




2019 
Edition



Summary



President’s letter  ............................................................. 7

Word from the advisor  .................................................. 9

Grenoble INP - Pagora  ................................................. 11

TAGA French Chapter team  ........................................ 13

Article 1: Printed electronics in lighting industry  .... 17

Article 2: Color management in 3D printing  ........... 29

Article 3: Manufacture of electroluminescent 
sheets in printed electronics  ..................... 45

Article 4: Optimization of color reproduction 
on the Xerox Versant 180 press  ............... 57

Article 5: Printed electronics for implantable 
biomedical  ...................................................... 69

Colophon  .......................................................................... 79

Acknowledgement and sponsors  ............................. 81



President’s 
letter

6



7

Dears readers,

Welcome to this booklet where you will discover the work done by the 
students of the TAGA French Chapter. This booklet is the result of few months 
of work by 5 students from Grenoble INP-Pagora. We selected and translated 
scientific articles that are the results of diverse works conducted in the school. 
Our team was also dedicated to search sponsors and the organization of 
events to help finance this journey. 

This year, we are offering you this booklet with five interesting and innovative 
articles that we hope will provide you with useful information. In the following 
pages you will find three articles dealing with different aspects of printed 
electronics, an interesting article on colorimetric management in 3D printing 
and finally a study of how to optimize color reproduction on a xerographic 
press.

I would like to thank the French Chapter of TAGA especially our treasurer, 
which has been working since last september to be present at this event. I also 
want to thank Pagora’s staff for their helpful support during this year. The best 
for last, a big thank you to all the sponsors who allow us to cross the ocean to 
come and show our work in Minneapolis.

Finally, on behalf of all the team members, I would like to thank the Technical 
Association of the Graphic Arts for their hospitality and this opportunity to 
participate in this project! 

We hope that you will enjoy the conferences, learn a great deal about our 
thrilling industry and appreciate the contribution of the French Chapter to this 
great association.

Have a great time reading!

Julie Le Méteil
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Take a fine group of graphic arts students.

Put them in a stimulating academic and research environment.

Add the strong motivation of being part of the TAGA network and attending 
the conference to come.

Mix ideas, insight, solutions, fun and dedication.

Let it simmer for several months.

Don’t forget the French touch…

And you get the 2019 TAGA French chapter journal! 

Enjoy!

All the best,

Bernard Pineaux
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Grenoble INP - Pagora belongs to the Grenoble Institute of Technology, the 
France’s largest leading engineering institute.

Located in the Campus of Grenoble, Pagora is the oldest school of Grenoble 
INP. Founded in 1907 in order to form high qualified engineers in the fields of 
paper fabrication, the school has followed all the evolutions of technologies, 
and always sought to give to students the best formation.

The skills of Grenoble INP - Pagora graduate students are recognized well 
beyond the French borders since 17% of the school’s graduates work abroad. 
A quarter of them hold management positions.

The school also finds its strength in its training centre for apprentices 
who follow courses at the same time as students in standard courses. 
Created in 1997, the Agefpi Apprenticeship Training Centre offers a 2 or 3 
year apprenticeship engineering course and also allows you to prepare a 
professional degree.

Finally, Grenoble INP - Pagora could not exist without its integrated research 
laboratory, the LGP2: paper process engineering laboratory, internationally 
recognized and associated with prestigious structures (CNRS, Institut Carnot 
PolyNat, LabEx Tec 21, competitiveness clusters, etc.).
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During the second year of engineering studies at Grenoble INP - Pagora, 
engineering students must carry out a market research project on a field of 
paper, biomaterials or printing. A three students group has therefore studied 
the impact of printed electronics in lighting industry.

I. Introduction
The market in the field of lighting has been growing steadily since the 

1960s and until today. The omnipresence of lighting in developed countries 
for practical, aesthetic or recreational reasons makes it a most important 
and lucrative market. To give an example, electricity consumption per year 
in France is 40 TWh (in 1999), the largest share of which is residential (25% 
of consumption versus only 12.5% for industry). However, the impacts of this 
sector on the environment can no longer be ignored. Nearly 15% of global 
electricity consumption is generated by lighting, with 2,000 million tons of 
greenhouse gases produced each year as a result of our consumption.

To fight against this pollution, the market is developing in favor of new, 
cleaner and more responsible technologies. Thus, the LEDs (Light-Emitted 
Diode) appeared in stores around the year 2000. The advantage of this type of 
lighting lies in its longer life, lower energy consumption with traditional means 
as well as the absence of heavy metals such as mercury or lead in the device 
and a lack of emissions in the ultraviolet and infrared.  LEDs now replace much 
of the so-called «classic» lighting (eg the filament bulbs) energy-intensive. 
An estimate is saving $ 140 billion through the switch to LEDs until 2017.

However, LEDs are also starting to make way for a new technology, OLEDs 
(Organic Light-Emitted Diode). OLEDs are produced from organic materials 
and can be deposited on a wide variety of 2D and 3D media thus expanding 
the dimension of lighting in our daily lives. This adaptability of this product on 
the media is due to the printing process which offers flexibility and lightness. 
Printed electronics use in lighting is now a major part of its market, about 90%.

II. The printed electronics
A. Evolution of the technology

Printed electronics was developed around the year 2000 with the creation 
of simple electronic components using conventional printing processes. 
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These advances become promising around 2010 with the application of this 
technology in screens (televisions, phones and so on). Printed electronics are 
today emerging as a promising technology with thin, lightweight, flexible and 
low-cost components.

Figure 1: Forecasting the evolution of the printed electronics market

Figure 1 above shows the importance of the printed electronics market as 
a whole in recent years and the forecasts for the coming years. It can also 
be noted that OLED displays have always been a preferred field for printed 
electronics and are expected to reach almost half of the printed electronics 
market share by 2022. We also note the appearance of OLED lights as a 
promising sector.

B. Process

Rotogravure, offset, flexography, screen printing and inkjet are processes 
that can be used in printed electronics but not all of them have the same 
relevance. For the printing of OLEDs, it is the process of flexography which is 
the most used because of the possibility of printing on flexible support with 
a sufficient thickness of ink. In addition, the roll-to-roll flexographic process 
allows for a high production speed, which is very promising for setting up a fast 
and sustained production. However, the inkjet is also a promising process.

Other
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C. Inks

Conductive inks in printed electronics are characterized by their ability to 
be crossed by an electric current. In this field, two families exist: the organic 
polymer-based ink which is semiconductive and the metal-based ink which 
is conductive. Organic inks can be composed of small molecules or polymers.

The conductivity of these inks is lower than that of the metal pigment ink: for 
some of these polymers, it can reach 104 to 105 S/cm which is comparable to 
some metals. The metals are present in the ink in the form of microparticles 
or spherical, tubular, planar nanoparticles ... These parameters, on which the 
specific surface of the particles depends, have an influence on the conductivity 
performances of the ink. These inks have higher conductivity than inorganic 
inks as shown in the Table 1 below.

Table 1: Conductivity of the most used metals

The conductivity of printed films with metal particles, even when percolation 
is reached, remains limited. This is because the contact areas between the 
particles are numerous but weak in surface.

D. Medium

The advantage of printed electronics is that printing can be done on any type 
of media, from simple paper to plastic and metal materials. The print medium 
must therefore be selected to resist at the sintering step; necessary to improve 
the conductivity of the inks and that is to bring the metal particles to the melting 
point to allow their coalescence. The support must then be able to withstand a 
certain temperature corresponding to the melting temperature of the particle 
used in the ink (which can be a problem for cellulosic supports).

Metal Conductivity (S/m)

Silver (Ag) 62,5.106

Gold (Au) 41,6.106

Copper (Cu) 58,8.106

Nickel (Ni) 14,5.106

Platinium (Pt) 9,4.106

Palladium (Pd) 9,3.106
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III. Application to the lighting system manufacturing
A.OLED technology

The most common application in the printed electronics market in the field 
of lighting, OLEDs (Organic Light-Emitting Diode) designates light-emitting 
diodes whose organic compound is able to emit light when subjected to to a 
current.

As shown in Figure 2, an 
Organic Light-Emitting Diode 
cell is composed of several 
superposed organic layers 
and disposed between a 
transparent anode for passing 
light and a metal cathode thus 
allowing the passage of the 
electric current necessary for 
the emission of light from the 
organic compound present in 
the cell.          Figure 2: OLED structure

To summarize the inner workings of an OLED, organic thin films include a 
hole transport layer (HTL), an emission layer (EML) and an electron transport 
layer (ETL). By applying a suitable electrical voltage, electrons and holes are 
injected into the EML layer from the cathode and the anode. They combine in 
the EML layer to form excitons and then electroluminescence appears.

The fundamental parameters that determine the performance and efficiency 
of the OLED component are the charge transfer materials, the emission 
layer and the choice of electrodes. OLEDs therefore belong to the family of 
semiconductor light sources, used with organic materials composed of carbon 
and hydrogen for light emission. Durable, ultra flat, lightweight, without heat, 
these light sources consume little and open the way to a range of design 
possibilities.

It can be seen from Table 2 that the luminance proposed by the OLED 
technology is much lower than the technologies currently used such as LEDs, 
bulbs or fluorescent lamps. It is indeed the main defect of this technology, 
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preventing it to grow as much as it should. However, it is certain that current 
research on printed electronics will lead to a reduction in this delay.

Table 2: Luminous characteristics and luminance of different illuminants

B. Technical development factors

Note that these technologies are new and still have some flaws, primarily 
their low lifetimes, it is necessary to correct before you can use them effectively 
in the industry.

Indeed, OLEDs are very vulnerable to degradation (especially moisture) 
which significantly reduces product life. To avoid this, «barriers» have been 
put in place called «Thin Film Encapsulation» or TFE, the barrier consists of 
nanoparticulate hybrid nanocomposite silica (short nanocomposite S-H 
and MgO). This method makes it possible to give an honorable life to these 
products. The TFE nevertheless poses some problems, in fact the barrier film 
requires a low permeability to water and oxygen and must be deposited at low 
temperature and last the life of the OLED device, typically more than 10,000 
hours.

Two solutions have been found: the «spatial Atomic Layer Deposit» method 
and the «Plasma Enhanced Chemical Vapor Deposition» method. These 2 
methods can be used in «sheet to sheet» or «roll to roll» printing according to 
customer needs. These solutions are compared in Table 3 below.

Luminance 

(Candela per square metre)

Sun 1 600 000 000

LED 50 000 000

Ligh bulb, matte 150 000

Fluorescent lamp 15 000

Clear sky 10 000

OLED 8 300

Flame of a candle 5 000

Paper, white at 500lx 100
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Table 3: OLEDs protection methods comparison

IV. Future and prospects for evolution
A. Essential variables and keys development factors

In the field of lighting, we can highlight several variables that influence the 
development and commonality of LEDs, OLEDs and printed lighting.

First of all, we can cite mentalities since not all countries and everyone are 
aware of the consumption of electrical energy. The European Commission and 
other governments are trying to get things moving by imposing the installation 
of LEDs in public spaces and on supermarket shelves. The first variable 
therefore concerns public awareness of LED and OLED technologies.

In a second step, we can speak more particularly of the production times, 
i.e. the production times of the machines allowing the printing of the electronic 
elements and the production/printing times of these same elements. Currently 
the machines for the printing of LED type screens are in great demand and the 
wait for the delivery of these machines is about ten years. This leads large 
groups to invest themselves in the development or adaptation of their own 
printing machines and thus slows down the development of these machines.

sALD PECVD

Water vapour transmission rate 
(g/m2/day)

~1.10-5 ~1.10-6 – 1.10-9

Flexibility (minimum radius on 

25µm PET foil) (mm)
1.5 3

Conformability (coating present 

at negative angle features)
100% 30%

Overall thickness for the typical 
stack (substrate excluded)

20 to 100nm only 
inorganic or single 
stack with organic

Double stack of 100 to 
300nm inorganic and 

10 to 60µm organic

Deposition rates (nm/s) >1 >10

Typical application
TFE Enhancement 

of foil
Direct TFE 
on device
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Finally, a last variable that could be limiting concerning the development 
of OLED or active lighting, can be found in the associated development and 
research costs. However this last point is to qualify since the use of this type of 
device would allow the customer to save money over the long term despite a 
still high purchase price.

A first factor is the European policy to ban the most polluting lighting 
devices on the market. Incandescent lamps have already been banned on 
the market and halogen lamps will also be banned by the end of 2018. These 
measurements made by the European Commission have a direct impact on 
the sales of different devices produced in the lighting sector.

In addition, the various benefits of LED and OLED technologies may be 
considered as factors as they may influence consumer choice for purchase. 
For example, LEDs have a much longer lifetime and light output than other 
technologies. This allows for energy savings that can positively influence the 
user at the time of purchase. In addition, OLEDs have the advantage of being 
able to use a wide variety of media, including flexible media, in 2D or 3D. 
This ability to adapt to a wide range of different media expands the number 
of possible applications and can therefore impact the sales of this type of 
product.

B. Sustainable development

OLED technology allows many technologies a more sustainable approach. 
It is good to know that lighting accounts for 15% of global electricity 
consumption and is responsible for the emission of more than 2,000 million 
tonnes of greenhouse gases into the atmosphere. Thus, solutions such as 
LEDs that are less harmful to the environment because they consume less 
energy (thus pollute less), have a longer shelf life, and do not contain mercury 
or lead and emit neither UV nor infrared. Finally, many improvements have 
been made to inks used in printed electronics in connection with lighting 
methods. Companies such as Genes’Ink, which manufactures inks for printed 
electronics , have taken a more sustainable approach, creating so-called 
Hybrid, non-toxic and recyclable inks. These inks are particularly interesting, 
especially for the manufacture of screens or soft keyboards, for which 
extremely expensive and rare materials are used as the high-performance 
silicon or indium, metal used for the manufacture of touch screens.
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V. Conclusion
Printed electronics has only recently developed in the lighting sector but 

is a promising technique in this market. It makes it possible to obtain thin, 
lightweight, 2D or 3D electronic components with conventional printing 
processes.

OLEDs are currently the most popular application on the printed electronic 
lighting market. For example, the OLED display segment in the printed 
electronics market accounts for about 80% and OLED lighting for about 15%.

From a more global perspective, sales of printed lighting devices have not 
yet exceeded those of other devices. However, they will soon do so with the 
help of new European regulations on street lighting and the banning of major 
energy-intensive lighting devices.

The penetration of these products into the lighting market could be slowed 
down by the fact that this technology is still new. Indeed, as with all new 
technologies, significant investment costs are required to carry out research 
and product development. Therefore, it is a question of finding or training 
qualified manpower. Then, it is necessary to raise public awareness of this 
type of product, find customers and suppliers. In addition, delivery times 
for printing machines are extremely important, as the production of these 
machines is still in development.

In terms of sustainable development, electronic printing makes it possible 
to significantly reduce the quantity of hazardous materials and raw materials. 
The devices produced in this way consume less energy and therefore pollute 
less. They do not contain mercury or lead and do not emit UV or infrared rays. 
In addition, they have a longer service life, which limits the number of light 
devices to be provided for a certain period of use.

It can therefore be concluded that printed electronics in the lighting sector 
has a bright future.
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During the last 6 months of the 3rd year of the Grenoble INP -Pagora 
engineering course, students carry out a final project where they are asked to 
use all the skills acquired during the previous three years. Antoine Goineau led 
his project in the school’s internal laboratory, the LGP2. His work consisted in 
defining a color management method for the 3D printing process.

I. Introduction
3D printing now covers all sectors of activity: from spatial development to 

health and fashion; in general, additive manufacturing technologies provide 
answers to the problems posed by traditional manufacturing processes, 
namely manufacturing costs and lead times. In addition to consumer 
applications, large-scale business applications are also being developed. The 
economic benefits for small series or prototyping are undeniable; however, 
standardization problems are beginning to emerge. 

Whether as a quality certification or against fraud, conventional printing 
measures the quality of its product by following measurement standards such 
as those set by the International Commission on Illumination (CIE), aimed 
at linking printed colours to human vision. Colorimetry in 2D printing and in 
particular the measurement of printed color are standardized areas where all 
measurements are coded, therefore verifiable and they allow an agreement 
between the printer and the customer. This quantification of color has no 
equivalent in 3D colorimetric processing yet. The project aims to develop a 
colour management methodology based on 3D prints made with a particular 
technology and using a CMOS photographic sensor.

II. Materials and methods
The methodology implemented can be broken down into four phases:

- Realization, including the creation of 3D test shapes and their printing

- Measurement, including the taking of reference values with a 
spectrophotometer that will be linked to the values taken with the camera

- Modeling, including the implementation of a polynomial regression 
model to link RGB values and L*a*b* values

- Validation, including the comparison of the results given by the model 
with the reference measurements, for new 3D objects
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A. Realization phase - 3D design software and printing

123D Design, free software developed by Autodesk for 3D object modeling, 
was used. It does not have as much functionality and accuracy as other paid 
software, but it still allows complex parts to be produced intuitively and is 
precise enough for molten wire printing.

The printer used is the Leapfrog Creatr HS (High Speed), which has an 
extrusion volume of 28x27x18cm and 2 extrusion nozzles. Printing is done 
with professional or economical Leapfrog PLA MAXX in several colours. 
The 6 basic colours used are: Electrical Blue (Professional), Dutch Orange 
(Economy), Jungle Green (Economy), Chic Silver (Professional), Designer 
White (Professional) and Outer Space Black (Professional). 3 other 
colours were also used: Frogging Green (Professional), Landscape Green 
(Professional) and No-Nonsense Natural (Economy).

Printing is done at a temperature of 220°C, a bed temperature of 50°C 
and a layer thickness of about 300μm; the other parameters are modified 
according to the shapes to be printed. The printing management software 
used is Simplify3D. This software allows you to do the slicing phase (cutting 
the 3D object into slices) and generating the G-code that is sent to the printer. 
In addition, it can control the 3D printer in real time if there is a problem during 
printing or if it is necessary to change the settings.

B. Measurement phase - Colour acquisition

The spectrophotometer used to retrieve the L*a*b* values is the X-Rite 
SpectroEye. Measurements were made with 0°/45° geometry, illuminant D65 
and a standard observation of 10°, under M0 conditions. The measurements 
were made without a polarization filter.  

The camera used is the Nikon Coolpix P600. It is a bridge camera, with a fixed 
lens and less control in managing settings when taking pictures than a reflex 
camera. Moreover, it does not allow access to the .raw format of the photos, it 
makes a first understanding of the captured data by displaying them directly 
in .jpg format. A second compression of the images is performed during the 
computer processing of the images. Photos are taken in 4608x3456 format, 
F8 aperture and shutter speed 1/5, with an ISO sensitivity of 100, without 
vibration reduction and with matrix measurement.
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Objects are measured in a Datacolor International multi-light cabin using 
D65 lighting in a black room. The object is 25 cm from the lens for a geometry 
of 0°/90.

C. Modeling phase - Computer processing of measurements

Image processing

The algorithmic processing of images shown in Figure 1 is done in Python 
using the Open CV library. To improve edge detection, the image is brought 
into the HSV (Hue Saturation Value) color space using the cv2.cvtColor() 
function and the different channels are recovered. From one of these channels, 
it is possible to use the Canny detection algorithm to recover the contours. 
However, for some colors, it may be easier to use the channel corresponding 
to the hue rather than the saturation or value channel. Thus, it is necessary to 
see in each case the one that best recovers the desired contour.

Figure 1: Explanatory diagram of the algorithm used for image processing
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Once recovered, the contours can be used in two cases: to retrieve the 
entire object; what is used on any objects. In this case, the contours are 
sorted according to their area in descending order to get the largest one. 
To retrieve a part of the object; which is used on test objects to set up the 
model. In this case, the user clicks in the surface whose contour he wants to 
retrieve and the coordinates (x,y) of his click are saved using the function cv2.
setMouseCallback(). From all the contours, the desired contour is selected by 
choosing the smallest contour including the coordinate point (x,y). Finally, the 
recovered outline is used with the original image to retrieve the average pixel 
color (RGB) and standard deviations for each channel.

The Excel solver 

The L*a*b* reference values of the spectrophotometer and the RGB values of 
the area of importance of the test objects are entered on an Excel spreadsheet 
to set up a polynomial regression. Thus, optimization is performed using the 
Excel solver and the non-linear GRG resolution method. 

The polynomial regression used is the one that gives the best results:

For L*, a* and b* and for each colour, the new values of L*, a* and b* are 
calculated by making the matrix product of X, for the colour concerned, by:

The parameters of Ѳ are then modified by the solver to minimize the sum on 
all colors of the square deviations between the reference L*, a* or b* and the 
one found by the matrix product. However, this optimization is not linear, so it is 
not possible to find an optimal solution directly. Thus, the solver is used several 
times, going through local minima, until it no longer makes improvements. In 
addition, it is used with different basic parameters to achieve the best solution.

Characterization of the device and matrix optimization

In order to be more complete, a complete characterization of the camera is 
also undertaken. This is done using GretagMacbeth’s ColorChecker DC. It is a 
color chart in the format 21.59 x 35.56 cm, with 237 color areas in a 12 x 20 grid. 
Each color patch is retrieved using the «User click coordinate retrieval» part of 
the image processing algorithm and is stored in a.txt file.
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D. Validation Phase - The validation of the computer model

New parts are printed to validate the model. The purpose is to verify 
that by taking, for example, another shade of blue than the test shape, the 
transformation to the CIE LAB color space keeps the information that the 
measured color is blue. In addition, the model must also be able to recognize 
non-regular forms. To do this, the new measurements are compared with 
the reference measurements using ΔE CIE76. By taking (L1*, a1*, b1*) for 
reference measurements and (L2*, a2*, b2*) for new measurements:

Finally, a last validation is made with the measurement of parts created with 
a yarn mixing two basic colors: orange and green. First of all, the wires are 
cut into pellets, small cylinders about 2-3 mm long and 1.75 mm in diameter. 
Then, the pellets are melted using an extruder to form a new yarn, mixing the 
two colours used. Several different percentages of green and orange are used 
to access shades between these two colours.

III. Results and analysis
A. Initial conditions

Test forms and reference measurements

The test shapes used were designed from a cubic shape by modifying one of 
the edges to be able to orient the face to be measured (the area of importance) 
at different angles. Measurements can be made at an angle of 0°, 22.5°, 45° 
and 67.5° (see Figure 2). In addition, chess pieces are printed in order to have 
color measurements for non-regular rounded shapes.

Figure 2: Explanatory diagram of the different measuring angles for the test form
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To create the model, reference measurements must be used and compared 
to the spectrophotometer values. The reference measurement is made with 
the 45° test cubes placed in the light cabin and with a cubic distance of 25 cm 
from the camera. Only the upper side is taken into account when calculating 
the average color, this is the area of importance.

Lighting and white balance

The light cabin includes aluminium reflectors to provide diffused and 
therefore uniform illumination on the object to be measured. However, since 
the cabin is not perfect, it is always possible to fault it so, for all measurements, 
the object is placed in the center of the light cabin.

Figure 3: Photos of the different white balance modes used for several test forms

The Nikon Coolpix P600 camera, taking .jpg pictures directly, does not 
allow accurate white balance management. Thus, it is only possible to choose 
the desired mode when taking the picture. To determine the mode to be used 
for measurements, several photos with different test shapes on the same 
background are taken. The goal is to recover the average background color 
of the image and that it varies as little as possible from one image to another. 

To do this, 4 white balance modes are tested as shown in the Figure 3: 
automatic (normal), sunny 0 (normally adapted to sunlight), fluorescent 2 
(corresponds to daylight white fluorescent lights) and color temperature 
5560 K (allows you to directly specify a color temperature). By applying the 
algorithm for processing the images taken but this time recovering only the 
background of the image, we obtain the values contained in the Table 1.
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Table 1: Mean values and standard deviations of backgrounds for different white balance

The "Fluorescent 2" white balance mode has the smallest standard deviations 
that is there is the least possible variation between the backgrounds of images 
with different test shapes. This mode will therefore be used.

B. Setting up the model

Reference and experimental values

Reference measurements are taken with a spectrophotometer on each of 
the printed test forms. To avoid being influenced by texture, measurements 
are taken at several locations in the room and at 8 different angles. Similarly, 
for each color, the averages R, V, B of the pixels in the area of importance and 
standard deviations are recovered.

Linear and polynomial regressions

The use of linear regression would aim to find a 4x3 matrix that transforms 
RGB values into L*a*b* values and minimizes the result in the sense of the least 
squares method on all colours. However, using such a regression allows to 
have ΔE between 2 and 8 for the 6 basic colors. The colour differences would 
therefore be too large.

A polynomial regression with 11 terms offering an 11x4 matrix would allow 
for greater accuracy. This regression would effectively make it possible to 
have ΔE between 0.001 and 0.02 for the 6 basic colours.

However, the main problem with this method is the lack of basic colours. 
Indeed, it is not possible to characterize the whole domain with so few 
colors and there are ΔE greater than 25 for any other color. A more general 
and possibly less precise method for the colors used in 3D printing is to fully 
characterize the camera using the ColorCheker DC.

Automatic Sunny 0 Fluorescent 2 5560K

Average 
[std dev.]

R 171 [3,20] 161 [1,09] 169 [0,98] 167 [1,47]

V 172 [3,08] 173 [1,13] 170 [0,93] 174 [1,34]

B 175 [3,29] 182 [1,57] 178 [1,43] 174 [1,59]
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Using of the ColorChecker 

After optimizing the color recovery algorithm by adding a loop to select 
multiple contours simultaneously, it is possible to characterize the device with 
the formula Ѳ = [XTX]−1XTX. The stored values are transcribed into Python in 
matrices. In the same way as with basic colors, the algorithm tries to minimize 
the result in the sense of the least squares method on all colors, i.e. 240 values 
for the ColorChecker.

First of all, the linear regression is done with Excel. At the same time, 
matrix optimization in the linear framework is done in Python and the values 
of the sums of the L* differences for the two methods (Excel and Python) are 
compared. The sum for Excel is 84.79741303 and for Python 84.79741301; 
thus, Python is very slightly more accurate, but above all, this means that the 
matrix optimization model gives consistent results and that it seems difficult to 
obtain a much better result than the Excel solver. 

Then, matrix optimization is implemented as part of the polynomial 
regression with 11 terms. In addition, the ΔE have been calculated in different 
cases. First, by comparing the L*a*b* obtained for each patch with the 
reference values of that same patch. The average ΔE is 5.75; the maximum is 
18 and the minimum is 0.19. Then, for each color, the algorithm searched for 
the minimum ΔE among the 240 patches. 132 measurements have a minimum 
ΔE with the corresponding patch and 108 have a smaller ΔE when compared 
to another patch. Part of this result is explained by the fact that there are only 
177 different colors for 240 patches. Thus, the duplicate colors all approach 
the same reference value that corresponds to a patch. Finally, the model was 
applied to the 6 colours used for 3D printing; the ΔE are detailed in Table 2.

Table 2: Values from ΔE for the 6 basic colours with the use of the ColorChecker

The values of ΔE are slightly more important than in the case of linear 
regression with only the 6 colors and they are much more important than in the 
case of polynomial regression but this characterization is applicable for any 
color unlike regressions which give correct values only for the 6 colors.

Blue Orange Green Grey White Black

ΔE 8,16 10,7 5,84 4,24 7,84 4,60
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Algorithm of the use of the model

In order to be able to use this model, an algorithm is set up to retrieve only the 
values that are useful to it and find the ΔE between the values to be tested and 
the 6 basic colors. The input values are read from an.txt file and the minimum 
ΔE and the colors to which they relate are displayed in the Pyhton console.

Imprecision of measurements

To verify the accuracy of the device and the use of the results in the model, 
25 measurements were made on the orange test form, which has the largest 
ΔE as its reference measurement. The standard deviation of all calculated ΔE 
is about 0.4, which corresponds to a standard error of 0.4√25 = 0.08. Taking a 
95% confidence interval, the variations on ΔE are ± 0.16. Thus, these variations 
are negligible compared to the accuracy of human vision for color recognition. 

In addition, the recovery of RGB values from the image averages the 
pixels of the area of importance and also recovers standard deviations. By 
maximizing these standard deviations, it is possible to recover the maximum 
and minimum ΔE The average for ΔE is 12, the maximum is 14 and the minimum 
is 8.9, a difference of about ± 2.5 from the average. Therefore, errors due to 
the average when retrieving measurements will be the determining factor in 
the accuracy of the ΔE. Then, the stability of the colour over time is measured. 
To do this, a blue test form is printed and several photos are taken over an 
extended period of three hours. The first pictures are taken every 30 seconds 
for 6 minutes, then the pictures are taken every minute for 15 minutes. Then, 
the photos are taken every 5 minutes for 50 minutes and finally the photos are 
taken every 15 minutes for 105 minutes; a total of 177 minutes (see Figure 4).

Figure 4: Graph of the variations of ΔE over time
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The average of the ΔE is 7.4 (the standard deviation is 0.2) and taking into 
account the standard deviations at the measurement level, the maximum ΔE 
is 8.6. Thus, the visible variations on the graph are negligible compared to 
the measurement inaccuracies and the color of the test shapes is considered 
constant over time.

B. Analysis of colour variations

Transversal angle

The purpose of these measurements is 
to verify whether the transversal angle has 
an impact on the perception of colour. It 
should be noted that the area of importance 
always corresponds to the same face, so it 
is smaller when the transversal angle to the 
reference measurement conditions is large. 
For all angles, the blue color is well detected 
as shown in the Figure 5 and the results are 
mostly lower than ΔE calculated for blue 
under the reference measurement conditions. 
Therefore, the perceived colour remains the 
same regardless of the transversal angle.

Measuring angle

For the 6 basic colours, the test shapes are measured with angles of 0°, 
22.5°, 45° and 67.5° as shown in Figure 6.

Figure 6: Graph of the variations of ΔE over time

As the lighting is not completely uniform, it comes primarily from above the 
room. Thus, when the angle is low (leftmost photo), the area of importance is 
less illuminated and therefore appears darker, while when the angle is high 
(rightmost photo), it is more illuminated and appears brighter. The set of 
measurements for the 6 basic colours is summarized in Figure 7.

Figure 5: ΔE of blue test form at 
different angles
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Figure 7: Measurements of the ΔE on the test shapes corresponding 
to the 6 base colours for several angles 

Blue, green and grey have their lowest ΔE under reference measurement 
conditions (45°) while it is 67.5° for orange and white and 22.5° for black. 
There are also ΔE which are calculated with a different color, closer, than the 
one measured; for green, grey and white at 0°, a darker color (black for green 
and grey and grey and grey for white) is detected. The opposite phenomenon 
appears for black, which recognizes grey for the 67.5° measurement. This 
confirms the explanation that the color appears lighter when the angle is larger 
and darker when the angle is smaller.

Texture angle

One of the defects of melted wire printing is that it gives a texture, visible 
to the naked eye, to objects. A new test shape was therefore created to be 
able to vary the angle that the texture forms with the horizontal support. Series 
of measurements have shown that it is possible to detect the right colour and 
have results close to the references regardless of the texture angle used.

Wire characteristics

PLA wires are reflective, so brightness is measured to take it into account in 
the analysis of the results. Depending on the structure of the printed object, 
the gloss may be more or less important when perceiving its colour. To do 
this, a new part is created to measure the gloss of a flat surface made in 3D 
printing with the REFO 3 gloss meter, which measures the gloss of an object 
at 3 different angles: 20° (surfaces considered brilliant), 60° (corresponding 
more to a reference measurement) and 85° (surfaces considered matt). 
The variations in brightness index with the measurement angle are the same 
regardless of the angle used at the instrument, but they are more visible at an 
angle of 85°.
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Fusion of colors

Mixtures of orange and green yarns are made with 5 different compositions: 
50% of each (1), 62.5% orange + 37.5% green (2), 75% orange + 25% green 
(3), 90% orange + 10% green (4) and 95% orange + 5% green (5). After the 
first mixing, the outgoing yarn was much closer to green than orange. Indeed, 
green pigments have a higher colouring power than orange pigments. This is 
why the other 4 mixtures have a higher concentration of orange than green.

For each mixture, a test form is printed and then measured. The ΔE with the 
orange and green reference measurements is calculated (see Figure 8). Only 
from 95% orange (mixture (5)) the ΔE for orange becomes weaker than for 
green.

Figure 8: Graph of the orange and green ΔE as a function of the yarn composition

IV. Conclusion
3D printing, and more generally additive manufacturing, is a rapidly 

expanding field. It is becoming more and more profitable compared to 
traditional manufacturing methods and is beginning to have a strong impact 
on our society. A theme is thus beginning to take on more and more importance 
in the world of 3D printing, that of 3D colorimetry.

For technologies that are more accessible to the general public, such as 
melted wire printing, there are not yet any solutions that can really be used to 
manage colour. Thus, the conduct of this study proposed the implementation 
of a methodology for color recovery and association with reference values for 
this technology.

The implementation of a colour yarn fusion system to print directly in colour 
for the melted wire printing is currently under development. One of the limiting 
factors is the use of 5 colours (WCMYK) which leads to problems in the 
management of coils and yarns and problems in the homogeneity of mixtures.
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As part of the first semester of their 3rd year, the engineering students of 
Grenoble INP - Pagora are led to carry out a team innovation project. During 
2017/2018, one of these teams worked on the manufacture of printed electronic 
electroluminescent sheets with the aim of integrating them into furniture.

I. Introduction
Today, bright electronic objects surround our environment. With multiple 

functionalities such as the contribution of a message, information, a certain 
aesthetic (colour, shine), they are present in multiple fields such as decoration, 
medical, health, pharmacy, cosmetics, security, aeronautics, automotive, 
research, photovoltaics, logistics, connected objects or even luxury.

The electroluminescent (EL) sheet is a lamp surface with exceptional 
characteristics. In reality, it is a sheet a few hundred micrometers thick that 
emits light when subjected to an electrical voltage. EL sheets are active light 
sources with indirect lighting characteristics, similar to the reflection of a ray of 
light on a matt object.

In order to create this light effect, very short waves are generated that 
are particularly well perceived by the human eye. Indeed, the light emits on 
a very narrow spectrum, it is monochromatic (light of a single frequency), 
perfectly regular and visible from afar. EL sheets are Lambert light sources, 
which means that the light density of the radiation from the surface is the same 
from all angles. This results in an absolutely homogeneous light surface. In 
addition, EL sheets (Figure 1) can create 3D light effects if they are placed in a 
curved position. It is also possible to attach them to objects that then become 
light sources.

Figure 1: Concrete examples of applications for electroluminescent sheets
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A. Functioning

Electroluminescent devices are multilayer components. The possible 
architectures (conventional and inverted) for an EL slip are shown in 
Figure 2. Generally speaking, the EL device is composed of five layers. The 
electroluminescent active layer is based on phosphorus (3), in which excitons 
return to their fundamental state and emit photons. A dielectric layer (4) - a 
short-circuit prevention element, which consists of an insulator - is then 
included between a transparent conductive anode (2) and a silver-based 
cathode (5). These last two layers allow electrons to pass from the conduction 
band to the valence band, which allows them to release an energy emitted in 
the form of light.

Figure 2: Different structures possible for an EL sheet 1. substrate, 2. transparent conductive 
ink, 3. phosphorescent ink, 4. dielectric ink, 5. silver conductive ink, 6. encapsulation ink

B. Method of manufacture

The processes used to manufacture electroluminescent sheets are only 
printing techniques given the large dimensions involved. 

Screen printing and flexography are the most commonly used processes. 
Screen printing makes it possible to print thicker thicknesses, which is 
always very interesting in printed electronics, especially to obtain better ink 
conductivity. Flexography is more suitable for electroluminescent sheets than 
OLEDs because the resolution is lower and the appearance of halo on the 
screen dots is not disabling. 

Offset and gravure printing can also be used despite the high pressures 
involved in these processes. High speeds and high pressure can quickly 
damage the machine rollers when printing inks with metallic nanoparticles.
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Finally, inkjet printing is difficult to use in the case of electroluminescence 
on a large surface, given the high viscosity of the inks used and the large 
dimensions requiring a homogeneous deposition of the different layers to 
obtain a regular light throughout the sheet.

C. Advantages and drawbacks

The reasons for using organic electroluminescent materials for visualization 
applications are as follows:

- good light output (≈ 1 lm/W to display high improvement potential white)

- low control voltage

- very low response time well suited for display (in the nanosecond range)

- a possible emission in the entire visible range by «simple» modification 
of the chemical structure of the emitting material

- the possibility of obtaining luminances as high as several thousand 
candelas per square metre

- the potentiality to produce pixels of a few micrometers (HD displays)

- emissive technology: power consumption depends on the content

- wide angle of view (Lambertian emission)

- low thickness and possibility of using flexible substrates

- potentially cheap

However, there are still a number of technological bottlenecks that need to 
be removed to benefit from these advantages. These are:

- The lifetime (currently < 10000 hours), in fact, the higher the operating 
voltage and/or frequency, the shorter the lifetime of EL sheets. This also 
depends on the strength of the applied electric field, its duration and the 
influence of UV rays

- Consumption for a DIN A4 surface (630 cm²) = 6 watts

- Current absorbed by the EL sheet: approx. 0.15 mA/cm²

- Sensitivity to humidity, oxygen and temperature (need to encapsulate)

- Differential ageing of red, green and blue pixels according to their use: 
high probable marking and colour degradation

- Development of suitable industrial production tools
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II. Experiments
A. Printing of electroluminescent sheets

Screen printing is the printing process used to produce the various 
electroluminescent sheets. The available DEK Horizon 03i laboratory screen 
printing press was used. It can be used to print on substrates up to 40cm 
wide. The maximum size of the screens is 70cm on each side. The printing 
parameters are adjustable: the non-contact distance must be between 0 and 
6mm, the blade pressure can reach 20kg and the blade speed 300m/s.

Table 1: Characteristics of electroluminescent inks and suitable screens

For reasons of cost and time, it was necessary to use existing screens. The 
latter are made of polyester and have been delivered by Marabu. It should be 
noted, however, that the choice of screen screen screen linearity depends 
on the rheological characteristics of the ink and the thickness of the film to 
be applied. The characteristics of the screens used for the manufacture of 
electroluminescent devices are listed in Table 1.

The five inks used are in the form of a kit (Bectron® EL Series) sold by 
ELANTAS (ALTANA group). The inks with their respective references are given 
below: transparent conductive ink (EL 7080 TC VP): PEDOT-PSS-based ink 
used to print a transparent electrode for light emission ; active phosphorus 
(EL 7003 AG VP): it is within this layer that photon emission occurs after 

Viscosity 
23°C/100s-1   (Pa.s)

Screen linearity 
(wires/cm)

Ink film thickness 
(μm)

Transparent 
electrode

1,4 140 < 1

Active 
phosphorus

24 77 30

Dielectric 14 120 10

Silver 
electrode

4,5 120 15

Encapsulating 
ink

3 120 > 5
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de-excitation ; dielectric (EL 7030 D VP): insulating layer between the two 
electrodes that transports electrons to phosphorus ; conductive silver ink (EL 
6660 VP): second electrode and connecting tabs ; encapsulating ink (EL 7090 
E VP): transparent UV varnish type ink that provides electrical insulation and 
protects the device from humidity, in particular.

Most of these inks require curing by UV radiation, except for the transparent 
conductive ink, which must be sintered in an oven at 100°C for 5 minutes.

The different ink layers overlap as described in Figure 3 above. The dielectric 
layer must cover the phosphorus layer while allowing the transparent electrode 
to protrude. The silver electrode must not protrude beyond the dielectric, 
otherwise it will come into contact with the lower electrode and create a short 
circuit. The high conductivity of silver allows the current to be distributed evenly 
over the entire surface of the device. Finally, the encapsulating ink covers the 
entire device except for the two connecting tabs that will supply the device.

Figure 3: Superposition of the patterns of the different layers of an electroluminescent device. 
1. Transparent electrode, 2. active phosphorus, 3. dielectric, 4. silver electrode, 5. encapsulant
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The substrates used for printing the electroluminescent sheet are of two 
different types: plastic and paper. PEN is a flexible and transparent polymeric 
film, the main properties of which are presented in Table 2.

Table 2: Main properties of the PEN support

The second medium used for printing EL sheets is a nanopaper made from 
nanofiber cellulose (CNF) from the Centre Technique du Papier. They are 
produced by enzymatic treatment and via a homogenizer. This nanopaper has 
a weight of about 60 g/m² and a Young’s modulus of between 11 and 13 GPa.

B. Performance tests after bending

One of the main parameters to be taken into account in the quality of 
electroluminescent sheets is the impact of bending on functionality. This 
bending test was created and implemented within Grenoble INP - Pagora. 
Developed in-house, it consists of making measurements on sheets that 
will be subjected to more or less significant deflections. The tested sheet is 
the one printed on PEN media. Four bending parameters were used with two 
different measurements provided: brightness (in lux) and resistance (in ohm).

The equipment used for this test is as follows:

- Minolta Luxmeter

- Multimeter

- Tube T1 of diameter d1 = 7cm, tube T2 of diameter d2 = 5cm and tube T3 
of diameter d3 = 2.6cm

All measurements must be carried out in stages and by increasing bending. 
Indeed, there is a risk of irreversible degradation of the electroluminescent 
sheet with a given bending. Therefore, since it is not clear whether this test is 
destructive, it is necessary to ensure that the test is started with the T1 tube. The 
first experiment is carried out on the sheet laid flat. For the light measurement, 
the room must be completely immersed in darkness. For a standard 

Thickness
Max. process 
temperature

Young’s modulus 
at 20°C

Dimensional variation 
(run. direct. after 30 min. at 150°C)

125 μm 180 °C 5 GPa 0,05 %
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measurement, the luxmeter must be calibrated before any measurements are 
taken. Once the sheet is lit and the luxmeter calibrated, the latter is placed 3 
cm in the centre of the optimal illuminating surface. Once the luxmeter has 
stabilized, the measurement is ready to be read. In the process, the resistance 
value is taken from the sheet as it stands. This measure measures the impact 
of the deformation on conductivity.

The other experiments are carried out subsequently, starting from the tube 
with the least bending to the one with the most bending (i.e. from T1 to T3). For 
each measurement, it must be checked that the electroluminescent sheet is 
pressed and held against the cylindrical tube. The synthesis of the results of 
the bending tests on the printed EL sheets are shown in Table 3 and Figure 4.

Table 3: Brightness and resistance results of the PEN electroluminescent 
sheet against bending

The analysis of these results makes it possible to prove that the bending of a 
light sheet is a critical parameter to its luminosity. Indeed, when flat, the sheet 
releases more than 120 lux while with a bending corresponding to the T3 tube 
of diameter d3 = 2.6 cm, the luminosity drops to 63 lux. The data as a whole 
have small standard deviations, highlighting the insight of the results. The 
resistance, on the other hand, confirms the drop in luminosity with bending, 
increasing with the latter. Indeed, by twisting the sheet, microcracks can 
appear and thus degrade the printing layers. The luminosity is immediately 
impacted and has an irreversible tendency, which is observed by flat 
measurements after each bending.

Flat sheet Tube 1 Tube 2 Tube 3

Lumin. 
(lux)

Resist. 
(MΩ)

Lumin. 
(lux)

Resist. 
(MΩ)

Lumin. 
(lux)

Resist. 
(MΩ)

Lumin. 
(lux)

Resist. 
(MΩ)

Average 124 1,29 101 1,35 80 1,42 63 1,56

Std dev. 2 0,06 3 0,04 2 0,04 2 0,05

Flat after 
bending

- - 107 - 95 - 69 -
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Figure 4: Luminosity and resistance of the electroluminescent sheet 
as a function of the bending exerted

III. Conclusion
The lighting performance of the resulting sheets is therefore quite suitable 

compared to LED strips available on the market, which generally provide 
a brightness ranging from 15 to 50 luxs. Also, the bending strength of the 
sheets makes it easy to consider integration on curved areas. Once printed, 
the electroluminescent sheets can also be cut into the desired format (length 
and/or width), which allows them to be integrated on the edge of a table for 
exemple.

The industrialization potential of electroluminescent sheets is major, 
although, as is currently the case for printed electronics, there is still a need 
to develop processes on a larger scale and adapt their tools. In a world where 
personalization and functionalization are becoming more and more important, 
the furniture sector could also benefit from the arrival of industrial printed 
electronics.
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During their first year of engineering studies at Grenoble INP - Pagora, 
students must carry out a scientific project enabling them to discover the 
graphic industries sector. A group of first-year students therefore studied the 
process of optimizing color reproduction on a Xerox Versant 180 press.

I. Introduction
Colour management is a key issue in printing. A printer must be able to 

reproduce the digital image as accurately as possible on any paper medium. 
To do this, it is first necessary to understand how the color is digitally coded. 
Then, the printer has tools such as ICC (International Color Consortium) 
profiles. These allow you to control the color throughout the graphic chain and 
to link the color of the computer to that of a laser printer for example.

Today, economic and ecological constraints are everywhere. This leads 
to another problem faced by printers: that of ink saving. The use of ink by a 
press is dictated by the digital image. However, it is possible to limit the 
use of the ink that will be made by the printer by acting on the digital image 
by different means. The optimization of color management on a laser press 
(XEROX Versant 180) is the subject of this scientific project. The aim will be 
to reproduce the colour as accurately as possible on different paper supports 
while proposing solutions to limit the use of ink.

II. Materials and methods
A. Materials

Four different types of paper supports were used : uncoated (250 g/m2), 
coated (135 g/m2), colored purple (123 g/m2) and recycled (80 g/m2).

B. Hardware and software

The Xerox Versant 180 press was used to produce all the prints on A3 and 
SRA3 formats. Photoshop CC 2017 made it possible to create the test shapes, 
apply the different profiles to the documents and obtain some informations.  
A densitometer was used to perform screen dot enlargement analyses. The 
X-RITE i1 PRO spectrophotometer and its i1 Profiler software were used to 
create and compare profiles. The Crenova digital microscope was used to 
observe the screen dots of the prints on the various papers.
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The observations were made from the impressions of two types of 
documents shown in Figure 1. First a test form which was made on Photoshop, 
and then a chart of 400 colorimetric patches. The first test form includes four 
photos and color ranges.

Figure 1: Test form and charter used

C. ICC profiles

The ICC profiles were created using this procedure: Choose the number of 
patches (here 400) and Total Area Coverage (400%), generates a pdf image; 
Printing the test form and measurements with the spectrophotometer; 
Creating the ICC profile, settings: Define the parameters (start black=0, max 
black=100, black curve=max, black width=100, 3 different TACs for 3 ICC profiles 
per paper: 400, 300, 200, version 2 and 350 with average black curve); Viewing the 
gamut and save the profile. Four types of paper profiles have been created. 
The profiles differ in their Total Area Coverage and the removal of sub-colours 
used.

III. Results
A. Observation with the naked eye

First, it is a matter of comparing with the naked eye the test forms printed 
on the different papers, on which the different ICC profiles created have 
previously been applied. These observations were made in daylight because it 
is with this light that the printed images will be seen.

To obtain colours that are faithful to those seen on the computer screen, it is 
necessary to create profiles that are a function of the support used. In industry, 
companies often use the Coated Fogra 39 profile which is not suitable for 
electrophotographic printing but for offset printing on coated paper. The first 
tests highlighted the significant colorimetric differences between printing 
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using the offset profile and using the adapted ICC profiles. The profile is 
therefore not suitable for digital printing. A second set of observations was 
carried out to see the influence of the TAC on colour reproduction.

In daylight, differences are imperceptible between profiles with a TAC of 
200%, 300% or 400%. This is a positive point because it is possible to use a 
lower TAC, i.e. to save ink for a similar printing quality.

B. Microscopic observation

Microscope observation was performed on the color ranges (see Figure 2)
printed on the test forms. This observation consists of making comparisons 
between the different papers. To do this, it was necessary to compare the 
colour ranges printed on each of the 4 papers. This test range was sent in 
CMYK direct. The purpose here is to test the influence of the support and not 
the profile. The printing profile associated with the entire test form is Coated 
Fogra 39 normally adapted to offset.

Figure 2: CMYK Color Range

In the method used, this profile will only influence RGB images that have 
been converted to CMYK. Elements such as the range in Figure 5 are not 
affected by the ICC profile used. The theoretical coverage percentages of 
these patches are: 65% for the n°8, 48% for the n°12, 24% for the n°18 and 4% 
for the n°26.

Comparisons were made on the patches of the arbitrarily chosen cyan color 
(the same study could have been done with the other colors, and the results 
would have been the same). They were performed on patches number 8, 12, 
18 and 26 which were photographed for analysis.

On patch n°18 (see Figure 3), recycled paper has less ink than the other 3 
papers, because the surface covered by cyan ink is smaller, so the screen dots 
are smaller. In addition, the screen dots on this paper are much less sharp than 
on other papers (the edges are blurred).
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Figure 3: Microscope observation of patch n°18 (x200)

However, the screen dots of coloured paper are slightly wider and sharper 
than recycled paper, and those of uncoated paper are even slightly larger and 
less blurry than coloured paper. 

On the contrary, coated paper is the paper containing the most cyan ink, 
with the widest but also the sharpest screen dots. If the screen dots of this 
paper are wider, it means that the dot enlargement is higher. These comments 
were made from patch n°18 and are also valid for the other patches in the color 
range (the trends are the same).

C. Comparison of gamuts

The i1 Profiler software allows gamut comparisons. Gamuts are represented 
in the colorimetric spaces L*a*b* or Yxy. It allows to vary the luminance and to 
observe the difference between 2 (or more) gamuts according to the axes a* 
and b* or xy. The comparison of the gamuts on Figure 4 was made in the Yxy 
space.

Figure 4: Comparison of gamuts for each paper between the 200% TAC and 400% TAC 
profiles in the xy colour space, the smallest gamut corresponds to the 200% profile

The results obtained on these comparisons are as follows:

- Comparison between the TAC 300% and TAC 400% profiles: no significant 
difference can be observed
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- Comparison between the TAC 200% and TAC 400% profiles: luminance 
less than 50: no significant differences ; luminance greater than 50: some 
significant differences. Figure 8 compares these gamuts. For each of the 
4 papers, the gamut of the 200% profile is less extensive than that of the 
400% profile. In each case, a loss in green and orange-red is to be noted

D. Colour difference ΔE

The ΔE is an indicator that calculates the colorimetric difference between 
2 colors from their L*a*b* coordinates. It can be determined with the 
spectrophotometer and the i1 Profiler software. Once the chart is recorded 
in the software with the spectrophotometer, the software calculates the 
colorimetric difference for each patch.

E. Widening of the weft point

Comparisons of the grid point expansion on the different supports were 
made. The enlargement of the screen point is a characteristic of the process 
and the support. The enlargement of the screen point must be known to be 
compensated before sending to print.

Figure 5: Weft point enlargement in % according to the theoretical coverage percentage

The screen point widening is determined from optical density measurements 
made with a densitometer. From the optical density, it is possible to calculate 
the actual coverage percentage from the following relationship:
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Then, the grid point expansion is obtained by the difference between 
the actual coverage percentage and the theoretical coverage percentage: 
Widening of the grid point=% real coverage-% theoretical coverage. The 
curves in Figure 5 above are obtained.

IV. Analysis of the results
A. Influence of the support

Using the comparison results of the 400 patches, the influence of the 
profiles on the color quality can be analyzed. Indeed, the goal of this project is 
to optimize colors on the print while saving ink. As for the comparison between 
a 200% and 350% profile with an average black curve, the results indicate a 
significant difference for uncoated paper compared to other papers but the ΔE 
remains below 3 (differences are not visible to the human eye).

In addition, the software also gives ΔE for patches with the highest color 
difference and for uncoated and colored papers, ΔE is above 3 each time. In 
addition, the highest ΔE of all papers is coloured and uncoated paper, which 
means that these two papers have the lowest printing quality. Microscope 
observations suggest that with recycled paper, the quality of printing would be 
much lower than with other papers, but this paper would be more favourable 
to ink savings, while coated paper would bring out the colours better. 

B. Influence of ICC profiles on the printed color

The analysis of the results allows us to conclude on the influence of the 
profiles on the colour quality of the printing. For this purpose, profiles with 
different coverage rates (200%, 300%, 400% and 350% with an average black 
curve) have been created. When comparing with the i1 Profiler software it is 
noteworthy that the difference between a 400 and 200 profile is very small. 

Indeed the ΔE is an index that indicates the difference in color quality 
between two prints and the human eye sees a difference when ΔE is greater 
than 3. Here none of the ΔE for the 400 patches of all papers are greater than 3.  
These results show that it is possible to have an acceptable color quality with 
an ink coating at 200. Moreover, to the naked eye, we can see that there is 
indeed a difference, on the images and their quality, between the different 
profiles when we observe the images in D65 light, but there is no visible 
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difference when the observation is made in sunlight. This last observation is a 
positive point because it is therefore possible to use a lower TAC, i.e. to save 
ink for a similar printing quality.

The only difference that can be seen with the naked eye in the light of the 
room is the difference between an image printed with the offset printing profile 
and the profiles created. With the offset printing profile the images are of lower 
quality so the Coated Fogra 39 profile is not suitable for digital printing.

Finally, microscope observations showed that a Cyan patch with the 400% 
profile was made up of a mixture of colours, so the profiles are suitable for 
photos but not for test colour shapes (there is no longer pure colour but only 
mixtures).

C. Ink savings

The final objective of the project is to estimate the ink savings that can be 
achieved through suitable ICC profiles.

These calculations were made from the chart of 400 patches on which 
different ICC profiles were applied: 200%, 400% and 350% with average sub-
colour shrinkage following these steps: convert the image to RGB adobe 98 
and convert with the right profile ; apply the «fuzzy-medium» filter ; record the 
total ink rate for each layer (Cyan, Magenta, Yellow and Black).

Table 1: Table of the ink saving of each profile compared to the one without a profile

The Photoshop software made it possible to determine the Average Ink 
Coverage (AIC) of each of the CMYK layers, as well as the total ink. The 
method used is described in Jiayi Zhou’s thesis An Investigation of ink usage in 
offset process printing. First, the ink savings achieved by applying the different 
profiles compared to patches without profiles can be realized. The results are 
given in the Table 1 above. Then, it is wise to compare the ink savings achieved 
for each paper between the 200% and 400% profile, and between the 200% 
and 350% (see Table 2)  with average under-color removal.

Coated Uncoated Colored Recycled

ICC profiles 200 400 350 200 400 350 200 400 350 200 400 350

Ink saving (%) 25 21 3 27 22 14 21 14 0 21 18 3
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Table 2: Table of the ink savings achieved with the 200% profile compared to the 400% profile 
and the 200 % profil compared to the 350 % profile

V. Conclusion
The study of the optimization of color reproduction on the Versant 180 

XEROX press made it possible to differentiate the parameters required for 
this project. The influence of the medium could be studied by observing the 
impressions under the optical microscope. The surface covered by ink is larger 
on coated paper than on uncoated paper and on colored and recycled paper, 
which has very little cyan. The analysis of the screen dot on the different types 
of paper has shown that coated paper has wider screen dots.

The difference between the profiles could be observed under illuminant D65 
and with the naked eye. This first approach showed a greater contrast with the 
TAC 400% profile than with the TAC 200% profile. These observations were 
confirmed with the gamut study. There is a loss of orange and green when 
the luminescence is reduced for the TAC 200 profile, but observation with the 
naked eye, with the light of the room, does not show any difference between 
the two profiles. It is more interesting for companies to use profile 200.

In terms of ink saving, it is better to reduce the sub-color removal than to 
reduce the TAC. The ink saving calculations that were the subject of this 
project were made from the charts of only 400 patches. It would be interesting 
to do the same kind of calculations, but based on real work (posters, flyers, 
brochures, etc.) to see if the results obtained are comparable to those obtained 
from the charter. Finally, this project only dealt with electrophotography. The 
same ink saving calculations could be made on offset, inkjet or flexography 
printing on the same paper media. It would then be possible to compare the 
savings made according to the printing process.

200 % VS 400 % 
Ink saving (%)

200 % VS 350 % 
Ink saving (%)

Colored 7 21

Coated 4 22

Uncoated 5 13

Recycled 3 18
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During the second year of engineering studies at Grenoble INP - Pagora, 
engineering students must carry out a market research project on a field of 
paper, biomaterials or printing. A three students group has therefore studied 
the possibilities and limits of printed electronics for implatable biomedical.

I. Introduction
For several years now, medicine has been constantly evolving, new 

technologies have been developed, new treatments have been found and 
new, less invasive approaches have been introduced; all these advances are 
nevertheless costly. At the same time, printed electronics have been constantly 
improving in terms of printing ease and quality since 2010. The challenge now 
would be to be able to combine biomedical and printed electronics, which 
would allow a less invasive approach in many processes but also reduced 
costs.

Currently the medical sector is known to provide often expensive care such 
as electrocardiograms, MRIs, scans, etc. Printed electronics can, through 
its ease of process and low costs, meet today’s market needs. These new 
devices would avoid costly analyses requiring heavy equipment such as MRIs 
or scanners.

At the moment, the question is whether printed electronics are the next 
major development in the field of biomedicine, but whether this advance 
would reduce costs and delays. The possibilities and limitations of this new 
approach are central to this new challenge.

II. Definitions of the terms
First of all, we need to define some terms in order to understand biomedical 

devices.

Biomedical refers to both biology and medicine. Biology includes all the 
sciences that study living species and the laws of life. Medicine, on the other 
hand, brings together all the scientific knowledge and resources of all kinds 
used for the prevention, cure or relief of diseases, injuries or disabilities.

A biocompatible material means a material compatible with a living being. 
That is, he is in agreement with a living being, that he can function with it. 



72

The term biocompatibility refers mainly to medical devices in direct, brief 
or prolonged contact with body tissues and fluids such as probes, syringes, 
prostheses.

Biotechnology includes any technique using living beings (microorganisms, 
animals, plants), generally after modification of their genetic characteristics, 
for the industrial manufacture of biological compounds or (medicines, 
industrial raw materials) or for the improvement of the agricultural production 
(transgenic plants and animals or GMOs (organisms genetically modified)).

Then we need to define the limits and contours of our system. In this subject, 
we focus only on objects intended for biomedical purposes and implantable 
in the body of a «human» person. The techniques used for the realization of 
these objects are: printed electronics for the realization of the electronic part 
of devices. These objects are biosourced or not.

We have defined different levels of implantation in the body:

- Simple contact of the object with the human body. No interaction 
between the object and the body. The object only takes a measurement 
reading (cardiac for example). Example: Clothing with integrated printed 
sensors that are in direct contact with the patient’s skin.

- Contact with exchange between the printed object and the human body. 
Example: Example Tattoo: printed and applied to the human body.

- Object implanted inside the human body. Non-rejection aspect of 
the object (more important than just skin contact) by the human body 
which is at take into account and ethics in relation to the subject. These 
objects are either objects electronic objects that are printed, or objects 
without electronic printed in 3D, i. e. objects combining electronics and 
3D printing.

III. Applications of printed electronics
A. Issues at stake

In response to new demands from patients and the medical sector, the 
researchers have begun to see printed electronics as a solution for some 
biomedical problems. Indeed, many advantages derive from the alliance of 
these two areas.
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The combination of printed electronics and biomedical technology makes it 
possible to design of adaptable, flexible, lightweight, invisible or semi-visible 
devices, etc. Overall, less invasive devices. In addition, printed electronics 
allow the incorporation of various components, offering new functionalities. 
The final product will then be a hybrid system.

From an economic point of view, printed electronics offers the possibility of 
printing with low-cost processes, which will allow for low-cost implementation. 
From a medical point of view, having «wearable» (portable) devices allows 
physicians to be able to follow their patients remotely and continuously, thus 
leaving room for more autonomy and mobility for patients. This franking of 
distances could reduce hospitalizations and increase attention carried by the 
patient to his health thanks to the possible connection with smartphones and/
or applications, allowing the recall of medication, for example.

B. Some examples of applications

Today, the implementation of printed electronic objects is still at the stage 
of research. These are more focused on printing «wearable» devices, i. e. 
portable by patients, in direct contact with their skin but non-invasive. The 
main applications are the taking of electrocardiograms or encephalograms 
with live monitoring or blood glucose measurements.

However, further research is being conducted to develop devices that would 
be implanted into the human body.

Implantable biosensors

In particular, we can mention the research 
work carried out by Christophe Bernard, 
research director at INSERM (Aix-Marseille 
University) in France. He is currently 
carrying out a research project on 100% 
biocompatible, electro that would eventually 
be implanted in the brain to measure its 
activity molecular and electrical. An exemple 
of an implantable biosensor is shown in 
Figure 1. The goal is to be able to map the 
brain in order to be able to day to control or 

Figure 1: Biosensor compared 
to the scale of a finger
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make an artificial limb work by thinking, all this with the help of sensors and 
electrodes printed in photolithography or spin coating with the PEDOT:PSS 
which is a conductive polymer.

First conclusive tests have been carried out on animals. No test has to to 
date has been achieved on human beings and commercialization is not yet 
available envisaged.

Printed electrocardiogram

Another example of a device that can be implanted on the human body is the 
ECG (the principle of which has already been detailed). Research is currently 
being carried out to produce fully printed electrodes for ECGs. The primary 
goal is to achieve low-cost and smaller ECGs while maintaining the reliability 
of the device or improving it even further. In the long term, these devices could 
be placed on patients and therefore be worn continuously. This would make 
measurements more effective and diagnostics of better quality.

In practice, the operation is the same as a conventional device, except that 
the electrode is printed on paper with conductive ink (conductive polymers 
PEDOT:PSS). The ink is biocompatible so there is no risk to the patient.

As shown in Figure 
2, the device is very 
simple, here an example 
of measurement is 
performed by placing 
the fingers on each of 
the electrodes. Initial 
research shows that 
measurements with printed electrodes are of the same or even better quality 
than those with conventional electrodes.

As far as the lifetime of these electrodes is concerned, 3 months the quality 
of the measurements has hardly changed. It can therefore be said that these 
electrodes are resistant over time. Today these devices are still in the research 
stage, and it will still take a few more years for them to appear on the market. 
In parallel, electrodes tattooed on the body or «wearable» devices are also 
being developed.

Figure 2: Printed electrode device
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As far as devices considered as non-invasive or minimally invasive are 
concerned, very few are marketed. Most of these devices are still at the 
research or experimental stage, such as Dr. Christophe Bernard’s sensors 
described above. However, some research has been completed, such as 
portable ECGs, but they have not yet been commercialized.

C. Limitations of these devices

When approaching a new technology or technology application, it is 
necessary to be able to understand this application in its entirety, which 
requires a vision of the limits of the devices but also of the questions that these 
devices raise.

Nowadays, these limits mainly focus on resource management: ecological, 
economic or social. From an economic point of view, it is now difficult to predict 
the evolution of printed electronics in the service of biomedicine because 
everything is only at the research stage.

Regarding the ecological aspect, since the inks are printed on a polymer 
and not on a paper, it is not possible to apply a traditional deinking technique. 
Indeed, this technique would make it possible to separate inks and substrate 
and then treat the ink part in order to extract precious and conductive metals 
such as silver. In our case, we will have to use another technique to recover 
these materials.

Currently, incineration is used to separate organic and inorganic compounds. 
At the end of the process, the inorganic compounds containing the inks and 
therefore the precious metals are recovered, which must then be treated in 
order to recover the desired materials.

Having sensors in the body, and more particularly in the brain, can allow 
data collection. This therefore also raises questions from an ethical point of 
view. What are we going to do with all this data collected? Can an external 
person (other than medical staff) have access to it? Can we send information 
remotely? And if so, can we control someone?

In parallel with the development of this new form of medical treatment, 
many questions will have to be asked and limits (laws) will have to be applied 
to control the use of these new technologies.
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IV. Conclusion
This study examined the technological aspects of bio-implantable printed 

devices. The latter are the result of the pooling of technologies from two 
different fields, biomedical and printed electronics. Individually, these two 
sectors are successful and the combination of the two has great potential. 
Indeed, electronics for biomedical applications will make it possible to produce 
large quantities at lower cost on flexible media and lead to less invasive and 
portable devices. This could therefore allow follow-up to improve patients’ 
autonomy and comfort.

In addition, beyond the medical point of view, these new devices could 
lead to considerable savings for the State since the products would be less 
expensive and the improvement of monitoring could lead to an anticipation 
of diagnoses, thus reducing the healthcare costs reimbursed by the Social 
Security.

However, various constraints will have to be addressed, such as current and 
future legislation, resource limitations, biocompatibility issues and ethics.

Today, printed biomedical technologies are still at the research stage, which 
explains their absence in the distribution of current markets. To go further, 
printed biomedical devices could be combined with 3D technology to produce 
ever more efficient products and expand the range of applications.
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