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Comparison of Near Infrared Light Photography
and Middle Infrared Light Photography for

Deciphering Obliterated Writings™

ABSTRACT: There are obliterated writings that are undecipherable by conventional visible and near infrared monochromatic light photography.
Some of them could be deciphered undestructively by middle infrared light photography. Characters were written on paper with 101 kinds of
pens. Middle infrared light photographs and near infrared light photographs of them were taken and compared to recognize what kinds of inks
is transparent at examined wavelength regions. Based on the results obtained, the combination of ink for drawing and obliterating (which is not
deciphered by visible and near infrared light photography, but expected to be deciphered with middle infrared light photography) is selected. From
the examined photographs, it is demonstrated that there exist obliterated writings which are undecipherable by conventional near infrared light

photography, but decipherable by middle infrared light photography.
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Visible and near infrared monochromatic light photography
(wavelength: 0.4—1 um) (1-3), is an outstanding technique to deci-
pher an obliterated writing undestructively and quickly. However,
there are obliterated writings undecipherable by this technique. The
decipherability is dependent on the combination of inks used for
writing and obliteration.

Although the chemical method using solvents (4) and the au-
toradiography method (5) were proposed as methods to decipher
obliterated writings, these methods damage samples.

It is very important in the criminal investigation to develop
technique that is undestructive and able to decipher obliterated
writings undecipherable by the conventional methods.

The absorption mechanism for ink in the case of the middle in-
frared light (wavelength: 2.5-13 um) is very different from that
in the case of the visible and near-infrared light (wavelength:
0.4-1pm). The middle infrared light absorption is attributed to
the molecular vibration excitation, while the visible and near
infrared light absorption is attributed to the electronic excita-
tion from valence band to conduction band. Therefore, obliter-
ated writings undecipherable by the conventional methods are
possibly deciphered undestructively by the middle infrared light
photography.
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Material and Methods

Middle infrared light photography was performed with the optical
system as shown in Fig. 1. An infrared thermography (TVS-8500
type made by Nippon Avionics Co., Ltd.) was used as camera. It
was equipped with a InSb semiconductor detector and a band path
filter in front of lens. The filter transmitted light of wavelength
3.54.1 yum and 4.5-5.1 um. A tungsten lamp was used as light
source. The light source was turned on just before taking a pho-
tograph. Because infrared rays warm inks, and warmed inks emit
infrared radiation to disturb the photograph. Immediately after light
source lighting, infrared emission of ink was weaker than reflected
light and absorbed light. However, after several seconds, infrared
emission of ink became stronger than reflected light and absorbed
light. This was not the case in near infrared light photography. This
problem seemed to be more important in longer wavelength light
photography.

Visible and near infrared light photography was performed with
VSC-2000 (Foster & Freeman Ltd.). Figure 2 shows its optical
system. The camera was equipped with a Si semiconductor detec-
tor and wavelength variable interference filters in front of lens. A
narrow band path filter and a wide band path filter were used. The
narrow band path filter has the half-width of 40 nm and central
wavelength varying from 0.4 to 1 pm. The wide band path filter
transmitted visible light of wavelength 0.4-0.63 um. A tungsten
lamp was used as light source.

One hundred and one kinds of six manufacturers’ black pens
as shown in Table 1 including 42 kinds of ball-points, 58 kinds of
marking pens, and one kind of brush pen were examined. The infor-
mation about solvents (water, oiliness, or gel) and coloring matters
(dye or pigment) of the inks used in these pens were collected from
catalogs and manufacturers. All characters were drawn on recycled
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FIG. 1—Optical system for middle infrared light photography (wave-
length 3~5 um). Incident light is not monochromatic.
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FIG. 2—Optical system for visible and near infrared light photography
(0401 pO). Incident light is not monochromatic.

TABLE 1—Pens used in the study.

Solvent Coloring Matter

dye
pigment
unknown
dye
pigment
unknown
dye
pigment
unknown
dye
pigment
unknown
dye
pigment
unknown
dye
pigment
unknown
pigment

water-soluble 17

Ballpoint pen 42 oil-soluble 15

—_

gel 10

—_

water-soluble 26
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Marking pen 58 oil-soluble 31

gel 1

Brushing pen 1 water-soluble 1

papers for copying machines made by NBS Ricoh Co., Ltd. “my
recycling paper 100W (A4T).”

Procedure of Experiment 1 (Examination of Inks to Select
Pens Used in the Experiment 2)

The characters, the lines, the points, etc. (all of them are hence-
forth called as characters) were drawn with different pens on five
sheets of papers with grid (Sample 1). These characters were not
obliterated. One sheet of Sample 1 is shown in Fig. 1. Visible, near-

infrared and middle infrared light photographs of Sample 1 were
taken and compared to select pens used in the Experiment 2.

Procedure of Experiment 2 (Comparison of Near Infrared
Light Photographs and Middle Infrared Light Photographs
of Obliterated Writings)

To demonstrate that there exist obliterated writings that are unde-
cipherable by the conventional near infrared light photography, but
decipherable by middle infrared photography, samples of oblit-
erated writing were made (Sample 2). The pens used to make
Sample 2 were selected based on the results of the Experiment 1.
The Japanese characters “FBAXF" were written by a pen that
contains carbon black (WBMAR-M-B, PILOT CORPORATION),
and they were obliterated by a pen which contains nigrosine dye
(Sakura Pen Touch Black: Sakura COLOR PRODUCTS COR-
PORATION). Since an experimental result can depend on the
thickness of obliterating ink, the dependence of the results on the
thickness was also examined. The samples were prepared with
different thickness where thickness of obliteration was controlled
by the number of repetition of obliteration. In order to obliterate
effectively the direction of the obliteration is changed alternately
and the sample was dried for Imin with incandescent light from
a 150 W tungsten lamp each after obliteration. The backs of the
samples were also obliterated as the fronts of the samples were
done.

Results and Discussion
Results of Experiment 1

When observing through the narrow band path filter, some char-
acters drawn on Sample 1 were transparent. When setting the central
wavelength of the filter to between 0.4 um and 0.63 um, no charac-
ters were transparent. However, when setting the central wavelength
to longer than 0.63 um, some characters were transparent. When
setting the central wavelength to 1 um, the largest number of char-
acters were transparent. As the central wavelength was moved to the
longer, the number of characters that were transparent increased.

When observing through the wide band path filter, no characters
drawn on Sample 1 were transparent. Figure 4 shows examples of
near infrared light photographs taken with the narrow band path
filter that central wavelength was set to 1 um (henceforth called
as near infrared light photographs). Figure 4 also shows examples
of visible light photographs taken with the wide band path filter
(henceforth called as visible light photographs).

On near infrared light photographs only characters drawn by pens
that contain nigrosine and pigment were not transparent, while all
characters drawn by pens that contain other dye were transparent
(Table 2).

Figure 5 shows examples of near infrared light photographs and
middle infrared light photographs of Sample 1. On middle infrared
light photographs the characters drawn by pens that contain pigment

TABLE 2—Results of the Experiment 1.

Coloring Matters Used Near Infrared Light Middle Infrared Light
in Pens Photography Photography
Dye inks other than Transparent Transparent
nigrosine dye inks
Nigrosine dye inks Not transparent Transparent

Pigment inks Not transparent Not transparent
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FIG. 3—Sample for examination of inks to select pens used in the Experiment 2 (Sample 1). The number in each square corresponds to the number
labeled on each pen. Nothing is drawn in the squares 9 and 20.
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Visible Light Photography Near infrared light photography

FIG. 4—Visible light photograph and near infrared light photograph of Sample 1. If ink line is visible (black), the ink absorbs the light. If ink line is
invisible and transparent, the ink doesn’t absorb the light.
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FIG. 5—Near infrared light photograph and middle infrared light photograph of Sample 1 (Inks in the square 7,11,12,14,16 absorb near infrared light,
but don’t absorb or little absorb middle infrared light.)
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Near infrared Near infrared light
light photographs photographs with
high light exposure
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Middle infrared
light photographs

FIG. 6—Near infrared light photograph, near infrared light photograph with image processing and middle infrared light photograph of Sample 2.

were not transparent, while all characters drawn by pens that contain
dye including nigrosine were transparent (Table 2).

As shown in Table 2, only nigrosine dye inks gave different
results for near infrared light photography and middle infrared
light photography. Therefore, to make obliterated writings that were
undecipherable by near infrared light photography but decipherable
by middle infrared light photography, nigrosine dye inks must be
used. Then, pens that contain nigrosine dye inks were used to
obliterate and pens that contain pigment inks were used to write
characters in the Experiment 2.

Results of Experiment 2

From the results of Experiment 1, Sample 2 were thought to
be not deciphered by near infrared light photography, but were
expected to be deciphered by middle infrared light photography.

This speculation was examined. Figure 6 shows near infrared
light and middle infrared light photographs of Sample 2. Thin oblit-
eration writings (the number of repetition of obliteration was 1~3)
were deciphered both on near infrared light photographs and mid-
dle infrared light photographs. However, thick obliteration writings
(the number of repetition of obliteration was 4~7) were deciphered
only on middle infrared light photographs.

Therefore, it was confirmed there exist obliterated writings that
were deciphered only by middle infrared light photography.

Conclusion

There exist obliterated writings that were deciphered only by
middle infrared light photography. Obliterated writings that were
written by pigment inks, and that were obliterated thickly by nigro-
sine dye inks were undecipherable by near infrared photography,
but decipherable by middle infrared photography.
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