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' Automatic Sign Language Recognition
2 Original

* Prototype A

* American Sign Language (ASL)

® Prototype R

® Derived

’ German Sign Language
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! Hand Configuration

2 Facial Expression

* The Sign Gesture Meta Language

* Extensible Mark-up Language

® Human Computer Interaction (HCI)
® Kinect Sensor
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2 Wavelet Transform
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2 Vertical Details
% Inverse Wavelet Transform
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o2 KinectSignLanguageRecognizer - m - -
Classification | Visualization and Emor Anarysns|
Preprocessing Feature Extraction Feature Selection Classification Result:
X Offset: Scale X Morphology Iter N I
5 [+ [0en 2[5 = Include Compactness Use LDA Date and Time: 8/7/2012 4:15:37 AM -
- FoldMo:0, Result:62.53 %
¥ Offset: Scale Y. Depth Threshold: Include Contour-Based Features No. of Features to Reduce: FoldMo:1, Result:63.75 %
11 =] |0.80 |5 |180 = 0 = FoldMo:2. Resuft:62.41 %
- FoldNo:3, Result:61.67 % 3
FoldMo:4, Result:60.60 %
Dataset Validation Classffication Method FoldMo:5, Result:61.67 %
No. of Signers Samples per Class  Validation Method: Train/Test Ratio: @ Normal Bayes EDEEUE- EESU:::E-&; 3"
= = _ - oldMo:7, Result:
1 H [ = O MutiRatioby 05 030 3 o 1y Bayes FoldNo 3, Resull 6028 %
[] Use Prunned DB - 10-Fold - FoldMo:5, Result:63.56 %
g o (Z) Random Forests FoldMNo:10. Result:64.26 %
Randomize Samples FoldMo:11, Result:61.34 %
v ) 20-Fold Train Ratio: 060 = FoldNo:12, Result:62 36 %
") B-Fold (Single signer test) . . = FoldMo:13, Result:60.88 3,
@ CustomFolds: 25 z No of Trees: W0 E Foldno: 14, Result:6181 % 3
- : 5 oldMo:15, Result:62.87 %
5 4 Losd FoldMo:16, Result:62 50 %
aVe and Loa FoldNo:17, Result:62.13 %
5 FoldMo:18, Result:62.18 %
Classify All Load 3amp|€'s and FoldMo:19, Result:62.04 %
- assi FoldMo:20, Result:61.30 %
ClassiiRectf FoldNo:21. Result:62 27 %
Epp— izeas:
FoldMo:24, Result:61.94 %
The 25-Fold Validation Result is 62.09 %! n
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I Visualization and Emor Analysis

Criginal Image Depth Image Image Folder:

D:'Kinect DB AIDB AR \color_7_

[ Load Images | [ Classify |

X Offset: Use Median Filter Size:
5 3 3 =
Masked Image Thresholded Mask ¥ Offset:
1
Scale X:
0.90 =
Scale Y:
Test 0.85 =

Erode Dilate:
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! Depth Mask
2 Thresholding

#4



el 48,55 18l T asYL b cotio b LS jo o o] s g o ls 5las o8

e 0¥ 09> 50 Cawd ojlail ool oL ol aies gl S Cewl (pl pgs 5,8 @

il e

b rpai )3 09290 JuSy (8005 5l plgy STVL 00l S5 lo (58 4 azgi b

L Bas g als cpl le Sy s ol L o 9 S8 iw Bes )0y b Voo Sg0>
u‘y‘_g.owé o 6@4&23)49@4.:‘0; "J“'}‘) ‘) oxls L;JL: ).:3.»44 ‘LSQA'C)"}“@ 6L®J_...S.u
Iy dold oy eSS 1) Sy (goue jlade ool o cpl 10 QIS fued (6l 0gad loy g i
J b Adols Jdo a4 pgal Ges 09 oo Uooaias lid a5) jao 3l am Bes pgal jo
AJ)a.oGLhAYa’ AJLMJA-") Yo- O-,\.Cscul.’?!.u‘ ‘) Mb‘s.o‘)b (MLSAMQ;)U 03gdoto
Sl 4 Y0 sae bl cde (o015 oo LB 0 dhee aliw] jlade flaie 4 g o0ges adlol

AL oo Cawd 5l (6 i Sledlbl il a5 g cilinl Wl 3 lel Gl Y

alold b olo JuSo) aibinl ol 5l i (6)l0he o Sy a5 Syg0 0 g 03,5 dunlie ailisl
ol o0 ) yao 1l Gl Sl Ay urw g 00505 Bd> ) Ol edls ()90 ) (6 pdin
Sy (29990 Slo SO L 03,91 9% 90 Oyg0 dy |y a5 0 a0 eal (58 bl cpl 5l e

e (oo osoline 1) (iu (pl (295 Y S5 ) Al e j0 ]



axio 4 hos Swlo | Slul—Y—F -

o Nl 8,5 18 Kuh b shlae Djge g Ll S 50 ESGS (es 5 (55 90
. . . . e a V. e

pr sl hly by )15 el aijls ol 05 a5l wied Sl e S00Sy g9, 2 aSal Gl
Ll dhas Subs a5 bl 5l oges oolitul ol, 4 0! sl Jsone slo Jse,2 5l g3 oo
b ebul (pl jlade Sl axio 1o olnler SO a5l 0ed Jlesl (S5 ngal g5, 5 b
ol o o Jleel LB (0 0 )) Ciz &0 45 Slaises slosme sbil, 5 ool Lisle;]
0 b ae Solo )5 00l b e Ssle (glo LSy plad oloul b sl 00 oy (X, Y)
S8 1) Cews oy ashad pygas Ve-Y SO )0 058 (oo Gubain () ngal 69 2 6oL b
b o] st a5 jshailes dmlel oo soalie bl ol Jlesl 5l G 5 lle ol Jleel!
2 ey ol 6 eS S g oad eaildy Cuwd pgal 3l 6y (i (98 (2lul> Jles!

() paai g Sewbe Gldail g Cawd (gady azbhad jo oe Siwbo gluls Jloel asci-)e-Y o

! Translating
2 Align
A



s Swlbo ' g3l goa— Y —F—¥

pgbal el Lattie A=Y S Y oal> e 40 edel Cawds ee pola 5l a5 jshilen

g CSLS sRas (py90 0,515 0goi 4y daxgi b aS wliid pgal ad jo YLS{LQ alws glyls aes
el g g5 (nl 9579 09 0 e &d 0 ng g Gl Wl (Jol pglas )3 35290 o
OO0 o 3l Gl oged pladl QT oeolS gly ol JJo aed 45 g 00l wline pglas o LS
sl il 5 " Sulstyne o yild gei eslinul (gilelsen sla s, 5l sl s g5 0
o ild o Lxil 5l aiien o cnl ) Jise sl ikt 5l Caile il ogas 4) "6 S Joe
oy pgas Slbl gl 4lais pg Bl> pogdle witud Sge 5 b 0> iy ;0 45 Su3908d 90
P @ 2y (950 podle &5 9l S92y Jlekol pl S (po n 58 |y KD 0 v92se slo
P e paal gl G wnly )0 Cwl (S (SeS Gbe 0y Djgo 4 AT Bes pga
e 0 )Ll By 5| 6l 9 S e (5l o S s ) 3 |y HLLESH s a3
PSR PR CLOWE S SORIPIE S A SN A o] RO EE SR IR VGO LA o PR iy L SNCSP LS B WA
9 g Bd> by Gl gy crl Sl asles (Bbpg B oo 5l g Sl (Sen 5T 22 U
Fd g0 Ceend pl jo bl baas 0 ) b Thy opl g e B> odle b ailwo
B30 Sl bl enalive Sl Gy g 00ls J18 sy 1 9590 95l50 (nl jo 1) ailee il g S55088 590

Sl meles plowl 5ug8 Bim k8 5 )90 10 (55

! Smoothing

2 Jaggedness

* Morphological Filtering
* Averaging Filters

> Median Filter
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! Erosion

2 Dilation

$ Kernel

* Structuring Element
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! Scaling
2 Field of View (FOV)
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2 Geometric Features
® Distribution
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2 Moment Order

¥ Density Distribution Function
* Segment

% Central Moments

® Invariant
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Ml = Mzo + MOZ (Y-
My = (Hyy — Bop)? + 4uy, (1)
2 2
M; = (“30 - 3“12) + (3“21 - M03) @-1)
2 2
M, = (“30 + l’llz) + (M21 + M03) *=

2
M5 = (ngp = 3uy,) (kg + l'l12)[(“30 + “12) —3(u,, + “03)2]

2
+(3hyy = Hoz) (yy + 1) B(Ky0 + By,) " = Ry + 1g5) 2101

2
Mg = (p,y — M02)[(M30 + M12) = (y, + “03)2]
+Any (Hgg + 1) (Hyy + Hgg) A=Y

2
M; = B,y — Hoz) (Mg T M12)[(“30 + “12) = 3(u,, + H03)2]

2
- (Mg — 31, (g F ) [B(Hag + 1yp) = (Myy + Hg3)?1E-T)
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Abstract

Sign language recognition is an important challenge yet to be conquered in
many areas of its applications. One of the most important problems in sign language
recognition is hand segmentation from a scene with complex background. With the
introduction of Microsoft Kinect, a depth image is now available along with the RGB
image, easing the segmentation process if used correctly. In this research, a real-time
finger-spelled alphabet recognition scheme is proposed based on geometric features
extracted from the depth-segmented RGB images. A total of 26 geometric features,
including 19 Moment-based and seven contour-based features, are extracted from the
depth-segmented images after several preprocessing steps. The preprocessing steps
include thresholding the depth image to create a mask for hand segmentation,
smoothing the mask, translating and resizing it. Bayes classifier is then applied on the
feature vector after an analysis using linear discriminant analysis (LDA). Kinect depth-
based segmentation of RGB and depth images and proposing a real-time system for

accurate classification of the resulting data are considered as the main contributions of

this thesis.

The proposed method is tested on a vast database with more than 54,000
samples of static finger-spelled American Sign Language (ASL) alphabets covering
different variations of hand gestures and complicated backgrounds obtained from
Kinect. Several cross-validated recognition results are demonstrated based on different
selections of the database, ranging from 78.29% on the whole database including 5
signers with 450 samples per 24 alphabets for each of signers (whole database) and

99.75% on a single signer with 100 samples per alphabet. Performance tests run on the

system indicate a real-time processing speed with 38 fps (frames per second) using a
single thread and 245 fps using a multi-thread architecture, both on laptop with a 2GHz
Core i7 CPU. It is also manifested in results analysis and validation section that using
LDA, a combination of RGB and depth features and samples randomization yields the
best recognition results, with the latter one approving the necessity of a training phase

for new users just before using the system.

Keywords: Sign Language, Depth, Kinect, Hand Segmentation, Finger spelled.
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