
1. In tro duc tion

Mod ern pho to copy ing tech niques fa cil i tate the
fraud u lent ma nip u la tion of doc u ments. (Suc ces sive)
re copy ing of a pho to copy is one of the meth ods of
fraud u lently ma nip u lat ing doc u ments as this pro cess
may hide or elim i nate most of the ev i dences of ma nip -
u la tion or al ter ation of an orig i nal doc u ment. Ma nip u -
lated pho to cop ies can be de tected in the pres ence of
the orig i nal as there are cer tain qual i ties of the mod ern
pho to copier which can be uti lized to dis close the
(re)copy ing of the doc u ment. The dis ap pear ance of
sharp an gles, ap pear ance of dis con ti nu ity in strokes
and loss of smooth ness of edges of the strokes are
some of the changes which can be seen in pho to cop ies
in com par i son to the orig i nal doc u ments. The shape,
size and po si tion of de fect marks could be used to dis -
tin guish pho to copi ers. These pat terns of flaws (de fect
marks) are char ac ter is tic for a given pho to copier and
are trans ferred from pho to copy to pho to copy (rel a -
tively) very ac cu rately and may be ev i dence that the

sus pected pho to copy is the re sult of (suc ces sive) re -
copy ing on the same ma chine [3]. 

An other im por tant fea ture is the en large ment of the 
ma te rial writ ten on the doc u ment. The de gree of en -
large ment also sug gests the gen er a tion of the pho -
tocopy (i.e. copy 1st gen er a tion) or copy of a copy
(2nd gen er a tion) etc. [3, 6]. It has been ob served from
ear lier stud ies that the de gree and di rec tion of ex pan -
sion of strokes of the let ter can also be used as an in di -
ca tor of the gen er a tion of a pho to copy rel a tive to the
orig i nal doc u ment. Im age pro cess ing is one of the use -
ful tech niques in the ex am i na tion of ques tioned doc u -
ments. A num ber of re search ers have em pha sized the
use of im age pro cess ing tech niques to help in the anal -
y sis of al ter ations on doc u ments [1, 2, 4, 5]. How ever,
no study has been car ried out to de ter mine whether this 
tech nique can be used to as sess the gen er a tion of pho -
to cop ies.

There fore, in the pres ent study an at tempt has been
made to ap ply the im age pro cess ing tech nique us ing
Adobe Photoshop CS2 in the de tec tion of re copy ing of 
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pho to cop ied doc u ments. An at tempt has also been
made to clas sify var i ous pho to copi ers based on the
fea tures pres ent in pho to cop ies pro duced by a par tic u -
lar pho to copier.

2. Ma te ri als and meth ods

A text page was writ ten in Microsoft Word and was 
printed us ing a La ser Jet printer, and then this la ser
print out was pho to cop ied us ing a pho to copier, which
con sti tuted the 1st gen er a tion copy. Then a copy of this
(1st gen er a tion pho to copy) was ob tained from the same 
pho to copier (2nd gen er a tion pho to copy) and this pho -
to copy was re cop ied again us ing the same pho to copier,
thereby form ing the 3rd gen er a tion pho to copy of the
doc u ment. In the same way, pho to cop ies up to 3rd gen -
e r a tions were ob tained from 102 pho to copi ers (Ta ble I).

Adobe Photoshop CS2 ex am i na tion: All the sam -
ples (1st gen er a tion to 3rd gen er a tion) of 102 pho to copi -
ers along with the orig i nal doc u ment were scanned
us ing a dig i tal color Hp scan ner. The scanned im ages
were then pro cessed in Adobe Photoshop CS2 soft -
ware by per form ing the fol low ing steps:
Step 1: The scanned im ages of a 1st and 3rd gen er a tion 

pho to copy of a sam ple are opened into a Photo -
shop CS2 page (Fig ure 1). 

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

Step 3: The scanned im ages of the 1st and 3rd gen er a tion 
pho to copy are dragged into it by click ing the
Mov ing File Op tion in Photoshop so that the
im age of the 1st gen er a tion pho to copy is placed
over the 3rd gen er a tion im age (Fig ure 3). 

Step 4: Then, Layer Op tion is opened by click ing Op -
tion of Win dow or by press ing F9. Opac ity
Op tion is var ied to see which part of the
3rd gen er a tion char ac ter is ex pand ing be yond
the 1st gen er a tion char ac ter (Fig ure 4). 

Step 5: Then, the over lapped im age is saved by Merge
Vis i ble or Flat ten Im age or by press ing keys
(Shift + Cr + E) si mul ta neously (Fig ure 5). 

A sim i lar pro ce dure is ap plied to the scanned im -
ages of the orig i nal doc u ment and 1st gen er a tion,
1st and 2nd gen er a tion cop ies and 2nd and 3rd gen er a tion
cop ies of sam ples. Sim i larly, the scanned im ages of all
pho to cop ies (from 1st gen er a tion to 3rd gen er a tion)
from 102 pho to copi ers are pro cessed us ing Adobe
Photoshop CS2 to de ter mine the gen er a tion of pho to -
cop ies on the ba sis of the ex tent and di rec tion of ex -
pan sion of strokes of the let ter and base line of print ing.

Then the pho to copi ers were clas si fied ac cord ing to
the di rec tion of the ex pan sion of the let ter stroke and

TA BLE I. SHOWING DESCRIPTION OF SAMPLES

No. Make and model 
of pho to copi ers

Num ber 
of sam ples

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 Ko dak 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 In dia Lim ited 3

15 Canon 4

16 Ricoh FT 4215 1

17 Canon Selex 2010 1

18 Xerox Work Cen ter Pro
320

1

19 Canon NP 6241 1

20 Canon Selex 3100 1

21 Xerox 5825 1

22 Kyocera Mita KM 2530 1

23 Ko dak 30 copier 1

24 Ricoh Aficio 1035 2

25 Ko dak Im age Source 50 1

26 Canon NP 125 2

27 Canon NP 4080 1

28 Canon NP 6020 9

29 Ko dak EKTA Print
Copier 30

1

30 Canon LC 2800M 1

31 Canon LC 2525M 1

32 Canon NP 3325 1

base line of print ing. The re sults have been given in Ta -
ble II. The ex tent of ex pan sion or en large ment of
strokes of the let ters from the orig i nal doc u ment up to
its third gen er a tion has also been stud ied (Ta ble III).
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Fig. 1. Scanned im ages of the 1st and 3rd gen er a tion of sam ple no. 55.

Fig. 2. New blank file opened along with 1st and 3rd gen er a tion im ages.
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Fig. 3. Im ages of the 1st and 3rd gen er a tion dragged in new blank file.

Fig. 4. The op tion Layer show ing var ied opac ity opened. 



TA BLE II. SHOWING PERCENTAGE OF EXPANSION 

OF STROKES OF LETTERS AND BASE LINE

OF PRINTING

Sam ple 

no.

Per cent age of ex pan sion of base line in

1st gen er a -
tion rel a tive 
to orig i nal

2nd gen er a -
tion rel a tive 
to 1st gen e-
r a tion

3rd gen er a -
tion rel a tive 
to 2nd gen e-
r a tion

3rd gen er a -
tion rel a tive 
to 1st gen e-
r a tion

1 1.00% 1.002% 1.003% 2.006%

2 1.275% 1.321% 1.471% 2.611%

3 1.142% 1.231% 1.460% 2.613%

4 0.96% 0.98% 0.97% 1.94%

5 0.999% 1.001% 1.004% 2.001%

6 1.001% 1.004% 1.007% 2.011%

7 1.13% 1.15% 1.18% 2.123%

8 0.95% 0.965% 0.98% 1.95%

9 0.93% 0.94% 0.96% 1.88%

10 0.90% 0.92% 0.96% 1.82%

11 0.95% 0.96% 0.97% 1.95%

12 1.09% 1.15% 1.21% 2.300%

13 1.009% 1.101% 1.121% 2.211%

14 0.89% 0.91% 0.93% 1.84%

15 0.90% 0.92% 0.96% 1.86%

16 0.82% 0.84% 0.86% 1.68%

17 0.90% 0.96% 0.98% 1.764%

18 0.82% 0.85% 0.96% 1.98%

19 1.000% 1.002% 1.012% 2.42%

20 0.97% 0.98% 0.99% 1.96%

21 0.81% 0.83% 0.85% 1.64%

22 0.70% 0.72% 0.75% 1.582%

23 0.87% 0.94% 0.96% 1.82%

24 1.008% 1.101% 1.121% 2.211%

25 0.75% 0.78% 0.82% 1.685%

26 0.70% 0.72% 0.76% 1.543%

27 0.79% 0.81% 0.83% 1.647%

28 0.78% 0.80% 0.84% 1.77%

29 0.85% 0.87% 0.89% 1.764%

30 0.75% 0.85% 0.87% 1.643%

31 1.27% 1.294% 1.314% 2.58%

32 0.96% 0.98% 0.99% 1.98%

33 1.00% 1.01% 1.04% 2.031%
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Fig. 5. Im age show ing flat ten ing or merg ing of the lay ers.



TA BLE II. SHOW ING PER CENT AGE OF EX PAN SION 

OF STROKES OF LET TERS AND BASE LINE

OF PRINT ING (cont.)

Sample 

no.

Percentage of expansion of base line in

1
st

 genera-

tion relative 

to original

2
nd

 genera-

tion relative 

to 1
st

 gene-

ration

3
rd

 genera-

tion relative 

to 2
nd

 gene- 

ration

3
rd

 genera-

tion relative 

to 1
st

 gene-

ration

34 1.09% 1.12% 1.14% 2.263%

35 1.00% 1.02% 1.04% 2.02%

36 0.99% 1.01% 1.04% 2.04%

37 0.81% 0.84% 0.87% 1.643%

38 1.002% 1.008% 1.012% 2.382%

39 0.83% 0.85% 0.87% 1.72%

40 1.12% 1.14% 1.21% 2.41%

41 1.025% 1.10% 1.12% 2.12%

42 1.07% 1.15% 1.25% 2.21%

43 1.02% 1.04% 1.05% 2.06%

44 0.98% 1.00% 1.02% 2.01%

45 1.15% 0.98% 0.999% 1.95%

46 1.00% 1.01% 1.04% 2.052%

47 1.01% 1.05% 1.08% 2.08%

48 1.13% 1.15% 1.18% 2.31%

49 1.04% 1.085% 1.101% 2.164%

50 1.24% 1.290% 1.304% 2.51%

51 1.08% 1.12% 1.16% 2.24%

52 0.98% 1.01% 1.04% 2.031%

53 1.02% 1.06% 1.08% 2.08%

54 1.00% 1.02% 1.05% 2.04%

55 1.26% 1.30% 1.36% 2.62%

56 1.14% 1.18% 1.22% 2.32%

57 1.18% 1.24% 1.28% 2.42%

58 1.12% 1.18% 1.20% 2.30%

59 1.08% 1.14% 1.18% 2.24%

60 1.04% 1.08% 1.12% 2.12%

61 1.00% 1.04% 1.08% 2.06%

62 1.21% 1.28% 1.34% 2.52%

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%

67 0.99% 1.00% 1.02% 1.995%

68 0.96% 0.98% 1.00% 1.94%

69 1.02% 1.04% 1.06% 2.10%

70 0.82% 0.83% 0.84% 1.76%

71 1.10% 1.12% 1.14% 2.28%

72 0.92% 0.93% 0.94% 1.90%

73 1.02% 1.03% 1.05% 2.02%

74 1.30% 1.31% 1.34% 2.60%

75 1.02% 1.04% 1.06% 2.02%

76 1.06% 1.08% 1.10% 2.12%

77 0.96% 0.98% 1.02% 1.94%

78 1.00% 1.02% 1.06% 2.04%

79 0.98% 0.99% 1.00% 2.00%

80 1.02% 1.04% 1.06% 2.011%

81 0.98% 1.00% 1.02% 2.02%

82 1.02% 1.04% 1.06% 2.04%

83 0.98% 1.024% 1.04% 2.02%

84 1.00% 1.02% 1.06% 2.03%

85 0.96% 0.98% 1.00% 1.92%

86 0.96% 0.98% 1.02% 2.06%

87 0.94% 0.96% 0.98% 1.90%

88 1.12% 1.14% 1.16% 2.22%

89 1.00% 1.02% 1.06% 2.10%

90 0.94% 0.96% 0.98% 1.90%

91 1.00% 1.02% 1.04% 2.06%

92 0.96% 0.98% 1.00% 1.96%

93 1.22% 1.24% 1.265% 2.52%

94 0.94% 0.95% 0.96% 1.98%

95 1.00% 1.02% 1.04% 2.02%

96 0.98% 1.00% 1.02% 2.00%

97 1.12% 1.14% 1.16% 2.32%

98 1.04% 1.06% 1.10% 2.10%

99 1.00% 1.02% 1.04% 2.02%

100 0.98% 1.02% 1.06% 2.04%

101 0.96% 0.98% 1.00% 1.98%

102 0.96% 1.00% 1.04% 2.02%
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TA BLE III. SHOWING DIRECTION OF EXPANSION 

OF STROKES OF LETTERS AND BASE LINE

OF PRINTING

No. Di rec tion 
of ex pan sion in
dif fer ent gen er a tions
of pho to cop ies

To tal
num ber 
of sam ples

Per cent age 
of sam ples

1 Up ward 1 0.98%

2 Up ward left 16 15.7%

3 Up ward right 22 21.5%

4 Up ward com pact 18 17.6%

5 Down ward 1 0.98%

6 Down ward left 18 17.6%

7 Down ward right 10 9.8%

8 Mixed (up per
lines-down ward left 
and lower lines-
up ward left)

13 12.7%

9 Mixed (up per
lines-up ward left
and lower lines-
down ward left)

2 1.96%

10 Com pact 1 0.98%

3. Re sults and di scuss ions

The re sults of the pres ent in ves ti ga tion are given in
Ta ble II and Ta ble III. It is ev i dent from Ta ble II that
all the sam ples have shown ex pan sion of strokes and
base line of print ing in the 1st, 2nd and 3rd gen er a tion
pho to cop ies in com par i son to the orig i nal doc u ment. It 
has been ob served that en large ment of strokes and es -
cape ment of base line is pres ent in all the sam ples. This
de gree of ex pan sion from the orig i nal doc u ment to its
first gen er a tion var ies from 0.70% to 1.275%, whereas 
the ex pan sion from the 1st gen er a tion to the 2nd is
0.72% to 1.321%, and from 2nd gen er a tion to 3rd is
0.75% to 1.471%. The range of changes in ex pan sion
be tween suc ces sive gen er a tions of pho to cop ies in creases
be tween 0.001% and 0.201%. This is due to the dis ap -
pear ance of sharp an gles, ap pear ance of dis con ti nu ity
in strokes and loss of smooth ness of edges of the
strokes in the sub se quent pho to cop ies. The de gree of
ex pan sion of stokes var ies from 0.70% to 1.471%
when it is ob served in suc ceed ing gen er a tions; how -
ever, the en large ment of the text dou bles from the
1st gen er a tion to the 3rd, that is, from 1.64% to 2.613%.

The di rec tion of ex pan sion of strokes of the let ter
and base line of print ing in pho to cop ies from dif fer ent

pho to copi ers is dif fer ent (Ta ble III). The changes are
uni di rec tional in all gen er a tions of pho to cop ies pro -
duced by one pho to copier. On the ba sis of this, the
pho to copi ers are clas si fied into four ma jor groups:
I. Up ward group. The sam ples are fur ther di vided

into four sub groups:
1. Upward su bg roup: The su bg roup in which the

direc tion of expans ion of stro kes of the let ter and
ba sel ine of prin ting is exac tly upward;

2. Upward left su bg roup: The su bg roup in which the
direc tion of expans ion of stro kes of the let ter and
ba sel ine of prin ting is upward and left;

3. Upward ri ght su bg roup: The su bg roup in which
the direc tion of expans ion of stro kes of the let ter
and ba sel ine of prin ting is upward and ri ght;

4. Upward com pact su bg roup: The gro up in which
the direc tion of the expans ion of stro kes of the let -
ter and ba sel ine of prin ting is upward and the appe -
arance of the text is com pact. 

II. Down ward group. The sam ples are fur ther di vided
into three sub groups: 

1. Dow nw ard su bg roup: The su bg roup in which the
direc tion of expans ion of stro kes of the let ter and
ba sel ine of prin ting is dow nw ard; 

2. Dow nw ard left su bg roup: The su bg roup in which
the direc tion of expans ion of stro kes of the let ter
and ba sel ine of prin ting is dow nw ard and left;

3. Dow nw ard ri ght su bg roup: The su bg roup in which 
the direc tion of expans ion of stro kes of the let ter
and ba sel ine of prin ting is dow nw ard and ri ght. 

III. Mixed group: The sam ples are fur ther di vided
into the fol low ing sub groups: 

1. Mixed su bg roup 1: The su bg roup in which the
direc tion of expans ion of stro kes of the let ter and
ba sel ine of prin ting of upper li nes is dow nw ard and 
left, and lo wer li nes is upward and left. 

2. Mixed su bg roup 2: The su bg roup in which the
direc tion of expans ion of stro kes of the let ter and
ba sel ine of prin ting of upper li nes is upward and
left and lo wer li nes is dow nw ard. 

IV. Com pact: The group in which there is an over all
com pact ap pear ance of strokes of the let ter and
base line of print ing. 

It has been found that the “up ward right” di rec tion
of ex pan sion of strokes and base line of print ing oc curs
most fre quently (21.5% sam ples) as shown in Fig ure 6, 
fol lowed by “up ward com pact” (17.6% sam ples) as
shown in Fig ure 7 and “down ward left” (17.6% sam -
ples) as shown in Fig ure 8. It is ev i dent that pho to copi -
ers can be clas si fied on the ba sis of the di rec tion of
ex pan sion of strokes of the let ters and base line of
print ing.
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Fur ther more, it is ob served that the strokes of the
let ters ex pand as the gen er a tion of the pho to copy in -
creases from orig i nal up to 3rd gen er a tion due to ab er -
ra tions in the res o lu tion of the op ti cal parts of the
pho to copi ers. Hence, the ex pan sion of the strokes of
the let ter and the base line of print ing are the char ac ter -

is tics which can be used in de ter min ing the gen er a tion
of a copy. Sim i lar re sults have been re ported by Hilton
[3] and Winchester [6], sup port ing these find ings.

4. Conc lus ion

It can be con cluded that the gen er a tion of pho to -
cop ies can be de ter mined by com par ing them with the
orig i nal doc u ment us ing the im age pro cess ing tech -
nique (i.e. Adobe Photoshop CS2). The de gree (per -
cent age) of ex pan sion of the strokes of the let ter and
base line of print ing from the orig i nal up to the 3rd gen -
er a tion could be a more use ful char ac ter is tic to de ter -
mine the se quence of (gen er a tion of) pho to cop ied docu-
ments. The di rec tion and ex tent of ex pan sion can be
used to dif fer en ti ate pho to copi ers.
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Fig. 6. Di rec tion of ex pan sion of strokes of the let ter and
base line of print ing up ward and right.

Fig. 7. Di rec tion of ex pan sion of strokes of the let ter and
base line of print ing up ward and com pact ap pear ance of text.

Fig. 8. Di rec tion of ex pan sion of strokes of the let ter and
base line of print ing down ward and left.
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1. Wst êp

Wspó³cze sne tech niki wy kon ywa nia kse rok opii  umo¿ -
liwiaj¹ do kon ywa nie fa³szerstw oryg ina lnych doku men -
tów. W trak cie wy kon ywa nia kse rok opii mo¿ liw ie jest
ukryc ie wiêks zoœci œladów wska zuj¹cych na to, ¿e do -
kon ywa no ma nip ula cji na oryg ina lnym do kum encie.
Kse ro kop ie dok ume ntów, na któ rych wy kon ywa no ta kie
ma nip ula cje, mog¹ byæ zi dent yfi kow ane w przy padku,
gdy dys pon uje my oryg ina³em, z którego zo sta³y wy kon a -
ne. Wy nika to z fak tu, ¿e wspó³cze sne kse rok opi arki
 posia daj¹ spe cyf iczne ce chy, kt óre mog¹ byæ  wykorzy -
stane w celu stwier dzen ia, ¿e do kum ent jest kse rok opi¹.
Za nik ostrych k¹tów, po jaw ienie siê przerw w li niach
 graficz nych li ter, utrata g³adkoœ ci krawê dzi li nii li ter, to
kil ka przyk³adów zmian, które mo¿na zaobserwowaæ,
por ów nuj¹c oryg ina lny do kum ent. Rozk³ad ró ¿ny ch cech 
cha rakt ery sty cznych dla da nej kse rok opi arki jest prze no -
s zony z kse rok opii na kse rok opiê sto sunk owo bar dzo do -
k³ad nie i mo¿e byæ do wod em, ¿e kwe stion owa na kse ro -
ko pia po wsta³a w wy niku za stos owa nia kon kretn ej kse -
rok opi arki [3]. 

Inn¹ cenn¹ wsk azó wk¹ umo ¿li wiaj¹c¹ wy kryc ie fa³-
 szer stwa jest in form acja o stop niu powi êkszenia tek stu
por ównywanych dok umentów. Po przez st opieñ powi êk -
szenia mo¿e ró wnie¿ ws kazaæ, kt óra z kse rok opii zo sta³a
naj pierw wy kon ana [3, 6]. Za obs erwo wano pod czas
wcz eœniejszych bad añ [1, 2, 4, 5], ¿e sto pieñ i kie run ek
pow iêk szenia li nii gra ficzn ej li ter mo¿e byæ cenn¹ wska -
zówk¹ do ustal enia kolej noœ ci po wstaw ania kse rok opii
w trak cie po wiel ania oryg ina lnego do kum entu. Nie mniej
jed nak do tychc zas brak jest do niesi eñ do tycz¹cych
 okreœlenia – przy za stos owa niu tech nik anal izy ob razu –
czy kse rok opi¹ uzys kan¹ pod czas po wiel enia jest  ksero -
ko pia z oryg ina lnego do kum entu, czy kse rok opi¹ z kse -
rok opii tego do kum entu. Dla tego te¿ w ni niejs zej pra cy
po kaz ano u¿ ycie tech niki anal izy obra zów z za stos owa -
niem pro gramu Ad obe Pho tosh op CS2 do roz wi¹za nia
wspo mnian ego pro blemu. Za prez ento wano ró wnie¿ re -
zult aty ba dañ po przez oprac owa nie sche matu kla syf ika -
cji kse rok opi arek na pod staw ie cha rakt ery sty cznych cech 
wys têpuj¹cych na ba dan ej kserokopii. 

2. Ma ter ia³y i me tody

Stro na tek stu na pis ana w pro gram ie Word fir my Mi -
cro soft zo sta³a wy druk owa na na dru karce la ser owej La -
serJ et, a na stêp nie sko piow ana. Tak po wsta³¹ ks erokopiê
po nown ie sk ser owa no, a nowo po wsta³¹  kse rokopiê sko -

piow ano jesz cze raz. Tym sa mym z jed nego  ory ginal-
nego do kum entu uzys kano trzy kse rok opie. Ten spo sób
pos têp owa nia za stos owa no do wy kon ania kse rok opii
z wy kor zyst aniem 102 ró ¿ny ch fo tok opi arek (ta bela I).

Oryg ina lny do kum ent oraz wszyst kie kse rok opie zo -
sta³y ze skan owa ne za po moc¹ ko lor owe go ska nera cy -
frow ego fir my HP. Tak uzys kane ska ny pod daw ano na-
 stêpnie anal izie z wy kor zyst aniem pro gramu Ad obe Pho -
tosh op CS2 w nas têpuj¹cy spo sób:
Krok 1: plik z ob raz em kse rok opii oryg ina³u oraz  ostat -

niej, trze ciej, wy kon anej kse rok opii otwier ano
w pro gram ie Pho tosh op CS2 (ry cina 1). 

Krok 2: otwier ano nowy plik o roz miar ach 21 cm ´ 16 cm
(for mat A4) (ry cina 2).

Krok 3: otwarte (krok 1) ob razy prze nos zono do nowo
otwart ego do kum entu za po moc¹ funk cji „mo -
ving file option” tak, aby ob raz oryg ina³u by³
na ob raz ie ostatn iej, trze ciej wy kon anej kse -
rok opii (ry cina 3). 

Krok 4: otwier ano opcjê „lay er option” przez klikniêcie
opcji „option of win dow” lub przez wciœniêcie
kla wis za F9. Funk cja niep rzeŸroczystoœci „ opa -
city option” by³a sto sow ana w celu spraw dze-
nia, która czêœæ kse rok opii oryg ina³u ró¿ni siê od
ostatn iej, trze ciej z wy kon any ch ko pii (ry cina 4).

Krok 5: tak uzys kane, na³o¿one na sie bie ob razy, za cho-
wy wano za po moc¹ funk cji „mer ge vi sib le” lub
„flat ten image” albo przez jed noc zesne  zastoso -
wa nie kom bin acji kla wis zy (Shift + Cr + E) (ry -
cina 5). 

Po wy¿ sz¹ pr oce durê za stos owa no ró wnoc zeœ nie dla
par: oryg ina lny do kum ent i kse rok opia z oryg ina³u, kse -
rok opia z oryg ina³u i kse rok opia z niej wy kon ana oraz
ostatn ia wspo mniana kse rok opia w por ówn aniu z jej kse -
rok opi¹. Po dobn ie post¹pio no z ze skan owa nymi ob raz a -
mi kse rok opii wy kon any mi za po moc¹ ka ¿dej ze 102 kse - 
ro kop iarek w celu ustal enia za sad um o¿liwiaj¹cych
stwier dzen ie, któr¹ w kolejn oœci kse rok opi¹ jest anal izo -
wany do kum ent. Anal izo wano roz miar roz szer zania siê
li nii gra ficzn ej li ter i li nii gra ficzn ej wy druku. Re zult aty
przed staw iono w ta beli II. Na pod staw ie tych da nych
oprac owa no równi e¿ sche mat kla syf ika cji kse rok opi arek
(tabela III).

3. Wy niki i dys kus ja

Wy niki wy kon any ch ba dañ za prez ento wano w ta beli
II i III. Z ta beli II jed noz nacznie wy nika, ¿e na wszyst -
kich kse rok opi ach wys têp owa³o pow iêk sze nie li nii gra -
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ficzn ej li ter i li nii ba zow ej wy druku w sto sunku do do-
 kumentów, z któ rych by³y one wy kon ane. St opi eñ po -
wiê ksz enia kse rok opii wy kon anej z oryg ina lnego do -
kum entu w sto sunku do tego do kum entu wy nosi³ od
0,70% do 1,275%. St opi eñ po wiê kszenia mi êdzy kse ro -
kopi¹ wy kon an¹ z oryg ina³u a kse rok opi¹ wy kon an¹ z tej
kse rok opii wy nosi³a od 0,72% do 1,321%, na tom iast sto -
pieñ po wiê kszenia mi êdzy t¹ ostatni¹ kse rok opi¹ a kse -
rok opi¹ z niej wy kon an¹ wy nosi³ od 0,75% do 1,471%.
Za kres zmian powiêkszenia miêdzy kse rok opi¹ wy kon a -
n¹ z kse rok opii wy kon anej wc zeœ niej wzra sta³ miêd zy
0,001% a 0,201%. Ob serw owa no ró wnie¿ za nik anie
 ostroœci k¹tów oraz ut ratê g³ad koœ ci kr awê dzi li nii gra -
ficzn ych li ter. St opieñ po wiêkszenia li nii gra ficzn ej li ter
zmie nia³ siê w prze dziale od 0,70% do 1,471%, gdy  po -
równywano ze sob¹ kse rok opie wy kon ane po so bie. Na -
tom iast st opi eñ po wiê kszenia tek stu by³ dwu krotn ie
wiêk szy, tj. od 1,64% do 2,613%, gdy por ównyw ano
tekst na kse rok opii wy kon anej z oryg ina³u z tek stem
ostatn iej, trze ciej z wy kon any ch kse rok opii.

Kie run ek pow iêk szenia li nii gra ficzn ych li ter i li nii
ba zow ej wy druku kse rok opii uzys kany ch ró¿n ymi kse -
rok opi arkami by³ ró¿ ny (ta bela II), przy czym kie run ek
ob serw owa nych zmian by³ ident yczny dla kse rok opii
uzys kany ch t¹ sam¹ kse rok opi ark¹. Wy kon ane ba dan ia
po zwoli³y po dzie liæ kse rok opi arki na 4 g³ówne gru py.
I. Gru pa „prz esuniêcie do góry”, któr¹ nas têpnie po -

dziel ono na czte ry pod grupy:
1. pod grupa „do góry”: kie run ek pow iêk szenia li nii gra -

ficzn ej li ter i li nii ba zow ej wy druku zw róco ny jest
dok³ad nie w górê; 

2. pod grupa „do góry i w lewo”: kie run ek pow iêk szenia
li nii gra ficzn ej li ter i li nii ba zow ej wy druku zw róco -
ny jest w górê i w lewo;

3. pod grupa „do góry i w pra wo”: kie run ek pow iêk -
szenia li nii gra ficzn ej li ter i li nii ba zow ej wy druku
zw róco ny jest w górê i w pra wo;

4. pod grupa „do góry i prz esun iêty”: kie run ek pow iêk -
szenia li nii gra ficzn ej li ter i li nii ba zow ej wy druku
zw róco ny jest w górê z nie wielk im prze mieszc ze -
niem tek stu. 

II. Gru pa „prz esuniête w dó³”, któr¹ nas têpnie  podzie -
lono na trzy pod grupy:

1. pod grupa „w dó³”: kie run ek pow iêk szenia li nii gra -
ficzn ej li ter i li nii ba zow ej wy druku zw róco ny jest
w dó³;

2. pod grupa „w dó³ i w lewo”: kie run ek pow iêk szenia
li nii gra ficzn ej li ter i li nii ba zow ej wy druku zw róco -
ny jest w dó³ i w lewo;

3. pod grupa „w dó³ i w pra wo”: kie run ek pow iêk szenia
li nii gra ficzn ej li ter i li nii ba zow ej wy druku zw róco -
ny jest w dó³ i w pra wo.

III. Gru pa „mie szana”, któr¹ nas têpn ie po dziel ono na
dwie pod grupy: 

1. pod grupa „mie szana 1”: kie run ek pow iêk szenia li nii
gra ficzn ej li ter i li nii ba zow ej wy druku gó rnych li nii
zw rócony jest w dó³ i w lewo, a li nii gó rnych do góry
i te¿ w lewo; 

2. pod grupa „mie szana 2”: kie run ek pow iêk szenia li nii
gra ficzn ej li ter i li nii ba zow ej wy druku gó rnych li nii
zw rócony jest w górê i w lewo, a li nii gó rnych w dó³. 

IV. Gru pa „inne”, w któ rej wys têpuj¹ ró¿ ne  kierunki
pow iêkszenia li nii gra ficzn ej li ter i li nii ba zow ej
wy druku. 

Kie run ek „do góry i w pra wo” (ry cina 6) by³  naj czê -
œciej spo tyk any (21,5% pró bek). Nas têp ne w kol ejn oœci
by³y kie runki „do góry i prz esun iêty” (17,6% pró bek; ry -
cina 7) oraz „w dó³ i w lewo” (17, 6% pr óbek; ry cina 8).

Pod sum owuj¹c, na pod staw ie kie runku pow iêks zenia 
li nii gra ficzn ej li ter i li nii ba zow ej wy druku, mo ¿na do -
konaæ kla syf ika cji kse rok opii do jed nej z  zaproponowa -
nych w ta beli III grup. Po nadto po wiêk szenia li nii gra -
ficz nej li ter i li nii ba zow ej wy druku s¹ tymi ce chami, któ -
re mog¹ byæ u¿ yte do ok reœl enia ko lejn oœci, w ja kiej po -
wstawa³y kse rok opie. Po dobne wnio ski ze swo ich bad añ
uzys kali i opub liko wali Hil ton [3] oraz Win ches ter [6].

4. Wnio ski

Sto suj¹c tech niki anal izy ob razu wy kor zyst uj¹ce pro -
gram Ad obe Pho tosh op CS2, mo¿na okr eœliæ, czy  ksero -
ko pia jest kopi¹ oryg ina lnego do kum entu, czy te¿ kopi¹
in nej kse rok opii. Sto pieñ (wyr a¿o ny w pro cent ach)  po -
wiêkszenia li nii gra ficzn ej li ter i li nii ba zow ej wy druku
ob serw owa ny mi êdzy oryg ina lnym do kum entem a kse -
rok opi ami mo¿e byæ u¿y tec zn¹ cech¹ w celu okr eœl enia
se kwenc ji po wstaw ania kse rok opii. Kie run ek i sto pieñ
ob serw owa nego po wiêk sze nia mo¿e byæ ró wnie¿  zasto -
so wany w celu ro zró¿ nie nia kse rok opi arek.

Po dziê kow ania
Au tor zy dz iêk uj¹ De partm ento wi Na uki i Tech nol ogii w New
Del hi za wspar cie fi nans owe opis ane go w ar tyk ule pro jektu
ba dawczego.    

Problems of Forensic Sciences 2010, vol. LXXXIV, 315–325

Okreœlenie kolejnoœci powstania kserokopii za pomoc¹ technik... 325


