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Gesture Recognition Based on Detection of Periodic Motion

Masahito Takahashi*!, Kota Irie*?, Kenji Terabayashi*? and Kazunori Umeda*?

In this paper, we propose a method to recognize periodic gestures from images. The proposed method uses a am-

plitude spectrum and a phase spectrum that are obtained by applying Fast Fourier Transform (FFT) to a time series

of intensity images. FFT is applied to each pixel of low-resolution images. The method consists of 2 steps. First,

the method detects periodic motion regions from the amplitude spectrum. Secondly, the method uses the phase

spectrum in the detected periodic motion region to classify the gestures. The proposed method is robust to lighting

conditions and individual differences in skin color because it does not rely on color information. Additionally, the

proposed method is possible to recognize periodic gestures when multiple target regions, for example, two or more

individuals are observed. Several experiments are performed to demonstrate the effectiveness of the proposed method.

Key Words: Gesture Recognition, Periodic Gestures, FFT, Image Processing, Discriminant Analysis, Support Vec-

tor Machine
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Fig.2 Conversion of image to low resolution

YROEND Lo R HIFTE 5. Fig. 2 (a) ICHUSH
%, Fig. 2 (b) (MR GEAL L 2B EOH 2R S

WIS, S L 72 SR B 5 iIRMEORRFIZEALIZ LT,
B 7 L— 228 BRAME & R/AMEDZE % v T I L
ERiT. 351, IEBALL7SBIRMEZEALICH LT FFT 247\,
RIEART bV A LA NRZ MV argF #HUST 5.

N-1
F=Y LW}, (1)
k=0
A=|F| (2)
argF = ta 1 Im(F) (3)

N @ZH 7))y 770 —24%, W X DFT (Discrete Fourier
Transform) (2B 5T 2ES. Re(F), Im(F) i¥2h 2
N F OFEREEREEST. 2b, STEEOERHS /1 X185
AR B 7202, IR ORNME & RMEDFED 14,5 UL E
HBHEFII L TOREBLLIZEL FFT 2175.

max(fe—ut1,, [e) = min(le—ug1, -, 1) > laiy

(4)

Fig.3(a) I2, FAMY = AF ¥ 247o 2360, ik &Th
DFOBEFEBIZBIT 5 1 Bk OERMEORRINZELZ R
Fig. 3 (b) |2, Fig. 3 (a) DIEHALZOBREMELI RS, F72,
Fig. 3 () IZIRIEA Y bV, Fig. 3 (d) \ZRAHARZ MV ERT

2.1.2 JEBEB) B OB

BONIARIBARZ MVE RGNS — V3R EIT Y, A
BTN A W S L AT & S, 88 — VEERRICIE SVM [20)
AT 5. SVM ISR, BRI [21] [22], SATEMRM (23],
BYVERRRE [24]) 7 Uk 4 BRI S, BRI RE A By
DI EPREINTWES, SVM ZEARIITIZ 2 7 T A 25§

2010 £ 7 H



758 wmOoEOE N AL OB K
250 o !
Q Max =
= 200 =08
s g
NN B
gl()o EOA
2 % Eo2
0 : Z o
1 6 11 16 21 26 31 1 6 11 16 21 26 31

Frame

(b) Normalized change

Frame
(a) Intensity change

57 9 11 13 15
Frequency|Hz|

(= e

1 3 5 7 9 1l 13 15
Frequency|Hz|

Phase spectrum[rad]
N = D= o L)

Amplitude spectrum
f=] o +

(c) Amplitude spectrum (d) Phase spectrum

Fig.3 Application of FFT to time series of intensity values
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Fig.4 Distribution of features of the amplitude spectrum

(a) Original image (b) Low-resolution image

Fig.5 Detection of periodic motion region

(b) Moving hand region

(a) Periodic motion region

Fig.6 Extraction of moving hand region

BARRIZIE, RIES SRR S - 2mRICH L TELV 7 4+ 1
VAT I LT, HRELREDV 2 AF v w2 T 59 2
TAREZ FAYEBEE 2RI 5. TN ¥ 7 UL kdkg
%ﬁ@&“ﬁﬁé’tf fR7e & OIRBYFEI E B L AE R

B A S 2. #IE R LES IR O EOEAE Gz, ya)
& RIE R URER K O £ W Z N 2B (x,y) HIEO R
ME (Tmin, Ymin) ERNE (Tmaz, Ymaz) ZKD B, LT,
FOEHEITZ R HRD 5.

X = min ((xmaa: - ll}'G), (ll}'(;’ - xmzn))

(7)

yG); (yG - ymzn))

2T, X,Y FEUEE G(ra, yo) O FOBEEKE TOR
W, WBETOWHETH S, Fig. 6 (a) OFFPES#EED S, +
FOALER A B L OB R R i L 74 R % Fig. 6 (b) IR T
2.3 BT 1 XF v DERH

i SN FOBERBAOMAHA R FVEFALT, &
BB S Y = A F ¥ OFEEE RN 5.

T3, M SN FOBEFEIRO S E % NET 2 M HE
AR T A, FOMILEBICNET MR L 8 MOHED
FAHA XY P VERSES S, 8 MIIHEHEE 8 &4 2MkE L

Y = min ((Ymaz —

95, 208 HOMBEMMLMAHANRT MUEE 12 KICEHT
%. Fig. TIIAAHARS M VEREOMT 2R, 22T, #&
July, 2010



BRI IEO Y = AT v ik 759

G

o]

Close-up

|w|m“®'

12-dimensional phase spectrum differences
B-H B-D B-F D-H
DL @8 QU @
D-F F-H A-G E-G

Fig.7 Regions in which the component of the phase spectrum
can be obtained

o=

Phase spectrum|[rad]
D= D = L

Amplitude spectrum

1 3 5 7 9 11 13 15 1 3 5 7 9
Frequency|Hz|

I 13 15

Frequency[Hz]

(a) Component of amplitude
spectrum

(b) Selected component of
phase spectrum

Fig.8 Selection of a component of phase spectrum

ANV SR ANRS M VIZIRIEA R DVDSTRKRE 72 % ¥ —
7 BWEBOMAHARY MVvET 5. Bz Fig. 8 T, RIFA
XY MVHRE % % ¥ — 2 W 3 [He] % DT, 3[Hz] @
RHANT PV ERUST 5.

WIZ, TOMNMART PV EZEYERE L, A 2 A5y
OFEFEAFHNT 5. BHYEEEMOMM L RR VL7 T A0H
NThHDHID, 2277 A#RNETHDL SVM A I TEDTF
BHT A LIZTERY. 22T, SVM 242 5 A5 3EE
W9 5 72D DIEHER 7 i 0—DTdH 5 one-versus-one %
A9 % [27]. one-versus-one TlL, TXTD 2 7 T ADHLA
EOHITHINT 5 k(k—1)/2 8D 2 7 7 Z@AEEVERT 5
FLT, kk—=1)/2 £BYD 227 5 ABERDOLEIIZ L -
THEEY 2 AF v OEYRET S, 612, X1 HEFER R
EITH 72002, | 7V — LY 2 AF ¥ O AT, B
Boslmb LS WAMY 2 AF v 2BV 2 AF v & LTHEET 5.

U ETRELZEANY 2 A5 v BB oG % Fig. 9 12
R

3. % BR

REFEOENMEEBEES 5720, EBREIT- 72
31T, AERTH) BT 2 2AF ¥ IZonTH~RS, 3.2
HiT, REBROFMB LUREFETHNYS SVM /87 2 —
FEREIIOWTIRAR S, 3.3 8T, FHULESFHEB OB I
BNy — BT ELRIEBGEEY 5. 3.4 8T, MHAXRZ b
N WY 2 2AF YN FEOAMEEEET 5. F72,
WY 2 AF v @B H WAy — VTR LT, 25
ZNZHFIS S/ 72 SVM & H BT O FRM 7 Fih o HRE % g
T4, 3.5HIT, RETHED, BHEREOZLICHF L THOINA

HA&TKRY hMERGE 28 & 6 5

—101—

v

,,,,,,

‘ Make an image low-resolution ‘

]

‘ Obtain intensity value of each pixel ‘

I

‘ Normalization process for intensity value ‘

i
Detection of
periodic motion region i

‘ FFT to sequece of normalized values ‘

[

‘ Extract amplitude spectrum ‘
‘ Detect periodic motion region ‘
SVMs for
periodic motion
i periodic motion region larger than 8pixeS—>—
o

,,,,,,
,,,,,,

Extraction of
moving hand region
\

Morphological operation for periodic motion region

{

Extract maximum connection region

l

Make a moving hand region

I

‘ Select regions to obtain phase spectrum ‘

,,,,,,
,,,,,,

I

Extract component of phase spectrum

I

Discriminate periodic gestures

I
Recognition of
periodic gestures
|

SVMs for
cach periodic gestures
is the voting value larger than / No

[N

Fig.9 Flow of recognition of a periodic gesture

‘ Recognize periodic gesture

,,,,,,

MY 2 A F v 2 ilikv 5 2 L 2fEflv 4. 3.6HiT, V=
AF v DESPRHRICG 2L EELNGET S, 3.THT, $#
FFED, NP BB EEAAAET 2 BRI BT AN
VIAF v RBRBCTEHILERGET 5.

3.1 AEBRTHROBH I XF v

REB TR B Y = AF v, FEMERLHICIRLBE BEl
[ ) 2 JCRERHR D IC AR S & L EfED 4 figHE Lz, b i,
M AT 5 2 e 2 E L, JuERHIE, WTEARDOLE
FhREOBERETRBTEL200L LTHRELL. Fig. 101221
50 ATEEORY Y = AF ¥ %7~ 3 (Horizontal: H, Vertical:
V, Clockwise: CW, Counterclockwise: CCW).

3.2 FEREGBLIVINTA—-Z2DHTE

FEEgY A7 At PC (DELL Intel Core2Quad Q6600), USB
#1 4% (ELECOM UCAM-E130), ¥+ 7Fx¥ vV 7 b (Mi-
crosoftDirectShow), MHf§MLE Y 7 b (Intel OpenCV) 2 &
DRERC L 72, EBBRRIIRFEOMRE L L, #EEI1L 20 %L
L7

HATHhORERE E COMBEL 2[m]) & L, BROMMEEL,
20x 15 & L7z, FFT 217 ) BICH Y >T) 77 L — 4
BN SERBO R B LRGES S, ENREU IR
THz2 615,

R

Ry == (8)

2010 £ 7 H



760 wmoOE R OA

(a) Horizontal (b) Vertical

\ | L.' ;Ir"r.i
\ {
«

(d) Counterclockwise

(¢) Clockwise
Fig.10 Four periodic gestures
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Table 1 Detection rate of periodic motion (%)

Method Detection rate
Linear discriminant analysis 89.9
Mahalanobis distance 91.5
Support vector machine 91.6
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3 ~C-G 3L ~C-G
= “A-E =l “A-E
g2 B
T ERll
E 0 P "—'5 0 s lbulior . .l y-.. i)
g s .
o -1 -1 F
2 2
£a St
A~ B e T R B S R ma S SIS
-4 -4
16 11 16 21 26 31 16 11 16 21 26 31
Frame Frame
(a) Horizontal (b) Vertical
4 4
3 -C-G 3L ~C-G
IS ST w 2 BT H\.__Wf‘j/
20 e 20
g g
-1 r 2 -l
By [ R e
Eary R
T3 =3
4 -4
16 11 16 21 26 3l 16 11 16 21 26 31
Frame Frame

(c) Clockwise

Fig.11 Time series of diference of phase spectrum for each pe-
riodic gestures

(d) Counterclockwise
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Table 2 Recognition rate of periodic gestures for each machine
learning method (%)

(a) Linear discriminant analysis

Actual class Predicted class

Horizontal Vertical Clockwise Countfer
clockwise
Horizontal 71 4 2 23
Vertical 0 76 8 16
Clockwise 4 6 74 16
Counterclockwise 9 16 17 58
(b) Mahalanobis distance
Actual class Predicted class
Horizontal Vertical Clockwise Count.er
clockwise
Horizontal 70 4 1 25
Vertical 0 72 8 20
Clockwise 3 2 68 27
Counterclockwise 5 7 11 77
(c) Support vector machine
Actual class Predicted class
Horizontal Vertical Clockwise Count.er
clockwise
Horizontal 75 3 2 20
Vertical 0 74 6 20
Clockwise 3 2 71 24
Counterclockwise 5 8 16 71
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Fig.12 Recognition rate of periodic gestures for each machine

learning method (%)
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(c) Clockwise
Fig.13 Image sequence of each periodic gesture and recognition result (from top to
bottom)

(d) Counterclockwise

Table 3 Recognition rate of periodic gestures in the dark room

(%)
Actual class Predicted class
Horizontal Vertical Clockwise Countfer
clockwise
Horizontal 73 1 3 23
Vertical 0 84 2 14
Clockwise 3 4 66 27
Counterclockwise 1 10 13 76

ERHEDLAY Y 2 AF v OFHAFERERT. Table 4 (c)
121 BHEICFEY 4 HE S AORKIRY LHHED D2 AF v
DOBHBAERZRT. Fig. 15 ICI NS DMERE 75 7 TRY

Table 4 7°5 ¥ = AF ¥ ORI HRL AT BWTH LM
VI AF A NRHCTETHDIENG0 5. 2 [He] OREHIY = A
FxEADE, BIRD EHHRD ICB W THWREREES S LN
T, UL, FOBWEFEEDLEMI S, 1R A
ARY M NVENPUSTEEREZEZONE. —, BEEHAED
& REETE ) OSSR AME W & LT, FoBEHLEY R
FELTOWaDo 728E, W2 X - T EMY 2 g L)t
5NTAMERIEEA M SN W E2H ), FIUEnT

July, 2010



JE I E B

Table 4 Recognition rate of periodic gestures for different hand
speeds (%)

(a) 2[Hz]
Actual class Predicted class
. . . Counter
Horizontal Vertical Clockwise .
clockwise
Horizontal 88 0 4 8
Vertical 0 80 5 15
Clockwise 16 7 59 18
Counterclockwise 8 18 10 64
(b) 3[Hz]
Actual class Predicted class
Horizontal Vertical Clockwise Count.er
clockwise
Horizontal 76 0 6 18
Vertical 0 83 0 17
Clockwise 7 2 69 22
Counterclockwise 6 11 8 75
(c) 4 [Hz]
Actual class Predicted class
Horizontal Vertical Clockwise Count.er
clockwise
Horizontal 62 2 6 30
Vertical 0 84 5 11
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Fig.15 Recognition rate of periodic gestures for different hand
speeds (%)

Table 5 Recognition rate of periodic horizontal gesture when
other subjects exist (%)

Casel Case2 Case3 Cased Caseb
Horizontal 96 90 84 54 100
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(a) Original image

(b) Low-resolution image

Fig.16 Image sequence of Casel (from top to bottom)

(a) Original image

(b) Low-resolution image

Fig.17 Image sequence of Case4 (from top to bottom)
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