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Hand Shape Recognition with Color Glove
using Hue Values Decision by Clustering Scheme

Takahiro SUGAYA', Yasuhiro ITAGAKI', Hiromitsu NISHIMURA?, Hiroshi TANAKA?

Abstract

This paper presents a hand shape recognition method using a visible light camera. Color gloves, with

different colored finger tips, are used to realize high performance hand shape recognition. Hue values

are used for color detection. However, the illumination conditions affect these hue values and cause a

deterioration in hand shape recognition performance. Two methods are introduced to enhance

recognition performance, namely, frame rejection based on color error detection and a calibration

process using a clustering scheme to decide hue values automatically. The effectiveness of the proposed

methods was confirmed by experiments carried out under three different illumination conditions.

Keywords: Hand shape recognition, Color glove, Color detection, Hue value, Clustering scheme
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Fig.1 Examples of finger patterns to be recognized.
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Fig. 2 Color glove to be used.
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Recognition start

Acquisition of camera image

!

‘ Background subtraction

Color detection
in hand region

Position of center of gravity
of each colored region

Fig. 3 Hand shape recognition sequence.

Valid position
for each finger?

‘ Creation of feature vector

Valid for each
finger length?

Template matching
for recognition
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Fig. 5 Measured hue value threshold pattern
for color detection.
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Fig. 6 Elements of feature vector of hand shape.
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Fig. 7 Proposed hue value threshold decision.
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Fig. 8 Moving region image by time subtraction.
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Fig. 9 Example of generated histogram of hue values.
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values (~1 24~34 53~6. 111~121 123~133 152~171 172~180
Center ‘
of gravity 29 58 180 Lux 116 128 162 | 177
Hue Yellow Green Blue Violet  Pink Red
values 24~34 53~63 1077~117 121~131 140~160 170~180
Center ‘
of gravity 29 58 112 126 150 175

400 Lux

Fig. 11 Example of hue value threshold pattern
for color detection.
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Fig. 12 Experimental environment.

Table 1 Illumination conditions of experimental

environment.
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Table 2 Hand shapes used in experiment.
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Correct detection
Detection of noise

Table 4 Experimental results —without proposed method-.

of ring finger Finger | Acquired | Rejected Error Success Recognition
Tlumination| @ i fames(®) | fi ® N R+4E " Average
Green G patterns ames ames| ames| rames success ratio
reen
z 00001 300 91 209 0 927 0.0%
00010 300 158 2 140 166 46.7%
00100 300 292 8 0 324 0.0%
SLux 7.8%
Yellow 01000 300 255 45 0 435 0.0%
10000 300 240 60 0 480 0.0%
11111 300 300 0 0 300 0.0%
Bl 00001 300 0 0 300 0 100.0%
ue 00010 300 0 0 300 0 100.0%
Input image By threshold expansion By calibration 00100 300 0 0 300 0 100.0%
180Lux 98.4%
01000 300 7 3 290 19 96.7%
Fig. 13 Example of color detection results. 10000 | 300 ! 14 285 | 57 95.0%
1111 300 0 3 297 12 99.0%
00001 300 21 6 273 45 91.0%
. . 00010 300 62 0 238 62 79.3%
Table 3 Experimental results for color detection. woto0 T 00 5 B o " o
400Lux -~ 66.3%
Without Calibration With Calibration 01000 300 259 ! 40 263 133%
10000 300 136 99 65 532 21.7%
{lminato| - Finger | Acquied de(::ckl”m d:;:!:‘:n Detection | Averees | Color de(::kl:m Detection | AYere 11111 300 2 19 279 78 93 on/a
att frames. Ho o < SUCCES! c el B 0%
patem | BT Chiwre | success [success ratio| S pacecton | success [ success rato|
| e o {ikre fames| o0 ratio
00001 |__ 300 300 0 0.0% 40 260 86.7%
00010 | 300 160 140 46.7% 0 300 100.0% . .
O A o o 7 O ET B Table 5 Experimental results —with proposed method-.
01000 | 300 246 34 18.0% 0 300 100.0% Finger | Acquied | Rejected Eror | Success Recognition
10000 300 300 0 0.0% 17 283 94.3% Tumination R+4E ) Average
T 300 300 0 0.0% 50 250 $3.3% patterns frames frames(R) | frames(E) frames success ratio
00001 300 0 300 100.0% 0 300 100.0% 00001 300 9 31 260 133 86.7%
00010 |__300 0 300 100.0% i6 284 94.7% 00010 300 o 0 300 0 100.0%
oL 0100 [ 500 0 300 100% | o000 10 290 967% | g0 -
01000 | 300 10 290 96.7% = 0 300 100.0% ’ SLux 00100 300 0 6 294 Eal 98.0% 93.8%
10000 300 1 299 99.7% 1 299 99.7% 01000 300 0 0 300 0 100.0% ’
11111 300 3 297 99.0% 4 296 98.7% 10000 300 3 14 283 59 94.3%
00001 300 154 146 48.7% 6 204 98.0% - . —
00010 300 124 176 58.7% 0 300 100.0% 1 300 9 40 251 169 83.7%
00100 |__300 0 300 1000% | | 299 99.7% 00001 300 0 0 300 0 100.0%
A00L 01000 | 300 271 29 o | " 1 299 o |
2 2 7% o 00010 300 16 0 284 16 94.7%
10000 | 300 300 0 0.0% 0 300 100.0%
TN 300 21 279 93.0% 6 294 98.0% 1s0Lm |-20100 300 0 10 2% 40 %6.7% 98.2%
01000 300 1 0 299 1 99.7%
10000 300 0 1 299 4 99.7%
11111 300 0 4 296 16 98.7%
43 EEFEE — R E — 00001 300 6 0 294 3 98.0%
00010 300 0 0 300 0 100.0%
=2F] = =\
TR IR GRS E O S #5 5. 4 Table.4 & Table.5 | oot 00100 [ 300 0 1 299 4 99.7% 2030
3%
01000 300 1 0 299 1 99.7%
— 5]
ﬂ_\‘—gﬂ Table.4 ﬂj:, 2.2 EﬂfL“ﬁ.%/f@%‘%—fﬁHb \f;i 10000 300 0 0 300 0 100.0%
11111 300 0 4 296 16 98.7%

BTHY, Table5 1T, T HITIATERBRHRIETFE
FEALEGAOREHBRTHL. 0L WHRHEIT
1 4L L, SBlEEET 7 L— MNE, HBREARADL
DEATFRPRICH LT 1 DHELE. AFHEERIT
i, L v BBk Th s Z b, R
FHOERST 7 L— P OBITEREE B S e
w:&%?%’%ﬁbfwém

T, BfE7 L—2 (Acquired frames) [E4 A 7T
E‘X{? Liz&27 L—2u%, 7/ 7 L — A (Rejected
frames) 1T TR OFHED O AR HIZ I L TV D &
HE LIEG L7 L— 23, Rk 7 L — 238 (Error
frames) (FTEAL L 72 FHETIR & 3RS R Th 2 Ttk
DEI2 D7 L— 2, B 7 L — 240 (Success
frames) 1%, JERk L7 FHEIIK & B L Td 5 FHEE
KR —FL I 7 =2 ThD. £, BWEEDR
FRICITRAGERE 7 L — L OB 2B L L b
TWVWLHHESR 7 L — A+ 4B ABHRT L — 2K
(Reject+4Error) & M H L, FRF%kAK L3 (Recognition
success ratio) 1%, FRIKAIIT L—2dK / BUGT L —
LETER L.

PSSR D, 25 L7 iR BEE R & FEA EA
L, BRHEEERM ELZZ LIk b, VR
BMNERESE SLux I2B W TIEL 7.8%75 5 93.8%I(2,
400Lux (ZHW\THE 66.3%2°5 99.3%|2MM L, #28EF
EOFNEEHER LT,

5. £&H

REDENE R DGEEICRAET L OORMKM, Ao
R & D R AN RS 5 BRI ) LT, s
EAEESEREL, Fiz, #ET L FHPROFEEE
LT, Bt Lz & HE Le 7 b— A & iRkt
L HRAN LT,

I I, EROFETHRR TS ehotz, GG
R+ TRWI EICRERT S MBI L, SROR
WMAEEBELIAILELZITH 7 T A X ) T vt
B E TR 2L, OB A A8 cikE
T 5 & TCEMIPEEZ D L FIEERE L.

R L BRI B E FIEOE M2 D 572
W, BEENRE RS 3 SOBE T COMIRE

L RHEE DM SRR 21T o 7. T ORER, RETFIE
D A% T AR RN SLux OERBE T T
10.8% 75 93.7%1Z, 400Lux D EREE T T 51.7%0 5
99.2%\Zm B L7z, E7z, FHRRERAEIHENK SLux O
BREETC 7.8%0° 5 93.8%1Z, K 400Lux DEREEF T
66.3%7°5 99.3%IC1A L L, #EETFEEZHNDZ LITX
2L OS5 RS BE & GRS E ~ DN R A e L7z,
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