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Abstract: To meet the need of human-machine interaction of the portable equipment, an embedded fin-
ger-interaction system was designed,and the algorithms applied to the system,such as skin color seg-
mentation, convex hull computation,and fingertip detection, were investigated and the hardware was
also implemented. Firstly, according to the clustering characters of skin color, a human hand was seg-
mented via building the skin color model by analyzing the characters of common color spaces. Then,
the classic Graham-scan method was improved based on the radial-scan method , and the convex hull
of the human hand was computed quickly. Furthermore, the algorithm of fingertip detection which u-
ses the curve of human finger was discussed. Finally, the hardware structure based on the Digital Sig-
nal Processing(DSP) and Field Programming Gate Array (FPGA) was introduced. Experimental re-
sults indicate that the detecting precision is 95. 2% for a natural stretched finger, 92. 6% for the bend-
ed finger and 90. 1% for other fingers under the disturbance, respectively. Moreover, the maximum

offset of fingertip location is 2. 12 mm and the location time is 23 ms. The system is natural and
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friendly, and has strong stabilization and real-time characteristcs.
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Fig.1 Experiments of skin color characteristics
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Fig. 2 Hand segmentation
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Fig.4 Convex hull calculation
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Fig. 5 Radius computation of finger outline
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Fig. 6 Radius distributions of outline and convex hull
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Fig. 8 Results of fingertip detection

(h) (D [ R 35 2 46 25

(h) Detection result of ()

G ik T AN R A7 B g P A T 45 S 43 51 i 1#] 8
(O FIE 8CD FIrm ;4RI XTI 8 (e) fif 7 25 il F 45
PELAR BEAT 45 A5 ) 512 36 LA 00 45 2L an 1A 8 (@) il
N s e RFEL 8CD B R A7 7 E H AR F 48 CRI8)
T B4 V15 0 A 5 4 A6 0 S 56 o HL ARG T 45 SR [
8Ch) i . b i 45 A A6 I 45 SR A Tl o i 4 ik
T TR i K 525 Ik 3R B, x5 B 2R e
(9 B T 45 TE B A I 20 95, 2%, % 25 il B8 T 48 10
IEFRI N 92, 6%, 7 dE H A F48 T T 1
IE BRI 2R 90. 1%, 45 5 3¢ B 45 S K I 430 AL
A B,
4.2 EBRELEZH

X F HARR AL T RE 0% K B P 1R 1
105 B TCH AR T4 B TR B 15 2 TR 1 PR g
PEALT- 48 28 BAHL AR o5 — A XERLE T 40 fof 4] DB 45
IR B AR b B . SCERC23 X B (b T R R
P14 48 2% 32 AR R 4 B S W i 2 11 5 i Bl 1
1T T HWR5E AR R MRS B 32 A8 a5 K, O HL 7 22
XF AR AR HEAT B AR I L A AT . AR SCRE T4
Sl BERESIVEHEAT T 43 B, 42 Hh 2 Wi L vk AT
S AR . AR SR ) T 3 2 22 AR AR 1 B
0 F L AN SR AR R F ) [ AR R E 5 pixel X5 pixel
RN B A Sy s AR AR . ARG
T2 114 3 S ) W WU R AT T 2o it o X L S, 5
BRR IR 1 R,

F 1 St bk i

Tab.1 Data of may frame comparison test

i ShHRE ORISR E ERER/ %
1 50 23 46
2 50 33 66
3 50 36 72
4 50 49 98
5 50 50 100
6 50 50 100
7 50 50 100
8 50 49 98
9 50 48 96
10 50 48 96
11 50 47 94
12 50 43 92

SR AT 1R A RO TR . 2 ] T )
T4 frame W g i B A 1 A 5 O BAR 5 2 0% 22K



%8

[ ~F 5% o 25 - SCIN 46 58 R GE i A S B 1917

W48 ok 4 frame B, o505 54 TE 8 238 LU 4
(EF=3 IS SL P8 EE S RS A E EN
S . DR 2 2 R AR A I ) 236 R 52 i 5
U2 R 40 1) W7 i 2R o o 1 5 I O R % &2 5
frame 828 sh i HI R R 7E 5 pixel X5 pixel 25
S0 B PN BT ik O — YR SR R B A A s
AR BRI B K 2 T EE 23 ms. £ MU H Bk T R 5
11 B T L A0 0 st o R W AR () B X 48 2
dr A E T RB s AR T SR .
300

IR
TR N
200 ¢

150

/pixel

100} s FEREIRFEEhELE

50t

0 100 200 300
x/pixel
CIE FEAAY =R a7
Fig. 9 Fingertip click test

He T ok HEAT A HE B S W 9 B
FFARTE TR A8 LA [ A B 2k 0 i X RS A
S B T AR A R B AR bR 5N AR E 1Y 52 PR
A bR PFEAT HEAE I B AR AR AN 2 B TR Y
WRESTR N XY AR AR 1 5 S 2 8% 22 73 Bl
0.46 #11 0. 62 pixel ; #] J5 22 43 5| 2~ 3. 82 F11 3. 2

x2 mEWREE

Tab. 2 Data of click test (pixel)
o b (8 Ao ) B

X Y, X, Y,
1 30 80 35 85
2 60 80 58 83
3 80 40 81 40
4 150 60 152 59
5 200 70 198 66
6 300 90 308 93
7 320 150 214 155
8 310 240 205 235
9 260 240 262 237
10 240 180 241 180
11 180 240 179 242
12 120 140 120 141
13 60 260 63 262

pixel, # MR 2 i K 8 pixel M ZRITH , &
SRS (9 A 7 B S R AL B f K (B8 il 2.
12 mm, G 2% H FHE 8 B AR MR ZK .
4.3 XTENALE

S 2 G 5 B R 0 RO K AR A EL R
G5 mlE N R I 2R 48 3% 2 A8 TSR orp ok
L7 NI BRLER AN AR E 4 AR LT
AR 55 09 58 H AR AR < i i R AR 7 5 1 I R T 4
RS I SR A I 37 AR 5 i i GG 00 4 1 1)
a0 B 37 A b i AR IR IH — 4k 360 X480 K
NI B %, R AE LCD b iy “ PR S " #e £
B X iz 3l B s 46 8 A7 B AT B g IR ER Sl
g "I RG] LCD B s 69 38 (A a) 7
& BIXTH R BALH AR 2 . SEI 25 R El 10 P,

Ca) 1 ¥ 1B OR 4

(a) HD image capture

(b) A A )
(b) Human face detection
B 10 s H A

Fig. 10 Results of interactive test
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Tab.4 Errors and time for different fingertip detection methods
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