
Using a flat-bed scanner to measure ink densities and linearize a QTR curve

Many feel the best way to establish ink densities for linearizing a QTR curve is to use a densitometer or 
spectrometer. That was beyond my budget but a kind member of a Yahoo! Group helped by showing me how he 
uses an ordinary flat-bed scanner to measure ink densities. This technique lends itself to users who don't wish to
or aren't able to lay out the cash for a densitometer. Inexpensive software will work fine and you may already 
have what is needed. The only expense may be for a gray scale, about $25. If done carefully, these calculated 
densities should be every bit as accurate as those measured directly with a densitometer.

This process may look complicated but it breaks down to a series of small steps. A familiarity with spreadsheets 
will be necessary. I used LibreOffice Calc, similar to Excel, and available free at www.libreoffice.org. It comes 
with a comprehensive help file, and features a friendly user group. Besides the scanner you'll need a gray scale, 
such as the Kodak Q-13 Gray Scale (sometimes marketed under the Tiffen name), and photo editing software 
such as Photoshop, Photoshop Elements, or Gimp. Keep in mind the Q-13 is an uncalibrated reflectance 
standard, for critical work you may wish to use a calibrated standard such as the Stouffer R2110. 

I'll assume you've made all the steps to creating a curve up to where you enter density values in the linearization
table. This seems to be the step that is a stumbling block for many of us. It's helpful to remember that you'll be 
scanning two gray scales: the first is the Kodak Gray Scale and the second is a print of the 21 step gray scale 
included with QTR. The first one is for reference only and the steps' RGB values are measured with your editing
software and your scanner – but you don't print this scale. The second gray scale is printed with your printer, 
your ink, and your paper. The steps' RGB values are again measured. The densities entered in the linearization 
table are obtained by comparing these two sets of measurements as follows:

First Scan: Calibrating your Scanner:

1) Scan the Kodak Gray Scale. The 20 gray patches cover a density range of 0.05 – 1.95 in 0.1 steps. Make 
sure the scanner's color correction is turned off.

2) Load the resulting file (scan) into your photo editing software. Use the Eyedropper tool and measure the RGB 
value of the 20 steps. Set the tool's sample size to at least 5x5 pixels (larger is better). If the RGB channels are 
not equal use the value for the G channel.

3) Open a new spreadsheet. Enter the RGB values measured in step 2 into a column. In the next column to the 
right (see column OD in the graph on Page 2) enter the corresponding density values from the Q-13 Gray Scale 
target (0.05 – 1.95). The third column represents how the gray scale labels the patches.

The following steps are specific to LibreOffice Calc, other spreadsheet programs may be slightly different. It's a 
good idea to save your work every few steps.

4) Select the first two columns by holding down the shift key, then clicking on the upper left cell (the RGB 
values), and then clicking on lower right cell of the middle column (the Density values).

5) Click on the Chart icon in toolbar, choose XY (Scatter) chart type, then Next, then Finish.

6) Select the chart (not the outline) so green markers appear at all corners and midpoints. Also, click on one of 
the small squares of the graph so all squares turn green.

7) Choose Insert > Trend Line. Select type/logarithmic, check Show Equation and R-squared.

8) The closer to 1.0 the R-squared value the better, it shows how closely the curve/equation fits the data. If the 
R-squared number is less than 0.95 the whole procedure should be repeated.

9) Now you have the equation that you will use in the next step: creating the Density values you will enter in the 
final linearization step of creating a printing curve.
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Second Scan: Scanning a gray scale with your printer and your paper:

The equation can now be used to calculate Density by measuring the RGB value of an ink patch using your 
scanner as follows:

10) Print out the 21-step TIFF file supplied with QTR. Use the QTR curve you've created up to this point, but with
the linearization table empty. Let it dry 2 - 3 hours, overnight is better. Scan your print, load the scan into PS and 
get the eyedropper RGB value for each step. Calculate the Density values, f(x), by entering the RGB values, x, 
in the equation. Enter these Densities in the final linearization step of creating the QTR curve. You may want to 
make a note of these values for possible future reference.

Here's an on-line calculator to make the math easier. Just enter the right side of the equation, inserting each 
RGB value for x:

http://www.symbolab.com/solver/logarithmic-equation-calculator

For those more versed in Calc, you can use the formula to generate a table, showing Densities for all 
corresponding RGB values. Use any two empty columns in the spreadsheet you've created so far - see next 
page. (Here, the table is formatted into shorter segments for more convenient viewing.) Note that the columns in 
the illustration are not labeled. The bold numbers are the RGB values and the decimal fractions are Density 
values. Be sure the tabled values do not exceed the data (RGB = 26 – 233 in this sample case). Find the RGB 
values you measured, make note of the corresponding Density values and enter them in the linearization table.

Note: your table will be slightly different – and you should make a new table each time you load a new batch of 
ink or if you re-calibrate the scanner (ie the “reference scan”).
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