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Abstract

In this paper, we improve the Finger-Earth Mover Distance (FEMD) gesture
recognition method used in " Part-Based Hand Gesture Recognition System ; . This
recognition system uses RGB image as the input image and fixed threshold for the
threshing decomposition. The proposed improvements consist of two aspects. Firstly,
the hand gesture images are captured with the depth image rather than RGB image,
which can effectively reduce the noise on hand image while doing the background
subtraction and skin color detection failure. Moreover, for the Threshing
Decomposition, we replace the fixed threshold by the relative distance threshold to the
circle of the palm. It can immediately compute the corresponding optimal threshold for
the recognition of different hand gestures with respect to various types of palms. By our
experimental result, our proposed method can increase the recognition rate from 92.9%
to 98.2% and the average recognition time is less than 34 ms.

&t F : Depth Image, Finger Detection, FEMD, Threshing Decomposition
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Kinect[10][11] 2 # #k /7 B 2 > — B4 4E & Xbox360 $2 Xbox one b &94% V3% # > 35 5 &R
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W 7B > 045 9LNET ey — 2545 » £ EmguCV % %8 A # NET #9425 -

(2) 4Y-Model
4Y-Model[13]% & ff Ahmed Al Marouf 32 i » 33 &9 & — 48 F 35 PHla) R B IR Ry 7
R BREFHEBINETLEAENEMTSE—BRABEFIHRARG LI -

4
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© FHR-HBILIVIRZH BRZBIMIARTERAREAAFENKRAYEHMR
£ o

© Tz UALFYYUAT THITAIAGAUEIRLR

42 To— @ ZHRETEZPRRE LR

PR R B BE ST E A R H R E B8 - ZAMEH B Ao 3 A B Z B {4 (Fthresh) ~
¥ {8 (Athresh) #2 & - [ 48 ¥f 35 8% B & 4 #% 7 7% (Cthresh) - 518 F % & 4T 100 R#38  tb&
EWRERmETER > AL EERE -

AoBXHMENTRER AT O MOREARLBEMBES T mmHHF
0~9 MR A FHIERER > WBRERL(ERE —FDETHEFH G EAEMHEE > PHER
MM R ERE T4 ey ERENM > R EMAEH(ms) - LA F3 0 A - £ 100
RPPET A REHAREAFL 0 I REFAFHSASKRBHALFY6- R_BTER
Mz F 2R E0E S 086 2 1.00 > F34:EE %R 4 22.02 ms %] 32.03 ms ©

AEBEANSHBTFHEAAEARECEAAHERRNENTRER RZREAW Y H #EF
REZBTTFHEEAZHRFEE A 088 2] 1.00 - F3YEE TR A 32.97 ms 2] 3454 ms - &
BRE CHARHIESMAZYERERE % 091 2] 1.00> T35 E o5 A 31.66 ms 2] 36.46 ms

A= BEIXHMMEZHBLER

v Sl 0 1 2 3 4 5 6 7 8 9
0 94 0 0 0 0 0 0 0 0
1 0 | 96 0 0 0 0 0 0 0
2 0 0 88 0 0 0 0 5 ) 0
3 0 2 2 99 0 0 ] 4 7 0
4 0 0 1 0 | 98 0 3 0 0 6
S 1 0 0 0 1| 100 0 0 0 2
6 5 1 0 0 0 0 89 0 0 0
7 0 1 9 0 0 0 86 0 0
8 0| 0] 0] 0] 0] 0 5 | 88 | 1
9 0 0 0 1 1 0 3 9]
#mE | 094 | 096 | 088 | 0.99 | 0.98 | 1.00 | 0.89 | 0.86 | 0.88 | 0.91

PR

e | 2550 | 25:27 2461 | 2206 | 2989 | 20.97 | 26.59 | 22.02| 25.87 | 32.03
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A= PHHAZHABRTRER

F AT 0 1 3 4 5 6 7 8 9
0 88 0 0 0 0 0 0 0 0
1 0 94 0 0 0 0 0 0 0 0
2 1 0 93 0 0 0 0 3 1 0
3 3 2 2 96 0 0 2 0 6 0
4 1 0 1 0 98 0 1 0 0 6
5 1 0 0 0 1 | 100 0 0 0 2
6 6 2 0 0 0 0 97 0 0 0
7 0 9 4 0 0 0 96 0 0
8 0 0 0 1 0 1 91 1
9 0 0 0 3 1 0 4 91

#mE | 088 | 094 | 093 | 096 | 098 | 1.00 | 097 | 0.96 | 0.91 | 0.91

ESTE S 4

ot 33.5 | 33.26 | 34.54 | 32.97 | 33.12 | 33.11 | 33.76 | 342 | 33.48 | 33.89

Zm: ¥oHAHEERAZIAETRER

s 0 1 2 3 4 5 6 7 8 9
0 97 0 0 0 0 0 0 0 0
1 3 | 100 2 0 0 0 0 2 0 0
2 0 0 94 0 0 0 0 2 0 0
3 0 0 0 | 100 0 0 0 0 0 0
4 0 0 0 0 | 100 0 0 0 0 2
5 0 0 0 0 0 | 100 0 0 0 0
6 0 0 0 0 0 0 | 100 0 0 0
7 0 0 4 0 0 0 0 96 0 0
8 0 0 0 0 0 0 0 | 100 0
9 0 0 0 0 0 0 0 98

s | 097 | 1.00 | 091 | 1.00 | 1.00 | 1.00 | 1.00 | 0.96 | 1.00 | 0.98

EXTE S ]

o 33.69 | 31.66 | 36.46 | 33.23 | 31.78 | 33.41 | 32.46 | 38.09 | 34.98 | 32.52

(1) \REPMBER
TEZAZHEHATEHN AR T2 EILRER - KB FTHRA 108 F SRE
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BY > FCBAHERF LR OCEFH(FH1-3-4-5-6-8)2 £ 2 1.00- MmE
ERMERTFHMELAE —EFE(FE5)pRFER 100 5 —F @ ToEAHESR
M S AT R P E L R RMEF LR ES - B0 RMEBREHETHAEAT ZR
BHBRARMMBRAAES —RFHOEN MFHEAGF ELE LREENELE 254
ROBAGTH - mECHARHERMAEN T ERALFH2HTHFHEMERL  AFH
AEFREBAMAEAABRANLEREHBREF OB MREBETHET AT AT REML
AT AR RRAMEAA AL EHEEE RAELMHE - AFHHEART CEHAYH
EARNEAZEESMAER LRARF LI HBEN FRIEARBA2RGFEQ
O~NAFEHHMHR S > REXHBAENTHEES  TAWREATARRTIE 0 BHE
RBEAOAE  ERAAARBENTUAHEBATS 2 s ARBHEABEFHOOATHTY
F) 7 o

ZAHBATE R AR F Ry R L

1.05

1.00

0.95 j;
0.90
0.85
0.80 | :
0.75 i
FH0  FH] FH2 F#H3 85 F¥6  FHT  FH8
m Fthresh ® Athresh  m Cthresh
B+=: ZMREHAFERZIARTERBRELY
(2) o RHw

REAHARFRERA_ARHATEHEER RMNEFADCHAEIHRERE LMK
BFf& D - Brepi A Ed EEHFRARRAFH - FEAIRFERRE  HIBREREK
FRGTFE > oo HEREE N B 5 FEMD &g B + & £ 330 0 1 Mg Ry
T o Athresh B &8R40 & E 431 5 MAE 0 A7 oAPHREF R & 38 o - 257 (1K Fthresh
BB SAE FE R E i R > £h 2 o Cthresh 7] LA 5] 85 7L & Athresh #1 Fthresh #9£:25 - B
Hip A B AR EEE > T A AR FIER IR B L HHARFHRFERALE
F PR E AR BB E TR 0982 -
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k3B ZHFEHFRAHBRRLERE

FH0 | F%1 | £%2 | $%3 | 284 | $%5 | 286 | FHT | FHS | FH9 | FH | w#

Fthresh 0.94 0.96 0.88 0.99 0.98 1.00 0.89 0.86 0.88 0.91 0.929 1.00

ﬁ Athresh 0.88 0.94 0.93 0.96 0.98 1.00 0.97 0.96 0.91 0.91 0.944 1.02
: Cthresh 0.97 1.00 0.91 1.00 1.00 1.00 1.00 0.96 1.00 0.98 0.982 1.06
3t | Fthresh 25.56 2527 24.61 22.06 290.89 2697 26.59 22.02 25R7 32.03 | 26.387 1.00
% Athresh 33.5 33.26 34.54 32.97 3312 33.11 33.76 342 3348 33.89 | 33.583 1.27
(ms)| Cthresh 33.69 31.66 36.46 33.23 31.78 3341 32.46 38.09 34.98 32.52 | 33.828 1.28

43 ¥— ' ARTFETEPFEPLE

AERTEULBRARAGFERNREN AR ENE AT A2 ERER - ARERAZ
MEZREEAH 182 22 REE P — ALt HibtdmaAaEHE ZPABFELFEr R =4
B RRFE s FlHek  FERATFHRE ) pBEF AT HRHA
O BRF¥: FEUHKRBECHFLATHERELEIZHKE -

O FERAFHBE  FEUHRECHFLAPHEREINLISHKE -

O FHtmk X FELARETCEFLATHEREANI22HKE -

TP =4 £ 6h % A& @ 1& A Fthresh # 7% ~ Athresh ik 8L Cthresh FiE4F F £ 9% > =48
KRG HEEE T HF 20 ke ik BBREH FEMD B 2 F e e MM R &
A FFE L B3RP R GEIAER ©

() BEFEHBE LR
FNBREFEAEMMAE 7 RF R PRER - T3 A4 Fthresh 7 /% ~ Athresh 77 ik 4
% Cthresh F ik » EHBF S HEFTE - EHR—AOBRAFELZRAEF T UK EAT
B RBAL TR 2E ARABNR Y TBIREFEFBRE -

AN ERBRFEZEOHBELE

0 1 2 3 4 ) 6 7 8 9 |mmEchE)
Fthresh | 0.95 | 1.00 | 0.80 | 1.00 | 0.95 | 1.00 | 0.90 | 0.90 | 0.90 | 1.00 | 0.94
Athresh | 0.95 | 0.95 | 0.90 | 1.00 | 1.00 | 1.00 | 0.95 | 1.00 | 0.85 | 1.00 | 0.96
Cthresh | 0.95 | 1.00 | 095 | 1.00 | 1.00 | 1.00 | 1.00 | 0.95 | 1.00 | 0.95 | 0.98

2 FEBRAFHEBATFEHBRELR
REAZFBAS R ARG R - RIVERAER Fthresh F k0% » I%%‘—’ﬁaﬂmﬁkﬁt
hEFE MR F S (B A Athresh F R 4 AF A& > @ Cthresh Bl 2L —H R & F %
PR E A BAFHIAFHE O THBELALMWMIRIEFER -
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Rt FERAFHBAFEELE T EAPHBR LR

0 1 2 3 4 5 6 b 8 0 | mmERH)
Fthresh - - - - - - - - - - 0.00
Athresh | 095 | 1.00 | 1.00 | 0.95 | 095 | 0.90 | 0.85 | 1.00 | 0.85 | 0.85 | 0.93
Cthresh | 1.00 | 1.00 | 0.95 | 1.00 | 095 | 095 | 1.00 | 095 | 0.85 | 0.85 | 0.95
- REETF S AEAR

(3) FHéakFEPBELR
ANAZHRBEETBRY AR BER > AR Tk F £ A24# A Fthresh 4
Athresh 77 7% 8F > (b AR FFRANHRES > RRAN FHEKOHE AT > Fthresh %
Ped b M F I B3 a1 > Athresh AR B A Fita R B X R AEY R 7 L&
AREGAEAR MM ERIRETHE {2 Athresh FxF > R FRLO0ORGEAZN > BRA
HFHREOALBELGTRBESBGGBEY  FE—RARFERESGERY  WEHE
3% ax, FEMD & B o i R385 M B E P& R - M4k Cthresh 0%k - &2 F H N
RYGRERFIREB IR E R -

AN FERAFHERETELS T EOPHRELR

0 1 2 3 4 5 6 7 8 9 | mHmEPH)
Fthresh| 090 | 0.95 [ 095 | 095 | 1.00 | 1.00 | 1.00 | 0.90 | 0.95 | 0.95 0.96
Athresh| 095 | 1.00 | 1.00 | 0.95 | 0.90 | 1.00 | 095 | 1.00 | 1.00 | 1.00 0.98
Cthresh| 1.00 | 1.00 | 0.95 | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 0.95 | 1.00 0.99

44 Tw= ' REFEZARFENIFERELE

AERAZMLAL AFEEBAEAREFEHAY  B[MABEFER I AL ERT - K
RBARARRGB D BHAIAFHRCHHEERF LF20R W EREREREATEY ER
TR FEEGIRBMIF FHEMERFIRBANEL - RAALKERYIBELR -

& P 7T L AF foCthresh 7 7k £ = A0 R E 8 P4 A S 99k £ - H =k A Athresh % 7% -
R IRE R A FthreshH ik - M= ME S BH ZBARAERXNFEET S €2 % £ > UFthresh# %
A1) > Fthresh ik £ R BB R F £ F 35085 > BANE SR PFthreshh AR BEEAHWZT £
RWAN > ARG AR NS RIRERK RZAXER I FE AERAEFIHENER
HE AR O E L - mAthreshF Rl R AR B RBAFEN R F 5T > ¥R BRER
ATHE > RfneLEARENFFRGEHRLFRAR - RIR - Cthreshy ik £ = 41 % R1# 6 PEl

A RKRE » AF L 4F H Cthreshfe RE F 8 AN RT > HEBREZEE) o
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FA AREBZARFERDGHEELER

0 1 2 3 4 5 6 7 8 9 [mECEE)

A E| Fthresh | 0.95 | 1.00 | 0.80 | 1.00 | 0.95 | 1.00 | 0.90 | 0.90 | 0.90 | 1.00 | 0.94

i§ P | Athresh | 0.95 | 0.95 | 0.90 | 1.00 | 1.00 | 1.00 | 0.95 | 1.00 | 0.85 | 1.00 | 0.96
+%| Cthresh | 0.95 | 1.00 | 0.95 | 1.00 | 1.00 | 1.00 | 1.00 | 0.95 | 1.00 | 0.95 | 0.98

2% Fthresh| 0.95 | 090 | 0.90 | 0.90 | 1.00 | 0.90 | 0.95 | 0.95 | 0.85 | 0.95 | 0.93

#& K| Athresh| 0.90 | 1.00 | 0.95 | 0.95 | 0.95 | 0.95 | 0.90 | 0.80 | 0.95 | 0.95 | 0.93

%% |Cthresh| 0.90 | 1.00 | 0.90 | 1.00 | 0.95 | 1.00 | 0.95 | 1.00 | 0.95 | 0.95 | 0.96

#A & Fthresh| 1.00 | 1.00 | 0.95 | 0.90 | 0.90 | 0.80 | 0.80 | 0.95 | 0.85 | 0.85 | 0.90

#/»| Athresh| 0.95 | 0.95 | 0.85 | 0.95 | 1.00 | 1.00 | 0.95 | 0.90 | 0.95 | 0.95 | 0.95

¥ %/|Cthresh| 0.90 | 1.00 | 0.95 | 0.95 | 1.00 | 0.95 | 1.00 | 1.00 | 0.95 | 0.85 | 0.96

5.8 %

WXIRE A Kinect RB B AHEIRIFEHMBAL  LAABEAZIRBRBRARES S
JF RGB %1% » B4 Kinect /2 &) F RARIFMT - RIERRAFHABAATORGAERETK
Wga ) o A AL R e FEMD Fik o #FBF FI5 8 » RIFFE9RBIFE e BER B A K
Fofhth FHMNART CHARHERBERR AL THREMUE RO B L orNE
T —F R HRAXBR[3]F 49 92.9% A £ 98.2% > SR 0GR Lo By 1.28 4% 2 2 H
HELFRERRLBIM EPDEF T ERIEMN - £RRBRE L FERBAEF T BA
EFH20FHTRHANKEARSHHE -

MAWMXZ G OARESE TRAL R ERME L FHHEALEAN AR AR VR
WARMEA L Bl fTAALEAGMEHETFRAGRMER EEEFRREEN AR
REBRAEENRRBSER RAZZNEIHELE - FIAARREHSELE - KR EZHS
EYRETEE AR AR BEEAMULH > mALZ PEFHFEIREELRMIRAT
RBERMERAEZ— -
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