VISUAL PITCH
The purpose of this paper is to explain the concept of visual pitch and how to match an
interlaced image with a sheet of lenticular plastic.
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1 INTRODUCTION
In the tutorial Introduction.pdf you have learned the basics of what lenticular printing is.
First, two or more images are divided into bands and interlaced together in a single
image:
Image A

Image B

Interlaced lenticular image

Second, the interlaced image is printed directly on the back of a sheet of lenticular
plastic or printed on a stable paper support and then cold-laminated with the plastic:

Lenticular plastic

Interlaced lenticular image

And third, the lenticular material isolates and expands the interlaced image underneath
it in such a way that only one original image at a time can be seen. The perceived
image changes depending on the angle of observation:
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Note that the key to making this work is that the interlaced image and the lenticular
plastic must be perfectly synchronized. The lenticular plastic has a number of lenses
per inch that must match perfectly with the interlacing of the printed image. In this
tutorial you will study in more detail how to do this properly.
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2 DIFFERENCE BETWEEN REAL PITCH AND VISUAL
PITCH
The pitch of lenticular plastic is the number of lenses per inch of plastic. This is also
known as LPI (Lenses Per Inch). The following figure illustrates precisely what happens
when you observe a lenticular image through the plastic:
Observer

Observation
distance

REAL PITCH
Lenticular
plastic

Thickness of
the plastic

Interlaced
image
VISUAL PITCH

The situation is as follows:
1. The plastic has a pitch on the front: the real pitch.
2. The plastic has a non-zero thickness physically separating the lenses of the
interlaced image. The interlaced image may have been printed directly on the
back of the plastic or it may have been printed on paper and then attached to
the plastic by cold lamination. The thickness of the plastic is very small, but in
no case is zero.
3. The observer sees the plastic and the interlaced image from a finite distance.
The beams of light that leave the observer travel through space and reach the front of
the plastic where they meet the lenses. The light beams, which are divergent, cross the
transparent plastic and project the positions of the front lenses over the interlaced
image, located on the back, in such a way that the frequencies of these positions on
one side and the other, as shown in the figure, are slightly different from each other.
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This has important implications because it means that for an interlaced image and the
plastic lens to match perfectly, it is necessary to interlace the images using a pitch that
is slightly different than the real pitch of the plastic. Therefore, a lenticular image has
two pitches:


Real pitch
This is the actual number of lenses per inch of plastic. It is a physical, tangible
parameter of the plastic and does not depend on anything else.



Visual pitch
This is the pitch at which you should interlace the input images so that the
interlaced image (which will be on the back of the plastic) and the plastic lenses
(on the front) are in perfect synchrony for a given observation distance. This is a
parameter that depends on the actual pitch of the plastic but also on the viewing
distance and the thickness of the plastic. If you modify any of these factors, this
will alter the manner in which the light beams are projected in space and the
resulting visual pitch would be different. This is why it is said that the visual pitch
is a parameter that depends both on the plastic and on the preferred
observation distance for the image. The printing equipment also affects the
visual pitch because two different models of printer may print with slight spatial
differences. This would be added to the list of variables that determine the
visual pitch of a particular job.

Given a lenticular plastic, a preferred observation distance and a printer, the visual
pitch is the pitch with which you must interlace images so the result matches perfectly
with the plastic lenses.
Do not worry right now about how to compute the visual pitch for a lenticular image. For
now make sure you understand exactly why there are two pitches: real and visual.
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3 HOW TO CALCULATE VISUAL PITCH
To calculate the visual pitch for a job, you must perform a test called pitch calibration.
Given a lenticular plastic, a preferred observation distance and a printer, pitch
calibration is a test whose result is the visual pitch value, which must then be used to
interlace the images.
The pitch calibration procedure is described in detail in the tutorial Calibration.pdf.
When you finish reading this tutorial, the next step is to continue with the tutorial on
calibration. That will be the beginning of your first lenticular printing tests. But for now
the purpose of this paper is to continue offering you some preliminary knowledge on
various aspects of visual and real pitch, which are very useful when you start with your
first printings.
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4 HOW TO CALCULATE THE REAL PITCH
It is not always necessary to know the real pitch of a plastic. It is essential to know the
visual pitch, because that is what will make the plastic and the interlaced image match
perfectly. But it is only necessary to know the real pitch in certain cases. In this chapter
you will learn to identify these cases and to calculate that value.

4.1 WHEN YOU NEED TO KNOW THE REAL PITCH
If you only print a single interlaced image for each lenticular plastic sheet, then it is not
necessary to calculate the real pitch. This is the case, for example, for digital posters
printers that print a single large size image on each lenticular plastic sheet. The
following figure illustrates this idea:

The red rectangle represents the size of the lenticular plastic sheet on which the
interlaced image will be printed. This means that only a single interlaced image will be
printed at a time. If your printing jobs are always cases like this, you do not need to
know the real pitch of the plastic sheets. You can ignore the remainder of this chapter
and can also ignore chapter 6.
On the other hand, if you are going to print multiple interlaced images at the same time
on a single lenticular plastic sheet, then you need to calculate the real pitch and read
all of the chapters of this tutorial. The following figure illustrates these cases:
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The red rectangle represents the size of the lenticular plastic sheet on which multiple
interlaced images will be printed together. This case, for example, is a very common
practice among offset printers, who usually print multiple small- and/or medium-sized
images on each sheet. If your printing jobs are cases like this, you need to know the
real pitch of the plastic sheets because the real pitch is a parameter that will be used to
ensure the correct alignment of the images.

4.2 METHODS FOR CALCULATING THE REAL PITCH
There are two methods to calculate the real pitch of a plastic:

4.2.1

METHOD 1

Do the calibration test1 from an infinite observation distance. The calibration test, as
explained in section 3, is a test that is performed to calculate the visual pitch of a
plastic sheet for a given observation distance. When the observation distance is infinite,
the test result will match the real pitch of the plastic.
Look closely at the figure in section 2 and imagine what would happen if the
observation distance was infinite or very large. When observation distance is infinite,
the beams of light arriving at the printout are practically parallel. As illustrated below,
where the beams of light are parallel the visual pitch and the real pitch are identical:

1

As explained in the tutorial Calibration.pdf.
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REAL PITCH

VISUAL PITCH

4.2.1.1

HOW TO DO A CALIBRATION TEST FROM AN INFINITE OBSERVATION DISTANCE

Doing a calibration test from an infinite observation distance is physically impossible,
but there is an approximation that is good enough to simulate the ideal location with a
high degree of fidelity: make a calibration from a distance that is “big enough” and you
will obtain a very close approximation of the real pitch. In most cases, an observation
distance of 6 meters is suitable for this purpose.

4.2.2

METHOD 2

The Imagiam Lenticular Effects application has a function that makes it possible to
calculate the real pitch of a plastic from a previously calculated visual pitch and the
physical parameters entered by the user. With this method it is not necessary to
perform a calibration test from an infinite observation distance (section 4.2.1) because
a previously calculated visual pitch (section 3) is used as the basis for measurement.
Follow these steps:
4.2.2.1

STEP 1

Calculate the visual pitch for the preferred observation distance of your image. This is
what was explained in section 3. Imagine you have already performed this test and
obtained a visual pitch of 75.45 LPI for a viewing distance of 0.5 meters. This is a
typical case for offset printers preparing small images with plastic sheets of 75 LPI to
be observed while held in the hand.
4.2.2.2

STEP 2

Go to the Layout module of the Imagiam Lenticular Effects application and click on the
Advanced button:
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4.2.2.3

STEP 3

After clicking the Advanced button, a dialog box will appear. Enter the following
parameters:
1. The visual pitch calculated in step 1. In the suggested example, it is 75.45 LPI.
2. The observation distance from which the calibration test was performed to
calculate the visual pitch in step 1. In this example, it is 0.5 meters.
3. The printing process. In this example, Direct to lens (offset).

After entering the parameters, click on the Calculate button.
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4.2.2.4

STEP 4

After entering the parameters (visual pitch, calibration distance and printing process)
the software will make internal calculations and respond by giving the real pitch of the
plastic:

4.3 INVARIABILITY OF THE REAL PITCH
The visual pitch is a parameter that depends on the lenticular plastic but also on other
factors that have been mentioned above: the viewing distance of the image and the
printing equipment. If you change any of these factors, you must perform a new
calibration test (section 3) to recalculate the visual pitch. The visual pitch is a
parameter that brings together all of the interrelationships between these various
factors.
The real pitch, however, depends solely on the lenticular plastic. It will not be
necessary to recalculate it, for example, if the observation distance of the images is
changed. It is a physical and tangible parameter of the plastic and, therefore,
invariable2. In any case, and since the calculations are directly or indirectly conditioned
by the printing equipment (see sections 4.2.1 and 4.2.2), it might be necessary to
recalculate this value only if the printing equipment is changed.

4.4 WHY THE NOMINAL PITCH IS NOT EXACTLY THE SAME AS THE REAL
PITCH
The nominal pitch is the number of lenses per inch that a manufacturer gives for its
plastic: 40 LPI, 75 LPI, 100 LPI, etc. You must not make the mistake of taking this
value as the visual pitch or as the real pitch. First, the visual pitch is the value with
which you should interlace your images so that they match the plastic from a particular
perspective (see section 2). And second, because every industrial process is subject to
manufacturing tolerances, which means that the real pitch of the plastic will be equal to
the nominal pitch plus or minus a small margin of error (1%-2%). This means that a
plastic with a nominal pitch 75 LPI can actually have a real pitch between 74.5 and
75.5 LPI. This small deviation is relevant for lenticular printing and it is therefore
necessary to calculate the real pitch with a specific test (see section 4.2). The real and
visual pitches are always very similar to the nominal pitch but never identical.

2

To be completely accurate, this could be slightly different for different shipments of plastics,
due to the tolerance margins that exist in any industrial manufacturing process.
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5 HOW TO ALIGN A SINGLE INTERLACED IMAGE WITH A
LENTICULAR PLASTIC
The correct alignment of the lenses of the plastic with the interlaced image is a crucial
issue for good lenticular printing. Typically, interlaced images are generated with a
frame around the image that contains registration marks to assist in aligning the
interlaced image with the plastic lenses. You have not come across this yet, because
the details of these operations will not be explained until the tutorial Interlacing.pdf. But
even so, as this tutorial deals with the pitch of the plastics, this is a good time to learn
how to use the registration border of an interlaced image to align the plastic.

5.1 THE BORDER WITH REGISTRATION MARKS
The following figure shows an interlaced image 3 that incorporates a border with
registration marks:

You do not need to worry about how to generate the registration border for now
because the Imagiam Lenticular Effects application handles this automatically when it
generates the interlaced images. The figure above illustrates an interlaced image which
is ready for printing, and all you need to focus on for now is how to use the registration
border to align the plastic with the image.

3

A flip effect of two images. See the tutorial Introduction.pdf.

© 2000-2010 Imagiam High Image Techs, SL

Page 14

Visual Pitch

The registration border is nothing more than a regular pattern of black and white lines
that must fit in a certain way with the plastic lenses. On the parallel axis 4 to the
direction of the lenses, the registration marks and plastic lenses must be perfectly
parallel. On this axis, the registration border acts as a ruler that helps you place the
plastic in the correct position. It is important that the plastic lenses and the registration
marks of the border are perfectly aligned.
On the axis that is perpendicular5 or transverse to the direction of the lens, the situation
is slightly more complicated and is resolved differently. The following sections will
explain what happens with a transversal section of the lenses, and also how to proceed
in order to place the lenticular plastic correctly on that axis as well.

5.2 THEORETICAL USE OF THE REGISTRATION BORDER
Look more closely at the contents of the registration border:
The registration border draws
the visual pitch that was used
to interlace the image. In a
transversal cut, the black
lines mark the exact middle
point of each interlaced
band. In other words, the
black lines of the registration
border, in the figure from
section 2, would mark exactly
these points:
VISUAL PITCH

Thus, on the axis that is perpendicular to the direction of the lenses, the rule for
aligning an interlaced image with a lenticular plastic is that the black line of the
registration border in the middle of the interlaced image must be located exactly in the
middle of a physical lens. Once this condition is met, the plastic lenses (real pitch) and
the bands of the interlaced image (visual pitch) will be positioned as shown in the figure
in section 2.

4

In this case, the vertical axis.

5

In this case, the horizontal axis.
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The full diagram below illustrates this idea:

Starting point
An interlaced image

Step 1
This is the black line of the
registration border that is
located in the middle of the
interlaced image.

How to put it to practice
What is listed in step 2 is
an ideal and theoretical
approach. The next section
will explain to you how to
implement it in your work.

Step 2
The plastic must be aligned in
such a way that the black line
mentioned in step 1 coincides
exactly with the middle of a lens.
The other lenses and registration
borders will follow a layout like the
one shown in the figure of section
2.

While on paper the theory is flawless and perfect, in practice serious difficulties arise
when carrying it out to the letter. This is because the plastic lenses are so narrow and
there are so many per inch that it is practically impossible to achieve this kind of
alignment of registration marks with the lens in the transverse axis. It is good to know
the theory to see what happens between racks, but in practice it is necessary to have
simple and viable procedures that will also lead to the desired result. In the next section
we will discuss this practical procedure.
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5.3 PRACTICAL USE OF THE REGISTRATION BORDER
The figure below shows what to do in practice to properly align an interlaced image6
with a lenticular plastic:

1
90°

2

3

4
1. Observation point of the lenticular image. The distance to the plastic must be
the same as the one used in the calibration test (section 3) for this plastic.
2. Observe the image from the middle point and with an observation angle of 90
degrees.
3. The rays of light pass through the lenticular plastic and concentrate at a point of
each interlaced band. The lens, which functions like a magnifying glass,
amplifies the focused point and colors the entire lens with the tone of this point.
4.

Observe the registration border:
a. If you see that the lenses are black, this means that the marks of the
registration border are located correctly. By extension, the entire print
will be correctly aligned. If the visual pitch and real pitch are in perfect

6

It is assumed that the interlaced image was generated with the correct visual pitch for the
desired plastic and observation distance. The visual pitch is calculated through a prior
calibration test (see section 3).
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synchrony7you will see the registration border in the same color. If the
registration border changes from black to white at regular intervals, it is
possible that the visual pitch is incorrect and that you need to perform
another calibration test to better calculate the value.
b. If you see that the lenses are white, this means that the marks of the
registration border are unaligned. Move the plastic perpendicularly to the
lenses until they all appear black.
In summary, for perfect alignment of the plastic with the interlaced image:

7



The plastic lenses must be oriented to be perfectly parallel with the edge marks
of the registration border.



The registration border must be black in its entirety. The observation conditions
of the image during alignment of the plastic must be the same as those used
during the calibration test: i.e., the same angle and observation distance.

According to what is explained in section 2.
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6 HOW TO ALIGN MULTIPLE INTERLACED IMAGES
SIMULTANEOUSLY WITH THE SAME PLASTIC
If you want to print several interlaced images at one time on one lenticular plastic,
place the images on the sheet so that each separate alignment meets the rules
explained in section 5.
The Imagiam Lenticular Effects application has a module called Layout that performs
this task automatically. The Layout module produces a PDF file in which all the
interlaced images are correctly aligned with the plastic lenses. To meet this objective,
the Layout module needs to know the real pitch of the plastic.
The following image shows an example of a PDF file of this type:

The vertical lines along the PDF file show the black lines of the registration borders
located at the midpoint of each of the interlaced images. The plastic should be aligned
with the PDF file so that each of these vertical lines is located in the middle of a lens.
That is to say, what has been explained in section 5 for a single image per plastic sheet
is still valid when you print several images at a time, provided that each individually
preserves the same alignment principles. The Layout module automatically ensures
that the result meets all of these requirements.
Manipulating the Layout module is explained in detail in the tutorial Layout.pdf.
However, this is an advanced topic in lenticular printing technology. The task of printing
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multiple interlaced images simultaneously in a single lenticular plastic should be
addressed only when you have successfully completed other easier target tasks, such
as performing a pitch calibration test8 or printing a desired interlaced9 image.

8

Tutorial Interlacing.pdf.

9

Tutorial Calibration.pdf
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7 THE VISUAL PITCH AND THE REAL PITCH ON THE
SCREENS OF THE IMAGIAM LENTICULAR EFFECTS
APPLICATION
We have mentioned visual pitch and real pitch several times throughout this document.
On the screens of the Imagiam Lenticular Effects application there are several times
when you are prompted to enter a pitch value. The purpose of this document is to
clarify when you will be asked for the visual pitch and when you will be asked for the
real pitch.

7.1 REAL PITCH
The real pitch will only be requested in a box of the Layout Module:

Real pitch

As we will see in section ¡Error! No se encuentra el origen de la referencia., any
other pitch box on the screens of Imagiam Lenticular Effects refers to the visual pitch.
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7.2 VISUAL PITCH
Except as referred to in section 7.1, if you are prompted to enter or display a pitch in
the application, this will refer to the visual pitch of the plastic. The following figure
summarizes all of these occasions:
Visual pitch

Calibration
Module

Interlacing
Module

Visual pitch

Layout Module
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8 SUMMARY
This document has explained the differences between the visual pitch and the real
pitch. The real pitch is a physical parameter that indicates the number of lenses per
inch of a plastic. The visual pitch is the value that you need in order to interlace the
images to match the plastic from a given viewing distance (see section 2). Neither of
the two values ever coincide with the nominal pitch, which is the value given by the
manufacturer (see section 4.4)
The typical outline for any lenticular work is as follows:
1. Do a calibration test to calculate the visual pitch of the plastic. The visual pitch
value obtained in this test will depend on several factors: the plastic, the
observation distance and the printing equipment. The tutorial Calibration.pdf
explains this test step by step.
2. Interlace the images that make up the effect (flip, 3D, etc.). Use the visual pitch
obtained in the previous point as a parameter for interlacing: The tutorial
Interlacing.pdf explains this procedure step by step.
3. Use the considerations in section 5 of this tutorial to get perfect alignment
between the interlaced image and your plastic.

8.1 NEXT STEP
Continue now with the tutorial Calibration.pdf to continue learning to use lenticular
printing technology.
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