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1 Introduction

This paper’s goal is to describe the coding procedure for the project. The hardware
and software setups required to replicate the research in the future are described. This
section describes the steps required to execute the script, as well as the programming and
implementation procedures required for effective executable code.

2 Setup and Configuration

2.1 Hardware Configurations

The models used for this research project are processed on Windows 10 computer with a
2.40GHz 11th generation Intel Core i5 processor and 16GB RAM.

2.2 Software Configurations

1. Python 3.9.13 programming language is used for the development of the color mod-
els.

2. The code is run using Jupyter Notebooks created with Anaconda Navigator (anaconda3).
The installation guide can be found on their official website1.

3 Data Selection

Datasets have been selected and downloaded from three different data sources mentioned
below:

1. FFHQ facial images dataset source - https://github.com/NVlabs/ffhq-dataset

2. Face Research Lab London dataser source - https://figshare.com/articles/

dataset/Face_Research_Lab_London_Set/5047666?file=8541955

3. Foundation shades .csv dataset source - https://www.kaggle.com/datasets/shivamb/
makeup-shades-dataset

1https://docs.anaconda.com/navigator/install/
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4 Data Transformation

Background from the images is removed using PhotoRoom web application using this
link https://app.photoroom.com/batch

Ground truth skin tone dataset is manually created by obtaining skin shade on Dressika
Android application with is run on Windows 10 using BlueStacks emulator which can
be installed from here - https://www.bluestacks.com/ . After successful installation
run the .exe file and follow the instructions on the screen to setup the application on the
system. Once it is setup, Dressika app can be downloaded as shown below:

1. Go to the BlueStacks homepage and click on Google Play Store as shown in Figure 1

Figure 1: BlueStacks Homepage

2. Search for ”dressika” and then click on ”Open”/”Download” as shown in Figure 2

Figure 2: BlueStacks Google Play Store
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3. Upload the facial image in the app and click on ”Continue” as shown in Figure 3a
and Figure 3b and obtain the ground truth skin tone shade. Get a screenshot of
Figure 3b and using any color picker of your choice detect the skin tone HEX /
RGB value and record it in csv file against image file name. Repeat the Steps for
all the images to create the ground truth skin tone dataset.

(a) Upload Image (b) Get skin tone shade color

Figure 3: BlueStacks Dressika App

4. Figure 4 shows the groundtruth dataset .csv file for FFHQ dataset and same is to
be followed for Face Research Lab London dataset.

Figure 4: FFHQ skin tone ground truth dataset
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5 Data Modelling

This section will cover the implementation of 3 color spaces models. All the models require
OpenCV python Library and other required libraries are shown in Figure 5. Assuming
these libraries are already installed in the python environment, if not they can be installed
using pip install ”libraryName” command.

Figure 5: Required Python Libraries

5.1 HSC + YCrCb with histogram equalization and Otsu’s im-
age segmentation

1. Figure 6 is the code for HSV + YCrCb color spaces model.

Figure 6: HSV + YCrCb color spaces model
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2. Histogram equalization and Otsu’s image segmentation is performed as shown in
Figure 7

Figure 7: Histogram equalization and Otsu’s image segmentation

5.2 HSV color space with Gaussian Blur

1. Figure 8 is the code for HSV color space and Gaussian blur

Figure 8: HSV Color Space and Gaussian blur
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5.3 HSV color space model

1. Figure 9 is the code for HSV color space model

Figure 9: HSV Color Space Model

The above three color spaces models are implemented on each image of FFHQ (testing
dataset) and Face Research Lab London datasets(validation dataset) to obtain model
calculated RGB skin tone values. Which are then compare with the ground truth skin
tone value obtained in section 4 for accuracy using Delta-E metric which is calculated
using the code shown in Figure 10. Color model achieving lowest average Delta-E value

Figure 10: Delta-E calculation

is selected to recommend foundation shade with foundation shades dataset .csv file as
shown in Figure 11
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Figure 11: Foundation Shade Recommendation

The Delta-E results and foundation shade recommendation is then stored in the .csv
file using csv file read and write operations in Python. The output .csv file is shown in
Figure 12

Figure 12: .csv Output File

1. Columns ModelRGB and ModelHEX are the skin tone values obtained using
color model.

2. Column GroundTruthHEX is ground truth skin tone value.
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