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Recognition of Human Gestures from Optical Flow Based on

a Correlation Method Between Local Image Regions

ATSUSHI NISHIKAWA,! AKIO OHNISHI,'* MASANORI NISHIMURA,t
ATsusHI HIRANO,t** KENGO KOARAt and FUMIO MIYAZAKI

In this paper, a new technique for description and recognition of human gestures is pre-
sented. A method is first proposed to transform the input gesture pattern into an ordered
sequence of simple basic motions which are easy for human to understand. It is based on the
rate of change of gesture motion direction (referred to as “curvature”) estimated from optical
flow based on a correlation method between local image regions. Another method is then
proposed for adaptive selection of flow detection parameters based on the distance between
the gesturer’s hand and camera. Proceedings from these two methods, a real-time gesture
recognition system is shown that can achieve high recognition rates(overall 85% or more) for
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unspecific gesturers over a wide range of the gesture distance (1 ~8m).
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(a) An example of gesture motion(image sequence)
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Fig.2 An example of gesture motion and its curvature

transition.
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Table 1 Thresholds for segmentation of gesture motion.

value | what to discriminate
Cs mall 15°

to be symbolized or not

{Back, Turnt} vs

{Rotate+, Arch+}

Chuge 150° Back vs Turn +

Tsum 270° Rotate + vs Arch +

INB]  Csmall; Clarge; and Cha.ye are thresholds

of curvature, while Ty is a threshold of
the summation of curvature in the interval.

Cl arge 70°

Corn <0DE X Turn — LED .
(b) Type B, Type B¥XD 5012581 5.
Z DR EAT O HEBOFHEOMETED Comau K
Wz oif, BEOZVWERNLEEL REL, 8¢
y— v OBEICH TED V. ZRENOBE, Z
DEBTOMEDEEZ Coum ELI2L E,
o [Coum| > Toum % HIE,
Csum > 0 D L & Rotate +
Csum <0 Dt % Rotate — L ED 5.
o |Coum| < Toum %5,
Coum >0 D& & Arch +
Coum <0 D& & Arch — L ED 5.
COTNVTYIMEY, K205 EEE, HA
B %5 | {Start(Right), Back, Rotate +, Back}
ELTRBTES (H3(c) BR). &8, LE(1)T
BAL 4 20BfER, BHREDE2EE L 2hER
DEREEL TN H5E0RIIN L thFMi ZRL,
CITRERIICRLIOL ) ITREL /2.

4. 70-BH/INT XA —2DRE

ZZTC, 2BTEALZILED “7 0—RH/ 8T A —
57 {1,J, Az, Ay, Vimaz, Winaz, Q, Ty Viarge, M, N}
OFEFNEL EECHET 5.

4.1 BFROBELEFRRR

BRI, BFROK OKFEHME I, BEHE J)
ERTEME (KEHE A, BEAM A,) PRE
T 5., TNLHDINT A—F Wl TRESEBEIEER
HEBOKREEBIVFOEBZRLTORE ZIZHET S
MRS, ER SRS,

4.1.1 BERHEESOAE S, > HEH N BEM

WEBRD 24T) F L H ASHEOBEEES D (mm) &
BL. FRVEMERZ, HEE D ONBICH HEEF
& FAT%H X (mm), # Y (mm) OEREROFT
BIEVEFIEIRET S, 22 TR, TOERERD
RESBEREERICIZT—FT 5 & ) IR FEOK

AT T4 AN 70— % Bz HiRD BEOREFE 3123

EMTFRERERETLILEER 5. BERIE
Bud, 20E&RLD, # (1 As) (pixel), # (J-Ay)
(pixel) DREEDERL %R ZDT, 1 bIC, (I,J)
& (A, Ay) BT REROBEBRERS ¢
I~Aszw%, J-Aysz% (4)

22T, Fp, Fy BERENAKFHF, REHRO%

FATIE F, =912, F, =864 Th 5.
4.1.2 FOEBLETOXREZ I SEHh 3EM
RICFOWEBZEFTHORE IR OVWTEETLLDIT,
ZOHEEDLEHL LT, “Bfer LicL (FoeiREkr
HRAIOEECENT 57 FEEEZD. ZOL EDOFD
BB LU B &% ZLEN Hy(nm), Hy(mm) & B<.
Wi, ZOFERY) BOCHERER (Hy X Hy)(mm) O
Hg E~ORENFDHHIREOR (K x LHE) Dotk
FRESDDLI DB TRERERHHT b2 E2
5. FEHATHOEREE D(mm) LT HLE, &
BB, (A, Ay) Bz T _EROBEEARES.
K ag<hHe 1A <pHe
F=""p" V="9D
270, K, LiidbbEEHETA.
4.1.3 BFRABEEFARERORE
Kz, K (4) &K (5) R RIBHCEH/-THRF RS (1,T)
TR (As, Ay) DHERBIRT B L 2EZ 5.
BENICE, COHEATIIEBICEETLDT, 2
CTRROFRz LS D T, X)) 2 @/-THEED
(Az,Ay) KDWTHK (5) BohICHiz- &N BT L%
REES B (I,J) DEBGEERD, ZOBTI,J LR
INeH B DERBIRT . 2L TET o/ BTFEHK
(I,J) EX Q) TESVT, BTHER (A, A,) *
FLAASHOESR D OBRBLELTED L. BAD
I,J 2 BSHEEL, 77400 70-0FEa Xk
FCEBRNAELTB20THD. T (AL, Ay)

(5)
\9/

¥ ZOEBEROBRBI AT IR S R BIERERY BET
BHELEZ LMD, TOHE, QEROT I AFYICEA
T2/ A XORBEZT MRV D 2, @ BRICBOB MK
BEENTVEHAIE, BERBERY KXY TX 5L
TAI)XLEREIAEL S (2 EOREIEWREL 2%
720), @FLORTEPBELEVATF 4 H V7O —OFE
TAMFKRT B, REDOMENEL 32D, I TRALH
WRL A8 % ko,

EOERNTIE, A AT 2 FOMERSRD IISL THAKE
15255, HLORE, FOULBHLVIFO—HIPRL S/
Ho—Ho7o-bRABCREEN b 2EDBEICLY, EF
B, 18- S8 b THRELL Hy, Hy IOV KELE
5. 20X BEE, R(5) (BTABBORECHLTIREY
BL W) s8N 451, L OCHBEIRAEL VBT
HESh W,



3124 BHLE AT CEE

DH%EHE D OBME T HEMIT, Bl D ITXS
TIO—-DFHERE BT HL0OTH 5.

ZoHEcRExE, 3, K@), (B) &Y, 2EL

2, BFEE(L,J) BPREeTRERDOEGEERS
Y

X
. L D R Jr—

L, ClR1IYVREZERTHY, Z2TiE
C=11%kL7%. vwE, EEIE, R %
THEREB LS CICFORBIUES 2 2R EFN
X = 350(mm), Y = 300 (mm), H, = 50 (mm),
Hy =100 (mm) ¥ &% 5. E8% K, L i20nTi,
FORLBEOLEDLIEREL, 22Tk, K =25,
L=5t¥5%s. Znk&, X(6) &h, I > 193,
J>165 &% BHNDT, TITH,

I=20, J=17 (7
EED D, RIZ, R (A) KEBONI A—FBIU
R (1) ZRALT (Az,Ay) KDOWTERT S L,
A, ~ 16000/D B LT A, ~ 15200/D &% %D
T, TZTiE, BHEOLD, MEDEHEL T,

A, = A, = [15890 4]

L D ]

LEDD, [ RTTADRETH B,
4.2 70O—RBREE, EROMBEIEER, @EY >
TULTEM, K%L BRYRHBRE
Y, INLDIT A—FOHRT, FHTIEH -
Fo o7 ®0flgh s 7 0 —EREFMOEE KFFH
1 Vinaz, BEFE Whaa) (pixel) % HIED 2179

FEHATEOBERICIORVEEMBEEL T,

Vimaz = Winaz = 8 (9)
CHRELZ. UTTR, By v 7 rbl-hok
WHIEFEOFORET LOBHENEZOHRRLY T
WIZORICIE 2 L) ICEEOMG SR LEEY 7
VY7 RAMERET AR ERD.

Wi —E0 ik ) BIESTESHEE H, (mm/frame)
Tz L IRET 5. 72721, 1(frame)=1/30 (sec)
THAH. Hv 7)) 7 T(frame) THIRY ByEi%
FRORALLDEL, 85, YTV T ENEE
ERICBWT, SHEFREERCHTIEE Q THE
OB EMBEITORZbDL TS, BEVEITIF
EHATEOEREDS D (mm) 0L &, BYPTY
YT BHIY OB SWUEEEG L TOFO SEHHR”
BEE v(pixel) i¥, 32D/XF5X—% D, Q, T ®
B LCRRC L D EBWICSER 5N 5.

T , H,

v~ (P T
2B, Fl=(Fy+F)/2Thh. 22T, HAIE

(8)
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ERE “EEBEE" Vg (pixel) & LTREL, RO
EEEER 5.
M1 525607 DICHLTREDSHILT S X
ICFHFEOEE Q BLU FOEHR T 2 H#T 5.
T , H,
m (F . ‘5‘) ALY
COEREE, ‘RS Doy =F -H,/Vag %A
FTAHIEICLY, ROLICEEBWZ A LITES,
2 525072 D CHLTRRASELT S X
HHANEE Q BIXU FOBRB T 2487 5.
T Dsg
itQ D
T, Dagtd, Q=0,T=10% XiZ v= Vg
7 HEEEECHS T A, EARMICIE, BE2 BT
LS, BENCRR—0BE52 5% (Q,T) DEA
VHRBHICHFETHOT, TITERRO LI L HER
Lot
(1) D < Dgq %5, HgY > 7Y v 7 EH

T=1LEZL, BROMFIEE Q 2RXTH
5.
Dstd

Qz[.D
(2) D> Dsta %5\, BROMFIER Q=0
BEL, HEgEY> 7)) 7BE T 2Kk TEH5R 5.
T= [Dzd +0.5] 0
REL, [|RAYADRETH 5.

K 6ix, EREFHEICEIVTINRGA—F QL T %
HET2Z i nBoNn “Fo7a—-0FHHWE
KEE” v 2HBEHRRD = {D|600 < D < 16000}
DHEANTRRLAZDDTH AL, P LEREELE, B
B DIZ2REETAMBMEBRTHRRINTVS, |
FORERSRFHRICLVRBHENZ 70 -0 FY
B KESDEBERLTCVAE, BElIaERQ LIV
TV T 2 HE#E D G TEICEIRR S
N, 70-DOKREE v PRI Vg EEICRERFS
NTVWBTFEDDD. 2B, 20O v 2RKDBZD
DFOFHEE H, T2V, BEOBEBRECE
BICWL O DHED 27T S o RO TEHHY
ZEEXHRAL, 22Tk, H, = 15(mm/frame) &
L7z, &7z, HEBBE Vg 13, 70 —-REHHED
Tk 2BEBH) LR () OERLY, HETELIR
KOBHROESEREOESEL L EZ, T2 T,
Veta = 3.5 (pixel) & L7z, Thb k), 22 ToHEHE
H#EL, Dsqg =3800(mm) &% 5. F/2, ARICH
RENTVE X, BEBEORERNLNE2HE

- 0.5] (10)
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25 T
[y

Y T T T T T T
leed @0.T=4) pjantive (Q, T) e
\ {our method)

)
\

A
\
' \
' \
\
A
vV
\leed (Q=0, T—a)
A

\ A\ \
v \
Fixed (9:0. T:2\) \

Detectable range ., |
of flow vector /ﬂ

Magnitude of average flow vector v (pixef)

//,/ ’//”/
- ""/,/,//"”//////

[
600 1000 2000 8000 16000
Distance between the gesturer's hand and camera D (mm)

M6 EEOMGIERLEEZEY YT ) 7AMOHMECLS
70 -DFHWHLERESOEY
Fig.6 Transition of the magnitude of average flow vector
v against the distance D by controlling the rates Q
and T.

CERT 2 70— %2BRET 572DDBRE Vierge (pixel)
X, FOBEICLBTT—% Vg = 3.5 (pixel) 5
CBEZTWAHZ L LEEL,

Viarge = 2 (12)
LEREL.

4.3 1EREEIOvIHI1X

BB, HEERE SOy 294X (I8 M, BE N)
(BAL : pixel) ZHWET S, HRIICIE, FORKIE
HHVIIESOBENLEICESVTELIGERRTR
v, 22L, Z2Tl’, FlHTAN—-F727D
B 55 M, N £ 8DREHMET 5.

Wi, MR Dy = 3800 (mm) BT 5 “&
HERE” (4.1.2HBER) TOFOREEE RO L,
Fy - Hy/Dssq ~ 12 (pixel) &% 5. —fZIZIX, 2D
KESEH AT ETOHEBEONSE (1/D) IS+ 2
B, TTICA2MTRLAZE I, F-H ASHESE
DEMEEYE Dy UTOBAICOWTE, ZIZFEC
ETEHEOMFIZRALITbND0, HRELT,
MEHERET Oy 710D A TH A ) FEBOERIZIE

LAY EDLL R, 2T, 0D, M,NIZ D

ESF—EEL, FEDEEZD LI, TITH,
M=N=16 (13)

LBRETA.

44 ¥ & B

PE, RETHARFEE2I LD T IR
T, AFEOBRKOERIE, 771+ v70—%
Bt 272005 11D/ A—5D 55, KT EBR

'&ﬁﬁﬁsmr%)@b@%mwn

FTF A AN TO—% BT BIRY) BEORBTE 3125

Fixed parameters

,l Search area size V..., W... L L

| |- Comrelation block size 3, N |1

Computer & Camera

: -
Threshold for large flow V... | x : movements,

clothes, etc. } |

| |

| The number of grid points 1, J]«| H
NN

////////// NN,
Gfld polm Im-rvalt Ax Z

/ Plxcl Ihlnning r-h

% Image umplmg rate T

Tl ////
Ad-ptinly-controllcd

\\

Distance between
gesturer's hand &
camera(computer)

\\

Gesturer

parameters factors

7 7u—RHST A-F L ZOREER
Fig.7 Flow detection parameters and their decision
factors.

(Az,Ay), BEROMBIEFE Q BLUHEBZY VTV
TR T O A% B EEETER L “BIRY 21T
IFLAATHOERED OBKL L TEDTVEN
Chd., FTF4HNTO—%FET B EERENL1S)
T3, »5—ED “FikHWEEE—H 27 HEH 218
EL, $RTO7a—RE/S7 A—Fi%, £0HEHRM
FRITBWVT ) L HFRVBEIRE SHAEICEES
nTwi, RFEOHEAI LT, BIEVEMELLE S
A5 EOBEHIKE Eh o THFHRICHIB TR &
ROBHB AT LDPBETELINDLEILNS,

5. Bik¢)BAEER

3ECTRLAZBEYVEMEDREILT VT YL E 4
BCRL 70—/ ST 2 =% OPREHEOHER M
ERREET H72012, BIRY BEERE 772, LT,
EBRY AT A, BEAR, ERFECOVTEFCH
AL, BREICEREROERT RS,

5.1 EBRY T LA

ARERTIE, 15D CCD H 27% AT HIRY&E
% (GBREEYF) 2 H/ET 5. RO A XX 18D
721 640 x 480 (pixel), %581:/}“’@%% Ly X

_h6®W@
ANBIUT 20 RFAEBEREICESC AT T4 H VT
D—%2RET 500 EROBEBMEBEEL LT, B
TEHBONIT—FFvF ¥ Y ar PCLE (TRV-
CPW5)®%FIHL 2. 2hiz, BFHE%TS 70
DEET Y 7 DOF A XL THEOBB LU FORR,
EROMEIE, BEEORENLEY 7)) VI ALY
DING A= EEFEZIHIET & 5 PCIN AR
EfLER - F Th ), REFEOERIHEL TW5.
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XHk18) ICdH B L 9T, M x N =16 x 16 (pixel)
DEI 2T YTV = OBFE, KFEE -8~ 47
EEZFERFER (T2 Vinar = Winas =8) &7
HRTHBEEEL 1 7V — 25720 #H 125 HEFT
5. —h, R(MIERLALEIKZ, 22TE, 7
FAANTO—DEEIC T x J = 340 BOMEHEE
PRELTEL. ZOER, ToOEBEICHERERD B
DOWHEE IMZ - AERIZBIT A HROF T
JBRBiZ U =3 (frame) L% -7z (K758R).
MEI TR L IIZ, HEROFHES TR (2
) FHRVEERALFRICAS L, —EOB
TERTRICHRY OB T LR (3 8) FSEFTS
2% %2w. 22T, chso7akxn
EFEPT vy IEY g ORI R A DE
BT 1 R0 PC/AT it (Intel MMX Pentium,
166 MHz) % fI\*, Linux % 2 OS £ ¥ % PC ~X—
ADY YT VEBEIIC LY, iR BEZOA S
LEFFlOBANEFTCO—EOMEY HEITIT ) “EB
VATFAY BEBL. wEDE A, KRV AFAT
12, Vierge = 2(pixel) LEOKRE EEFO7 1 -
ZIMVHE, HE—EHK (ZZTIX10M) DR
hizt EFRVEMEPBBIN-EREZL, ZR5DT
HH—EREE (ZZTIR107V—2) BEERLT
BRHESIN LG o b EFDHFEIIRTLEHE
LTWa, 2ORICEEISNEERY A7 LI1CL 5 BF
DEMEDE BT VT ) X L DEFTREILH 0.1 (sec)
TH5b.
52 BHEMR
ARTHE, BETHHRYVELCUTRBITS42
(#1~#4) ZBIRL 72 (K18 SH).
#1: FEEAC2ERASEHE (K8(a))
E7 )V . {Start(Left), Back, Back, Back}
#2: [F—28] oBFEVEE (K8 (b))
E7 )V o {Start(Right), Back, Rotate +, Back}
#3: TANR-DIICFEERAIEE (K8(c))
E7 WV o {Start(Up), Arch +, Back, Arch -}
#4:. NAEREH#HEE (K8())
E7 NV ¢ {Start(Up), Turn +, Turn +, Turn +}
CHLDEFNIEVTROIBLPLOHEL 7
8Ny —VOEXHEOHEEGEL L CHEICEX
L, BEOBEBECLI2RHRY A7 ANDHIE
DOBIRTRER (EFVOEFFULR) 2 &%
WS LB SR, REZE, #2080 H
fEcaphE, [ FFFLHEZTILRTHEFMICH
AL (Start(Right)), Vo 7z ARXHCHT Y EL 720
% (Back), BifEE» 5 RCEEIEI D IZEE ST

Aug. 1999
Back Start(Left) Rotate +
Back Back Start(Right)
Back Back
(a) Gesture #1 (b) Gesture #2
Arch - Turn + Turn +
Arch +
vi 1 Start{Up):
Star{Up)  Back Tum +

(c) Gesture #3 (d) Gesture #4

H8 RAMERICHCLHIRD
Fig.8 Target gestures.

(Rotate +), BWEH VBT (Back)] BifEL LT, &
55y . {Start(Right), Back, Rotate +, Back} @&
BRI DI ONS. HROELDHEY B

AT ATIX, FIRYOFHENRY — (£F7NV) 2K

THDIFMERBIPPITELLVWIREND -

7, AV AFATIR, 0k, BRYOEFTL

rEHN>OMEIC, ARETKEICERAIEDT

EDEVIIBEREH L. BEFTI, #1, #3, #4

DFRYEEL T o7z —B (B DEEFIC L 2 HIRY

B RTIOHE) #EOIZRT. B, #2DHE

DIZOVTIRTTIRLZ2E 2(a) 2B SRz,

53 EBR A&

FREBROERFIRIRDEBYVTHS | Vo

DELHHEHECBVTHRE SN BEOBBREICL S

BIRYVBEGRNZADE LT, (4 BOFEI L B3

FA—IREDDLT2EDFRELBLTHLRS

FI]|Y O T ORRFIT -5 % 3 ETHESLTV

)X M HED EERBEORINCERT B ], B

NBHMNER (55 LT HRHDETVE

CEEII—B LIBADOAR “EL (RBTEL LR

HBLT, MRERBHRY ORFEE (= EL {FHET

7 B/BATEER) RBEBRET L BIOF-F X T MK

B LICHBT 5.

FRFIEEZETT LD, TITEIRD L D RER

GHEHREL.

o BIRVZTIFLIASHDOEM® DX, D =
1000, 2000, 4000, 8000 (mm) ? 4L T 5.
K (N~A3) &b, TNENDEH D BT 27
O—RH/STA—FE2R2DEIIIHRETS.

o HIRVENEE (BERE) LT, AVAFALHR
BHFEL T\5 3 A (Subject A, B, C) &
VAT AICET A HEE 23 A (Subject
D, E, F) Ot 6 A% EE. DAF D3 Al
Tid, EROBERNC, ZEARE R 55K EE
OFEFE OBEIC LWL FREN 1ESTITD
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image sequence of gesture #

9 WRRLLBHWYWIEET o720 (R #2 1200
I 2 (a) 2 BH)
Fig.9 Examples of target gesture motion (For the
gesture #2, see Fig. 2 (a)).

bDLT 5.

o FA—DRBETISDHEY % 30ET->TH5 .
Thbb, RERDOANTF -5 O%IT 2880 1
(BEME 4 T8 < HEBRE 6 A x 30 [H x HRY 4
&) Th 5.

B, REBREMNBICED B IZH ), EEE, Xk
D 3ODMBEFRT . QEETEE KEIF BEI
BHIIARXATRBRET D, QWRBEIBFICES
THIRVEEZATI, Q BRI RPN HBRE D
MEBR LR HNRRNESL L )10, BREOE LS
FONEBIUES (VWA ATOBRBEX) %
HoPLORELTBL. IS offi, EBOE
BEIRELHBEE 25D, ZhiZonTit 6 ETH
WY b.

101, F-% *7MERE D = 1000 (mm) i 515
56 NDHBEVEEEDAF v 7Y ay b ChHs. B
WRT £ 912, REBRTIHHEREY 247 ) BORRLEIC S

FT T4 AN T O=% BT HIRY SR e Tk 3127

R2 FERICAW7O—KRHEIST A%

Table 2 Flow detection parameters for experiments.

D
"eme 71000 ] 2000 | 4000 | 8000 of-
I 20
7 7 Eq. (7)
A-’E
A, 16 8 4 2 Eq.(8)
Vmaw
8 (€
Winax Eq. (9)
Q 3 1 0 Eq. (10)
T 1 1 2 | BEq.(11)
‘fla'r-gc 2 Eq'(12>
M
~ 16 Eq. (13)

Subject A Subject B

Subject C Subject D

Subject E Subject F

10 F-7 A7 BEEE D = 1000 (mm) 2517 % 6 ADERY
WEZEDORF v T v av b
Fig.10 Snapshots of six gesturers at D = 1000 (mm).

WTIECIZHRL TWaws, E£7-, BEBR%E A O
B D = 1000, 2000, 4000, 8000 (mm) = B} 2 &R
DWORFv7Tyay b #EI11IGRT. K10, K11 i
TRTEBED CCD # X596 DEETH Y, Kbz
HEMR TR TV BERERD 2N Z N OB BRI
BT ERL TV, BIIRI11ICBWT, B/ERMLE
BMOKES (I-Ay x J-Ay) DS8ERE DIZX ) KX
(RZ->TWBILICBESNIG (1, J, A, A,
DEBDEICOWTIIER 288).

5.4 ERCEH
ETNENDHIRY (F1~H4) O, BB
EBIF- D ASEEHETLICTL 03 0%FES
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D=1000(mm) D=2000(mm)

D=4000(mm) D=8000(mm)

B11 P2 AZBEEE D 21000, 2000, 4000, 8000 (mm)
DGEDH 2GRN WIEEOAF v T v ay b
Fig.11 Snapshots of a gesturer at D =1000, 2000,
4000, and 8000 (mm).

R4, R5 BLUKRGIIRT. ThonELy, F
AATHEEMICLLER, FR)OBHEICL2EE,
BIUHBRES LOERIIPEL TENEFRUTOZ &
B b,

fBR1 P-4 ATHEHE D = 1000 (mm) DHE
IZiE, WEROFIRED IO WT D BERE T 90%LL
LOBVEGERSEBON TS, ElE D KEL RS
IZHEVy, BHIRD & D ELDOEBEROET (D = 1000
DE ZBZHARFKRT SRIRER) RSN LD, &0
BRI BT 4 TBET AR TOHIRY OB #ER
HEHT 8RR EICHREEIL TV B,

BR2 IRTOHEBRE, TXTCOEEIIBNT,
FIRYD “H1 BIOH#2 OFH “#3 BLU#47 12
ERTEBEIEL R 2EAICH 2. &EROTFHHEZ
RTH, BB 95~96%, HhED 87T~88%D Bk
Lo THY, SAREOHL P RERND L. —H,
#1 L H#2 OBOFEREDEB YU H#3 L #4 DBD
BRROEIL B 5 S ILBH/N S (FYT 1%2E).

R3S HREILICHEME WonlBI BT
EDFY) % RizgE, BIRY#1ICB W TRERED
BVRALBEVCADEFRINEL ZoTWS, Hn
T, BIRV#2, #4DNEIZZOEPKEL LY, &
B H#3OTEREOREFRDKREY, —F, VA7
AIZHEBEL TWEE (A~C) DEBREBL ZHThW
Z (D~F) OFEBELINb L, £30F6 LY, B
BOSEHT 90.5%, HEIVFHT 93.4%E B SN,
LAY AT AT BHED 5 WEDFH LRI
RRENELL oz,

DT Zh OB RICKTT 2 E8%47 9.
BARlL BRLID, ABTRLETO—RHISS

®3  HIRY A1 OFBHEE
Table 3 Recognition rates of gesture #1.

distance D total
subject  ™566 T 2000 | 4000 | 8000 | (%)

29/30 | 29/30 | 27/30 | 26/30 | 92.5
30/30 | 30/30 | 27/30 | 29/30 | 96.7
30/30 | 29/30 | 28/30 | 29/30 | 96.7
30/30 | 30/30 | 30/30 | 27/30 | 97.5
30/30 | 30/30 | 30/30 | 28/30 | 98.3
30/30 | 20/30 | 28/30 | 30/30 | 97.5
total (%) | 994 |. 983 | 944 | 939 | 965

Clicliviloll I kg

T4 HRD A2 OBHEE
Table 4 Recognition rates of gesture #2.

. distance D total
subject 1000 | 2000 | 4000 | 8000 | (%)
A 29/30 | 27/30 | 26/30 | 28/30 | 9L.7
B 29/30 | 27/30 | 30/30 | 28/30 | 95.0
C 28/30 | 30/30 | 29/30 | 28/30 | 95.8
D 29/30 | 30/30 | 25/30 | 26/30 | 9L.7
E 30/30 | 30730 | 30/30 | 30/30 | 100
F 30/30 | 29/30 | 28/30 | 29/30 | 96.7
total (%) | 97.2 | 96.1 | 933 | 939 | 95.1

®S  HIRY #3 OFME
Table 5 Recognition rates of gesture #3.

. distance D total
subject 7500 T 2000 | 4000 | 8000 | (%)
A 27/30 | 28/30 | 24/30 | 26/30 | 87.5

29/30 | 29/30 | 26/30
24/30 | 25/30 | 24730 | 25/30 | 81.7

B 25/30 | 90.8
C
D 23/30 | 25/30 | 26/30 | 24/30 | 81.7
E
F

29/30 | 29/30 | 28/30 | 26/30 | 93.3
30/30 | 27/30 | 29/30 | 28/30 | 95.0
total (%) 90.0 90.6 | 87.2 | 856 | 883

26 SR A4 OTHE
Table 6 Recognition rates of gesture #4.

. distance D total
subject 77560 | 2000 | 4000 | 8000 | (%)

A 27/30 | 24/30 | 24/30 | 25/30 | 83.3

B 30/30 | 27/30 | 25/30 | 29/30 | 92.5

c 25/30 | 25/30 | 25/30 | 23/30 | 81.7

D 26/30 | 24/30 | 26/30 | 25/30 | 84.2

E 29/30 | 28/30 | 29/30 | 26/30 | 93.3

F 30/30 | 27/30 | 24/30 | 29/30 | 91.7
total (%) | 92.8 | 86.1 | 850 | 87.2 | 87.8

A= DREFEVEDAEBL TVB I LG5,
HREDHARIZ & D R VEBHRES LR ET T2 FER L
LT, TBRVEIMEEI Y X0l - TH
WODZITE ) LT A, EBIE, HATFCOHEE
PR R BIHEST, B ATHNNIT 2 BB B
(F) ONEBEBLUHROTIASE )L THhREL B o
TL IV, Z0OR, FIBEREEROIMITAE
LTLE)WRMIKEL RS ZL2bFoN 5.
ZOMBIZOWTE, BEEEEE LT 5 EERE
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HROWEE L TCOMNEBEL FOB X ICHbETHEICT
b (BHEN 70—y MVBEOEM—FKTS L
T, BMEREEROEMIBELZHET ) 2Tt
TR BN D,

FR2 RICER2 (o) 3BTRLAFEOME
B ICOWTEET LD, FREROERYOR
BRLEFORRIFT -5 %2 b I PLELLAOHT 5.

BIRY #1113, [EROREEL FOH R L 81
(DFh “HZ” PIZLAEEMLZVEIE & 20
SRR T A8 E0 28H) 2o rEbOTY Y
TVEEETH Y, REFPEC LY BOFERFRINER
R LRBEHIBETED., EB, £3%b, ¥
NTOWERE, T_XCOEHIIBNT, 92.5%L Lo
RELLBVRRESEONTEBY, Z0Xini
TN FIRD BRI 2 RBEFEOFHEOTHS 2
2k o7z,

BiRD #2113, chicssic [HEH (F2ES
PIZHNT B) BifE] Ab 24, FORBRIIHLO
ZNEBEAEEDLTE (R4BH). —#IZ, A
BFEELSPICEPTEERToTVEDL N THE
BHROIBICREGAFETFLMTCLEI L5
5, HHVIL, FEREHPL TL £ o254 =k
DFTT )Y TR E OFRENTRSWICKRE Ll
BEELTLEIC LD LAEDOEHICLY, HE
ORI HETEIFEES MNCET 205210
T80 RKHT 5 LAHL V. #2050
PO, TOL)EEVREREELREL TWADE,
REFHECBITS (a7 0k (MBOELE K
BEICF 2y 7§57 00R) ICELENFKEVER
s, ZOZLRHERT L7010, EBOMEKROE
RIT—F R L2 2B, “ELLREkIN &
WHOH#2 D7 — 5D 301% BHEET L X2 K%1T
NITIEL {REHEIESN BV LS 22k o7z,

BIRD #3113, AWML, FEVH#2128INT
WEDLFERD [FRELPICHIT S (ZZTikil%
W) Bifk] BXU#1, #20WHCdEFhTw
5 [H0ELEE] OMBEPL %5, LELEDS,
FOREEIT, #1RH#2 ITHRTEHT SHRER
TFLTW3 (Rk58R). COBERYEL-D, EE
DHTTERE DL 72625, ELLKREIN Do
BB D 28.6% 12725 24 DT — ¥ Hs, A,
{Start(Up), Arch +, Back, Arch —} LE5{tsh 3
& & %% {Start(Up), Arch +, Turn +, Arch —}
7213 {Start(Up), Arch +, Turn —, Arch —} 55
LENTVEZEFBEL IR o72, ThiL, #3112
EEN DI R BEST “HIEA & B~ D 37 15K

FTT 4 AN Ta—% B BR) BEOTRERE 3129

LTHBDICEL 5, BIfEEITERY S BERIIFD
BTOLEST, B SHBICHYEST L 23T
FEZE>FTCHDET (FEAREETIE Back) 2 &
PEEL <, BEEHED I DIZ Turn L HEZNAHHD
MBLFoLBEETHIENHBEEZONS, &
DOMEL BRT 5720124%, 72 & 21T Back & Turn
ZHNT H7200H 5 1 2HDORE Chuge (727201
Ciarge < Chuge < Chuge. T 1 BI) % HF, Hk
B2 Chyge Pk Chuge RBEDOBHAIZIE, Back, Turn
DEFDOREME RS HEREDVEZL SN 52D,

BV #41E, CCEFTOHEYD LR, Bk
[E#D S ERANOMITEE] OBEL OAP LR 5.
FRIZO Db oY, ZORBEIL, #3 LK, &
RO #1, #21ZHTEHTHSRBE (F6BH).
COFEEEEL D, EBOEEREY OHIER Y BN
Lc&Z A, ARiE, {Start(Up), Turn +, Turn +,
Turn +} EEFLENEE L Z A%, {Start(Up),
Back, Turn —, Turn +, Turn +} LEEE{LEN B Z
EFBWZ EFHES PR ot —EI, BifEEIRE
WO ERANIT 2L 25 (EBAREETIE Tum) T,
FERRBLEHLESE LI ETHD12, 2ORFTES
DSLSEDOHFEIZRES (ZHIZH 0K L 8k Back i
LT ) EHACHEEELONS, ZOESOEE
BB TN B0 HBRERELR IR vE S
Thad. BEHUL, ZofTE, #%BEI1>2H
Turn + OEIEZ L L L LTCVo AT R EIE3¥
0%, TDOL EMIPIZAL FRTH - THOBICKE
L7 (Co—EoBHEEWMED 19> 7)) 7 BEA
TIDII) 72000, ZOE) hBPHERE R o720
DEEZLND. 22BLBD Tum + OEIEIZDWT
bRABOBEEAEL BT EHEL LN, EE, ELL
kSN e o7 —F D 20.5% (1818) 25 DHEHh
2EBbDTHolz. COMBEDOEREL L TIX, B
#81Z {Back, Turn +} 13{Turn —} I2Z#1L, {Back,
Turn =} 3 {Tum +} IEHBT 5 L) —~BOWHES
Ut RA%EAT2 (72771 Back 2°5 Turn ~NOEE
DEAHBMFOY 7Y v 7 FHA T b BA
B5) ) FrEZSLN B2,

WA BEII, YAFAETAHMEBSLTL
DRBFEOMERFESL AW (VA7 ACET 2588
Bl TOBOEBREIB/ONDG) ZE2EH®RL T
5. BETHE, CoORRE, BREFESTEBELY
DEMEBEDHR ) BHICENTHHZ L ZRL TV,
B, FRYOBEHIC L > TELZ 2 RBEHTHOTS
ROEIEDPOBADTEL BDIE, 2OBEHYO “L
RS IRETLENKREVEBLNE, 28 T,
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FREACIRAIEE (FRY#1) &, RAFHEIC
BUWTHBILATHIBRYVTHY, ZhdeoThHEN
BEZERIZEL 2V, —7F, BRV#A3 PH#41F, ¥

BRHEINTILORVAEBILZEEREY THY, =

DT EDEL LBBERTORABROERFHREE
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R]Y r—A1, 2, 3BT BHEYBRED LB
Table 7 Comparison between recognition rates of target
gestures in case 1, 2, and 3.

subject | CASE 1 | CASE 2 | CASE 3

G 30730 | 13/30 | 30/30

H 30/30 | 17/30 13/30

#1 I 29/30 1/30 10/30
J 30/30 | 17/30 | 30/30

G 30/30 0/30 | 22/30

H 30/30 |  12/30 4/30

#2 I 30/30 6/30 16/30
J 29/30 | 12/30 2/30

G 28/30 2/30 | 25/30

. H 27/30 6/30 | 13/30
#3 I 26/30 9/30 16/30
J 23/30 2/30 7/30

G 29/30 2/30 | 25/30

H 23/30 3/30 | 16/30

#4 I 27/30 2/30 | 25/30
J 26/30 1/30 17/30

total (%) 93.1 212 56.5
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