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Abstract: In crime scene investigation, fingerprint identification is regarded to be one of the most important
techniques for personal identification. However, objective and unbiased evaluation methods that would compare
the fingerprints with diverse available and developing methods are currently lacking. To develop an objective
and quantitative method to improve fingerprint evaluation, a preliminary study was performed to extract useful
research information from the analysis with densitometric image analysis (CP Atlas 2.0) and the Automated
Fingerprint Identification System (AFIS) for the developed fingerprints on porous surfaces. First, inked
fingerprints obtained by varying pressure (kg.f) and pressing time (sec.) to find optimal conditions for obtaining
fingerprint samples were analyzed, because they could provide fingerprints of a relatively uniform quality. The
extracted number of minutiae from the analysis with AFIS was compared with the calculated areas of friction
ridge peaks from the image analysis. Inked fingerprints with a pressing pressure of 1.0 kg.f for 5 seconds
provided the most visually clear fingerprints, the highest number of minutiae points, and the largest average
area of the peaks of the friction ridge. In addition, the images of the developed latent fingerprints on thermal
paper with the iodine fuming method were analyzed. Fingerprinting condition of 1.0 kg.f/5 sec was also found
to be optimal when generating highest minutiae number and the largest average area of peaks of ridges.
Additionally, when the concentration of ninhydrin solution (0.5 % vs. 5 %) was used to compare the developed
latent fingerprints on print paper, the best fingerprinting condition was 2.0 kg.f/5 sec and 5 % of ninhydrin
concentration. It was confirmed that the larger the average area of the peaks generated by the image analysis,

% Corresponding author
Phone : +82-(0)42-821-5294 Fax : +82-(0)42-822-5236
E-mail : schoi@cnu.ac.kr

This is an open access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons. org/licenses/
by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

—142-



A preliminary study for the quantitative evaluation method of fingerprints with densitometric analysis 143

the higher the number of minutiae points was found. With additional tests for fingerprint evaluation using the
densitometric image analysis, this method can prove to be a new quantitative and objective assessment method
for fingerprint development.
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Fig. 1. An image of inked fingerprint analyzed by AFIS
with minutiae points and ridge patterns (5 sec/1.0

keg.f).

Table 1. The number of minutiae identified in inked fingerprints
analyzed by AFIS (N=10)

Mean(£SD)
Pressing time®
Pressure® 39 59 109
Number? Number? Number?
05 44,5 423 42.0
' (+2.17) (+2.87) (+ 5.06)
10 439 48.8 43.6
' (+3.96) (+235) (+2.95)
20 48.1 48.3 51.7
' (+6.23) (+334) (*5.14)

298econd, Pkg.f, YNumber of minutiae identified by AFIS.
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Table 2. Statistical data of inked fingerprints analyzed with
CP Atlas 2.0 (N=10)

Mean(£SD)
Pressing time®
Pressure® 39 59 109
Area Area Area
0s 1,093.26 1,138.32 1,069.00
' (+ 149.40) (+ 203.76) (+ 147.77)
10 1,086.37 1,169.90 1,032.76
' (+155.16) (+ 162.76) (+195.10)
20 939.66 797.75 740.75
' (110.42) (+89.99) (+94.43)
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Table 3. The average area of inked fingerprints analyzed
with CP Atlas 2.0 in depletion series

Table 4. Number of minutiae of the inked fingerprints found
in depletion series”

Mean(+SD) Mean(+SD)
Ist 2nd 3rd 4th Ist 2nd 3rd 4th
Average 870.94 249.28 76.40 33.56 Number of 101 86 54 39
area (*12.82) (£1642) (x2.45) (£0.09) minutiae  (£9.90) (£5.66) (£25.46) (+38.18)
YAFIS.

Ao WA ke AL Ak Ao WA o]
A &2 == 24928, 76.40, 33.56
< 1 & F AN Table 3).

£ o o
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2
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02 AR FHE F-73 A2 AFISE 53 &
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t} o] ZHE XE g4 WEH Fho] ZAEFE F

AP E7} A4S AFISE B3 24 EAH £ &
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Fig. 5. An image of developed fingerprint with iodine
fuming method analyzed by AFIS with minutiae
points and ridge patterns.

Table 5. Number of minutiae identified from developed
fingerprints by iodine fuming method

Mean(£SD)
Pressing time®
Pressure® 39 59 109
Number? Number? Number?
05 36.0 40.7 42.7
: (2.00) (+2.52) (+2.08)
10 57.3 473 28.7
: (+10.50) *153) (+24.91)
2.0 0 0 0

298econd, Pkg.f, YMinutiae identified by AFIS.

1st 2nd
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3rd 4th
Fig. 4. Images of a depletion series of inked fingerprints analyzed by AFIS with minutiae points and ridge patterns.
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@

(b)

Fig. 7. Latent fingerprint images in gray scale developed with 0.5 % ninhydrin (a) and 5 % ninhydrin (b) (2.0 kg.f/5 sec)

analyzed by AFIS.
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Table 7. Number of minutiae® identified from developed
fingerprints by ninhydrin (2.0 kg.f/5 sec) in depletion

series
Mean(+SD)
Concentration® Ist 2nd 3rd
64
0.5 (£90.51) 0 0
5 93 46 1
£424)  (£5374)  (£141)

YAFIS, ®% in acetone.
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Fig. 8. Image analysis of developed fingerprint with 5 % ninhydrin solution using CP Atlas 2.0 ((a), 2.0 kg.t/5 sec) with

lane profile (b).
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Table 8. Statistical data of developed fingerprints by ninhydrin
analyzed with CP Atlas 2.0 in depletion series
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