ICC White Paper


Recommendations for predicting spot colour overprints

Introduction

Spot colours are used in printing as special inks to print critical brand colours. Colours printed by a combination of process inks and spot coloured inks can be characterised by means of an ICC profile. However, it is not practical every time to print a profile target and generate an ICC profile for all inks in combination. This makes it difficult to predict the effect of overprinting spot colours onto process inks or other spot colours, whereas in a colour reproduction workflow it is important to have a preview or proof of the anticipated colour.

Here a simple numerical method for estimating the colorimetry of spot colour overprints is described (Deshpande and Green, 2010). It provides a simplified method that can be easily implemented within ICC workflow.

Overprint Model

The overprint model is used to predict colours resulting from combinations of special inks, which includes solid overprints as well as halftone overprints. The assumption made in this method is that at each wavelength the reflectance factor of an overprint approximates the product of the reflectance factors of the two inks measured independently. When this reflectance product is modified by a correction factor, the approximation is often a good prediction of the actual reflectance. Since CIEXYZ is a linear transform of reflectance, the same approach can be adopted for CIEXYZ tristimulus values.

Where a spot colour is printed over another colour, the first-printed underlying colour is considered as a background object and the overprinted spot colour as a foreground object. 
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Fig.1 Spot colour overprint described in terms of background and foreground colours

The overprint model assumes that a resulting colour (X, Y, Z) is correlated to the product of the background colour (Xb, Yb, Zb) and foreground colour (Xf, Yf, Zf). The resulting colour (X, Y, Z) is predicted as follows: 
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... Equation 1

where

[Xb Yb Zb]:
Tristimulus values of background colour.

[Xf Yf Zf]:
Tristimulus values of foreground colour.

[jx jy jz]:
Scaling factors depending on dot area.

[kx ky kz]:
Constants depending on dot area.

Acquisition of Model Parameters: the Ink Step-Wedge Chart

Each of the three independent component equations contains two unknowns, the scaling factor j und the constant k. They can be determined by using at least two overprint configurations with known resulting colours (X, Y, Z values). This means that information on some overprints must be available. A practical approach is to use overprints on black, which is also a commonly used background for opacity tests.

This leads to an ink step-wedge chart with the following minimum requirements:

· a substrate patch and a solid black patch

· solid ink printed over white (substrate) and black

· at least one tint patch of ink printed over white (substrate) and black. The larger the number of intermediate tint patches, the greater is the accuracy of predicted overprint colour.  

A separate chart must be printed for each ink that is to be characterised. The tristimulus values (X, Y, Z) of each patch must be measured. They can be provided for example as a CxF file, which not only contains the measurements of the ink step-wedge chart, but also information about the ink name, the printing process, the screening, the substrate type, and other important factors which describe the range of printing conditions where the data will be valid.

Fig.2 shows an example of ink step-wedge chart with 11 steps including solid and substrate. [image: image3.png]Foreground Colour
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Fig.2 Ink step-wedge chart  

The chart provides two overprint configurations for each tint, namely on white and on black. Let w denote the measurements on white, k on black and p the tint percentage. For each tint patch, the following four colour values are used:

· (Xpw, Ypw, Zpw), the tint percentage printed on white (substrate)

· (Xpk, Ypk, Zpk), the same tint percentage printed on black

· (Xw, Yw, Zw), the white (substrate) without overprint

· (Xk, Yk, Zk), the solid black without overprint

Using Eq. 1 with pw as foreground (“that which is printed on top”) – once with w as background and pw as “overprint”, secondly with k as background and pk as overprint, the two equations can be solved for j and k as follows:

k x = (X pk × X w – X pw × X k) / (X w – X k)

j x = (X pw – k x) / (X w × X pw)

... Equation 2

and likewise for the Y and Z components. 

(If more than two overprint conditions are provided for a given tint percentage, e. g. from a multi-colour overprint target, linear regression can be applied to obtain j and k.)

Note that the parameters j and k are thought to pertain to the foreground colour in order to apply them in Eq. 1 sequentially, ink by ink, even if they are actually regression coefficients for pairs of inks.

Implementation guidelines

This section includes step-by-step guidelines to implement the above mentioned method for predicting the overprint colour for different use cases. 

Use Case I: Predict the colour of 2-inks overprint 

Let's assume we are printing two special inks with the following lay-down order (i.e. ink sequence): Spot 1 – Spot 2, and we want to predict the overprint colour resulting from a combination of 40% Spot 1 and 60% Spot 2. Here, the background colour is 40% Spot 1 and the foreground colour is 60% Spot 2. We can predict the overprint colour as follows.

1. Obtain the necessary tristimulus values of the ink step-wedge chart for each ink 

Either print and measure the ink step-wedge charts for Spot 1 and Spot 2, or find another data source which matches your printing conditions (approximately). For simplicity, we assume that data for chart 1 and chart 2 are available for 0% (i. e. unprinted substrate and solid black), the 50% tint (on white and black) and the 100% solid (on white and black).

2. Calculate the overprint coefficients for the foreground colour from the ink step-wedge chart

Calculate the overprint coefficients (jx, jy, jz, kx, ky  and kz) for the foreground colour (Spot 2) at 50% and at 100% using Eq. 2. Interpolate the coefficients for 60% of Spot 2. 

3. Calculate the background and foreground colours from the ink step-wedge chart

The tristimulus values of the background colour, 40% Spot 1, are obtained by interpolation of the measurements of chart 1 using the patches printed on plain substrate). Similarly, the tristimulus values of the foreground colour, 60% Spot 2, are interpolated from the measurements of chart 2.

4. Apply the linear regression to calculate the resulting colour

If the tristimulus values of the background colour are (Xb, Yb, Zb) and those of the foreground colour are (Xf, Yf, Zf), then calculate the product of two colours: (Xb × Xf), (Yb × Yf), (Zb × Zf).

Apply the linear regression (Eq. 1) to calculate the resulting colour XYZ using the interpolated overprint coefficients ( jx, jy, jz, kx, ky  and kz)  for 60% Spot 2 obtained in Step 2. (Fig.3)

[image: image4.png]Solid spot colour

printed over white Substrate

~<€—— White Background

<¢—— Black Background

Solid spot colour V

printed over black Ink ramp (solid and tints) of spot colour -
over white and black backgrounds

Solid Black




Fig.3 Implementation of the overprint model for 2-inks combination 

Note: additional inks can be added sequentially by repeating steps 2–4. It is important to follow the lay-down order of the inks, because sequence of inks matters, and the model accounts for the effects of trapping and transparency or opaqueness of the spot inks.

Use Case II: Predict the colour of a combination of process inks (CMYK) and a spot colour

If we print a spot colour on top of any combinations of process inks (CMYK), we can use the linear regression method to predict the resultant colour. Suppose we want to print 60% Spot 2 on top of a colour patch printed by a combination of C, M, Y and K inks. Consider this colour patch of CMYK as a background colour and 60% Spot 2 as a foreground colour. To predict the overprint colour, follow steps 1–4 above, with the following modification.

3’. Calculate the background colour from the CMYK ICC profile

In a colour managed workflow, the tristimulus values of the background colour (made of C, M, Y, K ink-combinations) can be calculated using the A2B tag of the output intent ICC profile (Fig.4), which typically results in a CIELAB values for the CIE Standard Illuminant D50 and the two-degree CIE 1931 Standard Observer. Convert the CIELAB values to the CIEXYZ tristimulus values of the background colour. The foreground colour, 60% Spot 2, is calculated as above.
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Fig.4 Implementation of the overprint model for CMYK and spot colour combination

Note: this procedure is valid as long as the lay-down order is: process inks first, then Spot 2.

If Spot 2 is printed before the process inks or in-between, the calculation does not reflect the actual printing conditions.

However, the model can be used to produce a consistent result, if the process ink sequence is known, and if K comes before Spot 2 and the process inks following Spot 2. In that case, the following inks can be characterised with ink-step wedge data from the profile, and can be added on top using the overprint model.

For example, assuming the printing sequence C – K – M – S – Y (where S is a spot colour), the ICC profile provides ink-step wedge data on substrate and on solid black for Y ink, for M, but not for C, since C is not printed over K.

The profile table can be directly used for all overprints not containing S (i.e. CMYK-only). For overprints with S, the profile provides the K, C, M background colour for adding the S and Y components with the overprint model.

These are the typical use cases for the proposed overprint model. There might be more applications where the same approach can be used. For example, predicting the CIELAB values of spot colour overprints and converting them to device-space (CMYK) of digital printing devices. 
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