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Abstract: The consistency and homogeneity of repetitive printing of artificial fingerprint were evaluated using
a visual minutiae comparison method and an Automated Fingerprint Identification System (AFIS). The standard
latent fingerprint pattern was prepared by the printing of a master digital fingerprint pattern with an inkjet printer
cartridge case filled with artificial sweat. The master digital fingerprint pattern was prepared with a scanning
of an inked fingerprint pattern of a living subject. The intensities of the master digital fingerprint pattern were
adjusted by changing the ‘output level’ values of the Adobe Photoshop CS 5 software. Number of standard
latent fingerprint patterns were printed and then developed with conventional latent fingerprint developing
methods; ninhydrin treatment method and 1,2-indandion(1,2-IND)/ZnCl, treatment method. The ridge details of
the latent fingerprint patterns developed with the reagents were visually compared with the inked fingerprint
pattern and could confirm that the minutiae of both patterns are visually identical. The ridge detail of the inked
fingerprint and reagent developed standard latent fingerprint patterns were compared with an AFIS. The average
number of minutiae searched by the AFIS was 52.4+2.4 (range = 48~56) for 50 ninhydrin developed latent
fingerprint patterns, and 50.2+1.9 (range = 47~53) for 50 1,2-IND/ZnCl, developed latent fingerprint patterns.
These low standard deviation values over 50 repetitive printing demonstrated that the 50 standard latent patterns
were printed with consistent and homogeneous manner.
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cation System: AFISYS ZAFE|Q] AM Al 7152 9]
&3t AEuirte] B A0 2 EA3t= A (ridge
ending), %713 (bifurcation), 22+ (delta) 5-<] 34
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Table 1. Formulation of artificial sweat solution

Constituents Concentrations (mM)
Serine 9.3
Glycine 7.8
Alanine 33
Lysine 2.7
Threonine 1.2
Asparagin acid 1.1
Histidine 0.9
Valine 0.8
Leucine 0.7
Sodium chloride 113
Magnesium chloride 0.4
Calcium chloride 1.4
Zinc chloride 0.14
L-leucine, L-threonine, L-histidine, L-valine, L-(+)-

asparagin, L-lysine, sodium chloride, calcium chloride,
magnesium chloride, zinc chloride= =% 99.8% ©]7¢
¢l Sigma-Aldrich (Gillingham, Dorset, UK) | &2 A}
Sk FAAE dFo)| AHE-$ Ninhydrin¥ 1.2-
indandione (1,2-IND) ¥ zinc chloride (ZnCl,) working
solution F|=+2] Sirchirlel| A AAatsls Al ZS
2 ARSI

YIA ZHEE £ EPSON K100E, 27l +=
& 29 EPSON V33 A EFS AlLsldt. 93 &
(empty)7FE. 2] 2| &= EPSON i300 Y= 7lESA S +
A T AFHOR 53] AHF T AFHE FY3
o] Ag-3tadth. W 23hd-9 (forensic light source) S =
&3 Rofin AF2] Poliview PL-500 A|&S AFE-3FS)
ARzl Nikon D7000 DSLR7}H 2}2 &4 519 th.
t}2]v]+= Digital Steam Press SSP-3208 (Sienna, USA)
2 AFE3EFA T AFISE 00 A &A 9] HFXE do] of
b ARl AHg S A9 Abg sl
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PIAE FIF EF F ol & 3 A4 BAREA
Aol HAAFES A& % scannerS ©]-&35+4] black &
white image (resolution=1200 dpi)Z scan3d} St} Scan
ok Aol §AF §A Abelo] 9= HIETH-S Adobe
Photoshop CS 5 softwareE o] &3l FH A "5
% % °]E master fingerprint pattern© 2 A8} T}
©] master fingerprint patternS ZAFE oA A
Adobe Photoshop CS 52 ‘output levels’ 22 7]%
o] &-3}of theFel Al 7]2] master fingerprint patternS-
Y= th. Adobe Photoshop CS 5 softwaredl A=
output levelse 0~2507FA] 28 & = A=l (el LA}
7t &4 image’t ZEHA UERU S45 387
UeEbdth 2 A4 = master fingerprint pattern<]
output level 2 0, 50, 100, 150, 200, 25022 47 3}
th olgEA A& thgst Al719] master fingerprint
pattern> 7FEE]| Aol QIFH-S A2 YAAZUEE
Sk A4 8R4 E83le] EEIANAEES AU

o o ot

32. HE HWMAIEe #E

A4 &7 ¥ BFFAAAE-S ninhydrind} 1,2-
IND/ ZnCLZ 2]t #Z3F31th. Ninhydrin®] 739
o= ZZIANA ] ANE Fo]E ninhydrin working
solutiondl] 2 #7F H2 & THA AEIATH 1,2-
INDZ A& ZA$ole BEFAREo] A H Fo]
£ 1,2-IND working solution®] 2 #7F &2 & 7
W& % zinc chloride working solutiong 4-3}3L
160 °C THE]H| 2 10 s 5<% thelA d&35ct o)%
A g3 A EL forensic light sourceE ©]-&3f
555nme] $Oo 2 SrEA ¢ F BF 610 nm®| band
pass filterS 53 &3 modez 2331t}
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Fig. 1. Visual comparisons of three artificial latent fingerprint
sets developed with ninhydrin.

Vol. 28, No. 1, 2015

Fig. 2. Visual comparisons of three artificial latent fingerprint
sets developed with 1,2-IND/ZnCl,.
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Fig. 3. Minutiae comparisons of inked fingerprint and standard latent fingerprints. The uneven impression of the ridge detail (dotted
circle), number of ridge detail (dotted lines) between the core point (dot) and minutiae (arrows) are the same. (a)
Inked fingerprint, (b) Standard latent fingerprint developed with a ninhydrin treatment, (c) Standard latent fingerprint

developed with an 1,2-IND/ZnCl, treatment.
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Table 2. Number of Minutiae detected by an AFIS searching

Ninhydrin treated latent fingerprints

1,2-IND/ZnCl, treated latent fingerprints

Latent No. of Latent No. of Latent No. of Latent No. of
fingerprint Minutiae fingerprint. Minutiae fingerprint Minutiae fingerprint Minutiae
1 56 26 50 1 53 26 51
2 54 27 55 2 51 27 49
3 52 28 51 3 52 28 48
4 50 29 51 4 47 29 49
5 51 30 48 5 50 30 48
6 54 31 52 6 53 31 50
7 55 32 53 7 52 32 52
8 50 33 52 8 51 33 49
9 49 34 49 9 52 34 49
10 51 35 54 10 53 35 49
11 52 36 54 11 48 36 52
12 48 37 48 12 48 37 48
13 56 38 55 13 50 38 48
14 56 39 56 14 53 39 49
15 56 40 52 15 50 40 53
16 51 41 50 16 51 41 53
17 56 42 49 17 48 42 49
18 54 43 52 18 53 43 48
19 56 44 51 19 48 44 51
20 52 45 51 20 49 45 51
21 50 46 53 21 51 46 48
22 52 47 56 22 50 47 49
23 54 48 53 23 50 48 53
24 53 49 52 24 49 49 48
25 52 50 53 25 53 50 49

Average 52.4 Average 50.2
Standard deviation +2.4 Standard deviation +1.9

il
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-
-
=
-

il

ML
L

Fig. 4. Ninhydrine treated fingerprint (left) and an AFIS
searching result (right).
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