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Designing and Evaluating the Use of Machine Learning Models and 

Nearest Neighbor Algorithms to Identify Colors for People Who Have 

Difficulty Identifying Them 

According to www.color-blindness.com, roughly 8% of all men and .5% of all women in the world are 

color blind. The purpose of my project is to design and evaluate different algorithms for identifying 

colors for people who have difficulty identifying them.  

These are 10 pairs of confusion for colorblind people 

Lime Gold 

Red Olive 

Royal Blue Magenta 

Silver Cyan 

Green Dark Gold 

 

According to Flück (2018). Color perception in the human eye is captured by three types of cones. Each 

type is sensitive to a wavelength of light: 

• L-Cones, 560nm - red,  

• M-Cones, 530nm - green, and  

• S-Cones, 420nm – blue 

People can be more sensitive to some of these three cone types and perceive colors in different ways. 

A peak in sensitivity can be shifted at different degrees changing the severity of colorblindness. 

Common colorblind conditions include: 

• Monochromatism: Either no cones available or just one type of them. 

• Dichromatism: Only two different cone types. Third one is missing completely. 

• Anomalous trichromatism: All three types but with shifted peaks of sensitivity for one of them, 

which results in a smaller color spectrum. 

Dichromats and anomalous trichromats exist again in three different types according to the missing 

cone or in the latter case of malfunctioning. 

• Tritanopia/Tritanomaly: Missing/malfunctioning S-cone (blue). 

• Deuteranopia/Deuteranomaly: Missing/malfunctioning M-cone (green). 

• Protanopia/Protanomaly: Missing/malfunctioning L-cone (red). 
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Testing with the current machine learning program 

Chavan, A. (2020) created a RGB Color Classifier in Python, which is available through Github. I 

downloaded it and installed all the required libraries to make it work on my computer.  I got several 

errors trying to make it work on my computer, but I was able to fix them. 

The program uses libraries such as TensorFlow, Pandas, Plotly, CSV library and NumPy. 

It implements a neural network classifies. The dataset consists of 5052 labeled instances of 11 basic 

colors. Each instance has RGB values and a color label. 

The program separates the dataset into a training dataset (80% of the instances) and a testing dataset 

(20% of the original dataset). data for the training and testing datasets are randomly chosen. 

(Screenshots of original code)  
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The dataset performs well with these testing data (accuracy >0.9) (confusion matrix) 
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Accuracy 
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Creating a testing dataset based on colors that are difficult to identify by colorblind individuals 

First, I took a database of a wide variety of colors. I compared the confusing pairs of colors to colors on 

this database and found their most similar example. I took the name of the color from this example and 

then recorded it. I then used Paint 3d to measure the RGB values of each confusing pair of colors and 

inputted the RGB values into the Current Machine Learning detector. I recorded the output from the 

machine learning system. 

Color Pairs of Confusion  Current Machine Learning Detection Output 

Lime Green 

Red Red 

Royal Blue Blue 

Silver Grey 

Green Green 

Gold Yellow 

Olive Green 

Magenta Pink 

Cyan Blue 

Dark Gold Yellow 

 

Trying the original program with colors that are difficult to identify by colorblind individuals 

The colors were put into generic labels that don’t give colorblind people a good idea of what color it is. 

Colors like olive, cyan, and magenta are generalized too much with the categories green, blue, and pink. 

If a colorblind person were to be using the CMYK color model and was trying to identify colors in this 

model, they would struggle with the lack of a cyan and magenta label.  

Since colorblind people may need more information, I will modify the program to recognize these new 

cases   

 

Creating training and testing datasets with additional colors 

First, I took the colors that were confusing to colorblind people and put their RGB values onto a csv 

format excel sheet. I then put RGB values of basic colors from the original dataset. After I had all my 

main examples per each color, I created 9 more datapoints per each one to add variety to the dataset. I 

created new datapoints by selecting similar colors on a color picker and assigning them to the correct 

label. 

These are the 22 colors that are included in dataset 1 

For each color I have ~10 instances of RGB values   

1. red 

2. gold 

3. dark gold 

4. olive 

5. lime 
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6. green 

7. cyan 

8. RoyalBlue 

9. magenta 

10. silver 

11. Black 

12. White 

13. Grey 

14. Maroon 

15. Purple 

16. Orange 

17. Teal 

18. Blue 

19. Beige 

20. Brown 

21. Pink 

22. Yellow 

 
The dataset has 130 rows  

I’m going to test the program with 80% of it as a training set and 20% as a testing set to see the accuracy 

of the machine learning model 

Training & testing 

Including those cases that are important for colorblind people, the results were less accurate (accuracy < 

0.6). The dataset does not have enough data for the classifier to do a good job. 

 

Improving the dataset 

I created a new dataset with 1309 instances of 22 colors (including colors for colorblind individuals; 

about 50 instances per color). 

I selected colors around the vicinity of each of the 22 original colors using tools such as the RGB Color 

Table. 

Training & testing 

I found some errors on the dataset by using the confusion matrix on my dataset (colors with types on 

RGB values). After fixing these errors that were making the classification difficult, I got high accuracy. 

Results of testing this classifier using 80% as a training set and 20% as a testing set showed good results 

(accuracy = ~0.7).  

With my first dataset, the testing period performance showed that the small dataset with only 10 

examples of each label would not provide enough training. After this, I created a dataset with 50 

examples of each label using the same procedure as before and obtained high accuracy (accuracy > 0.9). 
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Using colors from pictures used to diagnose color blindness 

The next step on this investigation was to come up with a new testing dataset based on colors that are 

difficult for colorblind people to identify. This will be a more realistic scenario. I created a dataset that 

included 141 instances with 22 colors: 22. Most instances from colors that are difficult for people who 

are color blind to identify (see sample pictures below).  
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I modified the program to work with this new testing dataset 
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Results using the new dataset 

The results using the dataset with 1309 values as training data and the new testing dataset 141 colors 

was 0.79 (average accuracy over 4 trials).
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Exploring and Evaluating the Use of Machine Learning Models and Nearest Neighbor Algorithms to 

Identify Colors for People Who Have Difficulty Identifying Them. 

Then, I decided to explore the Nearest Neighbors algorithm using 22 selected colors as centers, with the 

idea of comparing the results with the ones obtained using ML. 

The distance is computed using the distance of two points in 3d space. 

 𝑑 = √(𝑥2 − 𝑥1)
2 + (𝑦2 − 𝑦1)

2 + (𝑧2 − 𝑧1)
2 

 

With RBG values as points in 3 dimensions (R1, G1, B1) and (R2, G2, B2). 

 

𝑑 = √(𝑅2 − 𝑅1)
2 + (𝐺2 − 𝐺1)

2 + (𝐵2 − 𝐵1)
2 

 

The algorithm finds the distance between each color and each of the centers and selects the color of the 

closest center as the prediction. 

 

 

Results 

The results using the dataset with 1309 values as centers was 0.83 (Accuracy). 
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Conclusion 

The nearest neighbor algorithm seems to provide slightly better results compared to the machine 

learning classifier.  

The complexity of the machine learning classifier is considerably higher than the nearest neighbor 

algorithm. 

The speed of the machine learning classifier is slower than the nearest neighbor algorithm. 

The consistency of the machine learning classifier is lower than the nearest neighbor algorithm. 

Future Work 

In the future, I think with a better dataset, the machine learning algorithm could improve and perhaps 

outperform the nearest neighbor algorithm. However, this is not clear because with more centers, the 

nearest neighbor algorithm could also improve. 
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Text for Application 

Abstract 

According to www.color-blindness.com, roughly 8% of all men and .5% of all women in the 

world are color blind. The purpose of my project is to design and evaluate different algorithms 

for identifying colors for people who have difficulty identifying them. In the past, I have 

attempted to identify colors using a scratch program that used conditional statements that had 

ranges of RGB values to determine a color name. This model was not effective in some cases, 

which led me to think that other approaches could perform better.  

I explored two different approaches to achieve this goal: Machine learning classifiers and the 

Nearest Neighbors algorithm. My hypothesis is that Machine Learning Classifiers will provide a 

more effective solution compared to the Nearest Neighbors algorithm. For the first approach, I 

used a machine learning classifier (neural networks) with different datasets: I started using an 

existing dataset with 5000 instances of 11 basic colors, which tested well using a random 

sample of 80% of the dataset as training data and 20% as testing data (accuracy >0.9). However, 

it did not perform well when tested with colors that are difficult for people with different 

colorblindness conditions to identify. Hence, I decided to create a new dataset that included 

more colors (22 colors), including those that are difficult for colorblind individuals to identify. 

Initially, this dataset had approximately 10 instances of each color which didn’t perform well 

when tested (accuracy <0.5: 80% training and 20% testing datasets). I found out that this was 

due to the size of the dataset, so I increased the scale of the dataset from 10 instances per color 

to approximately 60 instances per color (1309 instances), which produced better results 

(accuracy >0.9). After this, I decided to create a separate testing dataset with colors that are 

difficult for people with different colorblindness conditions to identify and colors that are 

frequently used in color blindness diagnostic tests (141 instances). Using this new testing 

dataset, the classification accuracy decreased.  

I also implemented a Nearest Neighbors algorithm, which used the distance between two 

points in 3d as the distance measure. Coordinates for each point were based on the RGB values 

of each color. I tried this approach with two different datasets as centers and tested them with 

the last testing dataset (141 instances): the first dataset had the original 22 colors as centers 

and the second dataset was the training dataset used earlier with 1309 instances. The Nearest 

Neighbor algorithm outperformed the machine learning model regarding accuracy. 

 In this project, elaborate on the strengths and weaknesses of these approaches in terms of the 

complexity of the algorithm, the amount of data it requires, and execution speed. I will also 

elaborate on future work in this field. 
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Research Plan 

1. Do research on color blindness and machine learning approaches 

2. Implement a Machine Learning Classifier 

3. Evaluate machine learning classifier with various training and testing datasets. 

4. Implement and evaluate nearest neighbor algorithm with various datasets 

5. Compare and write results 

6. First dataset creation 

• Take the colors that are confusing to colorblind individuals  

• Input their RGB values into a CSV formatted excel sheet 

• Take basic colors for overall use 

• Input their RGB values into a CSV formatted excel sheet 

• Create 9 more data points per color by selecting similar RGB values and 

assigning them to the correct label 

• Test dataset in Machine Learning Model 

• Revise dataset by scaling up the size of the dataset from 10 per color to 60 per 

color    

• Test dataset in Machine Learning Model 

• Analyze inconsistencies of the dataset by taking data from the confusion matrix 

produced by the machine learning program and changing the dataset based on the 

confusion matrix  

7. Test Dataset creation 

• Analyze colors that are difficult for people with different colorblindness 

conditions to identify 

• Analyze colors that are frequently used in color blindness diagnostic tests 

• Take examples of the colors from  step 1 and 2 and input their RGB values into a 

CSV formatted excel sheet 

8. Machine Learning Model 

• Research current machine learning models that can be adjusted for the project 

• implement changes in the dataset used in the machine learning model 

• Observe the performance of the machine learning model during the testing period  

9. Nearest Neighbor Model 

• Research python dictionaries 

• Convert CSV to Dictionary in python program 

• Use a distance formula in program to calculate distance between RGB values in 

3d space  
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1. Do research on color blindness and machine learning approaches 

2. Implement and evaluate Machine Learning Classifier 

• Research current machine learning classifiers that can be adjusted for the project 

• Create the datasets 

• Make changes to python program to make use of new datasets. 

• Observe the performance of the classifier during the training and testing periods 

3. Implement and evaluate Nearest Neighbor algorithm with various datasets 

• Research python dictionaries 

• Convert CSV of datasets to Dictionary in python program 

• Implement distance formula and calculate the distances between test colors and 

dictionary centers 

• Document performance of the Nearest Neighbor algorithm with different datasets 

4. Compare Machine Learning Classifier and Nearest Neighbor algorithm results 

5. Analyze results and write conclusions 
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What was the major objective of your project and what was your plan to achieve it?  

The major objective of my project was to design and evaluate different algorithms for 
identifying colors, especially those that are difficult for color-blind individuals to identify. My 
plan included doing research on color blindness and machine learning approaches, 
implementing and evaluating a Machine Learning Classifier, implementing and evaluating the 
Nearest Neighbor algorithm with various datasets, comparing the results of the Machine 
Learning Classifier and the Nearest Neighbor algorithm, and finally analyzing results and writing 
conclusions. 

       a. Was that goal the result of any specific situation, experience, or problem you 
encountered?   

For the last three years, I have been doing research to help colorblind individuals identify 
colors. For my first project in this field, I created a scratch program that recognized colors for 
colorblind individuals and tested it with individuals who used colored glasses to simulate 
colorblindness, and colorblind individuals. The results were encouraging, but the program I 
used could be improved. I have been thinking about future work in this area since then, and for 
this project, I decided to explore machine learning and the nearest neighbor algorithm to 
identify colors.  

       b. Were you trying to solve a problem, answer a question, or test a hypothesis? 

I was trying to solve the problem of identifying colors for colorblind individuals by comparing 
two algorithms, and my hypothesis was that machine learning algorithms were going to 
perform better than the nearest neighbor algorithm. However, at this point the nearest 
neighbor algorithm seems to provide better results. In the future, I think with a better dataset, 
the machine learning algorithm could improve and perhaps outperform the nearest neighbor 
algorithm. However, this is not clear because with more centers, the nearest neighbor 
algorithm could also improve. 

2. What were the major tasks you had to perform in order to complete your project? 

The most important tasks of my project were creating and revising datasets, creating models 
and algorithms, documenting work, and testing models and algorithms. 

3. What is new or novel about your project? 

I think that there are new aspects of my project to society. When I made my first color 
detection program for colorblind individuals in 2019, I used conditions based on ranges of RGB 
values. When coming back to this project in 2020, I was surprised to see documentation on 
several people that use different methods to identify colors, including machine learning 
classifiers, however the majority of them use different color labels that are not catered to the 
needs of colorblind individuals. On the other hand, my models are focused to detect pairs of 
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colors that tend to be difficult for color blind individuals to identify, such as lime and red, royal 
blue and silver, green and gold, olive and magenta, and cyan and dark gold. Also, I used the 
Nearest Neighbor algorithm, which resulted in improvements in performance. 

       a. Is there some aspect of your project's objective, or how you achieved it that you haven't 
done before? 

Before doing this project, I didn’t have any experience or knowledge of machine learning 
classifiers and algorithms such as the nearest neighbor search. I also was not familiar with 
training and testing datasets for machine learning. I have done some programming in python, 
but I have never done it in Data Science. I also learned how to evaluate the results of my 
models, using a confusion matrix, and matrix measures like precision, recall, and f-1 score. 

       b. Is your project's objective, or the way you implemented it, different from anything you 
have seen? 

Yes, my project from other projects because my program is focused on detecting pairs of colors 
that tend to be difficult for color blind individuals to identify. Also, I am comparing two different 
approaches to solve the problem (machine learning classifier and nearest neighbor search 
algorithm). 

       c. If you believe your work to be unique in some way, what research have you done to 
confirm that it is? 

I have searched the web for existing machine learning solutions. Also, I have read and looked at 
documentation regarding colorblindness and existing applications. There are a few machine 
learning programs that work with generic colors. For example, Chavan (2020) and others. 
However, these authors do not focus specifically on colorblind conditions. Also, I’m not aware 
of other people using the nearest neighbor algorithm to identify colors by mapping the RGB 
values to the distance of points in 3d space. 

4. What was the most challenging part of completing your project? 

The most challenging part of completing my project was learning about machine learning and 
getting familiar with programs like Anaconda, the python language, and libraries such as 
TensorFlow, Pandas, and NumPy. Also, creating datasets that were appropriate for the purpose 
of my project. 

      a. What problems did you encounter, and how did you overcome them? 

When working on datasets, I lost data from forgetting to save them multiple times, causing me 
to remake multiple datasets. I overcame this by spending more time working on datasets and 
being patient with mistakes and saving more frequently. When running programs, I 
encountered errors from improperly importing libraries and not having them installed on my 
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anaconda environment. Most of these issues were resolved by troubleshooting, looking up 
errors online and researching how to install the libraries. I also had errors with parameters in 
python, and they mostly resulted from dataset dimensions. I resolved these issues by being 
patient, finding the errors, and debugging them. Debugging was accomplished by thoroughly 
reading through programs, looking up errors and learning from forums where programmers 
had similar problems. When updating datasets and adding them to the program, I encountered 
situations in which the program detected extra values that were not intended to be included. 
These extra values turned out to be ghost values in my CSV dataset, and I solved this by 
deleting empty cells in my dataset after every update. 

      b. What did you learn from overcoming these problems? 

From these problems I had to learn to be more patient, careful, and systematic. When browsing 
forums with similar problems, I had to be patient with troubleshooting multiple suggestions 
and reading through my program and documentation to solve problems. When making 
datasets, I learned to categorize RGB values in a systematic and organized matter. This allowed 
me to make datasets much faster and avoid many errors. When leaving datasets or taking 
breaks to work later, I forgot to save my work on multiple occasions. This made me very 
cautious and careful when working on my project, remembering that every time that this 
occurred, I had to repeat a long task. Also, I learned to understand procedures through reading 
documentation. Documentation made it easier to adjust programs and install libraries onto my 
anaconda environment. 

5. If you were going to do this project again, are there any things you would you do differently 
the next time? 

I would try different types of datasets because I think there is still room for improvement. I 
would also spend more time learning about the functions of the libraries that I used and other 
libraries that are available. I would also like to learn more about different types of classifiers 
and algorithms. 

6. Did working on this project give you any ideas for other projects?  

While researching portions of this project, I learned about other ways to apply machine 
learning to provide solutions to different problems. For example, it is possible to work on 
identifying objects and using sound to say the name of colors for people that have none or 
reduced vision. Also, I want to continue learning about machine learning to improve the models 
that I created. Some of these improvements include improving the diversity of the dataset and 
the size of the dataset by generating additional datapoints from the Nearest Neighbor 
algorithm. Crowdsourcing can also be used to generate more datapoints. Finally, in the future I 
would implement an application that makes use of my models/algorithms to identify colors 
from images from a camera on a phone, or pixels on a computer screen.  

7. How did COVID-19 affect the completion of your project? 
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Initially I wanted to test the results of my project with color blind individuals. In an earlier version of my 

project (2019) I was able to test a different approach with colorblind individuals. I was planning to do 

similar testing this time, in addition to implementing and evaluating new algorithms. However, due to 

COVID-19, this portion of the project wasn’t included. Also, COVID-19 made it difficult for me to find 

time to work on the project, since my classes are online and I needed to meet with classmates online to 

complete work and meet with other after school clubs online. 

• Losing data from not saving files 

• Importing libraires that were not installed and using anaconda environments 

• Learning about parameters in python 

• Fixing bugs in python 

• Ghost cells in CSV datasets 

 

 


