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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
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Introduction

Lenticular lens are an array of magnifying lenses, which can generate a desired visual perception,
including 3D effect, animation and flips, when the underlying interlaced printed image is viewed
from different angles. The most widespread use of this technology is in lenticular printing, for use in
packages, display posters, promotional buttons, magnets, coasters, collectibles, signs, menu boards,
postcards and business cards.

It is reported that the market size of lenticular sheets is over 100 million m2 and the market is
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co[sequently resulting in higher costs.

00 lines per inch (Ipi) is routine, products with 200 Ipi are also currently available: T

optimal perceptive experience, the right choice of lenticular sheet is crucial. Different
juire different lens frequencies. For a 2D view application, a 200 Ipi material can bé optim
Itiview 3D effect viewed from one meter or further, a 12 lpi material can be-optimal. On
e, lenticular sheets with higher lens frequency can be thinner; therefore, increasing its p
h quality packaging and a variety of printings.

e multi-step process of lenticular printing involves creation of a lenticular image from at
sting images and its combination with a lenticular sheet. The combining process can ¢

hges. This process can be used to create various frames of afiimation (motion perception),
various layers at different increments (3D perception) er simply to show a set of alterng
ich appear to transform into each other.

jor factors influencing the quality of a lenticular.image is the precision in the dimensi
ticules in the lenticular sheet and the printed inferlaced image and the precision in the p
the lens array and the interlaced images. Pogr precision results in poor image quality
ecision in the dimensions of lenticules in thédenticular lens sheet can result in low produc

refore, the demand for improving the precision in the dimensions of the lenticules in a
s sheet has been high. The standardization of the measurements of the dimension of the le
bnticular lens sheet has been requested from the market.
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Imaging materials — Lenticular lens sheet —

M
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This—Feehniea ASH :
lenticular lens sheet. It describes measurement methods and specifies the nominal sizes™d
dinensions with tolerance. It also describes methods to test the stability of dimensions ofithe

len

th

vigwed from different angles. Both impact and non-impact printing can be ésed to generate tl
Expmples of the former are off-set, gravure and flexography, while the examples of the latter

ha

2

Th(t's Technical Specification is applicable to lenticular lens sheets used in lentictlar prints,

easurements and specifications of dimensions

Scope

s sheet.
se that give an image the illusion of depth or make images appear to change/move as th

ide, inkjet, dye diffusion thermal transfer and electrophotography.
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The following documents, in whole or in part, are normatively referenced in this document and are

ing

references, the latest edition of the referenced document (including any amendments) applieg.
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For the purposes of this document{the following terms and definitions apply.

3.1

lenticular lens

artl
md

EXAMPLE This-technique is widely used in lenticular printing, wherein the lenticular lens is used
an fllusion of depth)*¢hange or motion to an underlying interlaced image when viewed from different

N

=}

fe 1 to entry:'Schematic diagrams of a lenticular sheet is shown in Figure 1 (top view) and Figure 2

ispensable for its application. For dated references;yonly the edition cited applies. Fo

11359-2, Plastics — Thermomechanical analysis fTMA) — Part 2: Determination of coefficie
rmal expansion and glass transition temperattire

Terms and definitions

ay of magnifying semi*eylindrical lenses, designed to produce a desired perception, st
tion or morphing, to'the underlying interlaced image

I undated

nt of linear

ich as 3D,
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side view).
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1  length|in X-direction
2 length|in Y-direction
3 magnified lenticular pattern

Figure 1 — Top view of a lenticitlar lens sheet
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Figure 2 — Side view of a lenticular lens sheet

4 | Measurement
4.1 General

4.1.1 Outline

Mdasurement procedures and specifications are described for the following paramet¢rs which
determine the image quality of lenticular prints:

a) precision in width of a lenticule;

b) stability of the length of a lenticule under ambient conditions.

4.1.2 Standard ambient condition

Standard ambient conditions shall be a temperature of 25 °C * 2 °C, a relative humidity of
50 % RH + 5 % RH and a pressure of 96 kPa + 10 kPa.

© IS0 2016 - All rights reserved 3
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4.2 Width of a lenticule

4.2.1 Measurement equipment

Calibrated dimension measurement equipment shall be used. The spatial resolution capability of the
equipment shall be finer than 20 pum.

For example, a stylus type surface measuring instrument, used typically for measuring surface
roughness and contour, can be used. An example for the stylus is 5 pm diamond stylus tip with 40° angle.

4.2.2

The sample should be equilibrated to the standard ambient conditions for one hourbefi
measurements. The measurements should be made at the standard ambient conditions.

Anareathatincludes 20 or more lenticules shall be measured. As shown in Figure 2, a valley, represenf
by “3” is lpcated between two lenticules. The width of a lenticule (W]) is the distance between any t
adjacent vialleys. The measurement shall be performed both in the forward and backiward directions.

The dista

measured]

The meas

4.2.3 R

The following shall be reported:
a) the mleasured average width of the lenticule;

Average WI is calculated by dividing the combinedilength by the number of lenticules, as shown| i

Formula (

Wl(avgrage) =

b) then

inal_width_of lenticul 25 400
{Nomlr alwidth_ol_lenticl e] . [Nominal resolution (lpi)]

c) the difference betwéen measured average width and nominal width of the lenticules;

d) the stpndard.deviation of the average width of the lenticules;

e) classi

easurement procedures

hce from the first valley to the 21st valley, i.e. the combined width'ef 20 lenticules, shall

ired width of each lenticule shall be recorded and be expressed in pm.

bporting of the precision

1). The width shall be expressed in um;

2w
2

0

pminal width of the lenticule, calculated as shown in Formula (2);

fication of the precision according to Table 1.

pre

ed
WO

be

(1)

(2)

Table 1 — Classification of precision of lenticule width

(Difference between average width and Precision classification
nominal width/Nominal width) x 100
2 % or over Poor
from 1% to 2 % Medium
from 0,5 % to 1% High
Less than 0,5 % Super high

© ISO 2016 - All rights reserved
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4.2.4 Lens frequency (Ipi)

The lens frequency of lenticular lens sheet shall be calculated using Formula (3)

Resolution(lpi)= 2540%\]1 (average)

The lens frequency-based classification is shown in Table 2.

4.2.5 Precision within lot and lot-to-lot

Sa

Within lot: The first three and the last three sheets in the course of the “production” sha
forl measurements. Here, “production” relates to the generation of'the sheets for a single ship

ex

6tl, shall be used for measurements.

Lo
Th|

4.

4.3.1 Measurement equipment

Ca

4.3.2 Measurementprocedures

Th
bo

Th

mdasurenients. The measurements should be made at the standard ambient conditions.

3 Thickness of lenticule lense sheet

Table 2 — Classification of lenticular lens sheet lens frequency

:2016(E)

(3

Nominal lens frequency range Classification of lens frequency
less than 75 lpi Low
from 75 Ipi to 150 Ipi Medium
150 Ipi and over High

mpling shall be as follows.

hmple, if the first 3 sheets, i.e. 1st, 2nd and 3rd, are to be diScarded, the next 3 sheets, i.e. 41

-to-lot: Every lot shall be evaluated following the aboye sampling rules.

e average width of the lenticules of the sheets measured shall be reported.

e thickness of thedenticular lens sheet is defined as the distance between the top of the ler
ftom of the base film, as illustrated in Figure 2.

e sample/should be equilibrated to the standard ambient conditions for one ho

Il be used
ment. For
h, 5th and

ibrated mechanical thickness measurement equipment shall be used. The gauge head shall be
larjger than 3 mm and smallerthan 20 mm in diameter. The tolerance of precision and accuy
mgasurement equipment shallbe smaller than 2 pm.

acy of the

ses to the

ur before

4_ o I Ronorbtingand clacgification ~f il ol ncc aflantianlalanc clhhant
[ reed l“'l"Ul I,llls AIIU CIAdJSJIITIVALIVII V1 LITIIUNNNIIC OO VUL IVIIlItUIdAI IVIID JI1IICC U

The difference from the target value shall be reported. The classification of precision of lenticule lens
sheet thickness is shown in Table 3.

©lI

Table 3 — Classification of precision of lenticule lens sheet thickness

Difference from the target value Precision classification
10 % or over Poor
less than 10 % Good

SO 2016 - All rights reserved
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4.4 Temperature and humidity dependence

4.4.1 General

When interlaced images are directly printed on lenticular lens sheets or the printed interlaced images
are attached to the lenticular lens sheets, the ambient temperature and/or humidity of the work area
may not be controlled. Nevertheless, stability of the dimensions of the lenticular lens sheet is a critical
factor for ensuring coordination between the array of lenses and the printed interlaced images.

In this subclause, procedures for measuring the temperature and humidity dependence of the
dimensioifS of Ienticular tens sheet are described.

4.4.2 Measurement equipment and procedures

The length of a strip of the lenticular lens sheet shall be measured under different temiperature gnd
humidity fonditions.

The precigion of the measurements of the dimensions shall be smaller than 0,01 %in terms of the rdtio
of change|(in dimension)-to-original length.

An examplle of the measurement procedure is as follows.

Size of thg strips: Width = 4 mm and length = 20 mm; here the lengthsrepresenting the distance algng
X-axis in Higure 1, is the distance between the two clipped edges of-the lenticular lens sheet.

Equipment: An example of the equipment used to measure the dimensions of the sheets is shown| in
Figure 3.

The terminal c pull the sample strip with 10 mN tension.

6 © IS0 2016 - All rights reserved
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terminal which give a tension of 10 mN to the sample strip

micrometre callipers

range of movement depending on temperature changes or humidity changes

Figure 3 — An example of measuremeit equipment used to measure the temperatu
humidity-dependent changes in length

.3 Measurement and calculation of temperature dependence

e sample and the equipment shall be equilibrated to 25 °C 50 % RH at least for 1
asurements. The length of the sample shall be measured.

bsequently, the température shall be raised to 55 °C at a rate that is equal to or lower than

re- or

h before

5 °C/min.

1l be calculatéd,)The moisture content shall be kept constant when the temperature shall
e details,of the protocol are described in ISO 11359-2.

TE 1 {>~The temperature is raised from 25 °C to 55 °C in order to attain the sufficient precision an
Falculate the change in length per 1 °C, assuming that the length of the sample changes in direct pr

e changes in thedength shall be measured and the changes in the length per change in terhtlperature

e used.

d accuracy
bportion to

te

hperature within this temperature range.

NO

TE2  The moisture content can be kept constant by not adding moisture when the temperature is raised.

4.4.4 Measurement and calculation of humidity dependence

The sample and the equipment shall be equilibrated to 25 °C 50 % RH at least for 1 h before
measurements. The length of the sample shall be measured. Subsequently, the relative humidity shall
be raised to 80 % RH at a rate that is equal to or lower than 1 % RH/min. The changes in the length shall

be

measured.

Next, the sample and the equipment shall be equilibrated to 25 °C 50 % RH at least for 1 h. The length of
the sample shall be measured again. Subsequently, the relative humidity shall be lowered to 20 % RH at
arate that is equal to or lower than 1 % RH/min. The changes in the length shall be measured.

© ISO 2016 - All rights reserved
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If the changes in the length is the same between the measurement in higher humidity and the lower
humidity, the changes in length per change in humidity shall be calculated. If the changes in the length
is not same, the narrower humidity range shall be applied to measure the length in humidity range that

the length changes in direct proportion to the humidity.
The details of the protocol are described in ISO 11359-2.

NOTE The relative humidity is raised from 50 % to 80 % and lowered to 20 % in order to attain the sufficient
precision and accuracy to calculate the change in length per 1 % RH, assuming that the length of the sample
changes in direct proportion to relative humidity within the measurement range.

4.4.5 Classification of the temperature and humidity dependence
With regdqrd to the temperature stability, the lenticular lens sheets shall be classified as des¢ribed in
Table 4.
Table 4 — Classification of lenticular lens sheet based on temperature
Ratio change in length/°C Stability classification
Less than 4,5 x 10-5 High
From 4,5 x 10-5to0 6,5 x 10-5 Medium
Over 6,5 x 10-5 Low
Similar hymidity-dependent classification of the lenticular lens stability shall be done as described in
Table 5.
Table 5 — Classification of lenticular letis'sheet based on humidity
Ratio change in length/1 % change in RH Stability classification
Less than 2,3 x 10-5 High
From 2,3 x 10-5to 3,3 x 10-5 Medium
Over 3,3 x 10-5 Low
8 © IS0 2016 - All rights reserved
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Annex A
(informative)

Explanation of lenticular lens print

A.f—General

A lenticular lens comprises an array of magnifying lenses which are designed spthat [when the
unferlying interlaced images are viewed from slightly different angles, different images’are nagnified.
When used in lenticular printing, this technology provides an illusion of depth, mdriph or motion as the
unferlying composite image is viewed from different angles.

A.R Structure of lenticular lens print

A photograph of a typical lenticular lens sheet is shown in Figure A.1

AN WY ‘

““l'ﬁﬂﬂk.n‘-l-".ﬂ‘-‘

Figure A.1 — Image of a lenticular lens sheet

A.B Mechanism of illusion of depth (3D)

Thle mechanism of illusion of depth (3D) is illustrated in Figure A.2.

© IS0 2016 - All rights reserved 9
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Figure A.2 — Illustration for displaying the mechanism of illusion of depth

b displays both the initial independent interlaced images intended for the left and right eyes
nal interlaced image.
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