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Fusion of geometric and orientation infor mation for 3D palmprint recognition

1.2 1,2 . 1,2
WANG Xi*, GAI Shao-yan'*, DA Fei-peng”

(1. School of Automation, Southeast University, Nanjing Jiangsu 210096, China;

2. Key Laboratory of Measurement and Control of Complex Engineering System,

Ministry of Education, Southeast University, Nanjing Jiangsu 210096, China)

Abstract: In order to improve the robustness and accuracy of the feature representation of 3D
palmprint, a method integrating the geometric and directional features of curved surfaces was
proposed. Based on the existing method using the surface type (ST)-based coding to extract geometric
features of a 3D palm, we proposed to use the shape index (SI)-based coding to jointly characterize
the geometric features of 3D palmprints. This operation can effectively reduce the impact on accuracy
brought by the error encoding caused by the threshold. Moreover, we proposed a multi-scale modified
competitive coding (MSMCC) to characterize the orientation features. The multi-dictionary
collaborative-representation (CR)-based framework was employed to merge the geometric and
orientation features into the decision level to perform identification. Extensive experiments on the
public 3D palmprint database prove that the proposed method can achieve an optimal rank-1

recognition accuracy while maintaining a relatively low computational complexity.
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Table 1  Surface type
GC
>0 =0 <0
<0 Peak (ST=1) Ridge (ST=2) Saddle Ridge (S7=3)

=0 None (S7=4) Flat(S7=5)  Minimal Surface (S7=6)
>0  Pit(S7=7)  Valley (ST=8) Saddle Valley (S7=9)

YRR MC F GC TS X — A K0, &
W MC(GOETEMEHL, HHT MC M GC
ISR T F MG DR, R X B
XIFR X 8] [—eme, temc) M [—egeteac], 2 MC(GO)HIME
WAEXEN, AN MC(GO)ET %, BiiEz
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Table 2 Shape index
JRTIRBERF SI
. 7
Spherical cup se |:—1, —g)
Trough se| -2 —éj
roug : 38
Rut se|-2 —E]
Y K
Saddl: se 3 —l)
addle rut )
Saddl S € - +l]
addle A
Saddle rid SE[+1 +§)
addle ridge PR
Rid se _+é +§]
idge A
D se 7+§ +zj
ome AN
. 7
Spherical cap s E|:+g +1
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Table 3 Shape index coding
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7 .
-1, —gj 0 Spherical cup
12 1 Trough
s g roug
s : "
|78 8 u
7—5 " 3 Saddle rut
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5 |7
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2 SICs 55 STs HAMESMHT
Fig. 2 Complementarity analysis of SICs and STs
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MSMCC(x,y) = s(

1.14
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I::> 0.38 ::>

- E 045
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345
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TR B o BN 56179, FHETSH 1 5
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0.062 5, HXTRFIARLE 575 0.2, 0.2, 0.3 [ 0.3,
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NEAER A, X5 AAERE: A 887 Wy
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Fig. 3 Points on flat regions (7=3.0)
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02875

17925
32240 0.8771
1683 0.0755

0.
=0.1

=

00530
T — 1
ooy §| R —min ]
T
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MSMCC

1.792 5
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Fig. 4 MSMCC extraction example
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EAEM A E x B Lo 82 1R R 2%
2=0.01. L—{ufI2 615 75 fe BA i, RN

X, =(A'A +4L1)'Aly, j=123  (11)

SRIG, A BRI B [ Xy, Xo, X3 T H %
WA S YIRE R R E LG ML R 2, H
ARG g RoR, B

=11y, -Asx) L, =123 (12)
Hr, 51‘(Xj)y\j#/l\}‘k X TR R &, B X 5
Fl i AHRERITUREE A, HARDIHEE: /()
NI Y 55§ R VTR R ZE .
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SCIEFFAE R AT IR 3 ANULEL R 2 HEAT IR
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J=2 Xt ST, j=3 X8 MSMCC, AN, AL
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ST 1 MSMCC K. 25, TR E T B4t
T 7t — D IR R L B IR . 25
XFF SIC, ST Al MSMCC, 45I% fr Yl kA
(1) L7 BRI F AR UG43 DU IO 257 3L A,
Ay Aso FELIINRFEESY, YT 3D MAREL, Bk
o A [F) (1) 20 BRER B B2 F SIC, ST A1 MSMCC

! . = i 17
| Atest3D GRS Giit
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X, Xy, X. Fy, o, T 5| P i
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L s

E Training 3D palms
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Fig. 5 Algorithm flow chart of this paper
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(1 B 77 EIRFAE y1, ¥, Y35 SRJEARE vi (va, Vo) THE
T Aj(Ay, A)RISIIRLE & X (X2, X3); 2
TR, WRAEAEBE X, X, X3, VAR IZNNA S
DG INGEP KT —RELZBHILEIRE r,
ra, r3e WJE, TERFEEHEAT MBS, 453k

5]

4 SSWEDHh

4.1 BURERXESHIA

I SEBRIAE A TT I AP HE R TR 3D #4UE
(Hong Kong Polytechnic University 3D palmprint
database) AT ). ZEIEEES T 8 000 7KKE
H 400 MCR E 200 44 58 A T 51 3D H LU
Ao B JEH GG 136 4 BRI 64 44 2o, RS 10~55
5o HANTEHY 2 AW BCKRSE, NN 1A
Hy BABORE 10 DA, 20t abH
> 3D FEL Rol BRIIR/AN 128x128 53K
SEIGSF- 6 (RIS A Intel(R) Core(TM) i7-4770

(3.40 GHz)[f] CPU, LLJK 8 GB [¥] ARM, #fFF&
N Visual Studio 2015.
42 ELURRILIE

N T AEARSCNERA &, A ES
MCI_GCI_ST', MCI_Comp"®', SI_ Comp_ LTP'®,
ST CR"™, ST pcAl™, cBR™, PDCSTP4:i#t 1)
3D FELGORBITIERAT TR, S2Ie R o Bk A
ANEIREAT N=1 (2, 3, 4, 10/ERVIZE, H
RIFEAB R NREE . fERERFEAS N=1 2, 3,
4, BENLIE R VIZRFE AR I AT 10 IR CATH BT 3
2. 76 N=10 B, EEEEE 1 BYBORAEN 10 RAEA
PERIZREE, 25 2 MrBCREER) 10 5KAEA I 9P
. LIREERIE 4. WLLEH, ACHEMET
Hopth 7 MOTVER A IR IVERE . Rt ik
1, 2, 3, 4, 10 MEGHERVENINGREARR, A3
JFETE Rank-1 #ERfR b, MELHEAD 7 FO7iERIF
PR T DLy 4 = 2 7.64%, 3.38%, 1.99%,
0.98%, 3.15%.

F4 TREIZGORFTE Rank-1 EFRELLR (%)

Table 4 Comparison of Rank-1 accuracy of different palmprint recognition methods (%)

N MCI_GCI_ST MCI_Comp SI Comp LTP ST CR ST PCA CBR PDCST Proposed
1 80.99 87.48 82.84 9534 9376 9527 97.04 98.03
2 92.09 94.41 93.46 98.19 98.69 97.77 99.23 99.65
3 95.06 96.76 95.33 99.22 99.18 99.26 99.69 99.73
4 97.46 98.75 97.42 99.59 99.39 99.67 99.86 99.82
10 93.46 94.80 92.88 99.15 9735 98.38 99.56 99.67

Ak, ¥ XA THE B XS SIC, ST AN
MSMCC BUE [a) EPFEEAE RN — BN ) &=, 2R
J& P48 B S HF ) & ML (support vector machine, SVM)
VERGT KA, 14 C RICFFME B, R EE
M iEm & ws, y=0.1, C=0.1, i N
CR_SVM_RBF: It4h, ¥ 10)+HEN 5, R
IR Ly-3 8, 38 A Homotopy! 7 13K
il felf#, 1cN CR_L; Homotopy. fHHE 1 BBk
SRR 10 SREEARVENIIZREE, K55 2 (rBERAER
10 SKAEAAE MR, ¥ 2 Bt bb ik RIA ST v
(1) Rank-1 1528 J~F45) 56 B — R 3 BT 5 B 1) (£
RN RN SR 5. NGRS AT,
AT CR_SVM_RBF Al CR_L; Homotopy Ji

®5 BETWHREIFTHFELRR

Table 5 Comparison of methods based on collaborative

representation
T Rank-1 HAI2(%)  — IR AT [E](ms)
CR_SVM_RBF 97.34 16927.03
CR L1 Homotopy 99.71 1224.80
Proposed 99.67 145.25

TR R R RAR 2, 9%t CR_SVM_RBF
i 2.33%, 1XEE CR_L; Homotopy i 0.04%,
DR A S A AR T Fopth 2 Fho ik
43 SIC 1 MSMCC B3t sLih

23— R LA SRIG IR 1 AR SCHE 1 SIC Al
MSMCC HHIERIE RME. LU BT SEIe 8 H 5 A
OPEM R BB RR (B 5): R T E
J7 B GeE RS TP R 37 1) A SR s . S
Kl 6 s

Bl 6(a) L T 4 INFEARZ R 8 1 (2, 3, 4,
10)iF, B ] ST 8¢ SIC LA KK ST AT SIC 7E 4
HZ A (B Hd A ST+SIC) ) Rank-1 #ERfZHK .
6(b)LLH T MSMCC LA K HoAth 4 Fhofeidk (5 T 77 In]
AL (147592 1) Rank-1 #ERf %, HALFE CompCode!,
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Fig. 6 Experiments to show the effectiveness
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