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Abstract

Forensic palmprint recognition, which mainly deals with
high-resolution palmprints and latent-to-full palmprint
comparison, has aroused research highlights because of
the increased use of the evidence of palmprints in forensics.
There are some in-depth works on high-resolution
palmprint  preprocessing (i.e., segmentation and
enhancement) and feature extraction. However, few works
on latent-to-full palmprint comparison have been done.
Recently, radial  triangulation-based  latent-to-full
palmprint comparison algorithm was proposed as it has
been proposed for forensic likelihood ratio computation
using fingerprints, and proved to have identification
usability and efficiency for palmprint comparison. In this
work, we generalize point pattern comparison by
relaxation to minutiae-based palmprint recognition and
improve the latent-to-full palmprint comparison algorithm
based on radial triangulation. Firstly, local minutiae
comparison is modified according to novel point pattern
comparison method and global minutiae comparison is
based on centroid distribution. Then logistic regression
learning is used for comparison score computation.
Performance of the proposed algorithm is evaluated on
forensic databases including 22 latent palmprints from real
cases and 8680 full palmprints from criminal investigation
field. Experimental results show the improvement on
identification accuracy and efficiency of our approach. A
rank-1 identification rate of 69% is achieved, compared
with 63% of previous radial triangulation-based.

1. Introduction

The interest in forensic palmprint recognition has been
aroused in the last year due to the increase in the forensic
cases where palmprint recognition has yielded important
information about identity. It mainly deals with high-
resolution palmprints, where minutia-based palmprint
recognition is mainly the type of latent-to-full palmprint
comparison. There are some in-depth works on high-
resolution palmprint preprocessing (i.e., segmentation [15]
and enhancement [16]) and feature extraction [1]. However,
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few works on latent-to-full palmprint comparison have
been done. Pioneering works such as MinutiaCode-based
approach [2] made relevant contribution to the objective of
real forensic latent-to-full palmprint comparison. However,
the approach has two main drawbacks: 1) MinutiaCode is
not robust to distortion and disturbance of central minutiae.
2) MinutiaCode-based comparison is still time-consuming,
while comparison efficiency is significant for forensic
automatic palmprint identification systems, for instance in
large-scale database queries. Therefore, more research is
needed in this field in order to achieve a robust and
meaningful technology.

Moreover, the interpretation needs of modern forensic
science [12] calls for a rigorous quantification of the
evidential value of biometrics, such as fingerprints and
palmprints. Recently, radial triangulation has been
proposed as a step towards this objective in fingerprints [3],
and used for modeling minutiae manually extracted by
forensic experts. Based on this approach, distances among
minutiae models are used as a basis for the computation of
likelihood ratios, which represent the value of the evidence
in a given case. Motivated by [3, 4], radial triangulation-
based forensic palmprint recognition algorithm [10] was
proposed and proved to have identification usability and
efficiency. However, some problems remain in [10]: 1) The
discriminative power of the similarity based on radial
triangulation structure is not stable. 2) To select more
accurate calibration centers, finer alignment based on
global information is needed. 3) Learning based
comparison score computation is needed to Dbetter
distinguish between genuine and imposter.

In fact, the minutiae comparison problem can be viewed
as a point pattern comparison problem [13] which plays a
central role in many pattern recognition and computer
vision tasks, and extensively studied yielding families of
approaches known as algebraic geometry, Hough transform,
relaxation, Operations Research solutions, energy-
minimization. Previous work [5] indicated that point
pattern comparison by relaxation was tolerant to global
distortion and had some successful applications [6-9].

In this work, we generalize point pattern comparison by
relaxation [5] to minutiae-based palmprint recognition and
improve latent-to-full palmprint comparison algorithm
based on radial triangulation. Firstly, the similarity



computation based on local minutiae comparison is
modified according to novel point pattern comparison
method. Secondly, alignment between latent and full
palmprints based on the distribution of centroids in radial
triangulation structures is implemented for global minutiae
comparison. Finally, logistic regression learning is used for
comparison score computation. Performance of the
proposed algorithm is evaluated on forensic databases
including 22 latent palmprints from real cases and 8680 full
palmprints from criminal investigation field which are
subsets of the databases used in [17]. Experimental results
show the improvement on identification accuracy and
efficiency of our approach. And rank-1 identification rate
of 69% is achieved, compared with 63% of previous radial
triangulation-based method and 67% of MinutiaCode-
based method on the same databases.

The rest of this paper is organized as follows: Section 2
describes related works including point pattern comparison
by relaxation and radial triangulation modeling. Section 3
proposes the improved latent-to-full palmprint comparison
algorithm based on radial triangulation. Experimental
results are provided in Section 4, with conclusions
presented in Section 5.

2. Related works

2.1. Point pattern comparison by relaxation

As the minutiae comparison problem can be viewed as a
point pattern comparison problem, we refer to some
previous works on point pattern comparison by relaxation,
especially to obtain robust solution to distortion.

It was early indicated in [5] that the relaxation approach
of point pattern comparison was proved to be more tolerant
to global distortion. Later some successful applications of
point pattern comparison by relaxation were presented
[6-9], such as comparison of constellations [6], Delaunay
triangulations [8] and hand image sequence [9].

Here we generalize the relaxation approach of point
pattern  comparison to minutiae-based palmprint
comparison. Given two minutia sets LM = {LM g and

i=1

FM ={FM ,}"_, from a latent palmprint and a full palmprint

respectively, we count, for each displacement § of LM
relative to FM , how many pairs (LM ,,FM ) lie closer

together than some threshold 7. When we pair
LM, with FM ,, We would like to find minutiae of the full

palmprint in the same positions relative to FM, that
minutiae of the latent palmprint have relative to 27, Let
LM ,and Fpf, be any minutiae other than 77, and FM
and let 5, (hk) be the position difference of rar, and
FMkwhen LM, is mapped into FM ;. If 16, (hk)| 1S zero,
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FM, is exactly in the same position relative to FM, that
M, is relative to LM, SO that the pair (LM ,,FM,)
should give the pair ( LM, FM ) maximal support; while
as |5, (hk)| increases, this support should decline. Let the
support given to (LM,,FM ) by (LM, FM,) be denoted
by o5, (hk)])- In the experiments described in this work,
we used g(x)=1/(1+x*)as [5]. For each Lpr, there may
be several Fur .S that lie close to it; but we only want one
FM, to correspond to [/ A when LM, is paired with FM ;.
Thus it is reasonable to define the support to ( LM, FM )

associated with LM, as
max(p(| 5, (h, k) ). M

In this way, we compute the support provided to the pair
(LM, FM/_)by each 0, . To obtain the total support for the

pair (LM, FM,), We average contributions of all the 77, s:
Sy (LM FM ) = 1/(m =Y (maxlo( 5, (k) T}, ()

h#i

where sy (LM ,,FM ;) denotes the similarity of minutiae

pair (LM, FM ,)-

2.2. Radial triangulation modeling

In order to execute minutiae-based comparison between
latent and full palmprints, the spatial arrangement of
minutiae, i.e., local minutiae structures, is essential not only
for local minutiae comparison but also for global minutiae
comparison, as latent prints are usually partial images.

Recently, radial triangulation was generalized to
palmprint minutiae modeling [10], motivated by its
application to minutiae modeling for forensic evidence
evaluation in fingerprint comparison [3]. It is served as
local minutiae structure as shown in Figure 1. Given a set of
N minutiae, i.e., M = {m where m, =(x,,¥,,60,) » the
general vector form of the local minutiae structure based on
radial triangulation is,

LS:[PC’{VA"RI\"Lk,kJrl’SZ;c}IJcV:I] (3)

where P.=(x0,Ye,0:) is the centroid of the polygon, v, 1S

Figure 1: Radial triangulation of a set of nine minutiac from a
palmprint.



. is the radius of

is the length of the

a vertex where a minutia locates, R
minutia k£ to the centroid, Lo
polygon side between minutia k¢ and minutia k+1, ST, is

the area of the triangle defined by minutiae &, k+1, and
the centroid. In order to be used in local structure
comparison, each vertex J,_ in a polygon has been

transformed into the polar coordinate system of the centroid
from its corresponding minutiae , as following:

V@ =207 + (3 = ve)?
" Y, —Ve. 180 4)
V, =| a, |=| (arctan(*——5) x — + 360)%360
r —Xc T
P (6, - 0,.) +360)%360

where the centroid P.=(x¢,e,0,) is the pole, r denotes
the polar radius of v, relative to P.. a, denotes the polar
angle of v, relative to P., and o, denotes the angle of v,
relative to P. according to their directions.

In the minutiae structure vector LS, radial triangulation
veetor RT = {V,,R,,L, ,.,»ST, } 1, is used for local minutiae

comparison and the centroid P, is used for global minutiae

comparison.

3. Latent-to-full palmprint comparison

The procedures of latent-to-full palmprint comparison
based on radial triangulation are shown in Figure 2. As
minutiae-based approach, features of latent prints are
manually extracted by forensic experts, while palmprint
preprocessing and post-processing are implemented for full
palmprint feature extraction by a commercial biometric
SDK [11] in an automatic way, which is in accordance with
methods in [10] and current forensic practice. Based on the
minutiae sets of latent and full palmprints, modified
latent-to-full palmprint comparison based on radial
triangulation is described as the following sections, mainly
improving methods for local minutiae comparison,
alignment and comparison score computation.

3.1. Modified radial triangulation comparison

As latent palmprints are partial prints and much smaller
than full prints, position and direction information of a
minutia cannot be wused for latent-to-full palmprint
comparison directly. Instead, local minutiae comparison
based on radial triangulation is used [10], as described in
the following steps while point pattern comparison by
relaxation is utilized for the similarity computation in radial
triangulation structures with N minutiae.

3.1.1  Selection of local minutiae sets

Given the minutiae set of a palmprint, selection of local
N-minutiae sets is detailed as below.

e Step 1: Minutiae are sorted in ascending order of the
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distances between minutiae and the origin of the
coordinate system.

¢ Step 2: The minutia nearest to the origin in the sorted
minutiae set is selected as the starting point. And N-/
minutiac nearest to the starting minutia are selected to
form a local N-minutiae set. Then the total N minutiae
are deleted from the sorted minutiae set.

e Step 3: The same procedure as the above step is
implemented on the reduced minutiae set until the
number of remaining minutiae is less than .

3.1.2  Generation of radial triangulation structures

Local minutiae structure sets LSS, ={LS}-, and

Latent
LSS, =1 LSI_};”:1 based on radial triangulation are extracted

for each latent and full palmprint based on their local
N-minutiae sets. L:LnLM / NJ and F:LnFM/ NJdenote radial

triangulation structure numbers in a latent print and a full
print, where 5, and n,, denote numbers of minutiae in a

latent palmprint and a full palmprint respectively.

3.1.3  Comparison of radial triangulation structures
Comparison between two local radial triangulation

structure sets RTS . ={RT}, from a latent palmprint and

atent

RTS,,, ={RT, }; from a full palmprint is executed as below.

e Step 1: For each pair of radial triangualtion structures
RT and R T, their distance vector D, is calculated by

% * {
1 ﬁ':ﬁ’ ék o

|Aut0matically
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1 ] ! |
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Figure 2: Latent-to-full palmprint comparison.



Figure 3: Alignment based on centroid distribution.

(5), while the pair of the structure is considered as a
matched pair when the distance vector is within the
threshold of the average distance, i.c.,

D, ={DV,,DR,,DL,,DST,} -

1 N N 1 N N 1 N N
DU = FZZDV&J} ’FZZDR%// ’F;;DL’XJI ’

1 k=1 1=1 k=1

1=
1 N N 5
FZZDSTM} )
I=1 k=1
where = - 2 ina. —r sina, )
AP \/ (r, cosa, —r; cosa, )" +(r; sina, —r; sina, )"

= '}k _rjt i DL%/I =

DRL-JI Lik _Lft > DST;k’jI = ST;k _STft
* Step 2: Then the similarity sy (LM, ,FM ) of minutiae

LM, from the latent print and FM, from the full print

in the paired structure is calculated using (6), which is
deduced according to the similarity of point pattern
comparison by relaxation using (2).

S (LM, FM ) =1(N =D _{max{e(| 5, , (- a) DI} (6)

p#k
where 5, (p,q) denotes the position difference of

LM, and FM, when LM, is mapped into FM and
p(x)=1/1+x%).

e Step 3: The minutia FM, is considered as the one
paired with the minutia LM, only when the similarity
sy (LM, ,FM ) is the maximum value in the similarity
set of minutiaLMik R i'e"s(LMi,(): {SM(LMikaFMj,)}Zl .

Finally, all paired minutiae are marked as candidates.

3.2. Global minutiae comparison

Given the similarity of all candidate minutia pairs, global
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minutiae correspondence is established in this stage. As the
distribution of centroids in radial triangulation structures
gives global information, we first do alignment based on
centroid distribution and finally obtain the correspondence
between minutiae.
3.2.1  Alignment based on centroid distribution

Given a latent and full palmprint with centroid sets
R, ={F, }-, and R, .= }j: ,based on radial triangulation,

L=|n,,/N|and F=|pn, /N| are centroid numbers. As

shown in Figure 3, alignment based on centroid distribution
is implemented using simplified radial triangulation
comparison for centroid sets as following.
¢ Step 1: Local L-centroid sets for the full palmprint are
selected using the same procedure in Section 3.1.2,
while only one L-centroid set for a latent palmprint.
e Step 2: Simplified radial triangulation structure sets
LSC,,, ={LSG ¢, are extracted for the full palmprint

based on their L-centroid sets in accordance with the
simplified structure form,

LSC=[Pc, . R 1] ™
where P, =(x.c, v 0.) 18 the centroid of the polygon
formed by a L-centroid set. And the structure number
for the full printis ¢ =| #/L|, while only one simplified
radial triangulation structure set is generated for the
latent palmprint’ i'e" LSCLat@nt = [PCCﬂ {I/k ’ Rk }i=1 ]Latent .

Step 3: For each simplified radial triangulation
structure set in the full palmprint, the similarity
se(Pe, Pr,) of centroids P., from the latent print and

P, from the full print is calculated by applying the

m?

function (6) for minutiae to centroids. Then the support
p(P.,,P.,)of the centroid pair(p, P, ) giving to the



structure pair(LSG,,,,,LSG), [ =12,...,C, is calculated

using (8), which will be assigned to the minutiae
similarity sy (LM, ,FM ) to obtain modified minutia

atent?

similarity s, (LM, , FM ) using (9).

(e, Pe,) = SC(PCm’PCn)/(ZL:SC(PCm’PCn)) ®)

n=l1
so(LM, ,FM ) =5, (LM, ,FM )% p(P,,.P.,) (9)
where the minutiae )7, and FM , are in the radial
triangulation structures related to the centroids p. and

P, respectively.

Step 4: All minutia pairs are sorted in the decreasing
order of the modified similarity defined in Step 3 and
each of the top-ten minutia pairs is used to align the two
sets of minutiae.
3.2.2  Correspondence of minutiae

After the above alignment, minutiac are examined in
turn, while a minutiae pair that is the closest with each other
according to both location and direction, is deemed as a
matched minutiae pair. After all the minutiae pairs have
been examined, a set of matched minutiae is obtained.

3.3. Comparison Score Computation

The minutiae-based comparison score § between two
palmprints in this paper is set by a linear expression (10)
using a quantitative score §, and a qualitative score S,

S=2+A4xS, +4,xS, (10)
where 4, , A, , A, are parameters obtained by logistic

regression learning [14].

The quantitative score measures the quantity of evidence
while the qualitative score measures the consistency in the
common region between two palmprints. The quantitative
score is computed as

5= Ny 11
" N,+20
where N, denotes the number of matched minutiae and

the value 20 is an experience value of the minimum number
of matched minutiae for genuine comparison referred to [2].
The qualitative score is computed as

S =S x Ny XL (12)
PN, +N, N, +N,

where s, is the average similarity of radial triangulation

structures for all the matched minutiae, N, and n, denote

the number of unmatched minutiae in latent and full
palmprints.

4. Experiments

Since public latent and mated full palmprint databases
are not available, in our experiments, 22 latent palmprints
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from real forensic cases and 8680 full palmprints from
criminal investigation field captured by Beijing Institute of
Criminal Technology in China, are used to evaluate the
performance of the proposed forensic automatic palmprint
identification system. 8680 full prints are from 4340
subjects while each subject leaves two palmprints from left
hand and right hand respectively, including mated images
to the 22 latent prints. Image size of full palmprints is 2304
x 2304, while the size of latent palmprints varies and
generally is smaller than that of full prints. All the
palmprints are recovered (i.e., latent prints) or captured (i.e.,
full prints) with the resolution of 500 ppi.

Under forensic conditions, minutiae of 22 latent
palmprints are manually extracted by forensic experts,
while minutiae extraction of 8680 full palmprints is
executed by MegaMatcher 4.0 SDK in an automatic way
with preprocessing and post-processing as [10]. This
protocol simulates typical casework when automated
systems are used for query search.

Using the same databases of 22 latent palmprints and
8680 full palmprints, and the same feature sets extracted in
the same way, we compare the proposed latent-to-full
palmprint comparison algorithm based on modified radial
triangulation with the original radial triangulation based
method [10] and MinutiaCode-based method [2]. In the
experiments, we set N=9 for radial triangulation as the
performance indicated in [10]. Score computation based on
logistic regression learning which operates with maximum
likelihood estimators is executed in the performance
evaluation for all the three methods. As stated in [18] that it
is risky to use maximum likelihood estimates in samples
under 100 while samples above 500 should be adequate, we
select 2200 score pairs (s,.8,) generated by comparison

between 22 latent palmprints and 100 randomly selected
full palmprints as the training set. The values of the learned
parameters (A,,4,,4,) are (1.4, 1.2, 2.5) for modified

radial triangulation based method, (0.8, 1.6, 1.8) for
original radial triangulation based method [10] and (2.2, 0.8,
1.5) for MinutiaCode-based method [2] respectively. To
evaluate the closed-set identification task, CMC curves for
the three comparison methods on the same databases are
obtained as shown in Figure 4. Comparison results of
identification rate and efficiency are shown in Table 1. The
modified radial triangulation based method performs best,
i.e., rank-1 identification rate of 69% is achieved, while the
average comparison time is 160ms. It is obvious that the
proposed method in our work meets the requirements of
forensic automatic palmprint identification system best.
Though its average comparison time is a little more than
that of the original radial triangulation based method [10], it
is mainly for a tradeoff to obtain more identification
accuracy while implementing improved local comparison
by relaxation and finer alignment based on centroid
distribution.



Identification Rate

Table 1: Comparison results of identification rate and efficiency.

Identification rate Average time
Rank-1 Rank-20 &
MinutiaCode[2] 67% 73% 300ms
RT[10] 63% 70% 100ms
Modified RT 69% 78% 160ms
Curmulative Match Characteristic
! —&— Original RT
0.95 f-- MinutiaCode
—h— Modified RT
09
0.85
08 o .
075
D7A.—.l(/‘—‘ """""

s un- "

2 4 B 8 10 12 14 16 18 xr

Rank
Figure 4: CMC curves of the three methods for comparison.

5. Conclusions

Aimed to improve forensic palmprint recognition
technology as a first step towards a rigorous quantification
of the evidential value in palmprints, we implemented
modified latent-to-full palmprint comparison algorithm.
Firstly, we generalized point pattern comparison by
relaxation [5] to minutiae-based palmprint recognition and
applied it to the similarity computation based on radial
triangulation structure comparison. Secondly, we assigned
the support of centroid pair to the similarity of minutiae for
finer alignment between latent and full palmprints. Finally,
logistic regression learning was used for comparison score
computation. Forensic databases including 22 latent
palmprints from real cases and 8680 full palmprints from
criminal investigation field were used for performance
evaluation. The modified radial triangulation based method
performs best, i.e., rank-1 identification rate of 69% is
achieved, while the average comparison time is 160ms. Our
future work will focus on quantification of the evidence in
palmprints, such as developing a model for the computation
of likelihood ratios using the evidence in palmprints.
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