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Hand shape recognition based on fusion
features of fingers and particle swarm optimization
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Abstract: As the hand shape recognition method based on geometric features is limited by its individual
information, this paper presents a new hand shape recognition method based on the fusion of finger
contour features and geometric features. A curve fitting method was proposed to position the axis of
finger after four fingers were separated. Then the matched fingers were normalized by stepwise
alignment method, and the contour features and geometric features were extracted. Finally, the
Particle Swarm Optimization (PSO) was used to optimize the cut-off coefficients and the weight values
of fingers to further improve the recognition rate. Experimental results show that the recognition rate
by proposed method is 98. 61%. As the four fingers are separated, the proposed method reduces the
computing consumption and gets more accurate located hand shapes. With make full use of the hand
information,it also avoids the influence of inaccurate feature point location and instable contour around
finger valleys on the recognition accuracy, and has high recognition rate and good robustness.
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Fig. 1 Acquisition device of hand shape image
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Fig. 2 Hand shape contour
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Fig. 3 Contours of four fingers
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Fig. 4 Location of finger axis

2.3 FHEMEH

T TR B A S A [ B TR B R AR
J7 10 B A AR 2 S B B DL I DA 0 T 45
FrREFE A AL PR, A SCR LR 23 28 3 55 O 5 52 B

(DOWIEXFUE, b2 5 ¥ b 5458
IRV I 52 5 RE D B 45 AR L RS R D 1 4 R T
PG IO, T4 14 8 42 A% 55, 52 B0 48 1 w0 28 X
7. WX HERCR UL 5.



LT RS

I UKL DG AR 9 I U

1777

K5 w00 i

Fig. 5 Preliminary alignment
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Fig. 6 Precise alignment
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Fig. 7 Interception of finger’s stable part
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Fig. 8 Extraction of finger width

Fh BEYE 70Ar TR T4 B A ) B DA X ek 1
BRI BN 2 1 T T T 48 18] R A e 07 1) L 4% o
P2 AR 2R G2 — S 0 AR B T T8 Y B R IR
800, T4 T AFIZ AR BU T B9 48 58 B (R A
O Z R AR S . HAHLSE R LA 30T

§—§~m@épﬁwia=
= =1

hmi(kﬁhy

2. SL S4Bl 2 i 2 Py DL R 1 2 (8] DL I T 46
A T ARG B8 5 LA 1 4 ) 55 8 2 P DL R R 2
[i] VT e 45 JUAR] 56 BE 19 7 35 {8 5 L b F48 rh il 2k
GRS IINEG 0 FoRK PRI n 0.

o U FRAR A SRRSO, AT L R N E A
RS E AR EARRKEMEEN iR, f
DO FH, YN 5 28 4 T B 2 B K,
J5 PN 5 2 ) T4 1 JLART B8 25 U A R A I R
BB = B —80E . Wit S8 T F 45
JUAR] R AIE 0 J38 A A1 2 ) B 3 FH 1Y

(7

4 RTEFHEHE O HMLAA

HSCE SR 3] Ly HEBR 8 AR E AL A 1 AR AR
PN R B 0 DX Y 52 i X 4% T4 R AT
W Ak B, AT S 09 T8 B ST NE TR AT, ik
) AR A D AR | 5 BEAR I 2% T8 BT 5l R AR
AR AT BT 1 B AEEASUIEL . A SOR DKL 7~ HE 530k
(Particle Swarm Optimization, PSO) %t F+5 7% B
FH K ZINMBRE m,(i=1,2,3, O #4711k, A
A D WAS e RAEAE 9 Z 84 A 5 ik — 2042
mT/\%U(ﬁfﬁﬁdi

BT E RN X=[Ksm ,m»ms,n ],
ﬂCE’Jé’Jﬁ/JﬁFL AL 22 07 R ,ijfi\fiﬁﬁ
Ho R TR BB A K XA R B m, 138
SIESY N

Kmin< K< Knmx ’ (8)
1
2 m =1, 9
i=1

My << 110, My« (10

A, PSO SR T HE X FR B A% 5% bR BR324
2J IR T S R AR e B el Y A5 IR A D

P GERTE E RR P R R T A
AR I A
vl{lzw. ‘Uul+sl * (prtl_-’[&l )+
s (pu—xu)s1=1,2,++, N, (11D)
$1= Stmin T CStmax — Stmin ) ®
[l—arccost 2n+l]/ ] (12
n
S — \7mm+ ( S2max me
( hl
ll—arccos 2><n+1 /RJ, (13)
ny
n—1
W= Wiax — ( Whnax — Whn )LI_J ,  (14)
Ii(lzxi¢l+vi(177::172’"'9N9 (15)

Koo Moo HHEHE; s s H2ETHT,
v T s s s BIRIAE FTZAR 5 n
J@él HUl%ﬁﬁ(’%‘ﬁLmjﬂFﬁﬁiﬁMﬁ( w AR EAL
Ty Whin ~ W 73 01 9 FEH) (B AN 2B 5 o Sy 388 000 3R
B, 4 ﬁﬁ, M Sin 1. 25, Smin
0.6 Some =2+ Wax =0. 95wy, =0. 4, a=0. 7, Flh B
KN30, ﬁ&(é’éﬁlﬁ 200 YT, B8k W Sl R
B A, B 9Ca) L (b) 43 4 Hh T Rk
A I AR P B i SR H Rk 1 BRI AL SR TR A

Simin ~ SImax ~

- 2- \) s Stmax



55 6 1] Xl

AT A

(RE A ) R DR 1779

TG RLE

IBIZ iR

| T sEf B
:

HHIEIRIR
IR
¥ ]
| tswsis | [ HRETEEAL |

Duprssieremess ] [feerErcmess R
PR

Ca) I3 1 A R
(a) Flow chart of proposed recognition algorithm

i

Bt area
{
[ iR T ENE |
!
B
¥

¢ A B

| XL FE A FORAL A
¥
AR R 0 O A 8

AU

(b LT~ 1 57 15 R 12
(b) Flow chart of PSO
Ko wEE
Fig. 9 Flowcharts

5 SHBERRSH

A SR TR G R 5 B AS TR AF 8 BL i
2k, Ay 3R 2N 640 X480, PC HLR A Intel i7 4b
AR, EWR 4 GHz, WA R 16GB. UL
Visual Studio 2013 JF & #855 T SC 8, S04 12 L
A 120 A& A 20 0, Hor 10 08 FAE S B AR
A 55 A0 10 W AE SR R 50 DS L S 56 B4 R A B0 T
B R AR IEAT DU 4R 43 85 5 B PR I LB AN B
RO X IR AE AL B, B A TR AT 0
(n=1,2,++,10) A3 8] n MR EE, —NF KA
B = X4 QERRRIE 0] i, 5 T4 B R R A

Ja AT IS . 1 200 iR EIESEHEAT 719 400 WKL
g 528, Hirp 5 400 RSB PERL . 714 000 ¥R 25 ]
1T

Frse AR S RS T Rk B S, K
10Ca) (b)) 43 3l 45 T T+ 48 58 B R AF R 58 80 R AE
) S e R il 2, RIS 1R 42 A2 8 (FAR) RS 1R 4E
YR (FRRO Fifi B {28 fb 19 #h 4% . FAR= 451218
AN %5/ 25 18] DT TE VR %0, FRR = S 15 0 46 > %0/ 26
WUCECR B, M 10Ca)  (b) A LA Y, b %
17284k, FAR Fl FRR & — ANk — /b,
EH AL ST — A R kL B
RELIP) 25 S 2 7 A [A) B B 09 15 %0 K L FAR A FRR
BB /NG, S BE R BT b bR, AR SRR
R, — g S DRI R R R IR R
GLELRORW E BE. ASCHE T, T, ki
FEBI(E , B SR 45 R fh £ FAR fil FRR 52 45 4
JIT S R A B A AR (B . X T T 4R A 4 1 A i P o
Jo  EAT U 2 R A, LIS B A 2GR B 25 R

100

o =]
= =
T T

£
=
T

Equal error rate/%

201 —FRR

- - FAR

0 10 0 30 40 50
Euclidean distance

Ca) JU] R IE 25 8 152 0 il 2k
(a) Error rate curves of geometry characteristic

|00 T T T o T =

=]
=
T

o
=
T

40F

Equal error rate/%

(]
=
T

T T: 90 95 100

Ratio of overlap area/%
(b)) %% J 4 iF S5 5 1R 4 1t £
(b) Error rate curves of contour feature
P10 SRS TR L

Fig. 10 Equal error rate curves



1780 e KBE TR

%23 &

KM PSO AL, & 1 AL T 5 19 2 80k
b MR 1 ATRUA B DU AR5 48 5 &R
TG /NE BUITAUR B  X 5 R A AR 2
FIEHFAE LU /NG 2 PR OUAAT . RIS
F8 AL 28 280, VU B R R A B A AR

K1 RUEIESEX

Tab.1 Comparison of parameters before and after optimizations

hAikwr  RAk)E
WA K 1 0.913
JIALZR AL 0.25 0.139
AR EL my 0.25 0.221
JAL R my 0. 25 0.412
TIALZREL 0.25 0.228

FAFHFHEESm/ % 92. 38 95. 37
R ANFIFHESER/ % 87. 64 85. 45

B AR R 2/ % 92.55 94. 72
B AERA N % 96. 57 98. 61

hy B e A ) il RO O S R E
B B AL R 1) T4 R B R RS B (S 2 A
MG 2 B0 o 38 i 5256 745 B 48 5 RS E 5 A
[F) %5 H A L] 58 B8 455 AIE fl A i SR 3 0 A2 Ak ith
2L UNIEN 11 BraR o AR AR R B IR T4 BE R AR
B AR R B a T 3 AR,
991 2 718 SR Bk JL AR A R T8 00 8 B A A R
FHTUART 45 A0E 0 4 S A 1) Bl 45 R AR 3 19 00 T %
O F) PR 531 3R i 32 BB A T 9% B Rp AR A B i A2 Ak
BRI T 48 T BE R AE U0 I TR B 9 R R
AEAS By 38 T 52 0 e B T 2 5 A RO
6 I, YU AR A AN BB B G 5 SOk [ 14 ] v B 2
R—E, B A P S R AT TR U R
18 A bR (T 2 RO ART 5 B2 A4S %0 J0 5%, A Bt 6
Me bR TR L N — AR Bk, 3 SRt &,
AT 85 SR T 2 T4 5 B2 R i R 6 AR A il 5 19
AR 25 M2 i 28 1k, ANIET 11 AT LU Y L T4 9 B2 4
TR Eorh 1 2 Hg i 2 6 i, 5 58 B AR Rl S
Je R SR ] A 5 25 T4 SRS KO 6 ) . il
FRFE R B R TC W] AR Ml . 25 P B 308 I 4 AT 2
0 22 VE e 52 4% 2 MK A SO B4 A7 ARG IX
SYRETT . IR B 1B 11, A% SCk B 6 A~ F 45 58 %
SRR SEAT RS . B 11 e LRl R

F R T Rl A B4 B0 RRAE 9 850 . TR 5 o
#3K 98.61%.,

=]

EN

]

s

=

=

2

&

pj L o

3 —=—Fusion feature

& g5t | —e—Contour feature |
—a—geometric feature

80

1 2 3 4 5 6 7 8 9 10
Number of widths
P11 48 58 B B IS U Y 6 R
Fig. 11  Relationship between the number of finger widths

and recognition rate

A SCHE R O S SCER [7-12] Oy i A
b, B S MR T SR 7 T 45 BN 30k rh BB L) 4%
TE TR 7E B M 1 57 5 P L TR 3 8 S T R A
[F] B S 50k e T SCHR[8-12 ] v 5 % SURRE L 48
T GURFAE B KCRRAF 25 3 O 2R A AE AT A R
LR A A = RIS 5 PR B . 25 b
JITIR S AR SCT5 6 AT AN R A5 B R A 2 RURRAE 42
WG, NI Bk A, A SO i & 2K
fAf B 1 5 T30 s NS BR 25 5ok L S ik BT R 4
(AT A AN . T B8 R 2 BT ] 1 D i B
[ 4> 5] A 281. 56, 0. 826 ms, W B M # X ik
98.61% . FILTELAIETRBISCR B R, 42 T8
S HER %

6 % ®

ARSCHR T — PP RS T 16 IR 19 F 12 R
B J7 5 %7 LA JLAS J7 T B2 1 IR 45
0 A M A R . (1D DU 23 B AL B A A0
TATIVILE R TR &, T T8k IE L
Pz 3l B2 5 (2) R HTHE BR A5 LA RSl 1 iR
B I7 i IR AT T T AR AR AR B 5 (3) R
ek VAL R HES-J 0 B (=R Sl VAV R T S i o o VA<
R M 5 (4) BT T 45 A A8 AN B 8 B ol 4 R 3
A8 R AE SIS 280AT & 5 (5) SR DKL T RE R E AL S
ot — 3w T U B HERR R



55 6 1] Xl

B AF BT IR RS R IR AR T RO AL B TR U

1781

S & k-

(1]

(2]

[3]

[4]

(5]

[6]

[7]

(8]

(9]

JAIN A K, ROSS A, PRABHAKAR S. An intro-
duction to biometric recognition [J]. IEEE Transac-
tions on Circuits and Systems for Video Technolo-
gy, 2004, 14(1); 4-20.

GUO J M, HSIA C H, LIU Y F, et al.. Contact-
free hand geometry-based identification system [J].
Expert Systems with Applications, 2012, 39(14) .
11728-11736.

FERRER M A, MORALES A, ALONSO J B. Fin-
gers shape biometric identification using point distri-
bution models []]. 2010, 46
(7): 495-497.

KUMAR A, WONG D C M, SHEN H C, et al..

Electronics Letters,

Personal verification using palmprint and hand ge-
ometry biometric [J]. Lecture Notes in Computer

Science, 2003: 668-678.

SAVIC T, PAVESI C N. Personal recognition
based on an image of the palmar surface of the
hand [J]. Pattern Recognition, 2007, 40 (11):
3152-3163.
MICHAEL G K O, CONNIE T, TEOH ABJ. A
contactless biometric system using multiple hand
features [ J]. Journal of Visual Communication
and Image Representation, 2012, 23 (7):
1068-1084.
SeEhH, . T TR R FIEETT
[J]. k% %R, 2010,30 (10): 2994-2999.
YUAN W Q, DONG Q. Hand shape verification
method based on hand geometry feature [J]. Acta Op-
tica Sinica, 2010, 30 (10): 2994-2999. (in Chinese)
AR, SuERE, IR, F. LST AT LT
FRAE AL & r BRI 2 SR BN LT ], B ALK F 3k,
2013, 34(2) . 415-422.
LIN'S, YUAN W Q, JING L T, et al.. Blurred
palm-print recognition based on fusion of Laplacian
smoothing transform and geometric features of hand
L1
2013, 34(2): 415-422. (in Chinese)

KANHANGAD V, KUMAR A, ZHANG D. A u-

Chinese Journal of Scientific Instrument,

nified framework for contactless hand verification
[J]. IEEE Transactions on Information Forensics

and Security, 2011, 6(3): 1014-1027.

[10] KANHANGAD V, KUMAR A, ZHANG D. Con-

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

tactless and pose invariant biometric identification u-
sing hand surface [ J]. IEEE Transactions on Image
Processing, 2011, 20(5): 1415-1424.

MICHAEL G K O, CONNIE T, TEOH ABJ. A
contactless biometric system using multiple hand
features [J1. Jowrnal of Visual Communication
and Image Representation, 2012, 23 (7).
1068-1084.

ASAARI M S M, SUANDI S A, ROSDI B A.
Fusion of band limited phase only correlation and
width centroid contour distance for finger based
biometrics [J]. Expert Systems with Applica-
tions, 2014, 41(7) . 3367-3382.

MEF, T, HHE, F. 5T Owsu HEN A
HAMBEE T EMBRETELT] F HE 4,
2012, 20(10) . 2315-2323.
HE ZH Y, SUN L N, HUANG W G, et al..
Thresholding segmentation algorithm based on Ot-
su criterion and line intercept histogram [J]. Opt.
Precision Eng. , 2012, 20(10): 2315-2323. (in
Chinese)

SUHH, A&, AW, TR R
BERFR G HLT]. k5 4 & A, 2009, 17(7):
1730-1736.

YUAN W Q, ZHU CH Y, KE L. Analysis of re-
lationship between finger width and recognition
rate [J]. Opt. Precision Eng., 2009, 17 (7).
1730-1736. (in Chinese)

ADAN M. ADAN A, VAZQUEZ A S. et al..
Biometric  verification/identification based on
hands natural layout [J]. Image and Vision Com-
puting» 2008, 26(4); 451-465.

SHARMA S, DUBEY S R, SINGH S K, et al..
Identity verification using shape and geometry of
human hands [J]. Expert Systems with Applica-
tions, 2015, 42(2) . 821-832.

B, 385, EEG FL ORAIIB AR 19 B AS £
SAEILT] e HE T, 2013, 21 (1)
189-196.

CHU J, GUO L, AN ZH, et al.. Chessboard corner
detection based on circular template [J] Opt. Preci-
sion Eng. » 2013, 21(1): 189-196. (in Chinese)
ALFI A. Particle swarm optimization algorithm

with dynamic inertia weight for online parameter

identification applied to Lorenz chaotic system



1782 e KBE TR 5 23 %

[J]. International Journal of Innovative Compu- 1056-1063.

ting Information and Control, 2012, 8 (2): ZOU D X, WANG X, CHEN CH H, et al.. Iris

1191-1203. location algorithm based on improved particle
[19] 4Rtg4%, 2 &, iR, F. AT b 7T swarm optimization [ J]. Opt Precision Eng. .

WA L)) RF & LA, 2014, 22(4); 2014, 22(4): 1056-1063. (in Chinese)

EE @I

X T 1968 ), B MR N, H
B A4 T, 1991 4F 1994 4E T 7
0SB N 71 [ R < N e = VAR
2002 FHMRKRF ARG WA 200, £
AR YR AR UM AR A1 B A
B ARSI S . E-mail: livfu@

jlu. edu. cn.

X ER(1990—) . Lo MK EN il 1+
WFFEA, 2013 4F F 35 bk R 27 g o &
AL, FENFE AU S5 AN TRy
T A9 BF 5% . E-mail: luckydedou @ 163.

com

(FRILERE REWWT FEHEH)



