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ABSTRACT

Either for visual evaluation or image analysis, a color selection chart allow for a more accurate and
repeatable color quantification. Commercial color reference chart exist but covers a wide range of
colors, making it harder to evaluate the desired object color. The present SOP describe step by step
how to implement its own customized color reference chart and propose an R script automatizing
the process.

The creation of a color reference chart relies first on the extraction of typical colors from a collection
of available humeric images covering the range of desired product color variation. This palette of
color is then characterized in different color spaces, plotted on a chart and printed. Finally, the
correspondence between the desired color value and the printed chart is verified using a
chromameter.

Key Words: Food quality; Colorimetry; Synthetic color chart; sRGB standard; CIELAB; R
statistical computing language
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1 ScoPE AND APPLICATION

Either for visual evaluation or image analysis, a color selection chart allow for a more accurate and
repeatable color quantification. Commercial color reference chart exist but it covers a wide range of
colors, making it harder to evaluate the desired object color. For instance, Xrite ColorChecker offers
24 color patch covering the whole range of colors (Figure 1) while product color range (e.g. yam
tuber flesh) cover hardly more than 2 or 3 color patch of the chart (e.g. white to pale yellow). To
remedy this, it is possible to implement its own customized color reference chart. The present SOP
detail the different steps to build it and propose an R script automatizing the process.

Figure 1 : Xrite ColorChecker classic chart (©PANTONE, New Jersey, USA)

The SOP RTBfoods H2.2 and XXXX explaining how to characterize color and oxidation both rely
on such custom color reference chart.

2 REFERENCES

2.1 Perception of color difference

e Luo MR, Cui G, Rigg B. 2001. The development of the CIE 2000 colour-difference formula:
CIEDE2000. Color Res Appl 26:340 —350.

e Mokrzycki W, Tatol M. 2011. Color difference Delta E - A survey. Machine Graphics and
Vision 20(4):383-411.

2.2 Color space transformation

e Leon K, Mery D, Pedreschi F, Leon J (2006) Color measurement in L*a*b* units from RGB
digital images. Food Research International 39: 1084-1091

e Rec. ITU-R BT.709-6. 2002. Parameter values for the HDTV standards for production and
international programme exchange (1990, revised 2002). International Telecommunication
Union, 1211 Geneva 20, Switzerland.
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2.3 Color characterization

e Emmanuel ALAMU, Michael ADESOKAN (2020). SOP for Colour Measurement in Fresh
Yam (Dioscorea Sp.) and Fresh Cassava (Manihot esculenta) using Chromameter.
International Institute of Tropical Agriculture(lITA), Ibadan, Nigeria: RTBfoods Project Report,
10 p.

o Denis CORNET (2020). SOP for Calibrated Color Measurements of RTB Foods Using Image
Analysis CIRAD UMR Agap, Montpellier, France: RTBfoods Project Report, 17 p.

3 DEFINITIONS

A color chart is a flat, physical object that has many different colors present. Typically, there are
two different types of color charts:

e Color reference charts are intended for color comparisons and measurements. Typical tasks
for such charts are checking the color reproduction of an imaging system, aiding in color
management or visually determining the hue of color. Example, the ColorChecker chart.

e Color selection charts present a palette of available colors to aid the selection of spot colors,
process colors, paints, pens, crayons, and so on.

A color space is mostly a system for describing color numerically. It relies on a "color model", i.e.
an abstract mathematical model describing the way colors can be represented as tuples of numbers
(e.g. triples in RGB or quadruples in CMYK).

4 PRINCIPLE

The creation of a color reference chart relies first on the extraction of typical colors from a collection
of available numeric images. This collection should cover the range of desired product color
variation. This palette of color is then characterized in different color spaces, plotted on a chart and
printed. Finally, the correspondence between the desired color value and the printed chart is verified
using a chromameter.

This procedure can be done manually using available software tools (e.g. PowerPoint or Firefox
color picker) or using a dedicated R script available in the Annexe or on the RTBfoods Alfresco
shared website.

5 REAGENTS

¢ A collection of numeric pictures covering the color diversity of the desired object (e.g. images
of yam tuber flesh, Figure 2) is necessary.
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Figure 2 : Example of numeric image collection used for reference color extraction.

e Some white matte photo paper is required for printing.

6 APPARATUS

The automatized creation of a reference color chart requires a computer with R and RStudio
installed.However, to ensure a consistent representation of colors, a high-quality professional printer
with up to date calibration is recommended.

/ PROCEDURE

7.1 Gathering numeric 1images and installing
software

To ease the process of color extraction, it is recommended to gather reference images into the same
folder.
First software needs to be installed:

¢ R 3.5.3 can be downloaded here: https://cran.r-project.org/

e RStudio can be downloaded here: https://rstudio.com/products/rstudio/download/preview/

Scripts are encapsulated in a zipped RStudio project. First, the RStudio project needs to be unzipped
on your computer (Figure 3). Then, the project can be loaded by clicking on the
RTBfoods CustomColorTargetCreation.Rproj file (Figure 4).
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7.2 Creation of the reference chart

Once software are installed and the RStudio project opened, the script can be launched by clicking
on the Source button (Figure 5).

Fie o Fuckages | Help | Viewer
--an .
B Compuiie objet features =

EBimage)

Compute object features

Description

= morphaoicgical and et

in
ibution details.

collaborative proje h many coentributors.
()" for more information and
ow to cite R or R packages in publications.
someé demos, 'help or on-1ine help, or Moty
for an HTML browser interface to help.

Figure 5: RStudio project window.

First, the user is asked to choose the number of colors to be included in the reference color chart
and the desired design:

Dear user, first you'll be asked to choose the desired number of color of your custom chart. Right
after you'll have to choose the number of rows and columns to fill the chart. Finally, you'll be prompt
to choose images on your computer to collect color from. For each image, you'll have to choose 5
pixels corresponding to the desired color.

12
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Figure 7 provides an example of a custom reference chart for yam leaf color. If the number of color
does not match the number of patch (i.e. number of rows X number of columns) the following error
is printed on the console and the script has to be sourced again:

ERROR:

The number of color do not match the number of patches in the chart. Please restart the script and

ensure that:

Column number * Row number = Number of color

Row Yam leaf color reference chart
Nb (24 colors)

Column
> Nb

Figure 6 : Example of reference chart with 24-color patch divided into 4 rows and 6 columns.

After having defined the design of the reference chart, a pop up window will ask you to choose the
location of the first image (Figure 7). The image will be loaded in the RStudio environment, and the
user will have to select 5 homogenous pixels representing the first desired color:

The necessity to pick 5 pixels of the same color arise from the heterogeneity of the product surface
and the difficulty to point to the exact desired color. For each image, the average color will be
calculated between the 5 pixels and saved to build the reference chart.

This step will be repeated as many times as desired number of colors. Only the last color which will
always be the reference white.
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Figure 7: Pop up window allow the user to choose image location on the computer and open it in the RStudio environment.

Before building the chart, the difference between all pair of chosen color will be calculated using the
CIE AE3(go (Luo et al. 2001). If some AE,qo, are lower than 2, a warning is printed:

To identify which pairs of color look similar, a csv table is saved in the out folder of the RStudio
project: ColorDifferences.csv. Mokrzycki & Tatol (2011) claimed that:

o 0 < AE,y00< 1: observer does not notice the difference,

o 1 < AE,p00< 2: only experienced observer can notice the difference,
o 2 < AE;00< 3.5: unexperienced observer also notices the difference,
o 3.5 < AE;y00< 5: a clear difference in color is noticed,

o 5 < AE,y00: Observer notices two different colors.

7.3 Printing and checking color value
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8 EXPRESSION OF RESULTS

8.1 Method of calculation and formulae

8.1.1 Color spaces

Color space conversion is done starting from sRGB values of reference color as follow:

¢ SRGB to XYZ: CIE XYZ simulates the human perception, and which may be converted from
sRGB as follow (Rec. ITU-R BT.709-5. 2002):

X SR
Y| =[M]]|sG
VA sB

with M, a color matrix depending on the reference white used (i.e. D50, D65):

0.4124 0.3576 0.1805
0.2126 0.7152 0.0722]| if reference white is D65

0.0193 0.1192 0.9505
[0.4361 0.3851 0.1431

0.2225 0.7169 0.0606] if reference white is D50
0.0139 0971 0.7142

e XYZto Lab: CIE L'a’b”was designed so that the same amount of numerical change in these
values corresponds to roughly the same amount of visually perceived change. It is defined

M =

as:
L = 116f (YL) - 16
@ =s00[r () -1 )
v =200[r () -1 ()
with f(q) = q1/3 if q > 0.08856 and Xn, Yn, and Zn correspond to the

7.787q + 16/116 otherwise
theoretical XYZ values of the reference white.

8.1.2 Total Color differences

The total color difference (AE3,) IS calculated according to Luo et al. (2000).

8.2 Table and charts produced
Once the selection of pixels is made for all chosen images, the user can access to results in the out
folder of the RStudio project:

e A custom reference chart TargetB5.png ready to print

e A custom reference chart with labelled color patch (i.e. patch number and color values)
TargetB5 RGB_Lab.png (Figure 8)
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A summary csv table with color value and original files information ChartColorValues.csv

(Figure 9)

A summary csv table with AE,,, for every pair of color ColorDifferences.csv

4

RGB (227.224,107;
XY 1,110
Lab [59,-3,14)

3

RGGH (234 235 223
XYA (11,1
T.;||,| {'-:-'f'-f_ |,'.:\-:I

2

KGE (230244 240
XYZ (LLL
Ll (M.-1,-3)

1

RO (234,241,240
YA (1,1,1%
Lah {"-J:._ 20

Rfoadts

8

R (244,201,109
XY¥ (1,100
Lab (#3.5,51)

-

RGH (240,227,177
XYZ {1,1,1)
Tl {000,-3,26)

6

RGE (216,210,164
XYZ (1,100

Lal [54-3.21;

5

RO (220,216,153)
XYZ (1,11}
Lals {fii, 4,17}

12

Rirly (255255255
YA CLLL

Labs {10000k

9

RGT (208,168,153
WV (0,00
Lab 721213

gok0

Figure 8: Custom reference chart with labelled color patch (ie.e patch number and color values)
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Figure 9: Summary csv table with color value and original file information.

8.3 Repeatability

Paper and printer quality (e.g. out of gamut values) may alter color during the printing process. In
order to check the true color values, it is adviced to use a chromameter on the printed chart. This
can be done following the SOP RTBfoods_H.2.3 (Alamu & Adesokan 2020).

Because true color values of the reference chart are known and stable, even if the light environment
change (warmer light for instance) the relative evaluation is still accurate whatever we use visual
evaluation or computerized image analysis.

9 CRITICAL POINTS OR NOTE ON THE PROCEDURE

Because printed color is sensitive to light, it is advised to store the chart in a dark place and to print
the chart on a yearly basis.

The use of a real white and matte paper is necessary to reduce color deterioration at printing.
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10 APPENDICES
10.1 Appendix 1: R script

# Checking if library are available and (down)loading them
packs <- c("tidyverse","imager", "crayon", "colorscience")
InstifNec<-function (pack) {
if (!do.call(require,as.list(pack))) {
do.call(install.packages,as.list(pack)) }
do.call(require,as.list(pack)) }
lapply(packs, InstlfNec)
cat("\014")

cat(green("\n\nDear user, first you'll be asked to choose the desired number of color of your custom chart. Right after you'll have to
choose the number of rows and columns to fill the chart. Finally, you'll be prompt to choose images on your computer to collect color
from. For each image, you'll have to choose 5 pixels corresponding to the desired color."))

# Define user parameters

NbOfColor <- readline(cat(blue("\nEnter the number of color in the desired chart: ")))
NbOfColor <- as.integer(NbOfColor)

NbOfRow <- readline(cat(blue("\nEnter the number of row in the desired chart: ")))
NbOfRow <- as.integer(NbOfRow)

NbOfCol <- readline(cat(blue("\nEnter the number of column in the desired chart: ")))
NbOfCol <- as.integer(NbOfCol)

if (NbOfRow*NbOfCol!=NbOfColor) stop("\n \nERROR:\nThe number of color do not match the number of cells in the chart. Please
restart the script and ensure that:

Column number * Row number = Number of color")

cat(green(pasteO("Within the ", NbOfColor, " colors you choosed, 1 will automatically be the white. So you'll only be asked to choose
", NbOfColor-1, " images to determine the remaining colors of your chart.")))

# Picking color from pics
df<-data.frame(ImageNb=NA, FileName=NA, R=NA, G=NA, B=NA, X=NA, Y=NA, Z=NA, L=NA, a=NA, b=NA, Coul=NA)
for (iin 1:(NbOfColor-1)) {
cat(red(pasteO("\nPicking color N°", i, "\n")))
cat(green("\nPlease choose an image on which you'll be asked to pick a specific color\n"))
FileName=file.choose(new=F)
image<-load.image(FileName)
image<-resize(image, 600, 400)
cat(green("\nPlease click on 5 pixels corresponding to the desired color\n"))
par(mar=c(0,0,0,0))
plot(image)

xy<-as.data.frame(lapply(locator(5), round, 0))
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RGB<-chind(diag(image[xy$x, xy$y,1,1]),diag(image[xy$x, xy$y,1,2]), diag(image[xy$x, xy$y,1,3]))
dffi,]<-c(i, FileName, round(mean(RGB[,1])*255,0), round(mean(RGBI,2])*255,0),
round(mean(RGBJ[,3])*255,0), rep(NA, 7))

# Add reference white

White<-c(NbOfColor, "Reference White", 255, 255, 255, rep(NA, 7))
df<-rbind(df, White)

dff, -c(1:2)] <- sapply(dff, -c(1:2)],as.numeric)

# Get color values in other usefull colorspaces
for (i in 1:nrow(df)) {

dffi, 6:8]<-RGB2XYZ(as.numeric(dffi, 3:5])/255)

dffi, 9:11]<-XYZ2Lab(as.numeric(dffi, 6:8]))

dffi, 12]<-rgb(dffi,3:5]/255)
}
df$Row<-rep(1:NbOfRow, NbOfCol)
df$Col<-rep(1:NbOfCol, each=NbOfRow)
df$PatchNb<-1:NbOfColor
df$TextColor<-ifelse((df$L/100) > 0.179, "black", "white")

# Save produced charts
png(height=9.8, width=6.9, res=300, filename="./out/TargetB5.png",
g<-ggplot(df, aes(Col, Row))+

geom_tile(color="black", size=3, fill=df$Coul)+

theme_void()+

theme(legend.position = "none”, plot.background = element_rect(fill = "black"))
print(g)
dev.off()

png(height=9.8, width=6.9, res=300, filename="./out/TargetB5 RGB_Lab.png",
g<-ggplot(df, aes(Col, Row))+

geom_tile(color="black", size=3, fill=df$Coul)+

theme_void()+

geom_text(aes(x=Col, y=Row+0.3, label=PatchNb), color=df$TextColor, size=12)+

geom_text(aes(x=Col, y=Row+0.1, label=paste0O('RGB (", R, ",", G, ".", B, ")"),

size=4, color=df$TextColor)+
geom_text(aes(x=Col, y=Row, label=paste0("XYZ (", round(X,2), ",",
round(Y, 2), ", round(Z, 2), ")),

size=4, color=df$TextColor)+
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geom_text(aes(x=Col, y=Row-0.1, label=pasteO("Lab (", round(L,0), ",",
round(a, 0), ",", round(b, 0), ")"),
size=4, color=df$TextColor)+
theme(legend.position = "none”, plot.background = element_rect(fill = "black"))
print(g)
dev.off()

# Calculation of color differences between selected patches
cb<-combn(df$PatchNb, 2)
dE<-data.frame(PatchNb1=NA, PatchNb2=NA, dE2000=NA)
for (i in 1:ncol(ch)) {

dE[i,]<-c(cb[,i], deltaE2000(t(df[cb[,i][1], c("R", "G", "B, 1],

t(df[ebl.il[2], c("R", "G", "B)DL11)

}
dE<-dE[order(dE$dE2000),]

if (Min(dE$AE2000)<?) {

cat(green("\nWarning: if deltaE2000 value is less than 2, only experienced observer can notice the difference between 2 colors. It is
the case for some colors you selected. Please refer to output file ColorDifferences.csv for further detail. You may want to change some
of these colors with more contrasted ones."))

}

# Saving data frames

write.csv2(df[,-c(15,16)], "./out/ChartColorValues.csv", row.names =F)

write.csv2(dE, "./out/ColorDifferences.csv", row.names =F)
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