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An Effective Multi-touch Recognition and Detection Algorithm
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Abstract: In this paper, primarily, the infrared images captured by FTIR system are pre-processed. The image of
foreground and background are segmented by OTSU’s method with a coefficient. Scan area filling method is adopted

to recognize the multi-contact area. The result shows that the performance of the system fully meets the

requirements of real time and accuracy.

Key words: infrared image; multi-touch; blob recognition; image processing; HCI

1 318

bS5 2 B AT BT . B AR — R ABLRZ
HIFA AR E S AR B B SOk B E A
W& MERRT T SRERES A ES, IR
W5 1 B2 Z AR T R & SCERL2]H AR A
LTINS R LS R AR B BoR (GERR N LLSM R
5 2 R EEAD A — RS SRS iR
TERTZMEN RIS S iESoR. SCIR[41HR
R B RBU R SE B T B RE R B9 AT 5 B
R, WRE LALLM, AR FTIR SoR K18
LLAMRE R B A b R T — P TR X
TR BRI SR T B 0 R 4T 25 i m R, BAR
BIUERS , SETHESF IR A

2 O5EGAbE

2.1 BEgmaE
AH AT ILOEE R, B TR BB HE AR &R

WHEBHE: 2012—11—19; B BAH#Y: 2013—01—17

RRA, LLAMEMRO LB W L 2D AT R AT
BB REA — X, TEXEGHETFRE
AL I, RIS, ARG A 3 X3 WTEE D
BEATHEIRSE. A 1 AT, MLLAMRBHLRE /YR
EGA R EHRAE T, &1 3X3 PEBHRLE
Jo HY R RGPS B A, O TR A SR IR BT

()R B %

(O)F R E 1§
Bl hEERR
2.2 B&S5E
BB EIRNER B, 2 H vk, BRER 5iR
BIRIRTSR A, B BB AL B i R S BOR. T BB 5
& FP AT SR SR AR BOGERRIX BR (B FR 2



5105

RRLLR : — A B 2 U BRAR J B 67

B8 » R SE R BB AL BRI R, A0 PR A
WARRE OTSU 3 BE T B BUKE ST, BESK
B A 38 R e B E S BIRCR T, AT IR, vk AT A
2.2.1 OTSU &%

B RKAT5 26— —F B 18 DL 8 B E 84 2 07
B, XY K, Bk OTSU . OTSU gk AEER K
IR E T B AR AR R A E RE KM T 2B K
S BRELZEECHE N » 1 BB B4 » ] B PR, B —Fh H A
B BB BB A F 3. HEA BT SRGK
FEERGIHE L MKES, KES N i BBRELECH

ne MEHRE BRF A N = 2, 45 EH A — .

b= R B S by = L RGN T 55

2.:C, ROREH R 0B T 1 C, BORERN T+
13 L—1). B4 C 251 C, K8 B4 F1 R

wy = P, (Co)= D, p: = w(T) (1)

i=0

-1
w =P.(CH= 2 pi=1—w(T) (@

i=T+1

BR w +w = 1. REBER

T
- S _ull)
Ug ] W w(T) (3)
-1
_ p _u—ull)
“ i=TH1 W1 1—w(D) “

T -1

Hobu(D =D ipru=uL—1)= D ip:,u

SR ARG, SEETE C %R C KMET
2%

T .
_ G—up)?p:
o = 2 T (5)
1—1 .
(l_ul)zpi
= - (6
% i;&—l w1
IRAFKE T =R
o = wy (U __u)z +w1 (w1 _u)z
= wow; (w1 —u)? (D

& T#E[0, L— 1 JJE B KK BUE , (EfF 05 BEK
i T B OTSU B#iE MBAERES . T EiF#
WREARGEMEER, ATLOK T BBUE R FREY 3
A2 Rma 7 IR,

WA 2 Brn A& 4Ee OTSU it F HI7 B 23
XU 57 B R B SRR BARAIE R0 L
Hy5] H BAR T S RMEARZ A REIE LT /T LB
BEUFHIMR. ARG P  AYLRENLSNE G IR
BB, KEZE/D, DEER, 8 BEREKE

HIT B AA—E H B BRI A, 3t B S E
PR/ SRR LIS R H B AR AN B2 A R AP
W 3 PR, JREHR B B 5 B 2 281 50 A7 , BT R A
RA/NEBRK, HWR ALK OTSU iEitfTE
BE L, 2 EREERAR & BGRRTH
R A E AR TCHE R .

(QFAER®R (b)5r # B 18

B2 OTSU S ER%&

H3 FEGEAE
2.2.2 #&itey OTSU %

M ERTRATH, EEREF, RALLEN
OTSU (£ ARE BE R 2 I s B AR FIE %, RECAE A
B 8. MR ES OTSU 6 E B ERETRU—
AN RR AT LUK BB T 2 i BAR B, BB
SERRAAEYE. B 4 PRANEREGEAR
FIRECT R BB FIER. NGSRATUEF S, 4R
o= 1 f, AURMER i, TR B ARG R B R
R 1.5 BF, RGEA LU B B B BAR AL (B
EHRRY KAERBRE A TR TR
WEN 20, R LRIFH D HEIH BAR R, TH R
MR, £R B BOER Y BARE R Zad Xt 100 SRS A Xt
HLEEGRELE, RATEXRREPERARECH 2.

3 SRR %

3.1 BRAKFHEZ
WRIEAEAR R 3 (2,y) N/ EE X






72 MERTFSHEL

2013 &

RET % 2 P R BA LR 3 PEFEZHM
AT, BRI R W B, 3R 2 i W=48 L
F 3 W=64 /N, B3 2 PRI B ELER 3
K/, BRBEINT . 5 SA BHH ey R 0l
W T 67 817 s, WBEEWE 14. 97%; 5 ILP B A
ECEIR/A T 79 740 ps, WE@EEWANE 17. 32040 5B R
REBMHEEHEBR DT 79 740 ps, I8 E @D
it 18.76 %.
3 TWR[1,6]5 p93791 £ B=3 R KWL R

W3R 8]/ s

W wltw2+w3

ILPEYE SABE BERNEZE
16 3+5+8 1771720 1764006 1786 200
24 8+9+7 1187990 1184907 1209420
32 23+4+45 887 751 884 980 887 751
40  23+5+12 698583 713 039 741 965
48 15+10+23 599373 594 579 599 373
56 10+23+23 514 688 513 540 514 638
64  46-+9+9 460 328 452 875 473 997

5 HERIF

ACTE TAM ARG EAE b, 8B T DA
B AL AT FE BT & O BAR LA B, S
ARG SZ I [P 44, R FIF A A i
ML, 25 ITC? 02 SoC Test Benchmark 1 {t 3%
HERIRE p93791 FEABIEN R, N £ Bing e H
BREAT TR M. WBER AT AT A @A X TAM & 5E
PEATIE M B 44, AMUAT AR TAM EE R A=,
P LR B R W0 ] T o B[R] i Ak

EASCHTEE L R RS, 3 B ] 5 R D R
A RA B HICR.

BEH:

[1] Iyengar V, Chakabartyk, Marinissen E J. Test wrap-
per and test access mechanism cooptimization for sys-
tem on chip [J]. Journal of Electronic Testing: Theo-
ry and Applications, 2002(18) :213-230.

[2] Samii S, Larsson E, Chakrabarty K. Cycle— accurate
test power modeling and its application to SoC test
scheduling{ C]//Pro of International Test Conference.
Santa Clara, California, IEEE, 2006 .

[3] Harmanani H M, Salamy H A. Power — constrained
system on a chip test scheduling using a genetic algo-
rithm[J]. Journal of Circuits, Systems, and Comput-
ers, 2006, 15(3).: 331-349.

(4] #EE,FHRT. SOC WA A 5 M i o #E ¥ B 4 46
(0. BEtEHE R, 2009,25(11-2); 27-29.

(5] HRBRE,.EM. &£T NSGA— & B:H SOC A% A
PREALBE ST L], i F B 51088 2 3], 2011, 25(3)
226-231.

(6] Eatl. ETHF IP & SOC MR R[D]. &
AR EEBRE TR KA, 2003,

(7] % Z BB RIEMAIM]. dbst:- ’p T
b 4 A, 2008,

fEEEIr:

WBR H,1966-), &R BTFI7 A HE YL B K
£ R A B T A 1T

EH® L, (1987, B4, BIR 7w it VLB
A R A R B T A B

(E#% 68 7

SEXH:

(1] B EHRMMER FFEELZRGEMBTHD] 4t
5 AL RUHR B R %, 2011,

(2] BRILIL. 2 SIS ERARBES R G207 A5 RH
[D]. k¥ b¥RE,2009.

[3] Han Jerfferson Y. Low cost multi-touch sensing through
frustrated total internal reflection[ C]//UIST2005. USA,
Stanford: ACM press, 2005:115-118,

(4] Zheng Wei, Wei Liu, Qing He, et al. The design of
infrared touch screen based on MCU[C]// ICIA 2011.
China, Shenzhen,2011.

051 Z=gesE. 5MNEG P A B AR | BRER B AT iR
HoE(D]. B ER K%, 2010.

(6] #HBR.ETH. —FER Osu BESEIBE R #
B2 518 HL, 2009, 26(12) : 153-155.

(7] REZ, AR FENEEEIM]. R £HRHE K
2 WAL, 2003 82.

EEEN:
RO B,A975), B4, YIE. BRI e AR R K
HHEVE G



