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[5 7] ABSTRACT 

A method of halftone printing is disclosed which permits an 
image to be disguised or hidden in a printed ?eld from detec 
tion by ordinary photography or the eye of a viewer and an ap 
paratus is presented which can be used to bring out or detect 
the hidden image. The printed ?eld comprises three halftone 
components: an overall halftone at a given angle; a second 
halftone at a different angle and containing a negative of the 
image; and the image itself in halftone at a third angle and 
coincident with the negative portion of the second halftone. 
When each of the halftones is made up of dot ?gures of similar 
size, period and tone, the ?eld will give a uniform appearance 
to the eye, obscuring the image and resisting photographic 
analysis except by impractical magni?cation. 
An apparatus in the form of a screen made up of a periodic 
pattern of similar frequency to that of the halftone screen of 
the printed ?eld and arranged at the proper angle to the 
printed ?eld, will reveal the hidden image at a different 
brightness than the background. By moving the properly ar 
ranged screen in an appropriate manner relative to the printed 
?eld, the hidden image will appear as a blinking image. If the 
method and apparatus are used in printing and checking 
security documents, additional printing techniques are dis 
closed for preventing counterfeiting of the documents such as 
black overprinting, slight variations in the print angle from the 
conventional angles and the use of unique and complicated 
dot ?gures and images. 

13 Claims, 9 Drawing Figures 
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PRINTING METHOD AND ARTICLE FOR HIDIN 
HALFI‘ONE IMAGES ‘ 

BACKGROUND OF THE INVENTION 

The present invention relates to the printing or lithographic 
art and more particularly to a method and apparatus for 
producing and viewing an image hidden in a halftone ?eld. 
The techniques of halftone printing are well known in the 

printing art. They consist essentially of photographing the pic 
ture or ?gure to be reproduced, through a screen and using 
the screened photograph to etch the printing plate. The print 
ing surface of the plate thus contains the picture to be 
reproduced in the form of a pattern of dot ?gures which cor 
respond to the dot ?gures in the screen and which may be in 
the fonn of circles, squares, triangles or the like. The printed 
picture is then composed of corresponding regularly arranged 
lines of dot ?gures and is referred to as a “halftone”. To 
achieve different effects in the printed picture, variations may 
be made in the density of the screen, that is, the dot size and 
spacing; the color and tone of the ink, and the angle at which 
the lines of dots are arrayed. A single picture may be produced 
using more than one halftone pattern by arranging the com 
ponent halftones at different angles. 

It has been found in printing the various components in a 
halftone picture at different angles, that certain light inter 
ference effects called “moire e?‘ects,” may occur which cause 
waviness, blotching and other distortions in the printed pic 
ture. As a result of this phenomenon, it has become conven 
tional to print the various components in a halftone picture at 
different angles of approximately 30° displacement from each 
other so that, for example, in multi-color printing, the red 

. component of the picture may be printed at 45°, the yellow 
component at 75° and the blue component at 105° with 
respect to the upper margin. 

I-Ialftone printing is widely used and is the technique 
primarily used in multicolor reproduction and for producing 
the patterns and ?gures on security documents, such as cur 
rency, bonds, stock certi?cates and the like. While documents 
printed in this manner are somewhat difficult to duplicate or 
counterfeit, still in the past few techniques have been found to 
prevent those skilled in the art from producing counterfeits 
which resist being readily distinguishable or identi?able from 
the original documents. 
The present invention provides a method of halftone print 

ing which permits a distinctive image to be hidden in a half 
tone ?eld in such manner as to prevent detection by the 
unaided eye or ordinary photographic techniques, and also 
provides a suitable apparatus which may be used to quickly 
bring out the hidden image. The invention has many diverse 
applications and is particularly useful in the security docu 
ments ?eld as it renders documents so printed resistant to 
counterfeiting and permits ready identi?cation of valid docu 
ments and detection of invalid duplicates. 

SUMMARY OF THE INVENTION 

The printing method of the present invention comprises the 
production of a halftone ?eld composed of: an overall half 
tone printed at a given angle; a second halftone printed at a 
different angle and containing a negative of the image to be 
hidden; and the image itself printed in halftone at a third angle 
and coincident with the negative portion of the second half 
tone. 

The three halftone components are made up of dot ?gures 
having similar frequencies so that a printed ?eld or rosette 
pattern is formed which gives a uniform appearance to the 
eye, obscuring the image. Using ordinary hal?one frequencies 
such as 100 or 150 dot ?gures to the inch, the hidden image 
also will resist photographic analysis as the optical magni?ca 
tion required to distinguish the various components would be 
impractical under most circumstances. The image may be 
readily detected, however, by the use of the apparatus of the 
present invention which comprises a screen made up of a 
periodic pattern of similar frequency as the halftones and 
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2 
capable of being arranged at the same angle as the halftones. 
When such a screen is arranged at the angle of the halftone 
screen of the hidden image, the hidden image can be made to 
appear as a bright image against a darker background. Alter 
natively, when the screen is arranged at the same angle as the 
halftone screen of the background, the hidden image can be 
made to appear as a darker image against a brighter 
background. At either orientation when the screen is moved 
parallel to the periodic pattern the brighter image will appear 
to blink. 
To further confound attempts at duplication or counterfeit 

ing of articles and documents printed in this manner, even 
using the apparatus of the invention, a black overprint may be 
added ‘to the three components in the halftone ?eld and the 
print angle of the three components may be varied somewhat 
from the conventional thirty degree displacement without 
causing objectionable moire e?‘ects. Also, a solid over printing 
color of the same re?ection density as the printed document 
may be used. In addition, unusual dot con?gurations may be 
used and the hidden image may be of a unique or complicated 
form. Also, a like color can be over printed at a different angle 
and/or a different frequency to present a serious moire 
problem to the potential counterfeiter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows ‘a light table with a sheet of ?lm disposed 
thereon containing a halftone arranged at an angle of 45° with 
respect to the upper margin, and which is used in producing 
one component of the printed ?eld of the present invention; 

FIG. la is an enlarged view of a portion of the ?lm of FIG. 1 
showing the halftone in detail; 

FIG. 2 shows two sheets of ?lm disposed on the light table, 
the upper one being transparent except for the opaque charac 
ters OK and the lower one containing a halftone arranged at 
an angle of 75° with the upper margin, and which provides 
another component of the printed ?eld of the present inven 
tron; 

FIG. 3 shows another two sheets of ?lm on the light table, 
the upper one being opaque except for a transparent portion 
in the form of the characters OK and the lower one containing 
a halftone arranged at an angle of 105° with the upper margin 
and which provides a further component of the ?eld of the 
present invention; 

FIG. 4 shows an article printed with a representation of the 
composite halftone ?eld of the present invention; 

FIG. 5 is a perspective view of an apparatus which may be 
used to view the hidden image on a document printed in the 
manner of the present invention. 

FIG. 6 shows a representation of the hidden image on a 
document being viewed by the apparatus; 

FIG. 7 shows the document of FIG. 6 printed with an addi 
tional black over print arranged at 90° with respect to the 
upper margin; and 

FIGS. 8 and 9 are modi?cations of the apparatus employing 
surface illumination of the document. . 

DETAILED DESCRIPTION OF THE INVENTION 

The basic technique of producing a halftone print consists 
of photographing the picture or ?gure to be reproduced 
through a screen and using the screened photograph to etch 
the surface of the printing plate. The printing surface of the 
plate thus contains the picture to be reproduced in the form of 
a pattern of dot ?gures which correspond to the dot ?gures in 
the screen. The different components of a composite halftone 
print are produced by successively photographing the picture 
with the screen arranged at different angles. If the picture is to 
be printed in a single color, all of the components may be 
etched, using the succession of photographs, on a single plate 
and when a multicolor reproduction is made, each photograph 
is used to etch an individual corresponding plate. The method 
of the present invention will ?rst be described in connection 
with printing a hal?one ?eld of a single color and then in con 
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nection with a multicolor ?eld. While certain particular steps 
will be described for performing the method of the present in 
vention, since the photographic art lends itself to the use of 
various combinations of negatives and positives in different 
sequences to produce the same ultimate result, those skilled in 
the art will see numerous equivalent latemative steps which 
may be used in performing the method of the present inven 
tion. 

HIDDEN IMAGE 

Firstly, a large sheet of commercially available ?lm is ob 
tained containing a negative or a positive pattern of a halftone 
screen. For example, the screen pattern may be composed of 
square 'dot ?gures having a density of 40 percent and a 
frequency of 100 per inch, that is, the ?lm will contain a posi 
tive of the screen, the dots being transparent, and the opaque 
areas in between them covering 40 percent of the total area of 
the ?lm. It should be understood in this regard that the screen 
patterns shown in the drawings are illustrative representations 
to be used in explaining the invention and therefore lack the 
exact physical properties and visual qualities of the screens 
and printed halftones which are actually used, since it is the in 
tention of the invention that in actuality the halftones obscure 
analysis. The drawings then are intended to provide some im 
pression of the actual visual effects while still aiding in the un 
derstanding of the invention. 
Now, in the ?rst step, a section is cut from the large sheet of 

?lm in the shape of, but slightly larger than the size of the 
printing plate to be produced, such as in the form of the 
rectangular sheet 1 shown in FIG. 1. The lines of dots 2, of the 
screen pattern are arranged at an angle of 45° with the upper 
margin as illustrated in detail in FIG. la. Two registration 
holes 3 may be punched near the upper margin in the portion 
of the cutout sheet 1 which is in excess of the size of the print 
ing plate. The cutout sheet 1 is then placed on a light table 4 as 
shown in FIG. 1, registered, and a reverse picture is made by 
exposing a sheet of ?lm in a contact vacuum frame 5. The cu 
tout sheet 1 is then removed from the light table 3 in prepara 
tion for the second step. 
A second section is cut from the ?lm in the shape and size of 

the ?rst cutout sheet I, but with the lines of dots 2 on the 
screen arranged at an angle of 75° with the upper margin 
(FIG. 2). Two registration holes 3a are again punched near 
the upper margin of this cutout sheet and the sheet 6 is placed 
on the light table 4 with the registration holes 3a positioned in 
coincidence with the positioning of the registration holes 3 of 
the ?rst sheet I. 
A sheet of transparent ?lm 7 is now obtained in the shape of 

the ?rst two cutout sheets, I and 6, and registration holes 3a 
are punched in this ?lm. This sheet of ?lm 7, contains a posi 
tive pattern of the image which is to be hidden. For our pur 
poses, the image will be in the form of the letters OK as shown 
in FIG. 2. The transparent sheet of ?lm 7 is then placed on the 
light table 4 on top of and in registration with the second cu 
tout sheet 6 and a second exposure of the ?lm in the contact 
vacuum frame 5 is made. The ?lm in the contact vacuum 
frame 5 will now contain coincident negatives of the overall 
45° halftone and the 75° halftone with a blank of the letters 
OK in the latter negative. The two sheets of ?lm 6 and 7 are 
then removed from the light table 4 in preparation for the 
third step. 
A third section is cut from a large sheet of ?lm in the shape 

and size of the ?rst two cutout sheets, 1 and 6, but having the 
lines of dots 2 of the screen arranged at an angle of 105° with 
the upper margin. The registration holes 3b are punched in the 
upper margin and the sheet 8 is placed in registration on the 
light table 4 as shown in FIG. 3. 
A sheet of ?lm 9 which is the reverse of the transparent 

sheet 7 used in the second step, that is, opaque, except for a 
transparent portion in the image OK, is then obtained and re 
gistration holes 3b punched in its upper margin. To check that 
this ?lm 9 is a perfect reversal of sheet 7, the sheet 7 may be 
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4 
placed in registration on the light table 4 and the reversal 
sheet 9 placed in registration over it. The combination of the 
two sheets 7 and 9, should provide a completely opaque field 
on the light table 4. After checking, the transparent sheet 7 is 
removed and the reversal sheet 9 is placed over the sheet 8 
which is screened at I05". A third exposure is then made of 
the ?lm in the contact vacuum frame 5, which will impress a 
negative of the 105° screen only in the areas of the image OK. 
The 105° screen image will occur exactly within the negative 
areas of the image produced during the second exposure. 
The ?lm containing the composite negative of the three 

screen patterns is then used to etch a printing plate and a 
representation of the halftone ?eld l0 printed on an article 11 
with the plate is shown in FIG. 4. The combination of the three 
screen patterns printed at different angles produces what ap 
pears to the eye to be a uniform halftone ?eld 10. The image 
of the letters OK screened at 105°, will be hidden from the eye 
in the uniform ?eld 10. At a halftone period of I00 or 150 dots 
per inch, (much greater than that shown in FIG. 4) the image 
will defy analysis by ordinary magni?cation methods. While it 
is conceivable that the halftone could be enlarged to the point 
where analysis would be possible, such analysis would be 
completely impractical with existing equipment. 

Using a single plate, the halftone ?eld 10 must, of course, be 
printed in one color. However, images may also be hidden in 
this manner in multi-color halftone ?elds as long as there is no 
great difference in the density and tone of the various screen 
pattern components. For example, a ?eld printed with red, 
green and yellow components of similar tone and each of a 
density of 40 percent, will produce a continuous gray rosette 
pattern to the eye of a viewer, so that the particular color used 
in printing a hidden image is not discernible. Of course, if the 
image is printed in a darker tone and at a much greater density 
than the other components of the ?eld, it would become 
discernible to a viewer. 
The steps to be followed in producing a multicolor halftone 

?eld are essentially the same as those described above in con 
nection with the single color ?eld 10, except that separate 
negatives are made of each of the screen pattern components 
and these negatives are used to etch individual plates. The in 
dividual plates are then used in sequence to print the separate 
colors in forming the composite halftone ?eld. 

VIEWING APPARATUS 

Now that the image has been hidden in the halftone ?eld I0 
and resists detection by the eye or photographic analysis, it is 
of little value unless its presence can be utilized in some way. 
One type of apparatus for readily bringing out the hidden 
image in the halftone ?eld 10 is shown in FIG. 5. The essential 
component of this apparatus is a periodic screen 12 of approx 
imately the same frequency as the components of the halftone 
?eld 10. A screen of this sort might be cut from the large sheet 
of ?lm which was originally used in producing the components 
of the halftone ?eld. The lines of apertures 2 on the detecting 
screen 12 are arranged at the same angle with the upper mar 
gin as the lines of dots of the screen 8 which produced the 
image, in the present case, at 105". When the detecting screen 
12 is held in registration over the halftone ?eld l0 and moved 
across the ?eld, 10 as shown in FIG. 6, the resulting light inter 
ference magni?cation effects will bring out a blinking image of 
the letters OK to the eye of a viewer. ' 

While it will be seen that pictures containing hidden images 
may be used in combination with the detecting screen 12 in 
many diverse applications, such as in games, advertising dis 
plays and article marking, a particularly useful and preferred 
application is in the printing of security documents to resist 
unauthorized duplication or counterfeiting. The apparatus 
shown in FIG. 5 is particularly intended for use in inspecting 
security documents printed in the manner of the present in 
vention. The apparatus may comprise a light table portion 13, 
having two ?uorescent lights 14 mounted below a translucent 
plate 15, and a viewing lens 16 with the detecting screen 12 



3,675,948 
5 

disposed between it and the light table 13. The illumination 
may also be directed downwardly upon the document and 
through the detecting screen overlying the document. On the 
other hand, the illuminated document, whether illuminated 
from below or above can be projected through a suitable lens 
with projected image viewed through a movable halftone 
screen of proper frequency and orientation. A person wishing 
to determine whether a document, for example, a traveller’s 
check 17 presented for payment, contains the hidden image 
and is therefor valid, would insert the check into the ap 
paratus. The check 17 is placed on the surface of the translu 
cent plate 15 with its upper edge in abutment with a registra 
tion tab 18, so that the individual halftone components will be 
arranged at their given angles with respect to the plate margin. 
The two lights 14 below the plate 15 are then turned on by 
means of a switch 19, presenting a bright image of the check 
17 to a person viewing it through the viewing lens 16 disposed 
above the table 13. The detecting screen 12 which will be ar 
ranged at the same angle as the image halftone on the check 
17 is mounted in a holder 20, supported by an arm 21 whose 
opposite end is connected to an eccentric wheel 22. The wheel 
22 is driven by an appropriate motor 23. The motor 23 may be 
operated by the switch 19 that turns on the lights 14, so that, 
when the switch 19 is thrown, the detecting screen 12 will be 
moved back and forth across the check 17 on the table 13. If 
the check 17 has been printed with the hidden image, a person 
looking through the viewing lens 16 will see a blinking image 
of the letters OK somewhat as indicated in FIG. 6. Counter 
feits will present no image. 

COUNTERFEIT PREVENTING MEASURES 

Alternative apparatus is shown in FIGS. 8 and 9 wherein a 
security document such as a check 30 is placed on platform 29 
having an opaque plate 31 with registration tabs 32. Illumina 
tion from lights 33 and 34 above the platform, is directed 
toward the document from a 45° angle. In FIG. 8, the moire 
screen 35 is mounted in a hinged frame 36, to permit the 
screen to be placed directly upon the check, the screen being 
hinged to permit the placing of the check in registration, and 
removal therefrom after examination. In FIG. 9, the moire 
screen 37 is located at a predetermined distance above the 
plate 32, in parallel relation, and a projection lens 38 projects 
an image of the check 30 in the plane of the moire screen of 
the same size. In either apparatus a vibrator to vibrate the 
plate in a horizontal plane may be provided as is indicated at 
39. 

It will be realized that while security documents printed in 
the manner already discussed would resist duplication by an 
unknowing counterfeiter, still one familiar with the techniques 
of the present invention could reproduce documents printed 
in this manner without too much difficulty. For example, 
documents printed in a single color could be duplicated by 
even an unknowing counterfeiter by photographing the docu 
ment in toto and etching a single plate from the photograph 
which would necessarily contain the image hidden in the half 
tone ?eld. While this could not be done with a multicolor 
document, it might be possible to analyze the hidden image 
using the detecting screen. A further step which may be em 
ployed in the method of the present invention to confound the 
counterfeiter, is the use of a black overprint as shown in FIG. 
7. A document printed in the manner of the check 17 of FIG. 
6 is also printed with a black halftone screened at 90° with 
respect to the upper margin. The dot ?gures 24 of this half 
tone may be of the same size, but preferably are much larger 
than those of the three component and di?erent frequency 
halftones. A counterfeiter, in attempting to photograph in 
dividual halftone components by screening out the remaining 
components, in the case of a single color, or ?ltering them out 
when different colors are used, must contend with the black 
overprint. Each of the component photos, or exposures of a 
single-color document will contain parts of the black over 
print, as well as the particular component screen pattern so 
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6 
that the resulting plate or plates will produce a halftone-?eld 
on the counterfeit document which appears much darker or 
more dense than the ?eld of the original document. If the half 
tone ?eld is printed in three colors, and therefore, three 
photographs must be made, using appropriate color ?lters, 
each of the photographs will contain an image of the black 
overprint as the black cannot be ?ltered out. The reproduc 
tion in this case will generally not only be darker than the 
original but will also contain various moire effects, since each 
component will contain an image of the black halftone in its 
own color, but screened at a different angle. 
A further step to resist counterfeiting of the halftone ?eld is 

to displace the component halftones at other than 30 degree 
angles. As previously mentioned, in halftone printing if the 
various halftone components are not properly displaced, a 
moire e?ect will occur, which will result in a blotching, wavi 
ness, or other irregularities in the composite halftone ?eld. 
However, in multicolor printing, it is possible to vary the dis 
placement of the components somewhat from the 30° dis 
placement without encountering the moire effects. When 
using neutral colors, it is generally only possible to vary the 
displacement from 30° by plus or minus a half degree, but with 
the regular colors, the displacement may be as much as plus or 
minus 2° before a moire will appear. Thus, a person attempt 
ing to duplicate a halftone ?eld must print in exact registration 
with the original components and if the registration is just 
slightly off, a moire pattern will appear, -or the ?eld will have a 
somewhat different appearance from the original. Such a shift 
in the printing of a duplicate will show up better if the original 
?eld is of a heavy density, rather than of a low density. 

It is also possible to print a solid color over the halftone ?eld 
and still bring out the blinking hidden image using the detect 
ing screen. The solid color may even be the same as that used 
in printing the halftone or a solid black; the only requirement 
being that the solid color be of the same or close to the print 
ing density of the hidden image background. As long as the 
inks used are translucent, the interference magni?cation ef 
fect will “lift out" the halftone of the hidden image, rendering 
it detectable to the eye. 
A method of halftone printing is thus presented wherein an 

image may be hidden in a halftone ?eld resisting detection by 
the eye or a camera but which may be readily detected by the 
use of a halftone screen apparatus. The method produces a 
halftone ?eld which resists duplication and also embodies the 
use of a black overprint and varying of the displacement angle 
of thehalftone components in the ?eld to foil counterfeiting. 
In addition, halftone screens with unusual dot con?gurations 
and hidden images in unique or complicated form may be used 
to render duplication practically impossible. 
What is claimed is: 
1. A method of printing a hidden image in a halftone ?eld 

comprising the steps of: 
a. printing an overall halftone at a given angle, the limits of 

said overall halftone de?ning the limits of said ?eld; 
b. printing a second halftone in said ?eld at a different angle 
from said overall halftone, and containing blank portions 
in the form of said image; and 

c. printing a third halftone in the form of said image at an 
angle different from the angles of said overall and second 
halftones and in register with said blank portions in said 
second halftone; two of said halftones being printed at ap 
proximately thirty degree angles with respect to the other 
halftone and all of said halftones being of a similar density 
and tone, that is, having a period greater than one hun 
dred lines per inch and being of a similar dot size and 
degree of brilliance and saturation with respect to a gray 
scale. 

2. The method of claim 1 including the step of printing a 
black pattern in said halftone ?eld. 

3. The method of claim 2 wherein said black pattern is a 
halftone printed at a di?‘erent angle from said overall, second 
and third halftones. 
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4. The method of claim 3 wherein the black halftone is of 
much larger dot ?gures than the overall second and third half 
tones. 

5. The method of claim 1, including the step of printing a 

8 
tone, that is, having a period greater than one hundred 
lines per inch and being of a similar dot size and degree of 
brilliance and saturation with respect to a gray scale. 

8. The article of claim 7 including a black pattern printed on 
solid color over said halftone ?eld in a translucent ink and of a 5 said Surface_ 
similar re?ection density to that of the halftones. 

6. The method of claim 1 wherein said overall, second and 
third halftones are of different colors and displaced from each 
other by angles in the range from 28 to 32°. 

7. An article printed with a hidden image, comprising: 
a. a surface on said article for receiving halftone printing; 
b. an overall halftone printed at a given angle on said sur 

face; 
c. a second halftone printed at a different angle from said 

overall halftone on said surface, said second halftone con 
taining blank portions in the form of said image; and 

d. a third halftone in the form of said image printed at an 
angle different from the angles of said overall and second 
halftones and in register with said blank portions in said 

15 
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9. The article of claim 8 wherein said black pattern is a half 
tone printed at a different angle from said overall, second and 
third halftones. 

10. The article of claim 9 wherein the black halftone is of 
much larger dot ?gures than the overall, second, and third 
halftones. 

11. The article of claim 7 wherein the surface is translucent 
and including ‘a solid color in a translucent ink and of a similar 
re?ection density to that of the halftones printed over said sur 
face. 

12. The article of claim 7, wherein said overall, second and 
third halftones are of different colors and displaced from each 
other by angles in the range from 28 to 32°. 

13. The article of claim 7 wherein the article is a security 
document. 
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