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ABSTRACT: The questioned documents laboratory often encounters cases where handwriting that is to be examined intersects with some inter-
fering factor such as a rubber stamp, typewriting or background printing. In these cases, line direction, beginning and ending features of |etters and
other fine details of the handwriting may belost in the “noise” of theintersecting ink. The purpose of this paper isto show several new digital pho-
tography methods that may be used to “subtract” the effect of the intersecting ink, thereby enhancing that of the handwriting ink in order to enable
the document examiner to conduct a complete examination. These methods have the advantage of being fast and do not involve the use of expen-
sive material or equipment.

Several new methods are described that may be used to separate the colors of the handwriting ink from that of the intersecting ink: the analog
method and several digital methods such as RGB-HSB-CM YK, L*a*b color, and color separation using the Channel Mixer function of Adobe
Photoshop.

Successful application of these color separation methods to specific handwriting ink/rubber stamp ink color combinations shows that the effect
of theintersecting ink may indeed be minimalized if not canceled altogether.

Application of the suggested methods may well make the difference between a nonconclusive handwriting examination and afull analysis of the
questioned handwriting.

KEYWORDS: forensic science, questioned documents, Adobe Photoshop, digital photography, color models, channels, RGB, HSB, CMYK,

L*a*b, channel mixer, rubber stamp inks, intersecting lines, handwriting, signatures

In many signed documents such as checks, the signature is of -
ten partialy hidden by a rubber stamp impression. In order to
conduct a handwriting examination of the signatures and compare
them with known exemplars, the signature ink must be visually
separated from that of the stamp impression, when possible. The
photolaboratory’ s objective in this case isto filter out the color of
the stamp and enhance that of the signature. To this aim, analog
methods have been used for many years but have proved only par-
tially successful in separation of very specific color combina-
tions. More recently, the value of digital image processing in
questioned document analysis has shown itself useful through
various applications in an abundance of questioned document
cases (1,2). To the best of our knowledge, however, there are no
reportsto date of how these image-processing methods can be ap-
plied to the separation of rubber stamp inks intersecting with
handwritten signatures.

The various combinations of colors of inks and stamps can be
categorized asfollows: Usually the stamp colors are either black or
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purple and the signature ink is usually blue or black. These are the
four most common color combinations that will be discussed here.
Four methods for dealing with these combinations will be dis-
cussed: (1) atraditional analog method, (2) digital methods using
the “RGB-HSB-CMYK” models, (3) the digital L*a*b color
method that is principally useful for separating blue, red or green
writing inks from various stamp inks, and (4) the digital method us-
ing the “Channel Mixer” function.

Theory

Much of the theoretical information given below isbased on ma-
terial taken from Adobe® Photoshop’s® ‘Help’ and User’s Guide
(3,9).

Dyes and inks that are used with stamps, and those used for sig-
natures, usually contain different color pigmentsthat can be distin-
guished, “pushed” and subtracted using different color modes and
models in Adobe Phaotoshop.

A color mode in Photoshop determines the color model used to
display and print Photoshop documents. Photoshop bases its color
modes on established model s for describing and reproducing color.
Common models include RGB (red, green, blue); CMYK (cyan,
magenta, yellow, black); HSB (hue, saturation, brightness); and
CIE L*a*b* (Commission Internationale d Eclairage; lightness
and “a” and “b” components). Photoshop a so includes modes for
specialized color output such as indexed color and duotones.
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RGB Mode

A large portion of the visible spectrum may be described mixing
different quantities and intensities of red, green and blue light.
Overlap of these colors produces cyan, magenta and yellow.

“Photoshop’ sRGB mode usesthe RGB model that assignsanin-
tensity value to each pixel ranging from O (black) to 255 (white) for
each of the RGB components in a color image. For example, a
bright red color might have an “R” value of 246, a“G” value of 20,
and a“B” value of 50.

When the values of al three components are equal, the result is
a shade of gray. When the value of all components is 255, the re-
sult is pure white; when the value is O, pure black” (3); for thisrea-
son these colors are known as additive colors. This system is used
for lighting, video and computer monitors.

“RGB images use three colors to reproduce up to 16.7 million
colors on-screen.” RGB images are three-channel images, so they
contain 24 (8 X 3) bits per pixel. RGB is the default mode for all
digital images and aso for new Photoshop images. Digital cameras
and scanners always generate image files using the RGB mode and
computer monitors always display colors using the RGB model.
Consequently, when working in color modes other than RGB, such
as CMYK, Photoshop temporarily converts datainto RGB data for
display on-screen.

CMYK Mode

“In Photoshop’s CMY K mode, each pixel is assigned a percent-
age value for each of the processinks. Thelightest (highlight) col-
orsare assigned small percentages of processink colors, the darker
(shadow) colors have higher percentages. For example, abright red
might contain 2% cyan, 93% magenta, 90% yellow, and 0% black.
In CMYK images, pure white is generated when all four compo-
nents have values of 0%” (3).

The CMYK model is based on the light-absorbing quality of ink
printed on paper. Aswhite light strikes translucent inks, part of the
spectrum is absorbed and part isreflected. The part that isreflected
isthe “color” the eye observes.

In theory, pure cyan (C), magenta (M), and yellow (Y) pigments
should combine to absorb all color and produce black. For thisrea-
son these colors are called subtractive colors. Because all printing
inks contain some impurities, these three inks actually produce a
muddy brown and must be combined with black (K) ink to produce
atrue black. (“K” is used instead of “B” to avoid confusion with
blue.) Combining these inksto reproduce color is called four-color
process printing.

The subtractive (CMY) and additive (RGB) colors are comple-
mentary colors. Each pair of subtractive colors creates an additive
color, and vice versa.

HSB Model

“Based on the human perception of color, the HSB model de-
scribes three fundamental characteristics of color:

e Hue is the color reflected from or transmitted through an ob-
ject. It is measured as a location on the standard color wheel,
expressed as a degree between 0 and 360. In common use, hue
is identified by the name of the color such as red, orange, or
green.

 Saturation, sometimes called “chroma,” is the strength or pu-
rity of the color. Saturation represents the amount of gray in

proportion to the hue, measured as a percentage from 0%
(gray) to 100% (fully saturated). On the standard color wheel,
saturation increases from the center to the edge.

* Brightness is the relative lightness or darkness of the color,
usually measured as a percentage from 0% (black) to 100%
(white)” (3). Although the HSB model in Photoshop can be
used to define a color in the * Color Palette’ or *Color Picker’
dialog box, there is no HSB mode available for creating and
editing images.

L*a*b Model

The L*a*b color model is based on the idea proposed by the
Commission Internationale d' Eclairage (CIE) in 1931 as an inter-
national standard for color measurement. In 1976, this model was
refined and named CIE L*a*b.

L*a*b color isdesigned to be device independent; it creates con-
sistent color whatever the device (such as monitor, printer, com-
puter, or scanner) used to create or output the image.

L*a*b color consists of aluminance or lightness component (L)
and two chromatic components: the “a” component (from green to
red) and the “b” component (from blue to yellow). It isfor thisrea
son that this method is most useful for separating blue, red or green
writing inks from interfering stamp inks utilizing the “a” or “b”
channels accordingly.

Automating Tasks
Using the Actions Palette

When processing numerous documents of similar composition
with Adobe Photoshop, it is preferable to standardize the working
process and to automate it as much as possible after the image file
of the document has been opened. It is understandabl e that the pro-
cess cannot be entirely automated, and in some casesit is necessary
to make minor manual corrections.

Adobe Photoshop allows one to automate tasks by grouping ase-
ries of commands into a single action. In the work described here,
an ‘Action’ may be prepared for applying a standard set of tasksto
the rubber stamp and signature inks.

For example, in many cases large quantities of documents are
signed with the sameink. It is best to automate the process for sep-
arating the signature ink from that of the rubber stamp by using the
‘Actions’ function of Photoshop.

The documents should be digitally photographed or scanned and
after determining the photographic conditions, such as aperture and
exposure, an *Action’ can be built (recorded).

After opening the*Actions’ function, the first document is pro-
cessed step-by-step manually. Each stage is registered and when
the best result is achieved the ‘Action’ should be saved (“Atn”
format of Photoshop). Subsequently, when the next document is
processed, one need only apply the ‘Action’ and not go through
each stage manually as with the first document. As long as the
current document is indeed similar in color composition to the
first, a satisfying result should be achieved with minimal input
from the user. Note that ‘Actions’ work best when applied to a
group of similar documents, as achieved with the ‘Batch’ func-
tion. Once the whole series of documents have been pho-
tographed, the recorded ‘ Action’ is applied using the File-Batch-
Automate functions.

Similarly, each file may be processed separately, examined and
corrected if necessary, after using the ‘ Action’ function.
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Practical Examples Analog Method

~ The examples given below were effective for specific casesof  \ethod 1: Separation of a Purple Samp from Blue or Black
signature and rubber stamp inks involving certain shades of color. Writing Ink, Figs. 1, 1a

Therefore, these are not absolute values, but provide aguideline as

to which functions should be used, in which order, and at which ap- Thiswasthetraditional way of separating ablue or black ink sig-
proximate value. Each case should be treated individually with a  nature from a purple stamp by an analog method. A dark red filter
trial and error approach plus fine tuning around the values given. (e.g., R70) is used with a black and white panchromatic film (e.g.,

FIG. 1—Combination of purple ink stamp and a blue ink signature.
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FIG. 1la—Photograph taken through a dark red filter (analog method).
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Technical Pan 25 1SO). For this purpose any light source may be
used; the exposure time is measured automatically by the camera
(e.g., Aperture priority—A).

Digital Methods

Methods 2—7 describe digital processes that may be applied in
order to separate various ink color combinations. Note that the
values given were those that worked best for the particular inks
examined. As mentioned above, the user should base his color
separation attempt on the guidelines given below with respect to
order of the functions and approximate levels. Fine-tuning and a
trial and error approach are necessary in order to achieve opti-
mum results.

Color Segparation Using the RGB-HSB-CMYK Models (Methods
2-5)

This method may be successfully used to separate al four com-
binations of stamp and signature colors as mentioned above,
black:black, black:blue, purple:blue and purple:black. It has aso
been successfully used in other aspects of forensic science such as
photography of latent fingerprints (5).

Before processing the image on the computer, it should
be scanned or digitally photographed. When scanning the docu-
ment, a 600 dpi resolution is preferable at a 1:1 scale and using
the RGB model. Scanning conditions should be fixed so that the
image is not too dark; in this case the stamp would block out the
signature.

Incorrect scanning conditions will at best lead to an incomplete
separation of theinks' colors, or actually fail to separatethem at all.

After scanning, an image is received in RGB mode. The image
should be saved in a TIF format or a Photoshop PSD format.

If digitally photographed it isbest to usea”Hi” mode setting (for
example as appears on the Fuji FinePix S1Pro™ digital camera)
with an uncompressed TIF format; ahigh quality JPEG format can
also be used, athough use of alow quality JPEG will cause ahigh
compression and unwanted color changes.

All functions of image processing are performed over the whole
image surface to protect its integrity.

In the HSB model, the saturation should be increased to around
90% in order to decrease the amount of noise in the image and to
increase the color component of the signature. In the next stage,
the hue is changed by trial and error in order to separate the sig-
nature from the stamp by substituting the original colorswith new
shades.

As a next step, the file is transferred from an RGB model to a
CMYK model in order to achieve maximum separation. The
CMYK model includes the black “K” channel, while the CMY
channels remain clear of unwanted information. One of the CMY
channels should contain information from the signature in gray
tones. If no channel produces clean information of the signature,
one should return to the RGB model by canceling transfer to
CMYK, increase the saturation of the signature ink in the HSB
model and reduce the saturation and the brightness of the stamp
ink.

Once the channels have been separated and a suitable channel
saved as a separate file, the brightness and contrast can be adjusted
using the ‘Levels’ or ‘Replace color’ function to enhance the sig-
nature.

The following section details step-by-step methods for separat-
ing four different rubber stamp ink/signature ink combinations
based on the color models described above. The stages are shown

) b

asthey are recorded by Photoshop’s “Actions’ function.

Method 2: Filtering Out of a Black Ink Stamp from a Black Ink
Sgnature, Figs. 2, 2a

Filtering out a black ink stamp from a black ink signature. The
files have been named with respect to the colors of the stamps and
the signature inks.

BLACK-BLACK
v Actionl

v Hue/Saturation

Without Colorize

Adjustment: hue/saturation adjustment list
hue/saturation adjustment

Hue: —180

Saturation: 86

Lightness: 10

v Convert Mode
To: CMYK color mode

Select yellow channel

v Levels

Adjustment: levels adjustment list
levels adjustment

Channel: current channel

Input: 42, 237

Split Channels

v Close
Saving: no

v Close
Saving: no

Select previous document

v Close
Saving: no

v Levels

Adjustment: levels adjustment list
levels adjustment

Channel: current channel

Input: 117, 255

Gamma: 2.18

v Levels

Adjustment: levels adjustment list levels adjustment
Channel: current channel

Input: 51, 191

Gamma: 1.55
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FIG. 2—Combination of black ink stamp and a black ink signature
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FIG. 2a—Filtering out of a black ink stamp from a black ink signature.
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Method 3: Filtering Out of a Purple Ink Stamp from a Black Ink
Sgnature, Figs. 3, 3a

Select black channel

PURPLE-BLACK

v Action 1

v Convert Mode
To: CMYK color mode

Select CMYK channel

v Set Selection
To: al

Select black channel

Delete

Select CMYK channel

v Set Selection
To: none

v Hue/Saturation

Without Colorize
Adjustment: hue/saturation adjustment list
hue/saturation adjustment
Local Range: 6

Begin Ramp: 250

Begin Sustain: 280

End Sustain: 315

End Ramp: 345

Hue: 109

Saturation: 34

Lightness: —55

Split Channels

v Close
Saving: no

v Levels

Adjustment: levels adjustment list
levels adjustment

Channel: current channel

Input: 80, 220

Gamma: 1.03

Method 4: Filtering Out of a Purple Ink Samp from a Blue Ink
Sgnature, Figs. 4, 4a

PURPLE-BLUE

v Action 1

» Convert Mode

Select yellow channel

v Set Selection
To: dl

Delete

Delete

Select magenta channel

Select CMYK channel

Select magenta channel

Select CMYK channel

v Hue/Saturation

Without Colorize
Adjustment: hue/saturation adjustment list
hue/saturation adjustment
Local Range: 6

Begin Ramp: 231

Begin Sustain: 261

End Sustain: 315

End Ramp: 345

Hue: 0

Saturation: O

Lightness: 100

v Convert Mode
To: grayscale mode

v Levels

Adjustment: levels adjustment list
levels adjustment

Channel: current channel

Gamma: 1.54

v Set Selection
To: none

v Replace Color

Fuzziness: 20
Minimum: grayscale
Gray: 15.29
Maximum: grayscale
Gray: 15.29
Lightness: 67

v Levels

Adjustment: levels adjustment list
levels adjustment

Channel: current channel

Input: 135.255

Method 5: Filtering Out of a Black Ink Samp from a Blue Ink
Sgnature, Figs. 5, 5a

Blue ink signatures may be separated from black ink stamps us-
ing several methods with different degrees of success. Three meth-
ods are detailed below that give similar results and may be applied
according to the operator’ s choice; the same source is shown, Fig.
5, with three resultant separations, Figs. 5a, 6a and 7a. It should be
noted that the Channel mixer method isthe most universal and flex-
ible method, applicable for most if not all of the possible ink color
combinations.
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FIG. 3—Combination of purple ink stamp and a black ink signature.
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FIG. 3a—Filtering out of a purple ink stamp from a black ink signature.
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FIG. 4—Combination of purple ink stamp and a blue ink signature
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FIG. 4a—Filtering out of a purple ink stamp froma blue ink signature.
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FIG. 5—Combination of black ink stamp and a blue ink signature

FIG. 5a—Filtering out of a black ink stamp from a blue ink signature.
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BLACK-BLUE Color Separation Using the L*a*b* Color Method
v Action1
Thisis asimple and efficient method for separating blue signa-

v Hue/Saturation tures from stamps, based on the L*a*b* color model.
Without Colorize This model is based on alightness channel (luminance) and two
Adjustment: hue/saturation adjustment list co! or channels (chromatic): a=green-red axis, b=blue-yellow
hue/saturation adjustment axis (3)-
Hue: —180
Saturation: 86 Method 6: Filtering Out a Black Ink Stamp from a Blue Ink
Lightness: 10 Sgnature Using the L*a*b* Color Model, Figs. 5, 6a

v Convert Mode BLACK-BLUE Lab color

v Actionl

To: CMYK color mode

>
Select yellow channel Levels

*> Convert Mode

v Levels
Adjustment: levels adjustment list Select b channel
levels adjustment _
Channel: current channel Split Channels
Input: 42, 237 .
s ' Select previous document
lit Ch
Split Channels > Close
v Close .
Select previous document
Saving: no
> Close
Select previous document
> Levels
v Close
Saving: no

Separation Using the Channel Mixer
Select previous document

The use of the channel mixer function has been well recorded in
v Close the field of enhancing fingerprint evidence (6).
Thismethod may al so be used to successfully separate any of the

Saving: no given signature/stamp combinations. The “Channel Mixer” is

/f@)@’)%

FIG. 6a—Filtering out of a black ink stamp from a blue ink signature using the L*a*b* Color model.
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FIG. 7a—Filtering out of a black ink stamp from a blue ink signature using the Channel Mixer.

meant for accurate color fixing. The principle of its function is to
mix information by percentage, from —200% to +200% of all
channelsin the RGB and CMY K models.

Method 7: Filtering Out of a Black Ink Stamp From a Blue Ink
Sgnature Using the Channel Mixer, Figs. 5, 7a

BLACK-BLUE Channel Mixer
v Action 1

v Convert Mode
To: CMYK color mode

v Channel Mixer

With Monochromatic
Output Black: is a mixture of
Cyan: 200

Magenta: —64

Yellow: —142

Black: 54

v Convert Mode
To: grayscale mode

v Levels

Adjustment: levels adjustment list
levels adjustment

Channel: current channel

Input: 60, 255

Gamma: 1.04

Equipment

1. Digital camera (minimum 3 mega pixels) or scanner with 600
Ipi (lines per image) optical resolution.

2. Adobe Photoshop software, version 5.0

3. Quality printer using continuous shade technology or digital
minilab.

Conclusions

When using analog technology in the photographic separation of
an inked signature from the ink of arubber stamp, oneis confined to
the use of certain light sources, filters and films. Furthermore, the
photographer can only assess the success of the photograph once it
has been devel oped, aprocessthat demandstime and use of material.

Digital photography and image processing software enable the
photographer to view the resultant photographin real time. An un-
successful image can be discarded at the touch of a button with lit-
tle waste of time and effort, whereas a quality photograph can be
enhanced and processed using different color models and functions
as described above, thereby enabling the document examiner to
complete a handwriting comparison that previously would have
been highly limited and confined.

Whereas using the analog method, only very specific combina-
tions of colored ink may be separated, using digital photography
and software such as Adobe Photoshop, most, if not al of the com-
mon ink color combinations can be successfully separated. Each
case should be approached individually until a satisfactory separa-
tion is achieved using one of the color models mentioned above. It
should be noted that the Channel Mixer method has been found to
be the most universal.
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