red dot can be detected in the intercession of the triangle, which indicates the center of 

the object area submitted (the image is a little blurry due to the closeness of the camera at the subject). 

In the top right image is represented the mask, which contains the color that is being recognized. In order to 

obtain this image is necessary to convert the RGB image to HSV, by means of equation 1 and define the range 

of work that for this particular case indicates the color range to detect; subsequently a mask is sent with the 

limits established for their proper display. 

𝐻

=

{
 
 
 
 

 
 
 
 

𝑛𝑜 𝑑𝑒𝑓𝑖𝑛𝑖𝑑𝑜,   𝑠𝑖 𝑀𝐴𝑋 = 𝑀𝐼𝑁

60° ∗
𝐺 − 𝐵

𝑀𝐴𝑋 −𝑀𝐼𝑁
+ 0°,   𝑠𝑖 𝑀𝐴𝑋 = 𝑅 𝑦 𝐺 ≥ 𝐵

60° ∗
𝐺 − 𝐵

𝑀𝐴𝑋 −𝑀𝐼𝑁
+ 360°,   𝑠𝑖 𝑀𝐴𝑋 = 𝑅 𝑦 𝐺 < 𝐵

60° ∗
𝐵 − 𝑅

𝑀𝐴𝑋 −𝑀𝐼𝑁
+ 120°,   𝑠𝑖 𝑀𝐴𝑋 = 𝐺

60° ∗
𝑅 − 𝐺

𝑀𝐴𝑋 −𝑀𝐼𝑁
+ 240°,   𝑠𝑖 𝑀𝐴𝑋 = 𝐵

 

(

1) 

 

𝑠 = {
0,   𝑠𝑖 𝑀𝐴𝑋 = 0

1 −
𝑀𝐼𝑁

𝑀𝐴𝑋
,   𝑒𝑛 𝑜𝑡𝑟𝑜 𝑐𝑎𝑠𝑜

 

 

𝑉 = 𝑀𝐴𝑋 
 

In the equation 1 the rules for HSV values are defined, which depend on the RGB values of the images 

analyzed, once obtained this value, the samples can be analyzed and used with greater precision skipping in 

large part the effects caused by the luminosity and other affectations. 

 

 
Fig. 3: Final result of the first program 
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In the picture below it can be denoted a similar mask to that one found at the top right, the only difference is 

and additional process through binary operation, to the entire image using the AND operator, returning ONE if 

the bit selected is ONE. 

Because of this operation, the mask can be appreciated with the ranges established for the recognition of 

color. 

 

Second result: 

The results shown in Figure 4 is the result of a mask without elements to be able to recognize. 

On the right side of the figure 4 it can be denoted that there are no colors in the range to recognize there is 

only a white color, this would mean that in the mask of results should be black, to observe carefully it may be 

noticed white spots (indicators that the color to recognize is present). 

 

 
 

Fig. 4. 

 

This reaction is caused by several factors the two main ones are the light that is present when performing 

the experiment and the noise entered the camera, these can be solved by improving conditions in where the 

project is developed or applying digital filters to reduce the noise generated, also erode the image is an option 

for best results. 

 

Third result: 

In Figures 5 and 6 can be seen the modification of the ranges to analyze and its consequences in the 

program, it is very important to take into account the ranges to be analyzed in order to be able to have a better 

result in the program and avoid failures. 

 
 

Fig. 5 

 

By selecting, a very short range will result in a poor and incomplete recognition of colors, which can result 

in a false reading in the data due to a poor programming. 
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Fig. 6. 

 

Quite the contrary if the range of colors is very large quantity of colors that will recognize will be 

much larger, taking as an example the figure number 7 the color selected for the identification of color is blue 

but having a high range results in obtaining images containing the color indicated as is the green and the 

aquamarine shown.  

 

Fourth result: 

 

 
Fig. 7 

 

Conclusions: 

The digital signal processing is very important at present, due to allows to have a better identification of the 

environment, in addition to, the vision for the machines, in the report submitted earlier was evidenced that the 

digital processing of images allows the identification of the primary colors. 

From this work digital signal processing has the potential to carry the artificial vision technology to the next 

level, offering a tool in which by applying an algorithm it’s possible to detect color, edges, deepness, and almost 

each characteristic of an image, making possible to extract all the data its needed from a single image taken by 

an ordinary camera. 

In this case was used a simple image processing (Web Camera) and an ordinary data acquisition system 

which is raspberry pi. Taking in count that both of the tool used are limited; means that changing them for more 

sophisticated ones, gives the opportunity to acquire more data and increase the level of detection, even it is 

possible to detect more colors and others image characteristics. 

The quality of the image in addition to the working environment is very important, at the time of placing an 

image processing. Depending on the amount of light that generate the environment the image is affected, the 

shadow in an image also generates a similar effect in the processing of images, so to greater control of the 

environment the better the results will be obtained. 

Mainly, the idea of generating a color recognition is due to the fact that it can be used in many other 

activities such as quality control and even robotics vision. It is very important when it comes to automate 

industrial processes by facilitating the tasks and reducing production costs. 

 

Contributions: 

In general this work gives the opportunity to open the research limit adding embedded systems to an image 

processing works, due to adding a microcomputer to these systems, offers the option to develop more 
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sophisticated image recognitions. Additionally, gives the freedom to works with more complex algorithms 

without the need of a computer, lowering the size and price of future develops. 
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