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Abstract

Ascertainment of the generation (i.e. 1%, 2", 3™ generation etc.) of a photocopy of a (potentially manipulated) document is a great
challenge to the forensic document examiner, and furthermore such a finding is useful in trying to establish whether the photo-
copied document has been manipulated. In the present study, an attempt has been made to tackle this type of problem by using the

image processing technique.
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1. Introduction

Modern photocopying techniques facilitate the
fraudulent manipulation of documents. (Successive)
recopying of a photocopy is one of the methods of
fraudulently manipulating documents as this process
may hide or eliminate most of the evidences of manip-
ulation or alteration of an original document. Manipu-
lated photocopies can be detected in the presence of
the original as there are certain qualities of the modern
photocopier which can be utilized to disclose the
(re)copying of the document. The disappearance of
sharp angles, appearance of discontinuity in strokes
and loss of smoothness of edges of the strokes are
some of the changes which can be seen in photocopies
in comparison to the original documents. The shape,
size and position of defect marks could be used to dis-
tinguish photocopiers. These patterns of flaws (defect
marks) are characteristic for a given photocopier and
are transferred from photocopy to photocopy (rela-
tively) very accurately and may be evidence that the

suspected photocopy is the result of (successive) re-
copying on the same machine [3].

Another important feature is the enlargement of the
material written on the document. The degree of en-
largement also suggests the generation of the pho-
tocopy (i.e. copy 1™ generation) or copy of a copy
(2™ generation) etc. [3, 6]. It has been observed from
earlier studies that the degree and direction of expan-
sion of strokes of the letter can also be used as an indi-
cator of the generation of a photocopy relative to the
original document. Image processing is one of the use-
ful techniques in the examination of questioned docu-
ments. A number of researchers have emphasized the
use of image processing techniques to help in the anal-
ysis of alterations on documents [1, 2, 4, 5]. However,
no study has been carried out to determine whether this
technique can be used to assess the generation of pho-
tocopies.

Therefore, in the present study an attempt has been
made to apply the image processing technique using
Adobe Photoshop CS2 in the detection of recopying of
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photocopied documents. An attempt has also been
made to classify various photocopiers based on the
features present in photocopies produced by a particu-
lar photocopier.

2. Materials and methods

A text page was written in Microsoft Word and was
printed using a LaserJet printer, and then this laser
printout was photocopied using a photocopier, which
constituted the 1 generation copy. Then a copy of this
(1* generation photocopy) was obtained from the same
photocopier (2™ generation photocopy) and this pho-
tocopy was recopied again using the same photocopier,
thereby forming the 3™ generation photocopy of the
document. In the same way, photocopies up to 3™ gen-
erations were obtained from 102 photocopiers (Table I).

Adobe Photoshop CS2 examination: All the sam-
ples (1* generation to 31 generation) of 102 photocopi-
ers along with the original document were scanned
using a digital color Hp scanner. The scanned images
were then processed in Adobe Photoshop CS2 soft-
ware by performing the following steps:

Step 1: The scanned images of a 1*' and 3" generation
photocopy of a sample are opened into a Photo-
shop CS2 page (Figure 1).

Step 2: A new blank file of size 21 cm x 16 cm (A4) is
opened in Photoshop CS page (Figure 2).

Step 3: The scanned images of the 1¥ and 3™ generation
photocopy are dragged into it by clicking the
Moving File Option in Photoshop so that the
image of the 1 generation photocopy is placed
over the 3" generation image (Figure 3).

Step 4: Then, Layer Option is opened by clicking Op-
tion of Window or by pressing F9. Opacity
Option is varied to see which part of the
3" generation character is expanding beyond
the 1% generation character (Figure 4).

Step 5: Then, the overlapped image is saved by Merge
Visible or Flatten Image or by pressing keys
(Shift + Cr + E) simultaneously (Figure 5).

A similar procedure is applied to the scanned im-
ages of the original document and 1% generation,
1 and 2™ generation copies and 2™ and 3™ generation
copies of samples. Similarly, the scanned images of all
photocopies (from 1 generation to 3™ generation)
from 102 photocopiers are processed using Adobe
Photoshop CS2 to determine the generation of photo-
copies on the basis of the extent and direction of ex-
pansion of strokes of the letter and baseline of printing.

Then the photocopiers were classified according to
the direction of the expansion of the letter stroke and

TABLE 1. SHOWING DESCRIPTION OF SAMPLES

No. Make and model Number
of photocopiers of samples
1 Canon NP3050 9
2 Canon NP2020 2
3 Canon NP2120 8
4 Canon NP6085 2
5 Canon NP4050 15
6 Modi Xerox 1025 3
7 Kodak 2
8 Canon NP 3030 6
9 Canon 6050 8
10 Toshiba 2030 1
11 Canon NP 6060 9
12 Canon NP 3825 2
13 Canon NP 6251 1
14 Xerox India Limited 3
15 Canon 4
16 Ricoh FT 4215 1
17 Canon Selex 2010 1
18 Xerox Work Center Pro 1
320
19 Canon NP 6241 1
20 Canon Selex 3100 1
21 Xerox 5825 1
22 Kyocera Mita KM 2530 1
23 Kodak 30 copier 1
24 Ricoh Aficio 1035 2
25 Kodak Image Source 50 1
26 Canon NP 125 2
27 Canon NP 4080 1
28 Canon NP 6020 9
29 Kodak EKTA Print 1
Copier 30
30 Canon LC 2800M 1
31 Canon LC 2525M 1
32 Canon NP 3325 1

baseline of printing. The results have been given in Ta-
ble II. The extent of expansion or enlargement of
strokes of the letters from the original document up to
its third generation has also been studied (Table III).
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Fig. 1. Scanned images of the 1* and 3™ generation of sample no. 55.
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Fig. 2. New blank file opened along with 1% and 3" generation images.
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TABLE II. SHOWING PERCENTAGE OF EXPANSION 14
OF STROKES OF LETTERS AND BASE LINE 15
OF PRINTING
16
Sample Percentage of expansion of base line in 17
no. 1* genera- 2™ genera- 3" genera- 3" genera- 18
tion relative  tion relative  tion relative  tion relative
to original  to 1" gene-  to 2" gene- to 1" gene- 19
ration ration ration
1 1.00%  1.002%  1.003%  2.006% 20
2 1275%  1321%  1.471%  2.611% 21
3 1.142%  1231%  1.460%  2.613% 22
4 0.96%  0.98%  0.97% 1.94% 23
5 0.999%  1.001%  1.004%  2.001% 24
6 1.001%  1.004%  1.007%  2.011% 25
7 1.13%  1.15% 1.18%  2.123% 26
8 0.95%  0.965%  0.98%  1.95% 27
9 0.93%  0.94%  0.96% 1.88% 28
10 0.90%  0.92%  0.96%  1.82% 29
11 0.95%  0.96%  0.97%  1.95% 30
12 1.09%  1.15%  121%  2.300% 31
13 1.009%  1.101%  1.121%  2.211% 32
33

0.89%
0.90%
0.82%
0.90%
0.82%
1.000%
0.97%
0.81%
0.70%
0.87%
1.008%
0.75%
0.70%
0.79%
0.78%
0.85%
0.75%
1.27%
0.96%
1.00%

0.91%
0.92%
0.84%
0.96%
0.85%
1.002%
0.98%
0.83%
0.72%
0.94%
1.101%
0.78%
0.72%
0.81%
0.80%
0.87%
0.85%
1.294%
0.98%
1.01%

0.93%
0.96%
0.86%
0.98%
0.96%
1.012%
0.99%
0.85%
0.75%
0.96%
1.121%
0.82%
0.76%
0.83%
0.84%
0.89%
0.87%
1.314%
0.99%
1.04%

1.84%
1.86%
1.68%
1.764%
1.98%
2.42%
1.96%
1.64%
1.582%
1.82%
2.211%
1.685%
1.543%
1.647%
1.77%
1.764%
1.643%
2.58%
1.98%
2.031%
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TABLE II. SHOWING PERCENTAGE OF EXPANSION 67 0.99% 1.00% 1.02% 1.995%
OF STROKES OF LETTERS AND BASE LINE 68 0.96% 0.98% 1.00% 1.94%

OF PRINTING (cont.)
69  1.02%  1.04%  1.06%  2.10%
Sample Percentage of expansion of base line in 70 0.82% 0.83% 0.84% 1.76%
" generas 2™ genera 3 genera 3 genera- 71 L10%  1L12%  1.14%  228%
tion relative  tion relative  tion relative tion relative
tooriginal  to 1% gene-  t02™ gene-  to 1% gene- 72 0.92% 0.93% 0.94% 1.90%
ration ration ration 73 1.02%  1.03%  1.05%  2.02%
34 1.09%  112%  114%  2.263% 74 130%  131%  134%  2.60%
35 100%  L02%  1.04%  2.02% 75 1.02%  1.04%  1.06%  2.02%
36 099%  101%  104%  2.04% 76 1.06%  1.08%  1.10%  2.12%
37 081%  0.84%  0.87%  1.643% 77 096%  098%  1.02%  1.94%
38 1.002%  1.008%  1.012%  2.382% 78 1.00%  1.02%  1.06%  2.04%
39 083%  085%  087%  172% 79 0.98%  099%  1.00%  2.00%
40 L12%  Ll4%  121%  241% 80  1.02%  1.04%  1.06%  2.011%
41 1.025%  110%  112%  2.12% 81 098%  1.00%  102%  2.00%
42 L07% L% 125%  221% 82  1.02%  1.04%  1.06%  2.04%
43 102%  104% - 1.05%  2.06% 83 098%  1.024%  1.04%  2.02%
44 098%  100%  1.02%  201% 8  1.00%  1.02%  1.06%  2.03%
45 115%  098%  0.999%  1.95% 85 096%  09%%  100%  1.92%
46 1.00%  1.01%  1.04%  2.052% 86 096%  09%%  102%  2.06%
47 101%  1.05%  108%  2.08% 87  094%  096%  098%  1.90%
48 1% 115%  118%  231% 88  1.12%  1.14%  1.16%  2.22%
49 1.04%  1.085%  1.101%  2.164% 89 1.00%  102%  106%  2.10%
50 1.24% 1.290% 1.304% 2.51% 90 0.94% 0.96% 0.98% 1.90%
51 108%  L12%  L16%  224% 9l  1.00%  1.02%  1.04%  2.06%
52 098%  1.01%  1.04%  2.031% 9 096%  098%  100%  1.96%
53 L% Lo6%  L08%  2.08% 93 122%  124%  1265% = 2.52%
54 100%  L02%  1.05%  2.04% 94 0.94%  095%  0.96%  1.98%
55 126%  130%  1.36%  2.62% 95  1.00%  1.02%  1.04%  2.02%
56 L%  LIg%  122%  232% 9  098%  1.00%  1.02%  2.00%
57 LIg%  124%  128%  2.42% 97  1.12%  1.14%  1.16%  232%
58 1L12%  L18%  1.20%  2.30% 98  1.04%  1.06%  1.10%  2.10%
59 1.08%  Ll4%  L18%  2.24% 99 1.00%  1.02%  1.04%  2.02%
60  1.04%  108%  112%  2.12% 100 0.98%  1.02%  1.06%  2.04%
61 1.00%  104%  1.08%  2.06% 101 096%  098%  1.00%  1.98%
62 121%  128%  134%  2.52% 102 0.96%  1.00%  1.04%  2.02%

63 1.12% 1.18% 1.22% 2.20%
64 1.04% 1.08% 1.12% 2.10%
65 1.00% 1.02% 1.04% 2.04%
66 0.98% 0.99% 1.02% 1.96%
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TABLE III. SHOWING DIRECTION OF EXPANSION
OF STROKES OF LETTERS AND BASE LINE

OF PRINTING
No. Direction Total Percentage
of expansion in number of samples
different generations  of samples
of photocopies
1 Upward 1 0.98%
2 Upward left 16 15.7%
3 Upward right 22 21.5%
4 Upward compact 18 17.6%
5 Downward 1 0.98%
6 Downward left 18 17.6%
7 Downward right 10 9.8%
8 Mixed (upper 13 12.7%
lines-downward left
and lower lines-
upward left)
9 Mixed (upper 2 1.96%
lines-upward left
and lower lines-
downward left)
10 Compact 1 0.98%

3. Results and discussions

The results of the present investigation are given in
Table II and Table III. It is evident from Table II that
all the samples have shown expansion of strokes and
baseline of printing in the 1%, 2" and 3™ generation
photocopies in comparison to the original document. It
has been observed that enlargement of strokes and es-
capement of baseline is present in all the samples. This
degree of expansion from the original document to its
first generation varies from 0.70% to 1.275%, whereas
the expansion from the 1% generation to the 2™ is
0.72% to 1.321%, and from 2™ generation to 3™ is
0.75% to 1.471%. The range of changes in expansion
between successive generations of photocopies increases
between 0.001% and 0.201%. This is due to the disap-
pearance of sharp angles, appearance of discontinuity
in strokes and loss of smoothness of edges of the
strokes in the subsequent photocopies. The degree of
expansion of stokes varies from 0.70% to 1.471%
when it is observed in succeeding generations; how-
ever, the enlargement of the text doubles from the
1* generation to the 3" thatis, from 1.64% t0 2.613%.

The direction of expansion of strokes of the letter
and baseline of printing in photocopies from different

photocopiers is different (Table I1I). The changes are

unidirectional in all generations of photocopies pro-

duced by one photocopier. On the basis of this, the
photocopiers are classified into four major groups:

I. Upward group. The samples are further divided
into four subgroups:

1. Upward subgroup: The subgroup in which the
direction of expansion of strokes of the letter and
baseline of printing is exactly upward,;

2. Upward left subgroup: The subgroup in which the
direction of expansion of strokes of the letter and
baseline of printing is upward and left;

3. Upward right subgroup: The subgroup in which
the direction of expansion of strokes of the letter
and baseline of printing is upward and right;

4. Upward compact subgroup: The group in which
the direction of the expansion of strokes of the let-
ter and baseline of printing is upward and the appe-
arance of the text is compact.

II. Downward group. The samples are further divided
into three subgroups:

1. Downward subgroup: The subgroup in which the
direction of expansion of strokes of the letter and
baseline of printing is downward;

2. Downward left subgroup: The subgroup in which
the direction of expansion of strokes of the letter
and baseline of printing is downward and left;

3. Downward right subgroup: The subgroup in which
the direction of expansion of strokes of the letter
and baseline of printing is downward and right.

III. Mixed group: The samples are further divided
into the following subgroups:

1. Mixed subgroup 1: The subgroup in which the
direction of expansion of strokes of the letter and
baseline of printing of upper lines is downward and
left, and lower lines is upward and left.

2. Mixed subgroup 2: The subgroup in which the
direction of expansion of strokes of the letter and
baseline of printing of upper lines is upward and
left and lower lines is downward.

IV. Compact: The group in which there is an overall
compact appearance of strokes of the letter and
baseline of printing.

It has been found that the “upward right” direction
of expansion of strokes and baseline of printing occurs
most frequently (21.5% samples) as shown in Figure 6,
followed by “upward compact” (17.6% samples) as
shown in Figure 7 and “downward left” (17.6% sam-
ples) as shown in Figure 8. It is evident that photocopi-
ers can be classified on the basis of the direction of
expansion of strokes of the letters and baseline of
printing.
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Fig. 7. Direction of expansion of strokes of the letter and
baseline of printing upward and compact appearance of text.

Furthermore, it is observed that the strokes of the
letters expand as the generation of the photocopy in-
creases from original up to 3™ generation due to aber-
rations in the resolution of the optical parts of the
photocopiers. Hence, the expansion of the strokes of
the letter and the baseline of printing are the character-
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offer a sensitive-and-relatively
distinguishingphotocopy

Fig. 8. Direction of expansion of strokes of the letter and
baseline of printing downward and left.

istics which can be used in determining the generation
of'a copy. Similar results have been reported by Hilton
[3] and Winchester [6], supporting these findings.

4. Conclusion

It can be concluded that the generation of photo-
copies can be determined by comparing them with the
original document using the image processing tech-
nique (i.e. Adobe Photoshop CS2). The degree (per-
centage) of expansion of the strokes of the letter and
baseline of printing from the original up to the 3" gen-
eration could be a more useful characteristic to deter-
mine the sequence of (generation of) photocopied docu-
ments. The direction and extent of expansion can be
used to differentiate photocopiers.
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OKRESLENIE KOLEJNOSCI POWSTANIA KSEROKOPII ZA POMOCA

TECHNIK ANALIZY OBRAZOW

1. Wstep

Wspolcezesne techniki wykonywania kserokopii umoz-
liwiaja dokonywanie fatszerstw oryginalnych dokumen-
tow. W trakcie wykonywania kserokopii mozliwie jest
ukrycie wigkszosci $ladow wskazujacych na to, ze do-
konywano manipulacji na oryginalnym dokumencie.
Kserokopie dokumentoéw, na ktérych wykonywano takie
manipulacje, moga by¢ zidentyfikowane w przypadku,
gdy dysponujemy oryginatem, z ktorego zostaty wykona-
ne. Wynika to z faktu, ze wspolczesne kserokopiarki
posiadaja specyficzne cechy, ktore moga by¢ wykorzy-
stane w celu stwierdzenia, ze dokument jest kserokopia.
Zanik ostrych katow, pojawienie si¢ przerw w liniach
graficznych liter, utrata gtadkosci krawedzi linii liter, to
kilka przyktadéow zmian, ktére mozna zaobserwowac,
poréwnujac oryginalny dokument. Rozktad roznych cech
charakterystycznych dla danej kserokopiarki jest przeno-
szony z kserokopii na kserokopig stosunkowo bardzo do-
ktadnie i moze by¢ dowodem, ze kwestionowana ksero-
kopia powstala w wyniku zastosowania konkretnej kse-
rokopiarki [3].

Inna cenng wskazdéwka umozliwiajaca wykrycie fal-
szerstwa jest informacja o stopniu powigkszenia tekstu
porownywanych dokumentdéw. Poprzez stopien powigk-
szenia moze rowniez wskazac, ktdra z kserokopii zostata
najpierw wykonana [3, 6]. Zaobserwowano podczas
wczesniejszych badan [1, 2, 4, 5], ze stopien i kierunek
powigkszenia linii graficznej liter moze by¢ cenna wska-
zo6wka do ustalenia kolejnosci powstawania kserokopii
w trakcie powielania oryginalnego dokumentu. Niemniej
jednak dotychczas brak jest doniesien dotyczacych
okreslenia — przy zastosowaniu technik analizy obrazu —
czy kserokopia uzyskang podczas powiclenia jest ksero-
kopia z oryginalnego dokumentu, czy kserokopia z kse-
rokopii tego dokumentu. Dlatego tez w niniejszej pracy
pokazano uzycie techniki analizy obrazow z zastosowa-
niem programu Adobe Photoshop CS2 do rozwiazania
wspomnianego problemu. Zaprezentowano réwniez re-
zultaty badan poprzez opracowanie schematu klasyfika-
cji kserokopiarek na podstawie charakterystycznych cech
wystepujacych na badanej kserokopii.

2. Materialy i metody

Strona tekstu napisana w programie Word firmy Mi-
crosoft zostala wydrukowana na drukarce laserowej La-
ser]et, a nastgpnie skopiowana. Tak powstala kserokopig
ponownie skserowano, a nowo powstata kserokopig sko-

piowano jeszcze raz. Tym samym z jednego oryginal-

nego dokumentu uzyskano trzy kserokopie. Ten sposob

postepowania zastosowano do wykonania kserokopii

z wykorzystaniem 102 roéznych fotokopiarek (tabela I).

Oryginalny dokument oraz wszystkie kserokopie zo-
staly zeskanowane za pomoca kolorowego skanera cy-
frowego firmy HP. Tak uzyskane skany poddawano na-
stepnie analizie z wykorzystaniem programu Adobe Pho-
toshop CS2 w nastgpujacy sposob:

Krok 1: plik z obrazem kserokopii oryginatu oraz ostat-
niej, trzeciej, wykonanej kserokopii otwierano
w programie Photoshop CS2 (rycina 1).

Krok 2:  otwierano nowy plik o rozmiarach 21 cm x 16 cm
(format A4) (rycina 2).

Krok 3: otwarte (krok 1) obrazy przenoszono do nowo
otwartego dokumentu za pomoca funkcji ,,mo-
ving file option” tak, aby obraz oryginatu byt
na obrazie ostatniej, trzeciej wykonanej kse-
rokopii (rycina 3).

Krok 4: otwierano opcje ,,layer option” przez kliknigcie
opcji ,,option of window” lub przez wcisnigcie
klawisza F9. Funkcja nieprzezroczystosci ,,opa-
city option” byla stosowana w celu sprawdze-
nia, ktora czg$¢ kserokopii oryginahu rozni sig od
ostatniej, trzeciej z wykonanych kopii (rycina 4).

Krok 5: tak uzyskane, natozone na siebie obrazy, zacho-
wywano za pomoca funkcji ,,merge visible” lub
,»flatten image” albo przez jednoczesne zastoso-
wanie kombinacji klawiszy (Shift + Cr + E) (ry-
cina 5).

Powyzsza procedurg zastosowano rownoczesnie dla
par: oryginalny dokument i kserokopia z oryginatu, kse-
rokopia z oryginalu i kserokopia z niej wykonana oraz
ostatnia wspomniana kserokopia w porownaniu z jej kse-
rokopia. Podobnie postapiono z zeskanowanymi obraza-
mi kserokopii wykonanymi za pomoca kazdej ze 102 kse-
rokopiarek w celu ustalenia zasad umozliwiajacych
stwierdzenie, ktéra w kolejnosci kserokopia jest analizo-
wany dokument. Analizowano rozmiar rozszerzania si¢
linii graficznej liter i linii graficznej wydruku. Rezultaty
przedstawiono w tabeli II. Na podstawie tych danych
opracowano rowniez schemat klasyfikacji kserokopiarek
(tabela IIT).

3. Wyniki i dyskusja
Wyniki wykonanych badan zaprezentowano w tabeli

IT i III. Z tabeli II jednoznacznie wynika, Ze na wszyst-
kich kserokopiach wystgpowalo powigkszenie linii gra-
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ficznej liter i linii bazowej wydruku w stosunku do do-
kumentoéw, z ktorych byly one wykonane. Stopien po-
wigkszenia kserokopii wykonanej z oryginalnego do-
kumentu w stosunku do tego dokumentu wynosit od
0,70% do 1,275%. Stopien powigkszenia migdzy ksero-
kopia wykonana z oryginatu a kserokopia wykonana z tej
kserokopii wynosita od 0,72% do 1,321%, natomiast sto-
pien powigkszenia migdzy ta ostatnia kserokopia a kse-
rokopia z niej wykonana wynosit od 0,75% do 1,471%.
Zakres zmian powigkszenia migdzy kserokopia wykona-
na z kserokopii wykonanej wczesniej wzrastat migdzy
0,001% a 0,201%. Obserwowano rowniez zanikanie
ostrosci katow oraz utratg gladkosci krawedzi linii gra-
ficznych liter. Stopien powigkszenia linii graficzne;j liter
zmieniat si¢ w przedziale od 0,70% do 1,471%, gdy po-
réwnywano ze soba kserokopie wykonane po sobie. Na-
tomiast stopien powigkszenia tekstu byl dwukrotnie
wigkszy, tj. od 1,64% do 2,613%, gdy poréwnywano
tekst na kserokopii wykonanej z oryginalu z tekstem
ostatniej, trzeciej z wykonanych kserokopii.

Kierunek powigkszenia linii graficznych liter i linii
bazowej wydruku kserokopii uzyskanych réznymi kse-
rokopiarkami byt rézny (tabela II), przy czym kierunek
obserwowanych zmian byl identyczny dla kserokopii
uzyskanych ta sama kserokopiarka. Wykonane badania
pozwolity podzieli¢ kserokopiarki na 4 gtdéwne grupy.

I. Grupa ,przesunigcie do gory”, ktora nastepnie po-
dzielono na cztery podgrupy:

1. podgrupa ,,do gory”: kierunek powigkszenia linii gra-
ficznej liter i linii bazowej wydruku zwrocony jest
doktadnie w gorg;

2. podgrupa ,,do géry i w lewo’”: kierunek powigkszenia
linii graficznej liter i linii bazowej wydruku zwrdco-
ny jest w gorg i w lewo;

3. podgrupa ,,do gory i w prawo”: kierunek powigk-
szenia linii graficznej liter i linii bazowej wydruku
zwrdcony jest w gore i w prawo;

4. podgrupa ,,do gory i przesunigty”: kierunek powigk-
szenia linii graficznej liter i linii bazowej wydruku
zwrdcony jest w gore z niewielkim przemieszcze-
niem tekstu.

II. Grupa,,przesunigte w dot”, ktora nastgpnie podzie-
lono na trzy podgrupy:

1. podgrupa ,,w dot”: kierunek powigkszenia linii gra-
ficznej liter 1 linii bazowej wydruku zwrocony jest
w dot;

2. podgrupa ,,w dot i w lewo”: kierunek powigkszenia
linii graficznej liter i linii bazowej wydruku zwroco-
ny jest w dot i w lewo;

3. podgrupa ,,w d6t i w prawo”: kierunek powigkszenia
linii graficznej liter i linii bazowej wydruku zwroco-
ny jest w dot i w prawo.

III. Grupa ,,mieszana”, ktéra nastgpnie podzielono na
dwie podgrupy:

1. podgrupa ,,mieszana 1”: kierunek powigkszenia linii
graficznej liter i linii bazowej wydruku gérnych linii
zwrdcony jest w dot i w lewo, a linii gornych do gory
itez w lewo;

2. podgrupa ,,mieszana 2”: kierunek powigkszenia linii
graficznej liter i linii bazowej wydruku gérnych linii
zwrocony jestw gorgiw lewo, alinii gornych w dot.

IV. Grupa ,,inne”, w ktorej wystepuja rozne kierunki
powigkszenia linii graficznej liter i linii bazowej
wydruku.

Kierunek ,,do géry i w prawo” (rycina 6) byl najcze-
sciej spotykany (21,5% probek). Nastgpne w kolejnosci
byty kierunki ,,do gory i przesunigty” (17,6% probek; ry-
cina7) oraz,,w dotiw lewo” (17, 6% probek; rycina 8).

Podsumowujac, na podstawie kierunku powigkszenia
linii graficznej liter i linii bazowej wydruku, mozna do-
kona¢ klasyfikacji kserokopii do jednej z zaproponowa-
nych w tabeli III grup. Ponadto powigkszenia linii gra-
ficznej liter i linii bazowej wydruku sa tymi cechami, kto-
re moga by¢ uzyte do okreslenia kolejnosci, w jakiej po-
wstawaty kserokopie. Podobne wnioski ze swoich badan
uzyskali i opublikowali Hilton [3] oraz Winchester [6].

4. Whioski

Stosujac techniki analizy obrazu wykorzystujace pro-
gram Adobe Photoshop CS2, mozna okresli¢, czy ksero-
kopia jest kopia oryginalnego dokumentu, czy tez kopia
innej kserokopii. Stopien (wyrazony w procentach) po-
wigkszenia linii graficznej liter i linii bazowej wydruku
obserwowany mig¢dzy oryginalnym dokumentem a kse-
rokopiami moze by¢ uzyteczna cecha w celu okreslenia
sekwencji powstawania kserokopii. Kierunek i stopien
obserwowanego powigkszenia moze by¢ réwniez zasto-
sowany w celu rozroznienia kserokopiarek.
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