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ABSTRACT

Research of hand geometry measurement system using image processing focused on the
precision of the hand identification features. It can be classified into two types: peg system and peg-
less system. The problem of peg-less hand geometry measurement system is a distinguishing feature
of the hand. The major cause of problem is the placing hand gestures that are different from the
original. This directly reduces the effectiveness of the system. This thesis presents the enhancement of
peg-less hand geometry device based on image processing.

The opening the palm of the hand from 60 people, which are 180 images, is used as the
image input. Firstly, the hull convexity defects technique with middle-ring finger valley parallel line-
based technique are used to identify the hand feature. Moreover, the area ratio of hand’s valleys
technique is applied to check the position of the hand. This can provide the length and width of finger
and the based line of finger.

The results are shown that the hull convexity defects technique can detect the finger trip
and a concave finger of the hand. The middle-Ring finger valley parallel line-based technique can
reduce the measure error of little finger, index finger and the opening the palm of the hand
approximately 3 mm. finally, the area ratio of hand’s valleys technique can classify the error image of
finger touch gestures. Therefore this system can perform very well and highly flexible to support the
different shape of those hand. It can be noticed in the receiver operating characteristic (ROC) result

which provides the equal error rate value (EER) as 5% and the limited error threshold value as 3 mm.

Keywords: hand geometry system, placement detection, feature extraction
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310 2.11 d9u1)52ne YOI Hand Punch 1000 [13]

a A
2.6 ﬂ1‘§ﬂ1ﬂi$ﬁﬂﬁﬂ1ﬂﬂlﬁﬁ‘§$ﬂﬂ
a a a a}l Q'J % 1
ﬂ'li‘l’i1‘]J53’d“ﬂ‘ﬁﬂWW“UfNSZU‘U]IUIE]LllﬂiﬂuuTﬂEl‘lfl’Jll‘lJ%$’Jﬂ%'lﬂﬂ1 FAR FRR o
v a = A a Aa
EER [18] mﬂaﬂaamﬂmgﬂﬂuﬂau Iﬂﬂﬁgﬂﬂli'l‘ﬂ&iﬂﬂﬂﬁﬂ‘lu’ﬂ NMTIUIDUNHANAA (false
(% 1 1 o 9 ~ Yo a ] 9 v o 9
accept) ammaui:mnmmumm@ﬂaﬂuuﬂmﬂmumiauﬂaumuwﬂuizumammu@
gl/ d' Y Yo a ~ 1T @ a ::'Q
ﬂﬁﬂﬂllﬂﬁ\i‘ﬂ\‘]ﬁﬂﬂﬂﬁ@\‘ﬂﬂiﬂﬂﬁ‘ﬂf‘]l’ﬁ‘ﬁﬂgQﬂliFJﬂ'J'l’OGliWﬂﬁEluEl’OiJﬂWﬂwa1ﬂ (FAR: false

[ d‘ Y o a a = dd’ll
accept rate) AduaAluaNMIN (2.1) uaznng1¥a9segnifias laoszuusivzBennsaiiin
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! o Yo Aa 3’, A Y Yo o ~ 1 o a AAa
igﬂ‘ﬂﬁfﬁﬂuﬂum%ﬁ?ﬂiﬂﬂﬂﬂuﬂﬂ@ﬂﬂqﬂiﬂﬂ'liflﬁlllﬁJﬂzgﬂlﬁﬂﬂ]’l'ﬁ]@ﬁ’lﬂ’lﬁﬂg!ﬁ‘ﬁ'ﬂWﬂ‘Wﬂ']ﬂ
(FRR: false reject rate) aavaadluaunisn 2.2)

] 9
1191511181 FAR  11ay FRR  fi9erean1a319ns1w ROC (Receiver  operating
.. A @ 4 I o 1 FY =K o
characteristic) TaelA1szaUInaM (threshold level) WuanlsvesninzuuuaunaenaINy
[ [ d' d‘ 9 v W 9 d‘
HULUY (template) ?’N;J:TJ‘VI 2.12 ﬂﬂ“l/lllﬂsﬂ1ﬂﬂﬂﬂusll@\uﬁuﬂ51w FAR t1a¢ FRR (ﬂqﬂ“ﬂ FAR e
FRR iA1Reg1n1) Aoonsianudanamanaa (EER: equal error rate) Aduaadludunisi (2.3)

& Rg v 2 = 1o
"']NEﬂgGIfGlWLWUQQﬂ'NNLLNUEJ'FU@\iﬁg1111

Accept / Reject Ratio (%)

O ——
30 40 50 60 70 80 90 100

(]
o
h]
o

Threshold level

Ui 2.12 mavlsz@nsamvesszuudlensvl ROC [18]

FAR (th) 1] Number of accept(.ed imposter claims % 100 2.1)
Total number of imposter accesses

FRR (th) 2 Number of rejected ger'luine claims % 100 (2.2)
Total number of genuine accesses

ERR where FAR = FRR (2.3)

d’ A [ = ] A 1 [ 9 = o
WO th A9 TLAUANVALLLN 150 ﬂ']§'$ﬂUﬂ'ﬂllﬂa'lEJﬂﬁ\‘lﬁlu"llmgﬂ'lﬂ'liﬂﬂﬁ@U
Number of accepted imposter claims Ao ii’mauwfﬂaamgﬂmﬁPhulfi’fﬂuiwu
. . . A o Yo a Ay Jo a
Number of rejected genuine claims ® mmu;ﬁ%mi}iw"lmnmiﬂgmﬁmﬂiwu

° ) { 9 [
Total number of imposter accesses Ao mmu@ﬂa@mlﬂmﬁgﬁmmaamwumﬁm

v
(2 a A

° v 9 [
Total number of genuine accesses Ao mmugﬂmm%ﬂmmmﬂﬁamzuumﬁm
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2.7 NUNIUITIUNITN

91AM19T0 Handbook of Biometrics U4 Springer Publishing Company Anuwl a.a.
2010 [19] Tuti1fei304 “Hand Geometry Recognition” I@3ausaudoyamsiatlszansaman
muATeunsAR Taoaue lugduuumsedunauail a.d. 1999 61l a4, 2006 sumaa

a A 1 @ o A A = 9 o A 9o
AUNAIUNULANANNIU AINT1TINN 2.3 Iﬂﬂlaﬁ]ﬂllﬁﬂﬂl‘ﬂﬂﬂiuﬂTu VTUIUYANANLVITINNIG

o £ A

[ . (% o o A
naaoy (User) szuvlumsmnuiiile (Pins) ANNAUTIUNIZUDIHAD N NUAAIDDAN (Feature

basis)

4

Y 9 @ a A Av A Aa
ﬂ]i]ﬂﬁ 2.3 GUE]?‘;!?Iﬂqﬁjﬂﬂigﬁ“ﬂ‘ﬁﬂ']w{lnﬂq'lujﬂﬂﬁW']Uﬂ']iawuw

Reference Year Users Pins Feature basis FAR FRR EER

Jain and Ross [16] 1999 50 Yes Geometric 2% 14%

Jain and Duta [23] 1999 53 Yes Contours 2% 3.5%
Sanchez-Reillo [24] 2000 20 Yes Geometric 4.9%
Odenetal. [25] 2001 28 No Contours 1% 1% 1%

Kumar et al. [29] 2003 100 No Geometric 2% 22%

Veldhuis et al. [31] 2004 51 Yes Contours 0%
Bulatov et al. [32] 2004 70 No Geometric 1% 3%
Boreki & Zimmer [37] 2005 80 No Contours 0.8% 3.8%
Amayeh et al. [39] 2006 40 No Contours 1% 242% 2%
Yoruk et al. [40] 2006 458 No Contours 0.1% 3.9%

9 H ]
599215815 Pattern Recognition lauh 42 1 a.¢. 2009 Tui€ei304 “A survey of
. . Y v [ A = (% 1

biometric technology based on hand shape” [1] ”lﬂwmwniNLWmﬂ%umamwumimgﬂiw
A Av A A A 4 1 = 9 ] o A o
VOINNUIVYNYNANNWINYLUNT Taanfsowmneulunainnarearusu NUIUYAAANNING
NATDY (Population Size) ii’maué]gﬂﬂﬁmﬁamiauﬂﬂa (Sample/person) TIUIULALFUAVDI
AU (Number/type of template) dnvazdumiznaenlaay (Feature used) N15IANIY

9 = . . . [ ~
AN18AA (Similarity measure) AIHIT NN 2.4
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139N 2.4 !.‘LEEJUL“V]EJ“]J'J'%‘UUﬂﬁ’mg‘ﬂﬁNNﬂﬂWﬂQ']H’J%EJVIQﬂﬂWiJWLNfJLLWﬁ

Year system Population Sample/ Number/type of template Features used Similarity measure Performance
size Person
Golfarelli et al. 100 8 1 (mean of a multinormal Finger lengths/widths, Bayes aposteriori EER=0.0012
1997 [21] pdf) thickness (17) class probability
Jain and Ross 50 5-10 1 (average feature vector) Finger lengths/widths, Mabhalanobis distance FAR=0.01
1999 [16] aspect ratios (16) FRR=0.17
Jain and Duta 53 2-15 1-14 (raw contours) Hand contour Mean alignment error FAR=0.01
1999 [23] coordinates (120-350 FRR=0.06
contour points)
Sanchez-Reillo 20 10 1 (average feature vector) Finger lengths, Euclidian, Hamming, EER=0.05
et al. 2000 [12] widths, ratios GMM
thickness, deviation
(25)
Wong and Shi 22 12-15 2 (average feature vectors) Finger lengths, widths GMM probability FAR=0.022
2002 [27] (13) Fingertip ratio of hit points FRR=0.111
coordinates (50-90)
Bulatov et al. 70 10 1 (training vector bounding Geometric features Nearest box (L) FAR=0.01
2004 [32] box ) (30) minimum enclosing FRR=0.03
ball
Ribaric et al. 110 registered 7 3 (raw feature vectors) Finger lengths/widths, Normalized Euclidian FAR=0.01
2004 [28] 399 impostors palm width (24) distance FRR=0.001"
Veldhuis et al. 51 10-20 1 (average)+ multiple raw Hand contour coordi- Log-Likelihood under EER=
2005 [31] nates, angles (51-211 Gaussian assumption 0.00001-0.002
contour points)
Covavisaruch et 96 10 1 (average feature vector) Finger lengths/widths 1< min(yi — £i) EER,,=0.03
al. 2005 [35] @21 d Ly max(yi — i) EER,,,=0.06
‘Woodard and 223 5-8 1 (average feature vector) Shape indices (based Normalized EER,
Flynn, 2005 on 3-D surface correlation coefficient =0.09"
[36] curvature) (18,500) ERR,,,,=0.15
Yoruk et al. 458 3 2 (raw feature vectors) Contour coordinates Modified Hausdorff EER =0.01—
2006 [40] (2048 points) ICA on L1, cosine distance 0.02
binary hand image
(458)
Amayeh et al. 40 10 5 (raw feature vectors) Zernike moments of Euclidian FAR=0.01
2006 [39] the binary hand image FRR=0.02
followed by PCA (30)
Adan et al. 470 6-8 1 (time averaged feature Non-landmark based Normalized sum of FAR=0.0045
2008 [20] vector) geometric feature deviation FRR=0.034
measurements (14 for
each hand)
Morales et al. 20 10 4 (SVM training) Finger widths for SVM score (distance EER =3.4%

2008 [41]

three fingers (40)

to separator
hyperplane)

a
The authors reported FAR/FRR rates for a system which combined hand geometry features with fingerprint and palm-based features.

b
The authors only reported verification experiments corresponding to a 16-week lapse between the enrollment images and test images.
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Reference 1 2 3 4 5 6 7 8 9 10 11
Sanchez-Reillo et Hand / fingers geometry Feature vector,#25 M Yes CCD Vi #20 #200 ? FAR <10 97
al. [12]
Oden et al. [25] Hand / fingers geometry Feature vector,#16 M No CCD VI #28 #3840 ? FAR=1 95
Hang et al. Palmprint Template image, H No Scanner VI #50 #1500  No FAR <9 91
32x32 FRR <9
Zhang et al. Palmprint Template, 384 bytes H No CCD \'% #193 #7752  Yes FAR=1
Zhang and Shu Palmprint Template, image 400 H No Print + \% #20 ? No ?
x 400 scanner
You et al. Palmprint Template, image 232 H No Print + 1 #100  #200 No 95
x 232 scanner
Joshi et al. [22] Middle/ring geometry Template, 472 bytes S Yes CCD \% #206 #1030 No FAR=0.1
FRR =0.1
Jain and Duta Hand’s contour Template, #120 to 350 S Yes Scanner A% #53 #353 No FAR=20
[23] FRR=3.5
Jain and Ross Hand / fingers geometry Feature vector, #16 M Yes CCD 4 #50 #500 ? ?
[16]
Han [33] Hand/fingers geometry + Feature vector, #10 H Yes CCD 4 #50 #1500 No FAR =37
palmprint Template #500 FRR=53
Gonzalez et al. Hand/fingers geometry + Feature vector, #17 M No Scanner 1 #50 #500 No 97
[30] hand’s contour Template #50 to 512
Ong et al. [34] Hand/fingers geometry + Feature vector, #22 M No Scanner \% #50 #600 No FAR=1.0
palmprint Template #? FRR=1.3
Wong and Shi Fingers geometry Feature vector, #16 N No Scanner \% #22 #288 No FAR=22
[27] Template #50 to 80 FRR =11
Lietal. Knuckprint Template, #100 H No CCD 1 #73 #1423 No 97.6
Kumar et al. [29] Hand/fingers geometry + Feature vector H No  CCD A% #100 #1000  No  FAR=5.08
palmprint #(144+16) FRR=2.25
Xiong et al. [38] Fingers geometry Feature vector, # M No CCD v #108  #540 ? FAR=2.41
(37 for each finger) FRR=2.41
Adan et al.[20] Left/right hand’s contours Feature vector S No 2 CCD VI  #470 #5640 Yes FAR=1.3 97.6
#(14+14) FRR=1.3

(1) kind of technique,(2) feature size,(3) hard/middle/soft (H/M/S) image processing, (4) pegs or special demands, (5) device, (6) verification/identification, (7)

number of users tested, (8) image database, (9) off-line/on-line system, (10) FAR/FRR (%), (11) identification rate (%).
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. Thumb length

. Index finger length

. Middle finger length
. Ring finger length

16. Ring circle radius lower
17. Ring circle radius upper
18. Pinkie circle radius lower
19. Pinkie circle radius upper
20. Thumb perimeter

1
2
3
4
5. Pinkie length
6
7
8
9

. Thumb width 21. Index finger perimeter
. Index finger width 22. Middle finger perimeter
. Middle finger width 23. Ring finger perimeter
. Ring finger width 24. Pinkie perimeter
10. Pinkie width 25. Thumb area
11. Thumb circle radius 26. Index finger area
12. Index circle radius lower 27. Middle finger area
13. Index circle radius upper 28. Ring finger area
14. Middle circle radius lower 29. Pinkie area
15. Middle circle radius upper 30. Largest inscribed circle radius
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Definitions of finger baselines. Definitions of finger lengths and widths.
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Fingertips and valley points of a hand.
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Fig. 1. (a) A hand image captured; and (b) the traced con-
tour of the detected hand. F(s), P(s,) and P(ss) are used
to compute ((s) at P(s). Sub pictures plotted here are not
in scale.
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Fig. 2. (a)The detected fingertips (denoted by x-markers)
and valleys (circle markers). (b)The estimated major axis
(the longer one within the finger) and the minor axis (the
shorter one crossing the finger) of each finger of the hand
shape in Fig. 1(b).
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Figure. Normalized Zernike moment differences for two images
of the same hand containing finger motion - less than 1.8% max
error is shown.
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15 (2) virugaei 68 78 82 79 91 14 16 17 18

(3) virdai 59 71 76 77 90 14 16 17 18

S | arwane(1)+(2) 1 1 1 0 2 1 0] 1 1 8

Y Anuae(1)-(3) 8 6 5 2 3 1 0 1 1 27
Anua1(2)-(3) 9 7 6 2 1 0 0 0 0 25
(1) virdsad 69 81 86 79 93 13 16 18 17

= (2) virueaei 71 82 86 80 93 13 15 17 17

(3) virdaia 67 80 86 78 92 13 16 18 17

S | arwene(1)+(2) 2 1 0 1 0 0 i i 0 6

& [anuee(1)-G) 2 1 0 1 1 0 0 0 0 5
AMUa(2)-(3) 4 2 0 2 1 0 il 1 0 11
(1) virdsné 66 77 86 86 97 14 16 19 19

= (2) viruenein 67 77 87 86 96 13 15 18 19

F (3) virdain 64 74 85 85 96 14 16 19 19

Su [@rwe(1)-(2) 1 0 1 0 1 1 1 1 0 6

& [awen()G) 2 3 1 1 1 0 0 0 0 8
AMUEe(2)-(3) 3 3 2 1 0 1 1 it 0 12
(1) virnlsné 70 84 90 87 87 11 14 16 15

-5 (2) virugiain 69 85 90 88 87 12 14 16 15

(3) viriiai 67 83 90 88 85 12 14 16 15

i‘- ama1(1)-(2) 1 1 0 1 0 1 0 0 0 4

pe} Aanua(1)-(3) B 1 0 1 2 1 0 0 0 8
Aanua1(2)-(3) 2 2 0 0 2 0 0 0 0 6
(1) virdsné 64 76 81 79 91 14 16 17 16

-5 (2) virugiain 64 76 80 78 92 14 15 17 17

= (3) virdain 62 75 80 77 90 14 16 17 17

Suo |anwsne(1)+(2) 0 0 il 1 1 0 1 0 1 5

& [mwen()G) 2 ) 1 2 1 0 0 0 1 8
AMua(2)-(3) 2 1 0 1 2 0 1 0 0 7
(1) virdsné 78 93 98 95 99 15 17 19 18

Ag (2) virugnain 78 92 99 96 98 15 17 19 18

(3) viriiai 71 90 98 96 95 TH 18 19 19

Suo anwmne(1)+(2) 0 1 ot 1 1 0 0 0 0 4

& [anuee(1)-B)] 7 3 0 1 4 0 1 0 1 17
Aanua1(2)-(3) 7 2 1 0] 3 0] 1 0 1 15
(1) virdsnd 73 87 93 89 99 14 17 19 18

= (2) virugaei 73 87 93 88 101 15 18 19 18

= (3) virdaia 72 86 92 89 98 15 18 19 18

S | arwene(1)+2) 0 0 0 1 2 1 1l 0 0 5

(2 Aanua(1)-(3) 1 1 1 0 1 1 1 0 0 6
ANuGW(2)-(3) 1 1 il 1 3 0 0 0 0 7
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Su (@rwe(1)-(2) 0 1 il 1 0 0 0 1 0 4

2 [awee(@)-G) 2 1 2 1 2 0 0 0 0 8
ANuE(2)-(3) 2 2 3 2 2 0 0 1 0 12
(1) virdsné 69 79 83 84 90 12 16 17 1

-5 (2) virugiain 69 79 83 85 90 12 15 17 16

(3) virdain 70 79 83 84 88 13 16 17 17

S |anwsne(1)+(2) 0 0 0 1 0 0 1 0 1 3

(4 anua(1)-(3) 1 0 0 0 2 1 0 0 0 4
Aanua(2)-(3) 1 0 0 1 2 1 1 0 1 7
(1) virdsnd 72 78 83 80 90 13 16 17 17

£ (2) virugnuin 71 78 83 79 89 14 15 17 18

= (3) viriiai 69 77 83 79 89 14 16 18 17

Se | anwmne(1)+(2) 1 0 0 1 1 1 it 0 1 6

8 [anueo(1)-3)] 3 1 0 1 1 1 0 1 0 8
ANMuae(2)-(3) 2 1 0 0 0 0 1 1 1 6
(1) virdsnd 69 78 83 82 86 13 14 15 15

15 (2) virugaei 69 78 84 84 87 13 13 15 16

(3) virdai 69 76 81 80 87 12 14 15 15

S | arwane(1)+(2) 0 0 il 2 1 0 il 0 1 6

£ Anuae(1)-(3) 0 2 2 2 1 1 0 0 0 8
Anua1(2)-(3) 0 2 3 4 0 1 1 0 1 12
(1) virdsad 69 82 88 87 93 14 17 19 18

= (2) virueaei 68 83 89 88 92 14 16 19 18
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A Comparative of the Methods to Find Fingertips and Valleys Based on Images Processing
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Abstract

Most of hand geometry system research using image
processing is focused to provide the accuracy identify user
which used the characteristic of finger. This research focuses to
comparative the methods of the detection finger tips and
valleys from the hand contours for apply to embedded
system which it is a resource limited. In the experiment, the
program is developed by using C++ language and complied
with gccd complier and OpenCV 2.1, This experiment is also
operated on Samsung S3C2440A ARM920TS. The primary
results show the advantage of the radius distance from the
hand contour is provided the optimize solution for the large
scale different of the hand data. The advantage of the
curvature of the hand contour is provided the fastest

computation processing. The hull convexity defect of the

565
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hand contour is taken the advantage of the both methods. It is

an optimize method to apply for the embedded system.

Keywords: Hand geometry system, Hand contour, Fingertips

detection
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should not exceed 6 pages including results, figures and references. Manuscript templates will be made avail-
able on the website. All submissions will be subjected to a double-blind review pracedure by at least two
reviewers, Presented and selected paper s will be published in IEEE Xplore library. Best paper awards will be
given to outstanding contributions and recognized as such at the conference. The authors of the best selected
papers will be invited to extend the works for the submission to “Maejo International Journal of Science and
Technology” (Special issue) which is abstracted/indexed by SCI,ISI, DOA and Google Scholar.

Only electronic submissions with PDF and Word files will be accepted via EDAS submission system
(http://edas.info) (in requesting process). Papers in Thai are also welcome in Thai track submission. The re-
viewing process of Thai track is the same as English track but they will not be included in IEEE Xplore library.

Also, student travel grants are available for international accepted papers. Further information, please
contact the conference secretariats.
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Improvement Hand Geometry System using Hull Convexity Defects Technique
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Abstract

Hand geometry research using image processing aims to
provide the efficiency of identify the person by using the hand feature.
This research presents an improvement hand geometry system using
hull convexity defects technique to search the finger tip and valley
position, In this experiment, 15 people with 90 hand images, which
collect from different position layout, are used to be input testing
system, Moreover, this experiment results are compared with radius
distance and curvature technique which recently uses. The experiment
results show that this technique can find all finger tip and valley
position. This technique can use with the different feature image which
is better than the other technique. This is an advantage of this technique.
Therefore, the system efficiency provides the linear response with any

hand image which it is appropriately to apply to embedded system,

Keywords: hand geometry system, hand contour, convex hull
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The Enhancement Palm Reference Points Detection Technique
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Abstract

Feature extraction process of hand geometry device
is a majority step which is directly affected to efficiency
of hand geometry system. This research presents the
enhancement feature extraction technique of peg-less
hand geometry device to detect the palm reference point.
The 90 hand images, which are taken from different
shape, are used as the input to test the system. The
results show that the Middle-Ring finger valley parallel
line-based provides the best average efficiency. It gives a
vary computation which can be apply to the different
hand shape feature. This technique also shown the
maximum error is not more than 3 millimeter.

Keywords: hand geometry system, hand contour, feature
extraction
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The Hand Placement Detection of Peg-less Hand Geometry Device
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Abstract

Hand placement detection of hand geometry device
is a majority step which is directly affected to efficiency
of hand geometry system. This research presents the
hand placement detection of peg-less hand geometry
device in two different methods: Area ratio of hand’s
valleys and Width ratio of distance between fingertips.
The 180 hand images, which are taken from different
shape, are used as the input to test the system. The
experiment results show that both methods can find all
invalid images. Its gives a vary computations which can
be apply to the different hand shape feature.

Keywords: hand geometry system, hand placement
detection, hand contour, feature extraction
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Abstract

Feature extraction process of hand geometry device is
a majorly effected to the efficiency of hand geometry
system. This research presents a comparative study in
Jeature extraction methods of peg-fixed hand geometry
device between the counting pixel-based on hand silhouette
technique and the hand confour-based technique. This
technigue can be applied to the embedded system. The
experiment results show that the counting pixel-based on
hand silhouette technique offers the fastest processing as
the advantage. While the hand contour-based technique
offers the advantage of using with many different inputs
which can be developed to peg-free hand geometry system.
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Most of hand geometry system research using image processing is focused to provide the ac-
curacy identify user which used the characteristic of finger. This research focuses to comparative the
methods of the detedtion finger fips and valleys from the hand contours for apply to embadded
system which if is a resource limited. in the experiment, the program is developed by using C++ fan-
guage and complied with geed complier and OpenCV 2.1. This experiment is also opsrafed on
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Samsung S3C2440A ARMS20TS. The primary results show the advantage of the radius distance from
the hand contour is provided the optimize solution for the large scale different of the hand data. The
advantage of the curvature of the hand contour is provided the fastest computation processing. The
hull convexity defect of the hand contour is faken the advantage of the both methods. it is an opfimize

method to apply for the embedded system.

Keywords

hand geometry system, hand contour, fingertips detection
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