3D LENTICULAR EFFECTS TUTORIAL
The aim of this tutorial is to explain how to make 3D lenticular effects
with Imagiam Lenticular Effects software.
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1 PREREQUISITES
1.1 PREVIOUS KNOWLEDGE
Before producing 3D lenticular effects it is necessary to have previously acquired some
knowledge about the management of this technology and, if possible, some practical
experience with printing simple effects.
Read the tutorial Introduction.pdf to learn the basic principles of lenticular printing. This
brief introduction is essential reading if you are starting with lenticular printing from
scratch.
Read the tutorial Pitch.pdf to learn how to match an interlaced printed image with a
piece of lenticular plastic. This reading will help you become familiar with a central
concept of printing, which is the pitch of the plastic. The pitch is the number of lenses
per inch of plastic.
Read the tutorial Calibration.pdf to learn how to calibrate a plastic sheet and a
production process before printing. Calibration is a crucial test before any lenticular
printing. Both the plastic and the printing equipment to be used will influence the
outcome of this procedure. Calibration will lead to the first real test of this type of
printing and an excellent opportunity to begin learning about the material and the
technology.
Read the tutorial Interlacing.pdf to learn how to create the flip and/or movement
lenticular effects. Interlacing is a key practice of lenticular printing, 3D effects included.
Another key practice is the alignment of the lenses of the plastic sheets with the
interlaced impression. This tutorial will teach you how to complete both types of tasks.
Since the 3D effect always terminates with a lenticular interlacing, it is very important to
know that technique beforehand.

1.2 PREREQUISITES FOR THE PLASTIC
Not all lenticular plastics are used to make 3D effects. For example, there are plastics
with 20 LPI for flip effects and plastics with 20 LPI for 3D effects. This is because the
optical characteristics of the plastics are different, as the requirements for the visual
effects are different. On the other hand, there are 40 LPI plastics with general purpose
qualities that serve both for flip and 3D effects. If you are going to carry out a 3D effect,
check with your supplier about what plastic is best for your particular case.

1.3 ORIENTATION OF THE LENSES WITH 3D EFFECTS
To make 3D lenticular effects, the orientation of the plastic lenses must coincide with
the vertical axis of the image. It is a prerequisite for 3D. On the contrary, for flip effects
the lenses can be placed either horizontally or vertically. It could even be argued that
for flip effects, the horizontal arrangement of the lenses is to be preferred. But for 3D
© 2000-2010 Imagiam High Image Techs, SL
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there is no debate: where a lenticular image has a basis in 3D it is mandatory for the
plastic lenses to be placed in a vertical arrangement. This remains true even if local flip
effects are added to the 3D, because the obligatory vertical arrangement in cases of
3D takes precedence over the freedom of the flip effect alone.

1.4 TYPES OF 3D EFFECTS
There are different techniques to achieve 3D lenticular effects. All these techniques are
discussed in this tutorial based on a sample practical case whose complexity will grow
as we continue to incorporate knowledge. Using an increasing order of difficulty, we will
consider the following techniques:
1. 3D with layers.
Chapter 2 will explain how to make layer-based 3D effects. This chapter is the
most important because it sets out the fundamental principles for obtaining 3D
effects. After reading this chapter you will be able to start making 3D effects
with high visual impact.
2. Mixtures of flip and 3D.
Chapter 3 will explain how to add flips and/or animations to 3D effects. If you
understood and practiced what was explained in the previous chapter, you will
discover that adding flips to 3D effects is very simple.
3. Volumetric 3D.
The volumetric 3D techniques explained in Chapter 4 are more complex than
the above but add a broad range of new possibilities to the creation of 3D
effects. To progress in this field, it is essential that you have previous
experience with obtaining 3D effects with layers.
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2 3D WITH LAYERS
2.1 STEP 1: CREATION OF A PSD FILE WITH LAYERS
To achieve a 3D lenticular effect, as a starting point we need a Photoshop PSD file
composed of several layers that represent different depth planes within the 3D scene
that we are looking to produce.
Below is a sample file with the corresponding breakdown into layers given on the right:

This scene is made up of three different planes: a foreground (the runner), an
intermediate level (the jumper and the beach ball) and a background. Each of the
layers represents a single depth plane.
The following illustrates the idea of the 3D perspective that is sought:
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A PSD file like this is all that Imagiam Lenticular Effects software needs to generate a
3D lenticular image. The software will process the layers so that, once printed, the
resulting image, coupled with the lenticular plastic, produces three-dimensional
perception consistent with the ascending order of the layers within the file.
Important notes on the creation of PSD files that will be used with Imagiam Lenticular
Effects software to generate 3D effects:
•

In this example three layers have been used to mimic three different depth
levels, but you can use as many layers as desired. Each layer will occupy a
space within the 3D scene.

•

The back layers cannot contain empty areas below the objects on them.
Compare the following examples:

© 2000-2010 Imagiam High Image Techs, SL

Page 8

Tutorial of lenticular 3D effects

Layers

PSD Image

GOOD

BAD

Note that both examples produce the same PSD image, although in the latter
case the back layer is empty underneath the upper layers. For lenticular 3D this
is incorrect because the hidden information from the lower layers will also be
used to generate the effect. If that information does not exist, the 3D effect
cannot be completed. So make sure that no layer has empty areas below the
upper layers.
•

Never use homogeneous background layers. The key to obtaining the 3D effect
is the collision of textures between one layer and the one physically underneath
it. If there is no texture in the lower layers then no 3D effect will occur, because
the required visual impact of textures on the edges of the layers is absent.

•

Distribute the layers in your scene so that the foreground objects collide with
other objects as far away as possible in the depth axis. This will encourage the
production of a very marked 3D effect. If the edges of a foreground object
collides at all with another object that is also in the foreground but close behind,
the 3D effect obtained will be very hard to see. So another key for lenticular 3D
is to enhance the collision between objects that are far away from each other in
the depth axis.

•

Do not make the mistake of trying to put too many layers in the PSD file in the
hope of creating a spectacular 3D effect. Conversely, if there are too many
layers it is possible that collisions between the various superimposed objects
will not have sufficient depth to produce a good 3D effect. Try to implement
arrangements of objects where foreground objects are physically located on top
of other objects which are also as far in the background as possible. Also make
sure that background objects always have texture at the edges of collision.
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•

The color modes supported are: RGB, CMYK and Grayscale.

It is also important to know the following technical aspects:
•

The program only uses bitmap information from the layers and their
transparency contained in the PSD files. If you have a text layer in Photoshop,
rasterize it before loading it into Imagiam Lenticular Effects. The layer styles are
not imported into the application. If we want, for example, a layer with a parallel
shadow style, first we convert the layer style to another layer made with a
bitmap and then combine the layers into one. In all cases, the result would be
identical to that obtained before the conversion, but this way the Imagiam
Lenticular Effects application will be able to fully interpret the file format .

•

The Imagiam Lenticular Effects software only supports ANSI characters in the
layer names. In practice this means that only characters A to Z (uppercase or
lowercase), numbers 0 to 9 and blank spaces can be used for layer names. If
you cannot open a PSD file from the application, first make sure that the
Photoshop layer names do not contain characters with accents or special
characters outside the ranges mentioned above. All compatibility issues
reported to date with PSD files have been fixed with this simple measure.

2.2 STEP 2: LOADING A PSD FILE WITH LAYERS INTO IMAGIAM
LENTICULAR EFFECTS AND ADJUSTMENT OF THE 3D PARAMETERS.
Click the Examine button from the Virtua 3D module to load the file in the Imagiam
Lenticular Effects program and then click the Refresh button to rebuild the preview
window. A screen like this will appear:
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On the screen you see all the layers that make up the PSD file organized in a table
ordered by the values shown in the Depth column. The handling of this table has a
direct effect on the conversion of the image to a 3D space.

2.2.1

DEPTH TABLE FOR LAYERS

The table is governed by the following principles:
•

A layer with a depth value equal to 0 refers to the absolute background of the
scene. The last layer of the PSD file corresponds to this case.

•

A layer with a depth value equal to 100 refers to the absolute foreground of the
scene. The first layer of the PSD file corresponds to this case.

•

In between, you can select any depth value for the remaining layers. Values
close to 0 signify proximity to the background of the scene. Values close to 100
signify proximity to the foreground of the scene. Values around 50 signify
proximity to the middle of the scene.

Here are two examples that illustrate this concept graphically:
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In the example on the left, the middle layer has a depth value equal to 20. This means
it is near the back. In contrast, in the example on the right, the middle layer has a value
of 80. This means it is near the front.

2.2.2

CHANGING THE DEPTH VALUES OF LAYERS

To change the depth value of a layer, select that layer with the mouse and then press
the left and/or right arrow keys of the keyboard to reduce and/or increase, respectively,
the variable to the desired value.

2.2.3

WHAT THE PROGRAM WILL DO TO THE PSD FILE LAYERS TO SIMULATE A 3D
LENTICULAR EFFECT

Given a PSD file consisting of layers and depth values, for each of these layers the
Imagiam Lenticular Effects program will generate a little animation consisting of several
views of the scene from different angles of observation. These views will then be
interlaced into a single interlaced lenticular file, which, once printed and attached to the
plastic, will provide the final 3D effect.
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2.2.4

HOW MANY VIEWS OF THE SCENE FROM DIFFERENT ANGLES OF VIEW WILL BE
GENERATED

The number of views of the scene from different viewing angles that is generated is a
parameter that you should select in the Images box of the Virtua 3D module. Too few
views mean that the animation will move in jumps that are too abrupt. Many views
mean that the animation will move in a manner that is more fine and smooth.
Therefore, a priori, the greater the number of images generated the better. But this
consideration has a practical limit which is the following: all views generated must then
be interlaced into a single lenticular image whose minimum resolution required for
printing will be directly proportional to the number of views generated.
So the physical resolution of the printing device and the type of plastic used determine
the maximum number of images that can be generated for 3D animation. For reference
use the following formula:

No. of images = Physical printer resolution / LPI of the plastic
For example, if you have a device with a physical resolution of 1200 DPI and plastic
sheets of 75 LPI:

No. of images = 1200 / 75 = 16

(for plastics of 75 LPI)

16 is a fairly common value among offset printers for plastics of 75 LPI. If you work with
plastics with smaller LPI values you could increase this value. For example:

No. of images = 1200 / 40 = 30

(for plastics of 40 LPI)

Be conservative when determining the value of the physical resolution of your printer.
That is, if the specifications of your device reach up to 2400 DPI, use half of that value
(1200 DPI) in the above formula. This does not affect the fact that afterwards the
interlaced lenticular file must still be printed with the highest quality and resolution
settings available in your printing equipment, but this simple preventive measure will
help prevent it from going to the limits of the requirements.
Use the physical resolution of the printer in the formula, not the resolution simulated by
interpolation techniques, which sometimes is greater than the real value for the device.

2.2.5

DESCRIPTION OF PROCEDURE USED BY THE PROGRAM TO GENERATE THE
VIEWS OF THE 3D ANIMATION

To generate the 3D animation, the Imagiam Lenticular Effects program shifts layers
laterally at different rates, which vary depending on their level of depth. The following
figure illustrates this idea:
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Image 1

Image 2

Image 3

Note that the foreground figure moves from left to right while the background moves
from right to left. This type of movement is the key to 3D lenticular effects because it
creates a kind of visual illusion of depth for the viewer that puts the viewed objects at
different distances. When the lenticular plastic filters the image resulting from
interlacing all these files into one single file, it means that each of the observers’ eyes
sees the scene from a different point of view and, thanks to the human capacity for
stereoscopic vision, the brain integrates the two signals to generate a single response
with a sense of 3D relief.
As an additional comment, note that the above illustration uses only 3 images, so as to
simplify the model, but in a real case (see formula in section 2.2.4) more would be
used, e.g. 16. Another observation about a real case is that the lateral movement was
exaggerated, to better reflect the principle being explained.

2.2.6

INTERPRETATION OF THE QUANTITY OF DISPLACEMENT TO BE APPLIED TO
LAYERS

The degree of depth perception for lenticular images when printed is directly
proportional to the amount of displacement applied to the layers during the generation
of the 3D animation:
•

Little displacement

⇒

little depth perception.

•

Large displacement

⇒

greater depth perception.

The following figure graphically illustrates this conclusion:
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Little displacement means generating a
small amount of depth.

Greater displacement means generating
greater depth.

The displacement parameter thus graduates the separation of depth between the first
layer of the scene and the last.

2.2.7

THE DISPLACEMENT PARAMETER

The Virtua 3D module in the Imagiam Lenticular Effects application has a field called
Displacement where you must enter the displacement parameter you want to apply to
the layers to generate the views in the 3D animation. As explained in sections 2.2.5
and 2.2.6, this parameter is directly proportional to the degree of depth that you want to
produce in the final result.
Unfortunately, there is no mathematical formula to tell you the value you should enter in
this box. It is an empirical value that depends on a diverse set of circumstances such
as the size of the image, the LPI of the plastic and the arrangement of the objects, or,
among other factors, the viewing distance of the image. The only rule is that of
experience.
But still it is not too complicated. For example, users who work with plastics of 75 lpi to
produce images of up to A5 size usually get good results with around 1.5 cm
displacement values. In contrast, large-format users who work with plastics of 40 lpi to
produce images with a size above A3, only barely get an impression of depth with a
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displacement of 1.5 cm, and should use values of 3 cm, 4 cm or more. So we can
generalize and say that the larger the image size the greater the shift is to be applied.
With a little practice you will learn soon how to calculate in advance the offset value
that is the most appropriate for the characteristics of an image. Meanwhile, the best
way to learn is, given an image, to print two or three tests with different displacements
to test the impact of this parameter on the final result. It is highly recommended to
perform these exercises because they will help you develop your own criteria for
evaluating the effect of this parameter.

2.2.8

REFERENCE CENTER OF DISPLACEMENT

In this section you will learn another key concept of the lenticular 3D effect: the
reference point of displacement. Below we will show three 3D animations that have the
same amount of relative displacement between the layers, but applied in different
ways. Observe the following animations from top to bottom:
In all three cases the relative displacement between the foreground and the
background is the same:
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CASE 1

CASE 2

A

B

CASE 3

0

50

100

C

D

Depth

Displacement = A = B + C = D
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Under the terms explained in section 2.2.6, this means that the three cases should
produce the same sense of depth in the viewer when printed. However, there are
subtle differences in the application of this displacement that will have tangible
consequences on the perception of the result.
In the first case, the first layer was taken as a static reference plane and the others
move in relation to it by following this rule: the layers in front of the reference plane
move to the right and the layers behind the reference plane move to the left.
In the second case, the central layer is taken as the reference plane and from that point
the others have been displaced following the same rule as in the first case. Note that
the cumulative displacement difference between the first and last layer is identical in
both cases. Finally, in the third case the last layer is taken as the static reference and
then the same procedure is followed. As evidence that the relative displacement
between the layers is the same, note that given a row, the distances between the
runner and jumper are identical in all three columns.
Thus, given an amount of relative displacement between the first and last layer in a 3D
scene, there are different ways to distribute that displacement among all layers. These
ways differ in which layer is chosen as the static reference level.

2.2.9

INTERPRETATION OF THE REFERENCE CENTER OF DISPLACEMENT

The plane taken as a reference center for the displacement will determine the depth of
field in the 3D image obtained. Traditionally, in optics and photography depth of field is
the space in which the image is sharp and focused. Therefore, the reference center
marks exactly the level of depth where you want the focus plane.
The following figure illustrates this concept of selecting the depth of field level following
the examples of section 2.2.8:
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CASE 1

CASE 2

CASE 3

C

C

C

0

50

100

Depth

C = Reference Center of displacement
The images above show what the perception of depth of field would be for the 3D
image when printed. Note that the layers located in the Reference center of
displacement (C) are perfectly sharp and focused while if they are out of this plane they
are perceived as more and more blurred as the distance between them and the
reference center increases.

2.2.10 SELECTING THE REFERENCE CENTER OF DISPLACEMENT
The Virtua 3D module of the Imagiam Lenticular Effects application has a slider control
to select the reference center of displacement. The range of values for that control
goes from 0 to 100, which, as explained in section 2.2.1, corresponds to the range of
possible values for the depth of the layers.
The layer whose depth is identical to the reference center will be perfectly sharp in the
resulting 3D image. In contrast, the more distant the layers are from this value, the
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more blurry and out of focus they will appear in the final result. You can select as a
reference center an absolute value from 0 to 100 or the name of a layer that exists in
the PSD file. Linking the reference center to a layer of interest has the advantage that if
you later change the depth of this layer you will automatically copy that value.

2.2.11 RECOMMENDATIONS FOR THE REFERENCE CENTER
The selection of the reference center of displacement is another task that depends
heavily on the experience gained in developing this type of 3D images. Try to follow
the following guidelines:
•

The layer in the reference center of displacement is perceived as sharper and
more focused in the final result. Put the object or objects that will be the main
subject of your scene in that layer.

•

To display text in a 3D image it is better to place it in the layer located at the
reference center. This is because outside the reference center, layers will
appear out of focus, in proportion to the distance between its depth and the
reference center. For text, this blurring may affect the ability to read clearly.

•

If you are not going to place objects in front of the main subject, place the main
subject in the first layer (depth 100) and take it as a reference center of
displacement. By taking the main subject as a reference center you will see it
as perfectly clear and focused in the final product. The back layer (depth 0) will
suffer a significant depth blur and give greater relief to the image. In between
you can put some extra layers that add variety and richness to the composition.
But nevertheless, always try to make sure that the foreground layers on the
edges collide with the background layers. And do not forget that background
layers should have texture to produce the 3D effect (see section 2.1).

•

Another interesting scenario is as follows: Place the main subject at a depth
equal to 80 and take it as the reference center of displacement. This gives a 20
point margin to place a secondary object at a depth equal to 100, which is in
front of the main object and whose purpose is to add some relief towards the
front. Make sure that the main subject (80) and the secondary subject (100)
collide at some point to better appreciate the depth between them. Moreover,
and to add relief towards the back, proceed with the deeper layers as in the
previous case.

2.2.12 OTHER CONTROLS IN THE VIRTUA 3D MODULE
The most important controls to generate the 3D effect are those we have seen so far:
depth table for the layers, the number of images generated for 3D animation, the
displacement and the reference center of displacement. Given a PSD file composed of
layers, these variables will shape the 3D effect obtained.
But there are more controls in the Virtua 3D module. The list below introduces these.
For users new to lenticular technology, reading paragraphs 2.2.12.1, 2.2.12.3, 2.2.12.6
and 2.2.12.7 will suffice:
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2.2.12.1 CUT EDGES
Given that for 3D animation, layers move laterally at different relative speeds, it is
possible that at the lateral edges of some of the animation images, empty areas may
appear. There are two ways to deal with this effect. The first is to trim the edges
affected by this gap. This means that the 3D image produced will be slightly narrower
than the original PSD document. This is not an anomaly, but a normal consequence of
the type of manipulation of the layers which was carried out. Check this box to select
this type of action. If you need to preserve the original PSD document width, uncheck
this box and use (especially for the back) layers that are wider than the canvas of the
PSD document. That way new data enters at the edges when moving the layers.
2.2.12.2 BLEEDING
This button displays the width of image which is lost when you trim the edges. The
amount depends on the displacement from the reference center and on the
displacement entered.
2.2.12.3 UNIFORM
This divides the depth space of the scene evenly among all layers of the PSD file. For
example, if you apply this command to a file with 5 layers, the values 0, 25, 50, 75 and
100 are placed in the depth table in section 2.2.1. It can be a starting point from which
the layers may be moved forward or backward as appropriate (see section 2.2.2).
Refer to section 2.2.11 for alternate scenarios with more realistic distribution of depths.
2.2.12.4 CHECK DEPTH
Given a PSD file and some settings for the Virtua 3D module, the Check button is used
to produce various print-ready interlaced files whose only difference is that the
reference center of displacement is different. The selection of the reference center of
displacement has a significant impact on the final result because it will determine the
depth of field of the 3D image, blur, and the feeling of relief of the layers that are out of
focus. Look again at the examples in Section 2.2.9 to recall the interpretation of this
effect.
As the selection of the reference center of displacement is a rather empirical science
(see section 2.2.11), a common practice is to test multiple values, print the
corresponding lenticular images and keep the value that provides the most compelling
visual sensation. Check Depth is a tool to help speed up this practice.
When you click the Check button, a dialog box will appear that allows you to enter a list
of reference centers of displacement to generate the corresponding lenticular images.
Note that it only makes sense to perform this process once the final depths of the
layers have been entered in the depth table. Additionally, this dialog box will ask for
some interlace values (pitch, registration marks, etc.) necessary to produce a finished
lenticular file for each of the reference centers of displacement entered in the list.
This tool is designed for advanced users with experience in lenticular printing and goes
beyond what has been explained so far in this document because it combines several
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processes into one (calibration, generation of 3D animation and lenticular interlacing of
the views) to accelerate the selection of suitable center of displacement for a scene. It
is equivalent to producing by hand several 3D images whose only difference is the
value of the center of displacement.
2.2.12.5 HIGHER LAYERS OVERWRITE
This parameter is only active in the result when using layers with displacement maps
incorporated. This technique will be explained later (chapter 4).
2.2.12.6 UPDATE
The Update button displays a preview of the 3D animation generated with the current
3D Virtua module settings. Below the view there is a slider that is used to select each
of the frames in the animation. Update the preview after making changes in the
parameters of the module and move the slider to verify that the motion and the desired
depth is achieved.
2.2.12.7 EXPORT
The Export button is used to export the completed 3D animation to Flash. Read the
tutorial FlashFiles.pdf to find out how to do it.

2.3 STEP 3: GENERATION OF INTERLACED LENTICULAR IMAGE WITH 3D
EFFECT
So far we have taken the following steps:
1. In step 1 (section 2.1) we have created a PSD file consisting of layers where
each layer represents an object at different depths of space.
2. In step 2 (section 2.2) the PSD file was loaded into the Virtua 3D module of the
Imagiam Lenticular Effects application and some adjustments were made in the
program (table of depths, number of images, displacement and reference
center of displacement) which will be used to generate a 3D animation that
simulates multiple views of the scene from different angles by lateral
displacements of the layers.
So, at this point it is time to generate the 3D animation. Click the Browse button in the
Output Directory section of the Virtua 3D module to enter the name of the 3D animation
and select the directory where you will save it. Then click the Apply button to generate
those files.
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For example, entering:

Directory:

C:/mywork/frames

Name: frame
For a number of images equal to 16, when you click the Apply button the following files
will be generated:

C:/mywork/frames/frame.001.tif
C:/mywork/frames/frame.002.tif
C:/mywork/frames/frame.003.tif
C:/mywork/frames/frame.004.tif
C:/mywork/frames/frame.005.tif
C:/mywork/frames/frame.006.tif
C:/mywork/frames/frame.007.tif
C:/mywork/frames/frame.008.tif

C:/mywork/frames/frame.009.tif
C:/mywork/frames/frame.010.tif
C:/mywork/frames/frame.011.tif
C:/mywork/frames/frame.012.tif
C:/mywork/frames/frame.013.tif
C:/mywork/frames/frame.014.tif
C:/mywork/frames/frame.015.tif
C:/mywork/frames/frame.016.tif

These files will correspond to the full resolution version of what is currently displayed in
the preview window. Put another way, these files are the N images (section 2.2.4) that
were presented in section 2.2.5.
But this animation is not yet a lenticular file ready for printing. There is one last step:
interlacing these files. When the Virtua 3D module has completed its generation of the
files, the program will prompt you to interlace the newly-produced images. Click the
Yes button and the program automatically jumps to the Interlacing module, and will
load the images in the application and leave the display ready so you only need to
enter the pitch value calibrated for the plastic. From here it is a question of proceeding
with the simple job of lenticular interlacing of these images. Follow the steps explained
in the tutorial Interlacing.pdf, print the resulting image directly on lenticular plastic or
paper and then cold laminate it together with the plastic and get a stunning image with
3D effect.

2.3.1

SETTINGS FILE

Once the lenticular image is generated, it is recommended to save a file of settings1 for
each project from the Imagiam Lenticular Effects application's Settings module. That
way you will be able to recover in future sessions all Virtua 3D module settings made
for a PSD file. It is necessary to save the settings file because Virtua 3D module
parameters are not native in the PSD file. The PSD file saves all information about
images and layers but not the depth settings of the application.
The module has a Settings button to save settings and another to load them. Each time
you load a settings file the parameters and images saved in the file are loaded into all
application modules of the application. It should be noted that no copy of the original
images is saved in the settings file, but only their path on the hard drive. For this

1

Extension *.settings.
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reason, when you load settings files, it is necessary that the original images are
present on the hard drive in the same directory where they were when the file was
saved.

2.4 EXAMPLE OF LENTICULAR IMAGE INTERLACED WITH 3D EFFECT,
PRINT READY
The following figure shows a typical example of a lenticular image with 3D effect ready
to be printed:

Before attaching the lenticular plastic, it is possible to draw some conclusions from
observing this file:
•

The objects located at the reference center of displacement are perfectly clear
and focused, because they do not move. In this case, the runner.

•

The further away the objects from the reference center of displacement, the
more blurred and unfocused are they perceived. In this case, the background
especially, and to a lesser extent the jumper and the beach ball. This coincides
with everything explained in this document above.
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Only when you attach the lenticular plastic to this picture will you get real depth
perception because each eye will then see a different picture and the brain will
integrate these into a unique sensation of relief and 3D (section 2.2.5).
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2.5 SUMMARY
The 3D effect with layers consists of the following process:

STEP 1
Make a PSD file composed of layers
(section 2.1).

STEP 2
Generate a 3D animation with
N views of the scene from
different angles of
observation (section 2.2)

...

Image 1

Image 2

Image N

STEP 3
Interlace the N views
obtained into a single
lenticular file to be
printed and attached to
the plastic (section 2.3).

RESULT
When attached to the plastic, the
observer gets a sensation of
depth and 3D when looking at the
image.
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2.6 OBSERVATIONS
Throughout this paper we have made comments and suggestions, that are very useful
when producing your own 3D images:
•

Section 1 gave you advice about the lenticular basics you should know before
trying to produce a 3D effect.

•

Section 2.1 has explained the characteristics that must be met by the PSD file
to be used as the basis of the 3D effect.

•

Section 2.2.4has taught you to calculate the number of images that must be
generated to obtain a 3D animation suitable for your printing device.

•

Section 2.2.6 has taught you to interpret the displacement of the layers as a
way to add depth to an image, and section 2.2.7 has suggested some
guidelines for calculating this value.

•

Section 2.2.11 lists a number of recommendations for choosing the reference
center of displacement most suitable for your purposes.

With a little experience you will learn to get good lenticular images with 3D effect in no
time. It is important that you practice with different values of displacement and
reference center of displacement because this will help greatly to interpret the
consequences of these adjustments on the final effect. The lenticular 3D effect is not
so much a science as empirical knowledge acquired after several trials.
If an object of interest is perceived as too vague and unfocused in the end result, it may
mean that their depth in the depth table is too far from the selected reference center of
displacement. There are several ways to correct the deviation. If this object is the only
one of interest, take it as a reference center of displacement. If there are several, try to
group them around the reference center near the top levels (depth 100).
If the image as perceived as a whole is too blurred, it is possible that the displacement
value is too high. Decrease it to correct it. Conversely, if the 3D effect obtained is very
poor or nonexistent it is likely that the displacement value is too small for the
characteristics of the image. Increase it in such a case.
Also remember that the last step of a 3D effect is a lenticular interlacing. Therefore, you
must first master calibration processes and interlacing to make sure no errors are
introduced in these stages, ruining the result.
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3 MIXES OF FLIP AND 3D
3.1 DETAILS OF A FLIP EFFECT ON A 3D ANIMATION
This chapter will teach you how to add a flip effect to the 3D effect that you studied in
the previous chapter. Suppose that besides the 3D effect you want to make the beach
ball change color:
Before

Now

The 3D animation illustrated in section 2.2.5 would become the following:

Image 1

Image 2

Image 3

Note that the resulting image sequence is the same as in section 2.2.5, with the only
difference that now the beach ball changes color in the animation. Once the
corresponding lenticular image has been generated and printed, the observer would
perceive a sense of 3D and it would also appear that the beach ball changes color as
the viewing angle of the scene varies.
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3.2 HOW TO DO IT: ADDING SEQUENCE LAYERS TO THE PSD FILE
To get this kind of effect, the original PSD file presented in section 2.1 should be
modified in a particular way. This method is simple and when you have learned about it
you will find in it a very convenient and versatile tool for adding flips to 3D effects.
Compare the breakdown of the layered PSD file before and after adding the flip effect:
Before

Now

The differences between one file and another are as follows:
•

In the 3D animation without the flip, the layer called “jumper” contains the
jumper and the beach ball. In the 3D with the flip, the layer called “jumper”
contains only the jumper.

•

In the 3D with flip there are three new layers called “jumper SEQ”, with each
one containing an image of the flip suggested in section 3.1.

This is done because the Imagiam Lenticular Effects program interprets those layers
whose name ends with the word SEQ as layers whose purpose is to add special flip
effects to other layers to which they are linked by matching the attribute with the layer
name. That is, the three layers of the example called “jumper SEQ” represent a flip
effect linked to the “jumper” layer.
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3.3 PROCEDURE TO INCLUDE A FLIP EFFECT WITHIN A 3D EFFECT
To include a flip effect within a 3D effect, follow these steps when creating layers from
a PSD file, as in section 2.1:
1. Create a layer called “my_object”2 containing the static or fixed object being
processed. For example:
:

2. Add as many layers called “my_object SEQ” as there are different images in the
flip effect that you want to link to the layer “my_object”. Make sure that the text
“my_object” in the name of the layers is identical in all because the Imagiam
Lenticular Effects program interprets this information to link layers. For
example:

Save the PSD file with the new structure and open it from the Imagiam Lenticular
Effects application. The procedure to go from here is exactly the same as explained in
section 2.2 et seq. In the end you get a 3D effect identical to everything that has been
studied in chapter 2, with the only difference that we now observe as many flip effects
as there are SEQ layer sets that you included in your original PSD file. SEQ layers are
called sequence layers.

2

Can be any name.
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3.4 TABLE OF DEPTHS FOR LAYERS WHEN THERE ARE “SEQ” FILES
WHICH INCLUDE FLIP EFFECTS
Compare the following two columns:

The left column shows the depth table for the file loaded into the Imagiam Lenticular
Effects application in section 2.2, which was an example of 3D with layers. The right
column shows the depth table of the variant of the same file containing the
modifications from section 3.2 to add a flip effect. Note that the sequence layers called
“jumper SEQ” are not attached to any depth. This is because sequences layers do not
have depth of their own, but receive it from the main layer to which they are linked. So
if you want to modify the depth of a flip effect you must modify (as described in section
2.2.2) the depth value of the main layer to which all the SEQ layers that form the flip
are linked. In this example the layer called “jumper” governs its own depth and the
depth of all layers called “jumper SEQ”.
This is the only difference observed between a 3D effect without flips and a 3D effect
with flips. You must follow all the steps exactly as explained in chapter 2 for 3D effects
without flips with the only difference that you will now drag sequence layers into the
depths table.

3.5 RECOMMENDATIONS FOR THE INTEGRATION OF SEQUENCE LAYERS
INSIDE 3D FILES WITH LAYERS
•

You can add as many flip effects to a 3D animation as you like. The only
requirement is to group the sequences of images that are formed by each flip
as described in section 3.3.

•

In the example in this tutorial the color of a beach ball was changed, but you
can produce any other effect: zoom, animation, etc. It is the content of the
sequence layers that determines the final substance of the effect.
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•

The example in this tutorial has used three sequence layers to create an effect
of a three-phase flip, but you can use as many layers as desired to produce
more or fewer changes of image.

•

The order of sequence layers in the PSD file marks the order in which they
appear when producing the flip effect.

•

SEQ layers that form a flip effect will be divided evenly among all the images
making up the 3D animation output (sections 2.2.3 and 2.2.4). That is, if there is
a three-phase flip like that of the example in this tutorial, and which aims to
generate an output 3D animation of 15 images, the phases are distributed as
follows: 5 + 5 + 5.

•

The main layer whose name identifies the entire sequence contains the part of
the effect that does not change, but this can be completely empty. In the
example in this tutorial, the layer called “jumper” contains the figure of the
jumper, and the layers called “jumper SEQ” contain the three beach balls of
different colors. But if you wanted to put the beach ball at a depth different from
that of the jumper, you would have to change how the layers are grouped.
Compare the following examples:

The left figure shows the breakdown into layers of the sequence used in the
example in this tutorial. It consists of a main layer and a flip linked to that layer.
The whole set forms a single part in movement that may be placed at a single
depth in 3D space. The figure on the right shows a completely different
breakdown. It consists of two different groups. On one hand there is a layer
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called “jumper” and on the other hand there is the layer called “beach ball”, and
the flip linked to it is called “beach ball SEQ”. In this case, the “jumper” set and
the “beach ball” set are separate entities that may be located at different depths
in 3D space. Notice that the layer called “beach ball” is empty. This is because
the “beach ball” set has no fixed parts, because the whole ball changes color.
Yet this empty layer plays a role, which is to provide the “beach ball” group with
a physical space within the scene. SEQ layers do not have their own depth
because the depth of the group on the depth table is selected through the layer
to which they are linked (section 3.4). That is the purpose of this kind of empty
layers: to provide the SEQ group with a depth.
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4 VOLUMETRIC 3D
4.1 LIMITATIONS OF 3D WITH THE LAYERS SEEN SO FAR
Observe the type of 3D effect which was generated in chapter 2:

The relief effect is obtained by superimposing layers placed at different depths, but the
layers themselves are nothing more than completely flat entities. For example, the
beach ball is actually a spherical object, but in the composition of the figure has been
transformed into a flat entity embedded in one layer. The volume effect is not obtained
by the inherent spherical property of the ball, but by differences of depth between the
different layers.
This chapter will teach you to give intrinsic volume to the layers.

4.2 WHAT IS AN OBJECT WITH INTRINSIC VOLUME
Compare the following examples:
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100

Depth

0

100

Max

Min

0

The example on the left represents an object as you saw in chapter 2. It is a flat object
placed at a level of depth between 0 and 100. Such an object can be represented by a
layer in Photoshop. The example on the right, however, represents a completely
different entity. It is an object with a depth varying between Min and Max values. Such
an object cannot be represented only by a layer in Photoshop. This is because a
Photoshop layer contains only 2D texture information, whereas this type of object is
inherently 3D because each pixel is composed of 2D texture information plus another
component for depth.
Another example:

100
Max

0
Min

100
Max

0
Min

This case illustrates the same idea. The example on left shows a flat background as
seen in chapter 2. The example on the right, however, consists of the ground and the
sky that occupy a continuum of depths from the background to the foreground.
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4.3 HOW TO ADD VOLUME TO A FLAT LAYER
To add volume to a flat layer as seen in chapter 2, we must create an additional layer
that represents the depth information for the flat layer to which is attached. The
characteristics of these volume layers are:
•

They have the same name as the layer to which they are linked but with the
word MAP at the end. For example, if the main layer is called “my_object”, the
volume layer is called “my_object MAP”. The Imagiam Lenticular Effects
application uses this rule to interpret this pair of flat layers as a single entity with
its own volume.

•

The volume layers are also known as MAP layers, depth maps or displacement
maps.

•

The volume layers should be composed exclusively of white, black and gray
pixels. White pixels represent the parts of the object closest to the observer.
Black pixels represent the parts of the object furthest from the observer. Gray
pixels represent different intermediate depths.

The following will illustrate these ideas with some simple examples:

⇒

The figure above shows a flat object as seen in chapter 2. Every object of this type is
represented in the PSD file by a single layer. Compare this with the version of the
same object with volume:
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⇒

+

The figure above shows how to construct an object with its own volume. The layers
“beach ball” and “beach ball MAP” are interpreted by the Imagiam Lenticular Effects
application as a single entity in three dimensions. The “beach ball” layer contains
information on texture for the object while the “beach ball MAP” layer contains the
depth information. Note that the white pixels of the depth map correspond to the parts
of the object closest to the observer while the black pixels correspond to the parts
farthest away. A radial gradient like this will be interpreted as a sphere in 3D.
Another example:

⇒

The figure shows a flat background which, in the PSD file, becomes a single layer.
Compare again with the volume version of the same background:
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⇒

+
+

First of all, note that this time the background has been broken down into two layers to
provide greater control over the objects represented. Moreover, each layer has an
associated MAP layer. The “beach” layer has the texture of the beach and the “beach
MAP” layer contains depth information. Note that the horizon line, which is farthest from
the observer, is painted black. From the black of the horizon to the white of the
foreground, a horizontal gray gradient, simulating the proximity to the beach to the
observer, is drawn according to the principles that were explained at the beginning of
this section. The layers “sky” and “sky MAP” illustrate an analogous situation with the
sky. Note that the black-white values of the depth maps do not indicate absolute
magnitudes of depth within the scene, but only within the context of the object to which
they are linked.

4.4 RECOMMENDATIONS FOR INTEGRATION OF DEPTH MAPS INTO 3D
FILES WITH LAYERS
Be sure to follow the rules cited at the beginning of section 4.3 for depth maps. Also:
•

A flat layer can have only one linked MAP layer. A flat layer can be linked to
various SEQ layers (section 3.3) but only one MAP layer.

•

It is very important that the MAP layer is at least slightly larger than the flat layer
to which it is linked. This is to ensure that all the pixels in the flat layer have an
associated pixel for depth in the MAP layer, especially at the edges of the
object or in transparencies. It is better to have too many pixels in the MAP layer
than not enough. If the MAP layer has exactly the same shape as the flat layer,
you run the risk that during interpolation some error might occur at the edges of
the object. So it is so important that the outline of the MAP layer should be a
little larger than the object to which it is linked.

•

A radial gradient (white in the middle and black at the ends) in a MAP layer
results in 3D space similar to a sphere. One very effective way of controlling the
curvature of the object in 3D space is to change the color curves of the MAP
layer in Photoshop just after creating the radial gradient (e.g. by a parabolic
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curve to expand the white area in the center). The beach ball of section 4.3 is
an example of this case.
•

A linear gradient in a MAP layer results in 3D space as a plane: the ground, the
sky, a wall, etc. The background in section 4.3 is an example of this case.

•

A linear black-white-black gradient is translated in 3D space as a cylinder. This
pattern may serve to represent glasses, bottles, etc. Again, adjusting the color
curves after setting the gradient is the most effective way to control the
curvature of the object.

•

To represent irregular figures you have to “paint” the depth map by hand.
Remember that the light areas represent proximity to the observer and the dark
areas represent distance. “Painting” a depth map by hand is an art that comes
with practice. You do not need too much detail in the depth map to achieve
substantial results. The depth map should capture only the basic structure of
the depth of the object. For example, to represent a face, take a radial gradient
as your starting point, as explained above, to form spheres in 3D space. Then
with a very soft brush darken the depressed parts (e.g. eyes or edges) and
clarify the prominent parts (e.g. nose). Overlay the layer transparently with the
texture of the face on the MAP layer to know where you are painting at any
moment. Save the PSD file and load it to Imagiam Lenticular Effects to see the
effects of the MAP layer in 3D space. Return to Photoshop to correct deviations
detected and repeat the process until the result attains the desired effect.

•

Avoid sharp edges in the depth maps because they produce jumps in 3D
space. The MAP layer should capture only the basic three-dimensional
structure of the object and it should do so with very soft shapes. There is no
need in the MAP layer for great detail or for exaggerated fidelity to the object in
order to obtain a striking lenticular image.

•

Noise in the MAP layer can ruin the effect, as may too much detail or sharp
edges. A Gaussian filter on the MAP layer can fix these situations.

•

The black and white levels of a MAP layer do not depend on the absolute
position that the object will occupy in the final scene. Color each MAP layer as if
only the object to which it is linked existed: white in the parts closer to the
observer and black in more distant parts. Its final position in the 3D scene and
its extension in depth will be set later in the Imagiam Lenticular Effects
application (section 4.6).

Section 4.3 has explained how to add volume to a flat layer: by associating it with a
depth map. This section has given some recommendations for “painting” these depth
maps. Finally, sections 4.6 and 4.7 will explain how to position objects with volume
within the 3D scene.

4.5 EXAMPLE OF A PSD FILE FOR 3D WITH DEPTH MAPS AND FLIPS
See below an example of a PSD file ready to produce a lenticular 3D effect with flips
and objects with intrinsic volume:
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Compare it with that of section 2.1 and note the following differences:
•

The beach ball now changes colors through the use of sequence layers (as
explained in section 3.3).

•

In addition, the beach ball now has intrinsic volume through the use of a MAP
layer (as explained in section 4.3). The case of the beach ball is very interesting
because it illustrates an advanced technique of linking sequence layers and
depth maps to the same object. This results in a flip projected on a volume.

•

The beach now extends from the horizon to the foreground as a continuum
through the use of a MAP layer. With the sky we have used the same
technique.

•

Note that black halos now appear around objects that have an associated MAP
layer. As explained in section 4.4, this is because the shape of the depth maps
must always be a little larger than the silhouette of the object to which they are
associated. Use Photoshop to paint what is left over in the MAP layer with the
color equivalent to the depth of the edge of the object at that point.
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4.6 TABLE OF DEPTH OF LAYERS WHEN THERE ARE DEPTH MAPS
If you load the file from section 4.5 in the Virtua 3D module of the Imagiam Lenticular
Effects application, the depth table (see section 2.2.1) will look like this:

Compare it with the one shown in the case of using only flat layers without volume
(section 2.2.1) and observe the following differences:
•

The sequence layers do not have their own depth because they inherit the
depth of the layer to which they are linked. This is consistent with what is
explained in section 3.4.

•

The depth maps (all layers ending with the word MAP) also have no depth
themselves because they are not real objects but auxiliary layers linked to other
objects that do have depth in the table.

•

Items that have an associated MAP layer show two values in the table depths: a
minimum and a maximum value. This is a pivotal point in volumetric 3D and is
consistent with what is outlined in section 4.2. In this section we have learned
that volumetric objects occupy a continuum in 3D space that extends from a
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minimum depth to a maximum depth. When there are no MAP layers in the
PSD file, the depth table only shows one depth value for each object. But when
there are MAP layers in the PSD file, there appear two columns in the depths
table that represent the minimum and maximum values for each object. The
white pixels in the depth map will show the depth of the scene corresponding to
the value of the Max column and the black pixels in the depth map will show the
depth of the scene corresponding to the value of the Min column. For this
reason it was explained in section 4.4 that depth maps should be structured
independently of the final position they occupy in the 3D scene. It is by
manipulating the values of the Min and Max columns of the depth table that a
volumetric object is positioned in the 3D scene.

4.7 HOW TO CHANGE THE DEPTH VALUES OF LAYERS WITH VOLUME
To change the minimum depth of a layer select that layer with the mouse and then
press the left and/or right arrow keys of the keyboard to reduce and/or increase,
respectively, the variable to the desired value.
To change the maximum depth of a layer select that layer with the mouse and then,
while holding down the Shift key, press the left and/or right arrow keys of the keyboard
to reduce and/or increase, respectively, the variable to the desired value.
Remember that you cannot give a depth value to a MAP layer. You must perform the
above actions on the main layer to which it is linked.
The layers that have no associated MAP layer still function as seen in chapter 2.

4.8 GENERIC PROCEDURE FOR FULL 3D VOLUMETRIC EFFECTS
Perform the following steps:
1. Create a PSD file with depth maps (as in Section 4.5).
2. Load the PSD file in the Virtua 3D module of the Imagiam Lenticular Effects
application.
3. Adjust the table depth values to position objects in the 3D scene. Change the
settings of the layers that have no associated depth map as explained in
section 2.2.2. For layers that have an associated depth map, use it as explained
in section 4.7.
From this the steps should follow exactly as explained in chapter 2 from section 2.2.3
onwards for 3D effects without flips or depth maps. The steps are the same with the
only difference that now you will observe flips in the preview window and the objects
with an associated depth map give a much more real sense of volume.
Remember to keep a settings file (section 2.3.1) to be able to recover all the
adjustments (depths table, displacements, etc.) made through the Virtua 3D module in
the future.
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4.8.1

EXAMPLES OF CONSIDERATIONS MADE IN CALCULATING THE VALUES OF
DEPTH OF OBJECTS

Adjust the Min and Max values of the depth table until arriving at a realistic perception
of volume and realistic objects. Note the values of the example in section 4.6:
•

The beach has a depth from 0 to 100 because it occupies a continuum from the
absolute back to the absolute foreground.

•

For the sky, however, depth has been selected from 0 to 12 so as to leave it in
its entirety rather near the back. Leaving the sky near the back will give greater
relief to the runner, the jumper and the ball.

•

The beach ball has a depth between 48 and 60. As the jumper has a depth of
60, this means that the ball is behind the jumper in the 3D scene. If an object
shows too large a volume distortion, reduce its range of depths. A range
between 0 and 100 is suitable for a horizon that extends from the back to the
foreground (the beach) but may be too broad for other objects that occupy a
much smaller space. If an object shows very little volume either expand its
range of depths or enter a greater displacement value (section 2.2.7). Each
time you make changes, click the Refresh button and check in the preview
window that the movement of the objects is getting closer to what is intended.

•

The runner has a depth of 883.

4.8.2

THE CONTROL CALLED HIGHER LAYERS OVERWRITE

In Section 2.2.12.5 mention was made of this control but its meaning was not
explained. This is because it only influences the result when using depth maps.
When using depth maps, it is possible that pixels from lower layers may collide in 3D
space with upper pixels. This usually occurs when there are intersections between the
minimum and maximum depths of two layers. When this happens you will see in the
preview window how the lower layers can hide the areas of the upper layers affected
by this phenomenon. This can produce an undesirable effect.
You have several ways to correct this effect:
•

Check the depth ranges of objects to detect unnecessary volume intersections.

•

Check the depth maps of objects to verify that the volume they represent is
consistent with reality.

3

In the complete edit, the center of displacement (sections 2.2.8, 2.2.9, 2.2.10 and 2.2.11) is
linked to this layer. This was done this way to leave 12 depth points (between 88 and 100) for
the beach to give some sensation of volume towards the front. With the aim of preserving the
three-dimensional coherence of the scene, the various values were adjusted so that the
movement of the runner and of the sand under her feet were identical.
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If layers located at different depths still overlap, check the box called Higher layers
overwrite. When this box is checked, it forces higher layers (in the order of the PSD
file) to always be drawn above the lower layers, removing any possible overlaps
caused by the depth maps. Use this box to cancel small object overlaps. If the overlap
is too large you may need to revise the ranges of depth or depth maps.

4.9 EXAMPLE OF 3D ANIMATION OBTAINED WITH THE USE OF DEPTH
MAPS
Below is an example of a 3D animation with depths maps and volume effects inherent
in some layers:

Note that this animation is very similar to case 1 of section 2.2.8, but the remaining
subtle differences make the 3D effect now produced much more rich and complex.
The figure below shows the differences between the movements of the background:
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Before

Now

The figure below shows the differences between the movements of the beach ball.
Notice how spherical rotation occurs in the second row:

Before

Now
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