DOI:10.19304/j.cnki.issn1000-7180.2015.02.005

32 2 Vol. 32 No. 2
2015 2 MICROELECTRONICS & COMPUTER February 2015
° b
( , N 100084)

s 96.82%, 39. 24 ms,
: TN402 A - 1000—7180(2015)02—0020—04

A Finger-Touching Detection Method Using Stripes and Shadow

ZHENG Yi, SONG Wei, XIE Xiang

(Institute of Microelectronics, Tsinghua University, Beijing 100084, China)

Abstract: The challenge of touch sensitive interaction lies in detecting the touch action. In this paper, an effective
method is proposed for detecting the touch operation on flat surface (e. g. tables and walls), with only one camera,
by using the stripes of projection surface and the shadow of fingers. A subpixel accuracy stripes detection method is
built up to calculate the stripe offset which can identify a finger touching the surface in a nearly horizon direction. To
determine whether a finger suspending or touching the surface with a tilt angle, we take full use of the feature of
fingertip to estimate the finger shadow area caused by hovering fingers. The experimental results are shown to
illustrate the touch detection rate can reach 96. 82% and the processing time is less than 39. 24ms.

Key words: one camera and projector; stripe detection; shadow detection; touch judgment; touch detection rate

, Kalan™!

LCD ., y , Kane®

’ ’

R ,Omni touch™ Kinect,

: 2014—03—23; : 2014—05—13
(61373073)

[4]



400
mm, ’
2
2.1
2
, 1 ,
2(C> ’
2.2
1
[5]
T
Am, =~ K, (R — m?)ﬂtnTK,flm,) . Add (D R
s,
K, s Am, ’
’Ad b ’
'R ’
1 yd
T .
l(a) ’
1(b) ,
1 . T,
1(b). () ,
12 Pixel.

.

T,

1

T,

AM,

. T



22 2015
T2 s , @) »So ( ) s
T2 ) T2 20 Pixel.
b ’ b 3.2
s L (7] i
5(C) ’
3
3.1 L
s 4
4
5
s s 4(3) )
’ (D R 5(a) , Can-
’ ny , 5(d)
. P,‘a Plvl;
, f(n) R ,
(6] 3) Dibi— Pib i
4(b) , , 9. = arccos DPipia ¢ Pibin (7
‘pipifl s | Pibin ‘
’ 7,
K s
' . P, . 0
4 , :
(© 0, = min(f, 0,0, (%)
g(n) S+ D < fi—1 L, L>1L ’ 7
g —gn+1) T ’ o ’
6: q(?’l+1) ’ L<L()9 .
1g<n‘+1)_g(n>sf(n+l)>f(n1) ’ L,
3) 5(b)
)y . Lo 2 Pixel.
gn) = y(n) —yn—1) 4 A
S=n+96 (5) ’
Am, = S—S, (6)



23

2 s
4.1
848 X480  DLP
, 960 X 720 , 400
mm , 14-inch
, ,
70 mm,
,
4.2
,
, s 3s
, 3s
5 , 4
(
) 100 , 2 000
,
1 , ; [1]
2 . OPENCV
C+ + , Intel
Core2 Duo 3 GHz CPU ,
, 3
1 FRR FAR
FRR/% FAR/% TDR/ %
0°~22.5° 1.65 0.55 97. 80
22.5°~45° 1.95 0.95 97.10
45°~67.5° 2.20 1. 25 96. 55
67.5°~90° 2.30 1.85 95. 85
2.03 1.15 96. 82
2 TDR
TDR/ %
Omni touch 96. 5 . Kinect
proposed 96. 82 ,
3
/ms 20. 34 7.94 10. 96 39. 24
1~3 )
, , (1]
Kinect ,
, , ,

’ ’ IPSD] ’

4011’15, ’ ’

(1]

(2]

(3]

[4]

(5]

[6]

Harrison C, Benko H, Wilson A D. Omni Touch:
wearable multitouch interaction everywhere [C] //
Proceedings of the 24th annual ACM symposium on
User interface software and technology. USA: Santa
Barbara,2011:441-450.

Do-Lenh S, Kaplan F, Sharma A, et al. Multi-finger
interactions with papers on augmented tabletops[ C] //
Proceedings of the 3rd international Conference on
Tangible and Embedded interaction. China:Chengdu,
2009:267-274.

Kane S K, Avrahami A, Wobbrock ] O, et al. Bon-
fire: a nomadic system for hybrid laptop-tabletop in-
teraction[ C] // Proceedings of the 22nd annual ACM
symposium on User interface software and technolo-
gy. Canada: Victoria, 2009.:129-138.

Mistry P, Maes P, Chang L. WUW-wear Ur world: a
wearable gestural interface[ CJ] / CHI’ 09 extended
abstracts on Human factors in computing systems.
USA :Boston, 2009:4111-4116.

Hu J, Li G, Xie X, et al. Bare-fingers touch detection
by the button’s distortion in projector-cameraSystem
[C]// 1IEEE Transactions on Circuits and Systems for
Video Technology. China: Nanjing, 2013.

Forest J, Salvi J, Cabruja E, et a. Laser stripe peak
detector for 3D scanners. A FIR filter approach[ C]//
Pattern Recognition. ICPR 2004, Proceedings of the
17th International Conference on. UK. Cambridege,
2004(3) :646-649.

( 27 )



27

, Vertex-1I FPGA
SM4 DPA
DPA ,256

3 DPA  SM4
(S ) 256

SM4  FPGA DPA

b

2 DPA

3 DPA

SM4

DPA

DPA
DPA

“ ” DPA

, DPA
SM4 DPA
DPA

(1]

(2]

(3]

[4]

[5]

L6]

7]

(8]

Kocher P, Jaffe J, Jun B. Differential power analysis
[C]// Advances in Cryptology—CRYPTO’99. Berlin,
Heidelberg: Springer, 1999. 388-397.
s ) . ECC

[J]. , 2011, 28(1). 2-6.
Tiri K, Verbauwhede 1. A VLSI design flow for se-
cure side-channel attack resistant ICs[ C] // Proceedings
of the conference on Design, Automation and Test in
Europe-Volume 3. Germany: Munich, IEEE Computer
Society, 2005: 58-63.
Clavier C, Coron J S, Dabbous N. Differential power
analysis in the presence of hardware countermeasures
[C] // Cryptographic Hardware and Embedded Sys-
tems—CHES 2000. Berlin, Heidelberg: Springer,
2000, 252-263.
Chari S, Jutla C S, Rao J R, et al. Towards sound ap-
proaches to counteract power-analysis attacks[ C] //
Advances in Cryptology—CRYPTO”99. Berlin, Hei-
delberg: Springer, 1999. 398-412.
Brier E, Clavier C, Olivier F. Correlation power anal-
ysis with a leakage model[ C] // Cryptographic Hard-
ware and Embedded Systems-CHES 2004. Berlin,
Heidelberg: Springer, 2004: 16-29.
Bai X, Guo L., Li T. Differential power analysis attack
on SMS4 block cipher[ C] // Circuits and Systems for
Communications, ICCSC 2008, 4th IEEE International
Conference on. China: Shanghai, IEEE, 2008.
613-617.
Messerges T S, Dabbish E A, Sloan R H. Examining
smart-card security under the threat of power analysis
attacks[J]. Computers, IEEE Transactions on, 2002,
51(5): 541-552.

, (1990-) ,
,(1963-), , ,

,(1942-), , . (1C)

7] :
» 2009,26(6) ; 21-24.

, (1988-),

[J1.

3D

. E-mail:zhengy4446(@163. com.
, (1988, . 3D N

, (1971,

N N



