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PART |

Interdigital frequencies of pattern types and
their arrangements as a key to palm print
identification

PART I

The relationship between the ridge
patterning and the frequency of minutiae on
the interdigital area of palmprints

Overview

PART Il

Future work: Automated detection and
frequency-based interpretation of palmprint
features for friction ridge examinations
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METHODOLOGY

4000 palmprints

* 2000 - right hand
e 2000 - left hand

4 intervals (11,12, 13 e 14)

5 bases (B1, B2, B3, B4, € BS)




METHODOLOGY

Palmprint analysis
Patterns at the intervals

No pattern Loop Composite
(code 0) (code 2) (code 3)



METHODOLOGY

Palmprint analysis
Patterns at the bases
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METHODOLOGY

R RV 11-12-13 - 14

B1-B2-B3-B4-

Arrangements on the bases [

B1-11-B2-12-
B3-13-B4-14-
B5




RESULTS
Pattern frequencies

Interval 1 Interval 2 Interval 3 Interval 4

All patterns No pattern (Code 0) - All patterns All patterns
95.6%

No pattern (Code 0) Loop (Code 2)-4.4% No pattern (Code 0)isthe  No pattern (Code 0)-44.57%

is the prevalent prevalent-67.67% Loop (Code 2) - 52.08%

(more than 94%) Loop (Code 2) - 32.07% Composite (Code 3) - 2.48%
Composite (Code 3) - Whorl (Code 4) - 0.88%
0.03%
Whorl (Code 4) - 0.22% Right hand —51.5% no pattern

Left hand — 37.65% no pattern

Base 1 Base 2 Base 3 Base 4 Base b5

Plainarch—-97.72% Delta-—100% Delta—-99.93% Delta - 73.45% Delta - 99.8%
Delta-2.28% Tented arch-0.07% Plainarch-6.32% Plain arch-0.18%
Tented arch-20.23% Tented arch-0.03%
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RESULTS

Arrangements —

on the intervals i 9 exclusively on the left hand -
The frequency of exclusive posely
arrangements is less than 0.3%




Right hand (N =2000)

8.2%

Frequencies
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Rare arrangement that occurs in both hands: 0-0-4-0

11 |2 13 14
No pattern — no pattern — whorl - no pattern
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Would it be possible to see a palmprint
with a whorl in all four intervals?




RESULTS

Arrangements
on the bases

1 occurs exclusively in the right
hand (F =0.15%)

2 occur exclusively in the left
hand (F = 0.06%)




Right hand

Frequencies

0.5% 0.2%

Left hand

Frequencies

6.7% ,
4% 04%  02%  02%  0.1% 0%
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RESULTS

Arrangements

on the intervals and

bases analyzed in
combination

15 occur exclusively in the right
hand (F < 0.2%)

29 occur exclusively in the left
hand (F < 0.3%)




Arrangements occurring exclusively in the right hand
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Arrangements occurring exclusively in the left hand
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CONCLUSIONS

1 The interdigital region can be statistically classified as a unit.

) \§ Some arrangements are common, others rare, and some may never
~= OCCuUr.




The relationship between the ridge patterning and the
frequency of minutiae on the interdigital area of palmprints

"H“:;;‘,"t—:‘w oL —————— ek L

'h-‘ -F‘- ‘,JI -




Minutiae

Discriminating power.

It’s the comparison of
the relative positions
of a set of minutiae
(mark vs. print) that
informs examiner’s
opinion.

Each type of minutiae has a
different discriminatory value.







Categorical opinion.

Increased scrutiny in the legal system.

Statistical uncertainty associated with
a person’s identification based on the
minutiae present in a mark.



How to provide guantitative
measure of weight of
evidence to palmprint

comparisons?




. OBJECIIVES

‘ Count the frequency of general patterns in the sample, per hand and sex.

‘ Count the frequency of minutia types on the interval 4.

Assess if the minutia type frequencies are statistically different between
men and women.

Assess if there is an association between Level 1 and the frequency

of minutiae.




METHODOLOGY
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CVAT Projects

METHODOLOGY

Palmprints

Palmprints £

Project description

Edit
Issue Tracker £

Z Raw & Constructor

Add label & Setup skeleton & From model &

P-BW




METHODOLOGY

Quick filters &Y Filter &

Women_Right_Hand ‘ Open

Actions

#4: Men_Right_Palm

‘ Open

Actions

Women_Left_Hand

‘ Open

Actions

Men_Left Hand




Minutiae type

Definition

Ridge ending (E)

Bifurcation (B)

Convergence (C)

Fragment Big (F-BG)

Fragment Small (F-SM)

Break (BR)

Enclosure Big (EN-BG)

Enclosure Small (EN-SM)

Point between (P-BW)

Point in ridge (P-IN)
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The termination of a ridge.

A point where a dermal ridge, originating from the left side of the
palmprint, splits into two.

A point where two ridges, originating from the left side of the palmprint,
merge into one.

Short ridge with a length five to ten times its width.
A short ridge with a length less than five times its width.

A point where the course of a ridge is interrupted, in a way that the
discontinuity is not less than the width of the ridge nor larger than double
its width.

Where the ridge path divides and then comes together again, with its
length five to ten times the width of the dermal ridge.

Where the ridge path divides and then comes together again with its length
less than five times the width of the dermal ridge.

One ridge unit, containing only one sweat gland pore, between two ridges.

One ridge unit, containing only one sweat gland pore within a ridge.

METHODOLOGY







Create videos with https://clipchamp.com/en/video-editor - free online video editor, video compressor, video converter.




RESULTS - Frequency (%) of Level 1

Pattern Both hands Left hand Right hand
(n =80) (n =40) (n =40)

@ 46% 52% 40%
L

W e s s
wi 6% 10% 2%

Vi 2% :
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Iz 1% 0




7,380 minutiae were computed.
RESULTS

P a8

Merge C Merge B  Trifurcation B

Left hand has 17.76% more minutiae than right hand.
Miny B % BD '
tia i
RF! .' L
(%) 7.56/ 0.06 0.98' 5.25/ 2.26 0.54168.29

E \EN- EN- FF-BGF-SM O OB P-BWP-IN R

S TF-C
G SM

\
1
1
|
1
I

I

0.09 0.23 1.93 4.87 2.2 0.04 3.38 0.08 0.02 1.47 0.02




RESULTS

12 =4.95,p<0.026

Comparison of minutiae frequency between men and women

w2 =10.78
p <0.001

Frequency
[
[ ]
(]

L 4

*middtia type




E>B>C>F-SM>P-BW>CR>0>F-BG>S>BR>
D > EN-SM > BD > EN-BG > P-IN > OB > R > [[&®

E>B>F-SM>C>P-BW>F-BG>0>CR>S>
BR>D >EN-SM>EN-BG>P-IN>TF-C>BD >0B >




Relationship
between
Level 1

and
Level 2

Minutia

BD

BR

Test p-value
Chi-Square 0.2076
Fisher (sim) 0.7827
Fisher (sim) 0.3121
Chi-Square 0.0574
Chi-Square 0.2664
Fisher (sim) 0.7428
Chi-Square 0.8480
Fisher (sim) 0.4270

Fishar.(sim)..........1.0Q00.

Fisher (sim) 0.0171*
Chi-Square 0.0124*
Chi-Square™ ™" """ """ 10.6977
Fisher (sim) 0.3340

Chizo0HaM . v eennaaa0.9190

0.0104*
LTI LI On
1.0000

0.0821

Fisher (sim)
Fisher (sim)
Fisher (sim)
Fisher (sim)




CONCLUSION




Automated detection and frequency-based interpretation of
palmprint features for friction ridge examinations




Automation
of friction
ridge

examinations
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