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ABSTRACT

The objective of this thesis is to translate the hand gestures for American Sign
Language using the Leap Motion Controller. This device can be used to detect the
finger bones and provide motion information such as position and direction. Two
patterns were used to separate the alphabet in ASL: 1) a bent finger’s angle
calculation using the dot product equation, 2) the bent finger’s angle was mixed with
inherent algorithms of Leap Motion Controller; i.e. hand movement gestures such as
a semicircle gesture and swipe gesture. They are used to make the movement
alphabets such as J and Z alphabet. This system is calculated by laptop. The
program is set to detect a new alphabet approximately every 5 seconds. This
method is natural as the user does not need to wear an intricate instrument. The
experiment in this study were divided into 4 parts including: 1) comparison of the
value of angles were measured by this system and the goniometer, 2) the measure
of all angles were used to make C alphabet, 3) Checking accuracy of translating the
hand gesture into American Sign Language and 4) spelling test the alphabet into
words and sentence, translation of Sign Language Symbols sample in present. In the
comparison, the values of angles were measured by this system and the goniometer
using 3 angles from 20 subjects. The discrepancies experiment results between the
proposed system and the Goniometer no more than five degrees. In checking
accuracy of translating the hand gesture into American Sign Language 20 subjects
were used and we conducted 20 trials for each alphabet. The all subject had the
average accuracy of translation of approximately 82.23 %. We also conducted the
spelling test of the alphabets into words and sentence. These experiments have 5
samples in words, sentences and Sign Language Symbols. The average accuracy of
spelling test the alphabet into word, sentence and sign language symbols are

approximately 100 %, 100 % and 100 % respectively.
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2.2 AMwdlo [4]

JU# 2.2 uansinuazn1wiile

fisn - http://www.catdumb.com/santa-signing-to-child-093/
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wazAseimne Usznevlunisdennuming uagdrenenasualununisyn Auiilovesus
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NUINAUAUYA mmé’mqm‘%aﬂms?iaaflsé’wﬁaﬂf’jfl Sign  lLanguage  #3® Manual

Communication

2.2.1 arwdawuuausnu (ASL) [5]
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;nlﬁ 2.3 uARIANYMEATNBLUUBLIETIY (ASL)
i - http://coloringpagesjos.net/341983-sign-language-alphabet

A 2 oA . 5 I a a ' va
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O naufiaesdefsnusiitiniadeulv Usznoude | way J nguiianuAefsnussssum
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ANy : Time files
Awile: TIME ZOOM
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NNW189NYY : Subject + Verb + Object + Time
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2.2.1.3 hensalveniwieawsiudulliaudanguy aglifidniwiug a,
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2.3 Leap Motion 3D Sensor [6]
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= X h - a = 4 ¢ al ) a' 2 A
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Lwaumﬂ%mﬂumiwmmLLaﬂwamﬂuumm lagordenannisadieiy Kinect [7] 310
Microsoft ueisnafiudi Kinect uaznmatustsmevesiyudliviesn waeilssoedilng (svuy
513 1-5 1a9) @ul Leap Motion u‘u%Lﬂuqﬂﬂimmwmwamuwaguuim Jugunsal
e TEEAweNsamy USB vuiinasiadunisindeulmvediensa junsinseusneg
IS % I a a A | o U a a
fAuasaTuaIn 300 wsusedu darusiugiluszau 0.01 dadwas

3‘1]17; 2.4 uansgUnInl Leap Motion Controller
s : http://www.amazon.co.uk/Leap-Motion-Controller-Interacts-
Airspace/dp/B00C66292C



2.3.1 dauusznauneluvas Leap Motion Controller
2.3.1.1 ndesdunsnsn 31w 2 67 Wlunissunmaindsvesnunnn
NIENUUULABUNTILIANUd o pRNUwAT AR RUNAULTIRIaUN Tl YRR WYL

3U17i 2.5 wananan IR Camera
111 : http://ashlandtech.org/2014/04/02/product-comparison-kinect-and-leap-

motion/

2312 LED 3% maﬂwm“mmmumuﬂ muuuwum amam Tanszand
naen LED uaadunsisndiuiu 3 ¥aen g3 0.5 i nf1e 1.2 8713 2 dwh 0.1 Jeus

gy

7 /4
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gll‘l‘?'i 2.6 WEAINIW LED U89 Leap Motion Controller

2.3.2 UNUDNNBILALILHLNIINTIAIY
2321 uNudNB @nsansIadudrisresingaie [Wuaulii feni
WU (X) WNUAINEA () UakNUWIYING (2) H30 origin agnsenansvasdigunsales
Ul 2.7
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JUN 2.7 uAnIUNUO1383989 Leap Motion Controller

fisn - https://developer.leapmotion.com/getting-started/javascript/developer-guide
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2.3.2.2 T8e¥MInTIITY seudigUnIalaslinuyinauluUiiseia vwn 2

We (60.96 wuAlang) 3nfrgunsel wazving 150 891 lua1undne yu 120 oeen Tusudn

5UN 2.8 uaneszezn13nsIa3Ures Sensor luaunsal Leap Motion Controller

fian - http://blog.peteshand.net/project/cba-product-demo/

2.33 N15R5999UINY

|

P & y

UM 2.9 uanen13n5333UTngues Leap Motion Controller

fisn : https://www.blognone.com/node/42237
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23.3.1 e Wemaunsainsiaduilold agderuanidiunis firmisvesile

< =
AT AITULIIVDIUD

gﬂﬁ 2.10 Uansnniienisvedilolny Leap Motion Controller
fign https://www.blognone.com/node/42237

2332 thile WeMgunsalnsaduidlels fazdsrsumisesUaeiie

Armne Anasq saludsanuetazaunIslagladsvesiailione

gih"’i 2.11 uananmn1InTIviiallelag Leap Motion Controller
i - https://www.blognone.com/node/42237

2.3.4 N13A3299UYIN4(gesture)
dmsu SDK wes Leap Motion Controller tuil APl ivilsianunsadaen
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SUN 2.12 wananmnisyintadiaduvinnngenay (crcle)

Y

s - https://www.blognone.com/node/42237

a

2.3.4.2 n3a (swipe) Aon1saiiregnmndalusuuvuidudunsedsgy
2.13 gaziuindunslainludunsandrelian

TR 7w m“m 3“9/
/

=

JUN 2.13 wansnmnisviilafieiduvinniansiia (swipe)

i - https://www.blognone.com/node/42237

2343 M5 (tap) Aen1slilunfiounadidusg 195357 Aagui 2.14
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sUN 2.14 uansnmnsiihdeduiimenisuey (tap)

Y

fian - https://www.blognone.com/node/42237
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2.4 The dot product equation [8]
msqunnwesl 2 vlaldun naguildiduuiinuanats Bendmanuuuunen
(dot product) vi3enanaainas (scalar product) wa wapnldduTinannnes Funiy
HAAMWUUATER (cross product) MToHARMLINWMES (vector)
Lwiﬁm%’mmﬁé’aﬁlﬁanﬁwaqm%qaLﬂm% (scalar product or dot product) Um

[

1873 NaRALTINAITVDL U kay v ITsuwumedydnyal Uev lagi

A1TNN 2.1 ULEAIENTNAAMTIENATIENINNNNBTARITRkAZINMBTAUIR

GRNAG AU
G:ali+b1] G:aii+bj+cli
\_/:a2i+b2] \_/=a2i+b2]+c2E
a-\_/=a1a2i+b1b2] a-\_/=a1a23+blb2]+clczﬁ

Tuundlewding1iagld « unuesowmung lnedssennanuilasnag1milsinanm
99 (dot product)

X
A Q
u
p
o =
b} - Y
0O

Z
JUN 2.15 uansnmesanuil

nvgud W u waz v dunnees wer 0 1Wuyusswing u fu v Taef 0° < O<
180° azlamlannaunisi 2.1

Uev= ‘GH\_/‘cose 2.1)



14

lunsaideenismigusendng du agle mlaan aunis 2.2

[ ]

[ ]
0=cos™| == (2.2)

2.5 nsesdanldlunisintasnisindoulnivestda the finger goniometer
The finger goniometer [9] 1¥1353ad118eruildlumenisunng gnldiamyunn
drwvesihlle wu tnnaamiidalddmsunsaasuithelsaiibon Jusu

".‘ o
: Y] ¥ e = VN
g‘l.lﬁ 2.16 LAMININ The finger goniometer

(%
U 1 LY U 4

wsesianldinyuvasiievatsuuy Flafusadududouuinluesliminisg
INIIEADINITAINASBYA DN WeidmTuTaiSeuiteavgnidlundlinuselsang1uia
)~ wa o A = i A v Y a I o A Yo
wazAsiinantAfilfe Seuie nunu aunsawaeudalaasain dauwliugl Weldin
TN Iavane o AunEnumdeuny wIeilenldiuiinAe The finger goniometer Gavi
Tlonalswiugnanely duudeulaunaveinisiabiianaials 5 fednvedsla
2.5.1 579a198AVa9 the finger goniometer
PUIA: 50 mm x130 mm x1.2 mm
UINUNENS: 9 ¢/pC
% aaal
Tan: W33
2.5.2 ANURANAINYBINITIARLE goniometer nTUlALTBN
2.5.2.1 N159AATBIED WALNITE1UTDNEIN
2.5.2.2 AT VOI TR

2.5.2.3 ANUTAAUVBIAIUNIL IR
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2.6 UL NNYITD9

2.6.1 American Sign Language Interpreter [10]
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naula {Ideldgeiiaiieadieiidnyslannugndesnuinnituagini gelleaauniwiile
! < L4 1 = ! = LY dy 174 A ] o/ 14
Wnaziludsglevdegraunn wetglunisdearsiuauymnuinssuuilldgailedmsuatianis
Seuimdnwsnuandaiu daululasreulnsamesgnldiieauaunisinauvesssuuiliay
! [ o v A [ U X v v ' < s a o 1 Y
MiEuANd1 EEPROM gnldiitaiuduiindisnusnneg iWuiwesazinioguuilivess
R A v o ! L i 1 1%
fio FanaziUasuanumMunIUmuiiliesiiliowarnsIvaeuTIMINwa nti1ae LCD 1Y

4{' o = v 4 ' av A9 v ° o A o
LNBRIIVADUINNINIINEIN ’]Qﬂ@@ﬁﬂi@iu LLaﬂu\‘ﬁumﬁJu% keypad A1NIULADNHIDAWT

Y

"
Tnsilagiiaugnassdedyaiaues 94%

o

2.6.2 Design of an Assistive Communication Glove using Combined
Sensory Channels [11]

Tud 2012 Tanyawiwat wazamglidiauaisnislmilaenisldqeliodures
wuulfanelasnsld wireless  fiotaunisandwimisnisagnaiinnmilouuveiiiu
dugesuuvdudagninsslivugeoudufuduresuuviunguuuinge umedvsans
sl BSN node iiloTanssduiioonn uasfinds a 3D accelerometer vundtvosiio
Faunfesilotamiuissresmaiadeuiivesing deduisaesisd grldifoszyviinienis
avnaihilavesmunilouuuenifu dwsuanugniessssruuiie 77.9%

2.6.3 Arabic Sign Language Recognition using the Leap Motion Controller
[12]
11T 2013 Mohandes wazanzlPUILEUDTTUUNITIATINIWIABDLUUDINSU
Tngld Leap Motion Controller faduiduwasaufiiuuuliduiadmSunsiaduienazin
fedmiuauideil giagly 12 Handununfuduiwesiiru Auetaile, Aunieweeis,
FRLaURIi X, y, z wardu gnldiesyyvimeile Y8efIaNYILUUD MU AINYNABITDS
=}
SYUURAD 98%

2.6.4 Decision-tree-based Algorithm for 3D Sign Classification [13]

10T 2014 Yao wawanldinaueanndfiufiugm 3 nsdaduladmiuns
Januangfiagneys 30 dmsunisulavinmeiiellu 1,203 Chinese SL dnsuviauwves
syuuiisznause AsAUIMRANISAaUR, suuuvesilalaziianisveshile lagns
19 Leap Motion Controller dwiunnugneeswatszuy 95.8%
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2.6.5 American Sign Language Recognition using Leap Motion Sensor [14]
Falul 2014 Chuan wazane Minausnsansintsiienuueusiulaenis
1% Leap Motion Controller dm¥ueniseild The Scalar product HuiSdmsunenuey
fsnwsuazldiletunndumesiuvisdiudy arwenvesii sumisvesanein Judy
AMTUANNNADIVBITEUUUTEIUN 72.78%

2.6.6 Algorithm Design for Hand Sing Language of English Characters

Translation by using Geometric Invariant Feature [15]

=Y

#9lul 2015 Tangsuksant Meanuwuugeiiefidunsanasinuim 6 90 wazda
ax g Yo o A= Y] & ] A = °

nediunlddmsunlanwile F9UsznoUmMe 4 Tunou TURDUNUTNITTIMUNUTELAN
NNy 15adeulng JunsUNERIRONITATINEDUTUALUMLSTRINNSALND SANE
WNMUUANINANYBIEN JunauiaIuAanIIAIINAMALTRINIZYDIAAEINNN9IETT
Awniuiamwasudululaianue aanusanesvianun 6 90 Tuneudavinenanis
WUNYIINIMEITNTVRslATsTeUsza1 sy TaeNanIsNAaDLanITosaALLLILEY
YDI9ANDANNNIAY 95.96 %
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N3N UUISUU

NM599NLUUTEUY Tuunilaznanfien1seenuuy software N1588ALULIBNITATUIN

I ]

WuNTailodmTUOBUNeaIIFIBNYS LaTNITRBNLUUNITNARBIRIT]

3.1 N1999NLUUTDITNILIS

3.1.1 auaudRvesaunsalnldaulussuy

3.1.1.1 anAdeilifenldszuuldiinis windows dsmaidentd Laptop vas

SAMSUNG §u Ra78 [16] Fagnlddmiuuvanwiile uasiinaaudfsail

U 3.1 Wananm SAMSUNG Ju R478

Samsung R478-DT02TH/Core i5 430M

g Inter Core i5-430M ( 2.26GHz, 3MB L2 cache )
UL Mobile Inter HM55 Express Chipset
(\HY 4 GB DDR3
N1SALANING NVidia GeForce GT 330M ( 1 GB DDR3 )
90N 14 inch WXGA (1366x768) LED 16:9 Gloss
g13nnan 500 G 5400 RPM
Wireless WLAN 802.11b/g/n
Card Reader 3in1
USB USB 2.0.3 wo3n
Ug1o Built-in Bluetooth V2.1+EDR
Battery 6-Cell
(ON) Window 7 Home Premium 64 bit

Ul 3.2 uansnnandAves Laptop SAMSUNG §u R478




18

3112 Wanaililussuy 9ed 2 Waunsufignings duenising
TUsunsy Microsoft Visual Studio 2013 uaglusunsu Leap Motion software Favsdos
Tsunsugnldlunisulaniwiienuy ASL
1. TUswnsu Microsoft Visual Studio 2013 [17) Wamndulne
lulasgenlyl Fufupdosdlefithetniauvenduriiauluswnsunoufinnes Suled i
LoUndady way Gumesis stuuiisesdunisinauiuiilalasseny Julaad ndonnaiid
Smartphone wag LiulusTiiees luilagtu Visual Studio Suannsaldnmwlusunsuiidy
awnendin Tulusunsudent iy VBNET C+ C# J# 1Judu dmdusvuuildlsunsy
Microsoft Visual Studio 2013 dwfussuuiildnen Co+

LT Closc . Prope. Team.. KONNSNY Eror Lt

sUl 3.3 uansvthanmeslsunsy Microsoft Visual Studio 2013

2. TUsunsu Leap Motion Controller [18] &350 Leap Motion
Controller ifuduisosdunsedouln Aldnmatutagniuviuuy 3 35 fldiandui
flo Unnn1 wienwfuufiaiunsavinld feanuuitiugisedu 0.01 faduns Sendenisvieu
VoIdYIUBUNTIUTA

g‘U‘l‘?‘i 3.4, uansilusingu Leap Motion software
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3.1.2 udenlaazunsunvineu
navieuvesszuvildagunsal Leap Motion Controller  uiduiees
pvdumaiadeulmvesiiafie endemsvhaiuvesgunsal 2 wiafie Infrared LEDs wa
monochromatic IR cameras 1ng6a Infrared LEDs azdduasdunsnsalunsgnuiuingiied
Tuwuniadl Weuasdunsnsansenuiuingfazazviounduniiifafu monochromatic IR
cameras sxovvosiiofinteglurag 10-50 Leufiuns wisginavaunsonsaduldd andy
godwsfariuuiumlmesiafieun Microsoft Visual basic 2013 Liteduimmuuuay

wansionysnlasuanyimsiiodum Useloauwazuselondydnual LanINak1LouanINg

Microsoft visual
basic 2013

Leap Motion y
NUNDLANING

A 4

A 4

Sensor
A

S28%M9LUYI9 10-50 cm

JUN 3.5 uanudonlaezinsun1sNuTeISEUY

3.1.3 Inaiyrsauadlusunsy

Busuangliaudaldousidumes Leap Motion Controller a1ntiu
Alfnundisvudumessrasieluga 10-50 cm seuvIzaTIndudouasAuinaIyL seul
wandnualiden iseedmusvimsdofodmiudeninunnisldey dudenlvuaniw
fio ASL svuvasdnlUlugudeyailédmivaiaidnusuunawitu aindussuuagiinig
LARIFISNWIHIY command windows sisluiilegldviimsaznassnusiduduazyselen
i szuvaglidenindeansnsvasuisnuivioli Weldennsvasuiisnuiudn
sruvamhnmansnaeulugiuteys antussuuazuansiuazdslonfignudliignies wae
dusulnundydnual LﬁaLﬁaﬂiwmﬁizw%Léfhﬂszmawaiugm%azﬂaé’mé’ﬂwaﬁ uag
wansraoonuiudmioUssloadadnunl anfuissuuiazuengiudeyasenainnmsadig

Y

MgNYIWUUBISAUNDANULILEITDITEUUAITUN 3.6
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v A
/ MNTIVIVUB /

ANUIUANLH

v

Tailey
Tsum ASL

Frufeyaainesindnms

LANIALAY

3ls2lei@

LARIAT
f52980U

o doydnwalile
AN R

FIUVYANTIVIENYS

LARIALLAY

Useloaniwn

(:: aUﬂﬁiﬁ1¢nJ:>

5UN 3.6 uanaFlow chart v0953UY
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SIUVDUANTIIDNWST

v

JuA String (@1,
Uszlen )

v

If (A[0]= “ 7 && LANIALAY
AL 2= ) Uszleaiign
If (A[0]= “ ” && LARIAILAY
Useleaiign

JUNISNNUFIUYRYANTIVIONYS

JUN 3.7 uansFlow chart §1uteyansIai8nys

o 1Y £ v v & a o ! & 1 @ a
dnsuguteyansiadsnurtulaudidgseseuuiliiueg1eunfegun 3.7 g
Y o % v v 1 4 = I o Ao w A 2/

i lddmiuasisaeudignusitgndeavielilusuvesmnazyselen Nd1AgyAelasashe
Usgleaseninniwfienldiuyaraiunnsaswmanisiasuiunwdainguildivu yaaanilul
ANLANGNITL weiszuullarusauntdaymilldfesvairalsslondmsuynnai unnses
manslagusazypranitulunaifieniu dauwansinssuuilannnsaldlunisdeanssening
YARaNIANNUNNTDIMN NN IRBUMEiU kagsuieiuyaraniltuls dmsunisvinues
FIUTYaNTITNYT BUAUAIELTUTEYA string 1MINFIUTeYAAT19FIENYT BeaglugUves
AuazUszlea antuszuvazldensisdlunsnsivaeudidnusingldfidnusniilesigud
AUYNABIGY gy Fagnws L Hilesidudninugneesgs 89.25 datuisnaiunsatiug
WHussnsdsdmdunsiageuimonesduludmieusyloals onsiaaeulalinaguan sl

vsaUstluangnaes
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3.2 ASTUIUNIS IUNISES19A9NYS

Distal

Intermediate

Proximal

Metacarpals
5UN 3.8 uanwn1glnindnaesvensegnile dmsu Leap Motion Controller

13U 3.8 wadimaniiossnoufneiadiau 5 1919 usaxii dnseqnii
$1uru 4 Fu sy dovudiiefitud 3 Tilnensegniafiowdardiudion
- Distal phalanges
- Intermediate phalanges
- Proximal phalanges
-~ Metacarpals
13U 3.1 meshudeiiedeiBnmsaindsnusaimiionuusiiulasnsld
Bansinsuvesusazyadiessymdnussenain Inguszyndldaunns Dot product Litemn

WUIENINaNIERNilaile

-
|Alcos6 B

5U# 3.9 uansn1s Dot product dmsumeny

NM3ARMUY Dot Product #3eanans Product \JUNaANUBIAITLIATELINADS 2
LNWasAY wavaniuA1 COSINE vadyuNnasivaasiy Wy a1nnes A uay B

-1 AeB
0 =cos (WJ (3.1)
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A Rannmes A

B Aotntaos B

|A] AOUUIAVDIINLADT A

B Avvunvedinines B

0 AoyuIENINEINNBs A uay B

3.2.1 sunuuvesyuinltluszuy
= o v A o <

susuuvesuildlusruudwmsuudaniwile asilidnuvaeiduyuvenisee

YRIILATLNVBINITNNTENINTL Bus1inmsTayunnyuvestasioseniniikazyuilelu
1 &

IPUVITYALUIDNLUN 2 Useian

3.2.1.1 mMsmAnuiuY Dot product senindetianiglutiseniu suuuuy
voyuludnuazll ssluyuveanissengluiiafeniu deasduyusenitansggn Distal
phalanges AU Intermediate phalanges qu’iz‘mf’m Intermediate phalanges AU Proximal

phalanges Wazgnvneysszning Proximal fiu Metacarpals phalanges ﬁﬂug‘dﬁ 3.10

3.2.1.2 MsmANyRUY Dot product senindeiiasenineilile sUluuves
yuludnwaell awiluyureanisnieinge deg1eluui 3.11 Aeyusening Proximal

[
[y

phalanges ¥849% iU Proximal phalanges vesilalds Hudu
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U9 3.11 uansnsly Dot product snsildiloru

3.2.2 faudsvasrguisnunluszuy
dmiunisuansguvianualdlunisenedsdunisadieiisnes Jwanadu
wrun e lidagUn 3.12

DIt DI2 P4 DI3 DI4 DI5 PP3 DI6

IP1 IP3 PPL  IP5 PP2  IP6 IP7

IP2 PM1 PM2 PM3 PM4
U 3.12 uansusundulivosimuaillflunsasrsadnes



25

93Ul 3.12 Aefiyuiavan 20y Sesdiuindleysznaude dalth dhd danang
fhwns thifes Baustariihazdsznauludetesotiofzy anduididydnvaluwauninsiuld
saellil ¢ D AedeDistal phalanges yasihile dudh | Aodeintermediate phalanges #7
P fade Proximal phalanges waz@a M fAols Metacarpals phalanges uwamaliazuans
seandeavesuiuaililussuufaumunmdrediy

Angle DI1 = Dot product 5211400 Distal iU Intermediate vasihlil

Angle IP1 = Dot product 5¢%#31998 Intermediate iU Proximal vasiilds

Angle IP2 = Dot product sywineiltede Intermediate waz 2370 Proximal

Angle DI2 = Dot product 5211409 Distal iU Intermediate asiiad

Angle IP3 = Dot product 5¢%11498 Intermediate iU Proximal vaeiiad

Angle PM1 = Dot product 5¥%317998 Proximal AU Metacarpals vaeial

Angle IP4 = Dot product SEWINiNTYe Intermediate uay Hananade Proximal

Angle PP1 = Dot product sewingiintde Proximal was danansde Proximal

Angle DI3 = Dot product 32111499 Distal AU Intermediate yastinan

Angle IP5 = Dot product 52111470 Intermediate fiu Proximal 984 fanans

Angle PM2 = Dot product 5¥117498 Proximal AU Metacarpals astianan

Angle DI4 = Dot product 'ﬁwdm‘famasﬁa Distal uag 5’3?16’1&65@ Intermediate

Angle PP2 = Dot product szminsianatsde Proximal wag daunede Proximal

Angle DI5 = Dot product 5811999 Distal fiu Intermediate yastiaung

Angle IP6 = Dot product 52111409 Intermediate fiu Proximal yeeiing

Angle PM3 = Dot product 5$#11478 Proximal fiu Metacarpals ‘Uaﬂﬁamﬂ

Angle PP3 = Dot product syt Proximal lag fhieude Proximal

Ansle DI6= Dot product sewinede Distal fu Intermediate vostiafios

Ancle IP7 = Dot product s¥winsde Intermediate fu Proximal vestiaies

Angle PM4 = Dot product 53111978 Proximal iU Metacarpals 98silfioy
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3.2.3 SNWN13NYIIMNNAIENES ASL IiNaNuAYIYRILARZAIaNYS

=

2zt Jun51E N1 9o wAAIIIN LN UFIDNYTAT LD L UUBLLS U T3]

PIVUA 26 HIDNWT LAYLAAYDINYITALLVINNINBANAIINUAIL

A79N1WT A MUBLAYUINIM LI DT AR

JUN 3.13 Uanainneiadnes A 20n Visualizer

Mdnws B alllewazthiliiwidenuihluadienisiansdyanvalia 4

v o

79nws C wfiallen 5 vindugusi C

5UN 3.15. Uanevinnaedadnes Cann Visualizer
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f79ns D UiddnusenuIenInetinalaasiouid 473 wdunesn

JUN 3.16 Uaninneia9nys D a1n Visualizer

f9nws E 9989 5 DNy

5UM 3.18 Uansiineiadnys F a1n Visualizer
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Yy v
v v a A o 1A

FoNs G IIMLLLDAUTT YINAVLAUS d@UBus Al

5U% 3.19 Uanwineiadnys G 970 Visualizer

v o

78Ny H 9 2 TuBaslumudng dauiliersuniiing

35U 3.20 uanwimadienys H 1N Visualizer

f0Nws | Nile Wdanatiney

g‘dﬁ 3.21 WAAIYINYINNAIBNES | 910 Visualizer
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v @

fdnws J viamilewsdnes | wihihfseuluguassenay

S

19NYs K Yaeeiin davhudilanuuinsenineiiiduasanans

5UN 3.23 uanwimaignes K 9 Visualizer

(%

- o p- A 1y -] ' £% Y
AIDNYT L NUD NINUINILNUDLAZUIY L‘U‘L«!E‘UiNﬁa’]EJG]’J L

g‘dﬁ 3.24 LAAIINNN9e9n©Es L 990 Visualizer
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"ile huilieagnsinansseninaihnauagiiney
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af
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JUN 3.25 uanaimedagnys M 210 Visualizer

(2

78nus N fdle Iiilieatnsinalssenindinaauasioun

5UN 3.26 Uanavimneisnes N 910 Visualizer

AN O NIUBLUY

g‘dﬁ 3.27 LAAIINI9E9n1ws O 910 Visualizer
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JUN 3.28 uanwwiMaidnes P ain Visualizer

[%

foNws Q NMilp TaiIilawasiing

[

= = U 1% U $%
NNAUBUAULANTIINTI $17 G

JUN 3.29 uanaimaiidnes Q 310 Visualizer

Mdnes R yaesila luiiniy tnasegduuy

gﬂﬁ 3.30 LAAIYINYIN9AI9NES R 910 Visualizer
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(%

Fet kUL aLUUTIT AT EINAN

(]
)
@
af
W
o

5UN 3.31 uansimneiienss S 210 Visualizer

(%

18nYs T milelliudiisegnssnarsseninginduagianans

5UM 3.32 Uansvitmeiignes T 91N Visualizer

(% (%

[y

Mvnws U yaesil TNUlINaeAnNuY

gﬂ‘ﬁ 3.33 LAAIYINNN9AI9nYs U 210 Visualizer
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foNw V Yeoeild wunmu

5UN 3.34 LanviMaenys V 30 Visualizer

AIoNws W yauild Leniuniy

"=y
3UN 3.35 Lanavimainsgnys W a1n Visualizer

ADNWT X N1L8 MEUATITATILAIIDUDABLTNA

5UN 3.36 UaAnvITMN9iI8NYs X 210 Visualizer
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1
a v

19NWs Y Ml wdyainmnklilawasiinnayesn

JUN 3.37 Uanavimneiienes Y 990 Visualizer

L) o & Qy a’lj al < Y
AIDNYT Z NUD UIVNTYAMNTI 1eLTUU §13 Z

AIONUSUUUBLSIU 26 /7 ELANAINTY FIauNTaleNLeZaNYULIANIY
YaaidnyIkaavdile Aeiusaianyuilaliaiaiidnysusayen
3.2.3.1 fI9ENN1TATINIENYT A
1. Run Program ¥®4 Leap Motion Controller §Reg1aiau n1siiv
v v A Ao = ! LY < ! ] - o 1 <3
AN A Tun wiilouuueusiu Fauwsasfasnusaziiuayy 30 Ase e luiulily

Futoya
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5UN 3.39 Uansineg1aim1aiidnes A

2. 18 Run program Masa1nyivimnakaiaglaayuveuily 9y

wanIHananulaelein9e Command

T ———
eveloperKit 2.2.4 .

::7.83584
5 =:4.30539C1:-3.
:13.4489B2::4. -
::9.04876B3::3.71821C3::3.
: $:11.5926C4::3.

0 B

1:40.5012

::11.6493CA::7.83584

:8 $:4.30539C1::3.62
224.185772C2::3.
2:3.71821C3::3.
2=11.5926C4-:3.

::11.6493C0A::7.83584
::8.84826B1::4.30539C1::3.
::13.4489B2::4.18577C2::3.5
::9.04876B3::3.71821C3 Al
£211.5926B4::11.5926C4::
::17.06485
1:2.4524

E = Y

U7 3.40 wanavitinsine command kAR veIusaz el

3. dlaifiuaiasu 30 Aswefiones lunuidellasiiuAyuain 10

Al withAean gean LUWeululsunsy source code taldlunisudadisnys
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fprree=rerx KEEP VALUE OF CHARACTER OF Arrerssarsasy

If (BO>=0 && B0 <= 26 && C0 >= 0.5 && C0 <= 29 &&
A1 >=49 && A1 <=84 && B1 >=54 && B1 <= 90 &&
C1>=25&& C1 <=45 && A2 >= 60 && A2 <= 90 &&
B2 >=70 && B2 <= 90 && C2 >= 28 && C2 <=45 &&
A3 >=59 && A3 <=90 && B3 »>=69 && B3 <= 90 &&
C3>=25&& C3 <=46 && A4 >= 59 && A4 <= 90 &&
B4 >=69 && B4 <= 89 && C4 >= 26 && C4 <= 46 &&
AA1 >=2 &&AAT <= 10 && BB1 >= 2 && BB1 <= 10 &&
CC1>=4 && CC1<=15)
std:cout

<= gld-endl;

JUM 3.41 uanediaee N source code

4. dehmyunlaludsululusunsy source code BuuUSaBua?
aoll Run  program Lil@NAdRUYINNINUBIAISNETIUAT B BLUUBLWS AU Tna@l1081997n
sUA M 3.42 10u output Tumsvivimnsdievassiadnus A

— Y

D:AWork\LeapDeyelope i‘%;zﬁl(ﬁf« les\Debug

FAWaVN

JUN 3.42 msuananadnsilusienys
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3.3 N1992NLUUNITNAABDY

3.3.1 MNAADHl 1 NAABUAUYNHBIVBITZUY
33.1.1 Bneaesd 1
1. frsuasuniefiasinde Leap Motion Sensor @lunisvivininia
19¢999g1193n617 Sensor Useunad 10-50 LwuFilums
2. TS mmedeuLansyIiNedsgUR 3.43-3.45 flazvimdenlng
#3090 Goniometer Jaysludrufidesmsifiuamiouantuiinly uageruamuiliain
SEUUNTouINTUTIN
3. 9ndedl 3 instufindeyaiildadlumisne  ieniAiay
gndesuesusEInaAdes Jngoniometer MUsEUY
3.3.1.2 ynmaiiliveaes
Tunavasesiisasdenin 3 3 Fefidnwaisiiumnsnatuded

JUN 3.43 uanan3inyaveeilinnseninee Distal wag Intermediate

9n3UT 3.43 JurimafiuananisTayuueeiauneszninede Distal

uaz Intermediate Fsagifiuinyuila 0 ogen

UM 3.44 uansmisinyanevesiiliaseninede Distal uay Intermediate
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N3UN 3.44 W Duvimensiayusevesiialieseninede Distal way

Intermediate 191n3ULHAYY 60 DA

[%

5UT 3.45 uanansinyasesenineiildede Intermediate wag #3308 Proximal

ngUR 3.45 Uwimanisiayusesevineinllade Intermediate

(%

wag 1WYe Proximal @35A3a 40 BaFn

o/

3.3.2 MInAaesil 2 midamyuitlddmiuaineiasnes C Inegade
33.2.1 Fn1sneandl 2
1. fvuasumdaiiazinds Leap Motion Sensor @3lunisvivininia
197299E111991n67 Sensor Usganas 10-50 Lwudlims
2. Wijoonuuunanainmadsguil 3.46 Tngldiasesin Goniometer
Fosaludruiifesmsiuamsonantuiinly wazerudmunldanszuundeuantiuin
3. 9ndied 2 shmstudindeyaiildadiumsns
3.3.2.2 vhnafildnaaes
dmdurhmeildlunisneass 15asdondasnus C nteun 26

AIDNYT

5UN 3.46 uanafidnes C
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3.3.3 n1anAgeUTl 3 NadaUANgNABIYBINIIUUR 26 FIdnYsLUUBEAY
3.3.3.1 nsvnaesd 3
1. fvuasumfiasinge Leap Motion Sensor #3lun15vvmas
{9¢299g11199 67 Sensor Uszunay 10-50 Lwumlims
2. \hiudayadidnsiumegeudnuiu 20 Au
3. Wi fmmeaeunansimnavesisnus A-Z fagu 3.47 faviii
WAZEIUAIIINTEUUNTONIATUIIN
4. AATITANANITNAADY
3.3.3.2 ¥mnsiilimaans
dmsuvimeildlunisnnass fvanun 26 fdnws

g‘dﬁ 3.47 UaAnIiIBNYs ASL

flan http://www.lifeprint.com/asl101/topics/wallpaperl.htm

334 n1sageUll 4 nadauaugndasvasnisaznaitsnesiludt Wuuszlea
wazwlavitmadulsslealaedadreszuu
3.3.4.1 FBnsveaesdl 4.1
1 fvmasusTiazines Leap Motion Sensor @3lun1591vmas
{afa30g¥1991n61 Sensor Uszsnal 10-50 Louilins
2. fasssuunageuasnaddnusludsiuan 5 é1 il 1). LOVE
2). FATHER 3). YOU 4). CHOPHUK 5). HAPPY
3. 9ndeil 3 vhnstudindeyadilsadumsns
3.3.4.2 FmInaaedil 4.2
1. fvuasumifiasfnde Leap Motion Sensor @3lun15vivmis
9699g1193n67 Sensor Useanay 10-50 Lwufilums
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2. Ha$szuunegevasnadmidnusdulsslen 5 Ussleadmsu
AMWLBLUUBLIEAU 1). YOU | LOVE 2). EGG | COOK 3). RICE | EAT 4). BALL |
CHASE 5). BOOK | READ

3. andeii 2 ‘1/1"1msﬁ’uﬁﬂ%’ayjaﬁlﬁaq‘mmsw

3.3.4.3 33n1Meaesd 4.3

1. fvuasumdfiosfngds Leap Motion Sensor #3lun15vvmas
Y030A0I0g 991N Sensor Useanal 10-50 LwURLiAS

2. fatssuunageuudavimadydnaliiuau 5 imadell

drydnwalile | LOVE YOU

JUN 3.48 uansdoydnwealile | LOVE YOU

foyanwalile PLEASED

5Uf 3.49 uansdydnwalile PLEASED



[

foyanwalile GOOD

5Ui 3.50 uansdydnualile GOOD

o

feyanwalila STOP

inase 4 (

JUN 3.51 uansdydnualile STOP
Foyanwalila NO

A —4

5UN 3.52 uansdydnualile NO

3. anden 3 inmstufindeyanlaadlumsns

41



uni 4

NaN13INNADN

luunflagesuretamanisvaasslunisulaniwiilenuuewsiu ( American  Sign
= ' [ A o Y !

Language ; ASL ) @auusn1sveasdeanidu 4 N15nAaed A 1). N15IALUYRITINTENIN
U8 Distal ka¥ Intermediate N13inyusevesiilllaseninade Distal uae Intermediate uaz
n5inyuaeseninaialdede Intermediate uag 13308 Proximal lngsyuuiguiuinIeile
79 goniometer 2). M3IaAYLYBsIITMINUNSBUNRATIISNYILULBSAY  Tuns
naaesilendieg1e Menys C  3). Manegeuwdarimisiiauuuaisiu 26 mdnuslaglyy
naaeudIuIY 20 AU 4). MegusyleaiiinannnisaznadagnusiidumuazUsslon way

wlavimsdyanuwalnwiie Feliseazidunninel

4.1 psvnaeel WisuilisuAyuvasidagnayuniunldlussuuieaing

v o 1 = [ i (v -
MI8NYT ASL F8UANNTEUUNBUNULATININ Goniometer

N13NAABIN 1 W3aUMgUAILNTENINNTEUULiBUAUIRATaLin Goniometer  Lii®
nsRdeuANgnasAmNlanInsruy Ingldsyuuincyuvesiiiisuasihundseuiieu

AuA13NINANLATEIRIANATE U ( Finger  Goniometer) lagagnaapuiudli1naaay
317U 20 AY

4.1.1 W3auiguAyuvaeiauieszndneda Distal uag Intermediate

UM 4.1 uanen5inyuveiliungseninete Distal uae Intermediate ¥84 skeleton



A157199 4.1 uaneaUIeuWeunITInyuUesiluneseninee Distal wae Intermediate

STINTEUUBUAULATDTA Finger Goniometer

43

GREGY
A o8 Mmin a"suqa Goniometer JTUU mmju
@) | (n) | (wa) (03617) (5981) WANANY
1 19 43 160 0 2 2
2 20 90 176 1 1 0
3 21 75 173 0 4 4
4 | 24 | 64 | 166 3 a 1
5 24 81 174 0 3 3
6 18 47 151 2 4 2
7 18 73 184 1 5 4
8 18 | 74 | 174 1 i 3
g 24 89 184 0 2 2
10 20 172 171 2 il 2
11 19 57 174 1 q 3
12 20 {1 171 0 3 3
13 19 84 177 2 2 1
14 21 63 175 0 3 3
15 18 82 176 0 2 2
16 22 60 167 1 4 3
17 20 o 5 174 4 5 1
18 21 86 173 0 %4 3
19 19 95 185 1 4 3
20 22 52 156 0 3 3
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IUIUENAFOU 20 AU

ANLHAIULANFNS

# 0 9"
111 8961
=2 9960
O 3 99N

NN

SUT 4.2 n517NINAULEAIANYUALLANANTENINTEUUIEURU Finger Goniometer U84
M397 4.1

NFUN 4.2 WUNA3H09IIUNTEVINUR Distal Uae Intermediate 1iAANTEUY
a v a Y] 4 ~ | = = I3 A Y]
fAnlndAeenu Goniometer  flAuuanegLiies 0-4 a3m Feausdungausulalunia
Mauwng T siudnnTuIuEveaey 20 Au JTRuEvegey 9 AU NTALNTTRIN
SLUUMEUNU Goniometer sinnuy 3 831 TuINEMAaRY 1 AW AALUYITUTENINTEUY
Lag Finger Goniometer

4.1.2 WisueuAyuveeiallessndneda Distal wag Intermediate

9.
1 /7

\}

=

3UM 4.3 uannsinyueevasililieseninee Distal kag Intermediate Y84 skeleton

(B
5

\{ 3
'




A15199 4.2 wansnaiUIeuiieun1Tinyudevesililieseninate Distal kag Intermediate

STWINTEUUEUAUATEYIR Finger Goniometer

GREGY
AU ajq twidn | dge [ U ﬂ"lmlm
@) | () | (va) (04617) (03711) WANAY
1 19 43 160 60 62 2
2 20 90 176 60 61 1
3 21 75 173 60 59 1
4 24 64 164 60 58 2
5 24 81 174 60 63 3
6 18 ar 151 60 60 0
7 18 73 184 60 61 1
8 18 74 174 60 63 3
g 24 89 184 60 62 2
10 20 72 171 60 64 4
11 19 o 174 60 63 3
12 20 {1 171 60 64 4
(8 19 84 17 60 60 0
14 21 63 175 60 61 1
15 18 82 176 60 62 2
16 22 60 167 60 63 3
17 20 57.5 174 60 60 0
18 21 86 173 60 59 1
19 19 95 185 60 60 0
20 22 52 156 60 63 3




a6

IUIUAVAADU 20 AU

ANYUAIULANFNS
2 AU

N 4 au
’l 110 ®3A
I

5 AU —1 1 99A1

7 2 93

4;//‘/4:{ i \5 . o

JUT 4.4 n51PINAULEAIANYUALLANAINTENINTEUUEURU Finger Goniometer U89

AN 4.2

23U 4.4 nudrAupmesiialtivsemingde Distal uaz Intermediate AT nszuy
fianlnd1ABafu Goniometer umneAnstuliles 0-4 pem Ssazifuariiidedels Tagaziiuin
MNSIwMAaey 20 Ay Tduruvedey 2 au AfldgafiineinssuuLiisudu
Goniometer f9AU 4 83A1 WagdldTuUENAEBY 4 AU HAYNWINAUTENINIEUULAY Finger
Goniometer

¥

4.1.3 Wisuiguayusendnainialduaziing

1%

5UN 4.5 uaninsinyuaesenineilillede Intermediate wag 11¥%e Proximalved

Skeleton
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A9 4.3 uansraiUSeudisunsiauusessninililele Intermediate wag B14Te
Proximal 53195 uUTisufuA3esin Finger Goniometer
GREGY
A o8 Mmin a"suqa Goniometer JTUU mmju
@) | (n) | () (23617) (5981) WANANY
1 19 43 160 40 43 3
2 20 90 176 40 42 2
3 21 75 173 40 40 0
il 24 64 164 40 41 1
5 24 81 174 40 43 3
6 18 a7 151 40 39 1
7 18 73 184 40 40 0
8 18 74 174 40 41 1
g 24 89 184 40 40 0
10 20 172 171 40 40 0
11 19 57 174 40 40 0
12 20 {1 171 40 41 1
13 19 84 177 40 42 2
14 21 63 175 40 42 2
15 18 82 176 40 41 1
16 22 60 167 40 40 0
17 20 o 5 174 40 41 1
18 21 86 173 40 42 2
19 19 95 185 40 41 1
20 22 52 156 40 40 0
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IUIUAVAADU 20 AU

ANYUAIULANFNS

7 AU

4 AU &8 0 93d1

— 1 996N

= 2 B9A

# 3 99

JUN 4.6 NT1MNINAULEAIANYUALUANANTENINTZUUIEURU Finger Goniometer U89
M3199 4.3

INFUN 4.6 WUIANYUVBINITINYNNDTENINEIITeYe Intermediate uay U%Ye

Proximal. f1inanszuy fatlnaidesiu Goniometer  wang1aLiias 0-3 a9e1 Feazilupi

gausula lngazwindl anduiuvagey 20 Ay f9uiudvedeu 3 AL ATALNNTARIN

JPUUMEUNU Goniometer ANeiY 3 891 UazdlIUIUIMAOU 7 AW A1V

4.2 mManaaesil 2 Mmaiasuunmaiignlddmsuaieiagnes C

nMsmaaedil 2 awfusUuuvresnisaiieiisnys mwnilenuueisiiu fasildanm
yosinfledmuaiafsnumvensayin dmiudidnus C lHanmvesiafiaiitoadafidnus
14 3331 AR 20 3

AR ”
" D3R Distal
D28 o sl
r |
M=
RE VL 9 : |
D | Intermediate |
{ | \P3 Jpsf f1s 4 |
DI G H_,"
\ ' ' [ § ))\:‘ Proximal
VL &
utx \| M A Y
\\‘\\ AV (/]
X' | Y/
(O 7/ Metacarpals

JUN 4.7 Uaneuveidnys C



M13199 4.4 uanayuignldlussuunmunvein1sainafiagnys
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Goniometer | AYuYBY | % AL
a9y Ussinnvosuildlunisairadadnes C GN) YUY WANGINg
1 | spuevesiinllasewinede Distal uay
Intermediate a1 37 a4
2 | uavevesindsarind Distal uag
Intermediate 36 39 3
3 guﬁa%aﬂﬁasﬁiwiﬂﬁa Intermediate wag
Proximal a8 52 a4
4 | yusovesintsewide Proximal ey
Metacarpals 11 12 1
5 | ywsevesinnanssevinde Distal way
Intermediate a2 38 4
6 gmammﬁ’mmﬁwd'}ﬁa Intermediate Lag
Proximal a6 51 5
7 | uusevesiianansszwiede Proximal uay
Metacarpals 10 11 1
8 | uaovestaunsywinede Distal uay
Intermediate 35 38 3
9 | uevasihungszwinede Intermediate uay
Proximal 49 51 2
10 | sssevastunssenide Proximal uay
Metacarpals 10 13 3
11 | smsevesiifeossswingde Distal way
Intermediate 29 31 2
12 | ssovesiafesszwinade Intermediate uaw
Proximal A 50 1
13 | ysevasihiensyrinde Proximal uag
Metacarpals 15 13 2
14 | yusesewineiialiledo Intermediate uay 4a17o
Proximal 33 35 2
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ﬂ"]ﬂgll ( 99/ ) —e— Goniometer
60

= @l= System

A

50

40

30

20

10

Uszlanuayy

0 _ —

1 23 4 S NON\\IS//H87 30 11 [ 93 14

JUN 4.8 n319ILanagua19998IN15aTeI8NYs C V0IRN3199 4.4

RMN3UTA 4.8 wuitAmuveimiaEasnes ¢ nainszuuiiatlndidssiy
Goniometer Fsaneiulaiifin 5 a3 Fuiuaziiuineynit ineenunFsdiautuou awnsai
yulUsuiisuansmvowimaieat s nusinanle wasddnes ¢ Tpifies 14
Mnviann 26 EIEY

4.3 N3NAARIN 3 NAFBUAINGNABIVBINITUUARIDNBIUUUBLIRAU
AU INAARIaENAARUAINNYNABIYRINTHUANTHITBWUUBIISAY 20 ATIHD

v o

¥nws ngldgnagoudiuiu 20 AU lngnan1snAaedanTakanslinIumefssalul

a v a v PN
A1919N 4.5 LLZ‘WNN@ﬂqimﬂa@\w‘nql@ﬂ@@ﬁIUﬂqiLLUaﬂ’]‘HWQJ@ A-Z ﬂ@ﬂﬂﬂﬂﬂaaﬂﬂuw 1

fasnusivh | 1w 20 (150 | (FadhusTiRenann ( Linans % SoUazUd
NSVAEEY | QNABY. | AAnann , dauade) fons, ANNYNADY
$1uaunsa )

A 20 - - - 100

B 20 - - - 100

C 19 1 - 1 95

D 20 - - - 100

E 19 1 - 1 95

F 20 - - - 100

G 19 1 - 1 95

H 19 1 - 1 95




51

Fadnesiivin | dhwu 20 (%) | ( SasnusTiiawane (laluang % 508aYVD
NMSVAEBY | nAes | AANATA , TIUIUATY ) f9NW9s, ANNYNADY
FIUIUASY )
| 20 - - - 100
J 17 3 ({, 2) 1 85
K 19 1 - 1 95
L 19 1 - 1 95
M 15 5 (N, 1), (S, 1) 3 75
N 16 q (T, 2), (S, 1) 1 80
O 18 2 (C, 1) 1 90
P 19 1 - 1 95
Q 20 - - - 100
R 19 1 - 1 95
S 18 2 (T, 1) 1 90
T 18 2 - 2 90
U 20 - - - 100
V 20 - - - 100
W 20 - - - 100
X 18 2 - 2 90
X 20 - - - 100
74 19 1 - 1 95
YovazmNgnFaRdEYe WY 94.42
% AINYNADY

100 -0 A A A

90 V; ‘\

80

70

60 o

50 Ui 1
40

30

20

10

0 T T T T T T T T T T T T T T T T T T T T 1 v Y

fDNYT
ABCDEFGHIJKLMNOPQRSTUVWXY Z

SUN 4.9 N3 LA UasITUASD8aEYIANNANADIVINITLUARIONEIAUN 1

Y

Y
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9n3U7 4.9 nuiesidudsesasvasnnugnisvenud 1 fafesazeiugnsies
WRABTBINNIIM 94.42 Wosldud wazaziuii 10 fdnwsifianugnses 100 wWesidud

M13199 4.6 uanaNan1IVAaRsANNgNaatlunIswlan1wile A - Z Y0emaasiaui 2

Faenusiivin | suau 20 (A8 | (FenusTinewane, (laluang % S08AYVD
NSVAEBY | gnAed | KANAIA F1uaundy) ﬁﬁﬁﬂwj, ANUGNFBY
UUATY)
A 17 3 - 3 85
B 17 3 - 3 85
C 16 il (E, 1) 3 80
D 5 5 P/ 1 a4 75
E 16 4 (O, 2) 2 80
F 18 2 - 2 90
G 16 4 - 4 80
H 17 v : $ 85
I 17 %) : 3 85
J 15 5 (1, 4) 1 75
K 16 4 - 4 80
L 17 3 = 5] 85
M 12 8 (N, 4), (S, 2) 2 60
N 13 7 (M, 3), (T, 4) - 65
O 16 4 (@Y 3 80
P 15 5 (P, 3) 2 75
Q L/ 3 - 3 85
R 17 3 ~ 3 85
S 17 3 =2 1 85
T 15 5 (S, 2), (N, 1) 2 75
U 17 3 - 3 85
\ 18 2 - 2 90
W 17 3 - 3 85
X 19 1 - 1 95
Y 18 2 - 2 90
Z 15 5 - 5 75
%aaazmmgﬂéfaqLa?iasuamm/hmq 81.34
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% AUYNADA

E A

90
80
70
60
50
40
30
20
10
0 T — T
ABCDEFGHI JKLMNOPQRSTUVWXYZ

——auii 2

AIDNYT

JUT 4.10 n3muanaesiduiiesazeiniugnaosatnsuladiidnysaud 2

] § = &Y £% v v d' 3
mﬂgﬂw 4.10 "i]'mL‘U’e]'iL%u@i@ﬂﬁ%‘ﬂ@ﬂﬂﬁqﬂgﬂ@@\m@ﬁﬂqiLLUaW'Daﬂiﬂiﬂum 2 LLNRU

TEENEI M waz N danvesidusaugniet 60 wae 65 mudiu wasileFevazeiy

gnFetafievemnIN 81.34 Wesidud

M19199 4.7 uanaanIveaaenINgnaeslunsulanIwille A - Z vesmeassaui 3

Frsnwsitvin | S1unu 20 (ad) ( Frsnusfinanana, (laluang % S08azUD4
MIAEY - | gnAe | RAnaIn §ruuny) fDNWYSs, ANNYNADY
$1uunsa )

A 20 - - - 100

B 18 2 - 2 90

C 17 3 (E, 2) 1 85

D 18 2 (P, 1) .o 90

E 17 3 (0, 2),C, 1) g 85

F 19 1 - 1 95

G 19 1 - 1 95

H 17 3 - 3 85

| 18 2 - 2 90

J 13 7 (I, 6) 1 65

K 17 3 - 3 85

L 19 1 - 1 95

M 12 8 (N, 6) 2 60

N 10 10 M, 4), (T, 2) a4 50

O 16 4 - 4 80
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fashusivi | $auau 20 (aS) ( fdnusTinanans, ( Lidans % SOUAZUDY
MAERY | gnFee | RANAIA $ruuady) f9NW9Ss, ANNYNADY
$1uaunds)

P 16 4 (D, 1) 3 80

Q 17 3 - 3 85

R 18 2 - 2 90

S 16 4 (A, 1), (N, 1) 2 80

T 12 8 (A, 2), (S, 1) 5 60

U 19 1 - 1 95

V 18 2 - 2 90

W 17 3 7 3 85

X 17 3 < 3 85

Y 18 2 = 2 90

Z 17 ) 2 3 85

SonazmINgniBaafEveWNYnTg 83.65

% AINQNABY

100
o Nt A N s
t V- oy

gg x\I ——uil 3
40
30
20
10

O T T T T T T T T T T T T T T T T T T T T T T T T

ABCDEFGHIJKLMNOPQRSTUVWXY Z

AIONWYS

JUT 4.11 naviuanaesiduddesazveinugnioswesnsuladidnysaud 3

n3U7 4.1 wuiesidudtesaruesnugnaesuenisulamisnusaudl 3 sl
Yovarmnugndeaaduvewnyiinig 83.65 Wesldud uaziidnus M uaz N fiauesidus
ANYNFDY 60 LAy 50 MudIFU 9T nlazIiiudl 1 ddnusiitilefiduiannugnies 100
Wosidud tuedisnus A




55

M13199 4.8 uanaman1TMaaasANgnRatlunIswlan1wile A - Z Yeuvaassauin 4

Fasnwsitvin | $1unu 20 (as) ( FrdnwsTinanaln, (laluang % S08AYVD
NIVAROU | QneeY | RANAIA $rurundy) ﬁﬁﬁﬂwj, ANUGNFBY
J1uuAse )
A 19 1 1 95
B 18 2 - 2 90
C 17 3 - 3 85
D 16 4 (P, 1) 3 80
E 17 3 O, 1) 2 85
F 18 2 - 2 90
G 18 2 7 2 90
H 18 2 - 2 90
| 20 P 1 - 100
J 15 5 (I, 4) 1 75
K 17 3 3 3 85
L 17 3 = 2 85
M 9 LT (N, 7), (S, 2) 2 a5
N 13 7 (M, 3), (T, 2) 2 65
O 14 6 (L0 4 70
P 12 8 (D, 3) 5 60
Q 18 2 3 2 90
R 18 2 H 2 90
S 18 2 (T, 1) 1 90
T 10 10 (S,3), (N, 3) 4 50
U 19 1 - 1 95
\Y 18 2 > 2 90
W 16 4 - 4 80
X 18 2 - 2 90
Y 19 1 - 1 95
Z 16 4 - 4 80
Yovazamugniioaadevenyiinig 82.30
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100

% ANYNADY

90 -

80
70

60

50

40

30
20

10
0

ABCDEFGHI JKLMNOPQRSTUVWXY Z

-O-ﬂu‘f?i a

AIDNYT

JUN 4.12 namuanaesidudfosazvainnugneatveinisulafmsnysaun 4

A 1 § = &Y o/ Y N a1
"\]’]ﬂE“l_J‘V] 4.12 ‘W‘U’J']L‘UE]'iL“U‘LlWiE]EJ@%‘UENF’TJ']@JQ?W]ENGUaﬂﬂﬂiLLﬂaﬁl’JaﬂwiﬂuW 4 1A

foravanugnAouadeyenyinna 82.30 Wesidus wazdidnes M falasidudaiy

=

gndestioeiignfe 45 Weosdud annsidnys | SAnedidudainug

Wostdus

Y

nABsgegnAe 100

M13199 4.9 uanwansAaeIUgnaadlunIsiUan1¥iie A - Z YesivaaeIaun 5

fadnwsivh | 1w 20 (a5e) | (#FadhusTiianann (Liuans % S08aYUDY
ANINAEDU gﬂéfm NANATA : ﬁ?‘l&’mﬂ%’j\‘i) gfﬁéjﬂ‘wj, mmgﬂéfaq
UIUATI )

A 19 1 4 1 95

B 19 1 = 1 95

C 18 2 - 2 90

D 1N K (P, 1) 2 85

E 18 2 0, 1) 1 90

F 20 - - - 100

G 18 2 - 2 90

H 19 1 - 1 95

I 20 - - - 100

J 14 6 (1, 5) 1 70

K 18 2 - 2 90

L 20 - - - 100

M 13 7 (N, 5), (T, 1) 1 65
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fashwsivin | smow 20 (@50 | (fhshusiinawana ( Lidans % SOUAZUDY
ANINAEDU gmﬁm NANA , ﬁé’wmuﬂ%’ja) ﬁﬁgﬂwj, mmgﬂﬁaq
UUATY)
N 11 9 (S, 2), (M, 4), (T, 2) 1 55
O 19 1 - 1 95
p 19 1 - 1 95
Q 20 - - - 100
R 20 - - - 100
S 16 a4 (T, 1), (A, 2) 1 80
T 14 6 (S, 3), (A1) 2 70
U 9 1 - 1 95
V 17 3, - 3 85
W 18 2 - 2 90
X 19 J 5 1 95
Y 20 - - - 100
Z 14 6 - 6 70
Souagnagniesadevem v 88.26

% AINYNABDA
100
90 1
A pey
70 ¥

60 \ V| |
50 » ——auil 5
40
30
20
10

O T T T T T T T T T T T T T T T T T T T T T T T T 1

v v

ABCDEFGHI JKLMNOPQRSTUVWXYZ 9NYI

UM 4.13 nsmluanaesidudSesarvannnugniesnasnsulafidnysaui 5

N3UN 4.13 wuiesidudseuarvainugnisivesnisuladisnysaui 5 dia
fovazaugnAouadeveynyiinig 88.25 Wesidud  wazdidnys N danvesidudmiiy
gndesesiande 55 Wesidud
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M13199 4.10 uansHanIIAaetANgndatlunIsulan wile A - Z Y0smaasiauin 6

fadnusiivh | $1uau 20 (ad) (laiuang SOUAZURIAL
Mnedey | gndes | Amwana | (MadnusiRanain fonNs, anAeg
)  Suunde) $1uaunds)
A 19 1 - 1 95
B 19 1 - 1 95
C 16 4 (E, 1) 3 80
D 18 2 - 2 90
E 17 3 - 3 85
F 19 1 - 1 95
G 15 5 - 5 75
H 19 1 z 1 95
| 19 1 - 1 95
J 14 6 (I, 5) 1 70
K 17 Bf - 3 85
L. 18 2 : 2 90
M 12 8 (N, 4) 4 60
N 11 9 M, 2), (T, 4) 3 55
O 18 2 - 2 90
P 18 2 - 2 90
Q 15 5 (L, 2) 3 75
R 17 3 U, 1) 2 85
S 14 6 Y 5 70
T 9 11 (S, 3) 8 45
U 20 - - - 100
Vv 19 1 - 1 95
W 17 3 - 3 85
X 17 3 - 3 85
Y 18 2 - 2 90
Z 15 5 - 5 75
Yovazamugniioaadevenyiinig 82.69
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% AIUYNABY

100
80

70

AW -
V\/\ |V

60

50

Ve —

+ﬂu1‘7i 6

40

30

20

10

0

ABCDEFGHIJKLMNOPQRSTUVWXYZ

T T T T T T T T T T T T T T T T T T T T T T T T 1 g]l’g élﬂwi

JUN 4.14 namuansosidudfosazvainnugneetvainisuladmsnysaun 6

A A ¢ &Y £ v v N 3 J
"\]’]ﬂE“l_J‘V] 4.14 ﬂE]L‘U’e]'ilf(ju@]iﬁ]ilaSGUEN?‘I’J']QJQﬂG]E]QGU’@\Tﬂ’]iLL‘U'ﬁ@]?@ﬂ‘l‘:ﬁﬂu‘ﬂ 6 LLNUIN

v o a s & v v 2 R a1y Y =
#AIDNWYI T llﬂr]LU@iL%u@ﬂ?qugﬂmaﬂuaﬁlﬁﬂﬂa 45 LUt um LL@%QJF‘]’]T@Uﬁgﬂiqmgﬂm@%aa&]

YDMNYIMNG 82,69 1Wasidus 21NN MFIdNYs U Te13euazaiiugnsieddsgn

M19199 4.11 uansEanIsnaesANgndeslunIsulan wiile A - Z vesmaasiauin 7

fadnwsiivh | Suau 20 () (liwane | Sosazvesmiy
nsveaeu | gnies | Aemana | (Fdnusitianaan | fadnes, gneos
> Suundy) Fruunda)
A 17 3 S, 1 i 85
B 19 1 - 1 95
C 13 7 (E, 2), (0,2 3 65
D 17 3 @2 1 85
E 6, 5 G, 2) 3 75
F 17 3 1 3 85
G 14 6 - 6 70
H 16 4 - 4 80
| 17 3 - 3 85
J 15 5 (1, 3) 2 75
K 16 4 - 4 80
L 18 2 - 2 90
M 14 6 (N, 2), (T, 1) 3 70
N 11 9 (M, 2), (T, 3), (S, 1) 3 55
O 12 8 (G 3) 5 60
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fadnusivin | dmiau 20 (%) (lduama | Sewazvosady
Msvedey | gndiea | Aemane | (Mdnwsiiiawann | Hdnws, 9NeDs
, zj”]u’guﬂ%gq) ’ﬁﬂmuﬂﬁlﬂ )
P 14 6 (D, 4) 2 70
Q 15 5 - 5 75
R 18 2 - 2 90
S 15 5 ) a4 75
T 12 8 (S, 4), (N, 2) 2 60
U 17 3 - 3 85
V 16 4 U, 3 80
W 16 a4 - a4 80
X 15 5 Z 5 75
Y 15 5 - 5 75
Z 14 6 3 6 70
SouaymNgNFBNRALYRWNYINN 76.53
% AINNQNADY

100, -

90

s d \ AA oA . \ f\\ /N-\'\

70 \

22 / Y |

50 ——aui 7

40

30

20

10

0 T T T T T T T T T T T T T T T T T T 1 v o

ABCDEFGHI JKLMNOPQRSTUVWXYZ MIBNY

UM 4.15 namluanalesidudsesarvosnnugniesesnisulamsnyseauil 7

N § < &Y o/ v v PN <
f\]']ﬂE“LJ‘Vl 4.15 LLﬁfNL‘lJEJiL"?J‘LJGﬁEJEJ@%‘?JEN?TJ']&IQ?W]EN‘U@Qﬂ’]iLL‘UﬁW’J@ﬂ‘UiﬂUW 7 ACLNU

TE8ns N dandesiduianugndes 55 wWesidus uwazdrmsesasninugnioafevasn
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M13199 4.12 uansran seaesaNgndeslunsulaniwile A - Z v0smaasiauin 8

fadnusiivh | $1uau 20 (ad) (laiuang SOUAZURIAL
Mnedey | gndes | Amwana | (MadnusiRanain fonNs, anAeg
)  Suunde) $1uaunds)
A 17 3 - 3 85
B 19 1 - 1 95
C 16 4 (E, 2) 2 80
D 18 2 (P, 1) 1 90
E 17 3 O, 2) 1 85
F 18 2 - 2 90
G 16 4 - 4 80
H 18 % - 2 90
| 17 3 > 3 85
J 14 6 (I, 3) 3 70
K 16 4 - 4 80
L. 19 1 : 1 95
M 1% 7 (N, 4),(T, 1) 2 65
N 1] 9 (M, 3), (T, 3), (S, 1) 2 55
O 15 5 {e36) 3 75
P 12 8 (D, 2) 6 60
Q 18 2 1 2 90
R 17 3 - 3 85
S 14 6 i 4 70
T 15 5 (S, 3) 2 75
U 15 5 - 5 75
Vv 17 3 - 3 85
W 16 4 - 4 80
X 18 2 - 2 90
Y 18 2 - 2 90
Z 17 3 - 3 85
SovazAnugnieaadsvemnviing 80.96
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M13199 4.13 uansran1sneaesnNgndedlunisulantwiile A - Z T04maaednun 9

fadnwsivh | s1uau 20 (%) (hivans | Sovazvosnnu
nanedey | gndes | Raware | (Fdnusiiaawanm, | Sdnws, RN
» Sruunda) $aunse)
A 14 6 - - 70
B 16 4 - - 80
C 14 6 (=1>) 4 70
D 16 4 (P, 1) 5 80
E 15 5 (O, 2),(C, 2) 1 75
F 17 3 - 3 85
G 15 5 - 5 75
H 18 2 - 2 90
I 18 2 - 2 90
J 15 5 (I, 4) 1 75
K 17 3 - 3 85
L 16 4 - 4 80
M 9 11 (N, 6) 5 45
N 13 7 (M, 3), (T, 2) 2 65
O 14 6 (G 1), 2 3 70
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Fadnwsiivh | $1unu 20 (Aa) (lawane | Se8azvaInny
mInadgey | gndes | Aanain | ( FidnusiRewatn, | Henw, gneiag
zj”]u’guﬂ%gq) ’ﬁﬂmuﬂﬁlﬂ )
P 14 6 (D, 2) q 70
Q 15 5 - 5 75
R 14 6 - 6 70
S 15 5 (T, 2) 3 75
T 13 7 (S, 4) 3 65
U 16 q - q 80
V 17 3 - 3 85
W 16 q - q 80
X 15 5 - 1) 75
Y 18 2 - 2 90
Z 14 6 - 6 70
SouaymNgNFBNRALYRWNYINN 75.76
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M13199 4.14 uansran saaesnLgndedlunisulantwile A - Z vesnaaeiaui 10

fadnusiivh | $1uau 20 (ad) (laiuang SOUAZURIAL
Mnedey | gndes | Amwana | (MadnusiRanain Aonws, anAeg
)  Suunde) $1uaunds)
A 18 2 - 2 90
B 17 3 - 3 85
C 16 a (E, 1), (0, 1) 2 80
D 14 6 (P, 2) a4 70
E 14 6 - 6 70
F 19 1 - 1 95
G 17 3 - 3 85
H 18 % - 2 90
| 18 2 - 2 90
J 13 7 (I, 4) 3 65
K 16 3 (v, 1) 2 80
L. 15 5 : 5 75
M 10 10 (N, 3) 7 50
N 12 8 M, 2), (T, 3) 3 60
O 13 K4 (€L3) 4 65
P 14 6 (D, 2) 4 70
Q 17 3 - 3 85
R 19 1 - 1 95
S 3 T (T, 1), (A, 2) 4 65
T 9 11 (S, 4), (N, 2) 5 45
U 17 3 - 3 85
V 18 2 - 2 90
W 19 1 - 1 95
X 16 4 - 4 80
Y 20 - - - 100
Z 15 5 - 5 75
SovazAnugnieaadsvemnviing 78.26
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fasnusivi | S1uau 20 (a5 (laiuans % S0UATUDY
Msvieaoy | gndes | Aewann | (FshusTiawans, | fdnus, ANNYNADY
§1uunsy) fwunde)

A 14 6 - 6 70

B 16 4 - 4 80

C 14 6 (Bl 4 70

D 16 4 (P, 2) 2 80

E 14 6 (O, 2) 4 70

F 19 1 - 1 95

G 15 5 - 5 75

H 16 4 - 4 80

I 18 2 - 2 90

J 12 8 (1, 5) 3 60

K 15 5 - 5 75

L 17 3 - 3 85

M 14 6 (N, 4) 2 70

N 11 9 (M, 3) 6 55
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Fasnwsfivh | Shuau 20 (a%) (laluang % 508aYVD
MIedey | gnsied | Remann | ( FdnwIniianaia, f9NYs, ANNYNADY
FIUIUATY) FIUIUATY )
O 17 3 - 3 85
P 16 q - q 80
Q 17 3 - 3 85
R 16 q v, 1) 3 80
S 17 3 (A1) 2 85
T 10 10 (A, 4), (S, 1), (N, 2) 3 50
U 19 1 - 1 95
V 14 6 (R, 2) q 70
W 15 5 - 5 75
X 16 a - q 80
Y 16 aq - aq 80
Z 17 3 - 3 85
SovagANugNFeNadLYDNYIIMNG 77.11
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M13199 4.16 Uanswan1snaaeuANugnsesluniswlan1wiile A - Z Yeuvaassauin 12

fadnwsivh | s1uau 20 (%) ( Liuans SovazvaIny
Msnedeu | gnded | Aewain | ( FdnusiRanan f9NW9Ss, anAeg
 $1uauny) $1uunde)
A 19 1 - 1 95
B 19 1 - 1 95
C 17 3 - 3 85
D 18 2 - 2 90
E 16 4 - 4 80
F 20 - - - 100
G 17 3 - 3 85
H 18 2 - 2 90
I 18 2 - 2 90
J 14 6 (1, 3) 3 70
K 18 2 - 2 90
[ 19 1 - 1 95
M 12 8 (N, 5) 3 60
N 14 6 (S, 2), (M, 1), (T, 2) 1 70
O 18 2 - 2 90
P 19 1 - 1 95
Q 20 - - - 100
R 20 - - - 100
S 13 7 (T, 1), (A, 2) 4 65
T 11 g (S, 2), (A1) 6 55
U 20 - - - 100
V 19 1 - 1 95
W 20 - - - 100
X 19 1 - 1 95
Y 20 - - - 100
Z 15 5 - 5 75
Yovazaugniioaadevewnyiing 87.11
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M131991 4.17 Uanswan1snaaeuANNgndedlunisulantwiile A - Z vesvaaasauin 13

Fadnusivin | Sauau 20 (r%) (Lidans SouaTURIAIY
nsnedey | gndes | Aemana | (Mdnwsiifawann | ssnws, QnAed
. Srunuad) $ruuads)
A 18 2 - 2 90
B 17 3 - 3 85
@ 16 4 (E, 1) 3 80
D 15 5 (P, 3) 2 75
E 13 A (O, 4) 3 65
F 19 1 - i 95
G 14 6 - 6 70
H 17 5, - 3 85
| 16 4 - q 80
J 14 6 (1, 2) 4 70
K 16 4 - 4 80
L 18 2 - 2 90
M 10 10 (N, 6) 4 50
N 12 8 M, 2), (T, 2) 4 60
O 12 8 - 8 60
P 14 6 (D, 4) 2 70
Q 13 4 - 7 65




69

fadnwsivin | §1uau 20 (%) (laluang SoarUpIAIY
MInedey | gneied | Hawana | (AdnyIiRana1n f9NYs, anAeg
, IIUIUASY) FIUIUATY )
R 17 3 - 3 85
S 15 5 (T, 1) q 75
T 14 6 (S, 3) 3 70
U 17 3 - 3 85
V 16 q (U, 1) 3 80
W 16 4 - q 80
X 17 3 - 3 85
Y 14 6 - 6 70
Z 14 6 - 6 70
$oUarANONABURRYTDIYNYINN 75.76
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M13199 4.18 uansan1snaaeuAugndatlunisulaniwiile A - Z veeunnaenui 14

fadnwsivh | s1uau 20 (%) ( Liuans SovazvaIny
Msnedeu | gnded | Aewain | ( FdnusiRanan f9NW9Ss, anAeg
 $1uauny) $1uunde)
A 18 2 - 2 90
B 17 3 - 3 85
C 16 4 (E, 2) 2 80
D 17 3 (P, 1) 2 85
E 15 5 (0, 2),(C 1) 2 75
F 16 4 - 4 80
G 15 5 - 5 75
H 18 2 - 2 90
I 19 1 - 1 95
J 14 6 (I, 4) 2 70
K 16 4 - 4 80
[ 17 B - 3 85
M 14 6 (N, 5) 1 70
N 13 7 (T, 3), (S, 2) %2 65
O 14 6 {2, (B 1) 3 70
P 13 7 (D, 2) 5 65
Q =5 5 - 5 75
R 14 6 - 6 70
S 13 7 (T, 2) 5 65
T 14 6 (S, 3) 3 70
U 17 3 - ) 85
V 16 4 - 4 80
W 17 3 - 3 85
X 15 5 - 5 75
Y 17 3 - 3 85
Z 15 5 - 5 75
Yovazaugniioaadevewnyiing 77.88
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M13199 4.19 UansanisnagauaugndatlunisulanIeiile A - Z vaeumnaetaui 15

faenwsiivh | $1uau 20 (%) ( Laiuang O PARNG R
nsvedey | gndiea | Aemanm | (Msnwsiiawann | adnws, QnAed
 Sunupdy) Fruanass )

A 18 2 (S, 1) 1 90
B 20 - - - 100
C 18 2 - 2 90
D 18 2 - 2 90
E 18 2 - 2 90
F 20 - - - 100
G 17 3 - 3 85
H 19 1 - 1 95
I 20 - - - 100
J 13 7 (1, 5) 65
K 18 2 - 2 90
L 20 - - - 100
M 11 9 (N, 5), (T, 1) 3 55
N 14 6 (S, 2), (M, 3) 1 70
@) 18 2 - 2 90




72

fadnwsivin | §1uau 20 (%) (laluang SoarUpIAIY
MIMAEey | gnees | Aawae | (#@dnyIARana1n f9NYs, anAeg
, IIUIUASY) FIUIUATY )
P 19 1 - 1 95
Q 17 3 - 3 85
R 18 2 - 2 90
S 13 7 (A, 2) 5 65
T 11 9 (S, 3), (A, 1) 5 55
U 19 1 - 1 95
V 18 2 - 2 90
W 18 2 - 2 90
X 19 1 - 1 95
Y 17 3 - 3 85
Z 14 6 - 6 70
Soazanugndasadevamnying 85.57
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M13199 4.20 Uanswan1snaaauANgndedlunisulaniwiile A - Z veeumnaeinui 16

fadnwsivh | s1uau 20 (%) ( Liuans SovazvaIny
Msnedeu | gnded | Aewain | ( FdnusiRanan f9NW9Ss, anAeg
 $1uauny) $1uunde)
A 18 2 - 2 90
B 17 3 - 3 85
C 18 2 - 2 90
D 16 a4 (P, 2) 2 80
E 18 2 - 2 90
F 15 5 - 5 75
G 18 2 - 2 90
H 19 1 - 1 95
I 20 - - - 100
J 12 8 (I, 6) 60
K 18 2 - 2 90
[ 20 - - - 100
M 9 11 (N, 5) 6 45
N 11 9 (S, 2), (M, 4) 3 55
O 19 1 - 1 95
P 19 1 - 1 95
Q 20 - - - 100
R 19 1 - 1 95
S 13 7 (T, 1), (A, 2), (M, 1) 3 65
T 11 g (S,3), (A1) 5 55
U 19 1 - ! 95
V 19 1 - 1 95
W 20 - - - 100
X 19 1 - 1 95
Y 18 2 - 2 90
Z 15 5 - 5 75
Yovazaugniioaadevewnyiing 84.61
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N3UN 4.24 wudnlesidudsesazvetniiugndenadusaud miunisuladienys

o/ = a1 v £ 4 Ql‘ I § = (3 v v
VNPT UAUN 16 dAIRYASANNYNADIRAYVDINAVITNIN 84.61 WUBILTUR WATHIDNYST

M fenesidudanugnsesiavande 45 Wesidud

M19197 4.21 wassnan1snaaauaNgnaaslunIiUan wiile A - Z vegvaassauin 17

fadnesivin | Shuau 20 (%) ( Livans % J08aYUDY
nsVAEey | gnfed | Hanaim | ( fdnusinanang, fIDNYST, ANUYNADY
§1uunsy) $1uaunse )

A 14 6 2 6 70

B 16 4 - 4 80

C 13 7 (E, 3) 4 65

D 18 2 (P, 1) 1 90

E L5 5 (0, D, (C, 1) 3 75

F 18 2 - 2 90

G 19 1 - 1 95

H 15 5 - 5 75

I 16 4 - 4 80

J 12 8 (I, 5) 3 60

K 17 3 - 3 85

L 17 3 - 3 85

M 8 12 (N, 6) 6 40

N 10 10 (M, 4), (T, 3) 3 50

O 17 3 - 3 85

P 16 4 (D, 1) 3 80
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fadnwsivn | $1uau 20 (AS9) (laluang % 508aYVD
MIedey | gnsied | Remann | ( FdnwIniianaia, f9NYs, ANNYNADY
FIUIUASY) FIUIUATY )
Q 17 3 - 3 85
R 18 2 - 2 90
S 17 3 - 3 85
T 12 8 (A 3), (S, 2) 3 60
U 19 1 - 1 95
Y, 18 2 - 2 90
W 17 3 - 3 85
X 16 q - q 80
Y 15 5 - 5 75
Z 16 a - q 80
Sovazanugndaaadsvamnyiimg 78.07
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M13199 4.22 Uanswan1snaaesuAnugnsesluniswlaniwiile A - Z veuvaassauin 18

Fadnwsiivin | Shuau 20 (%) (laiuang % SOUATUDY
Mnedeu | gnres | iawaia | ( FdnusiRanans, f9NW9Ss, ANNYNADY
$1uaund) $1uaunds)
A 19 1 - 1 95
B 20 - - - 100
C 18 2 - 2 90
D 20 - - - 100
E 15 5 (C, 3) 2 75
F 20 - - - 100
G 18 2 - 2 90
H 19 , - 1 95
| 20 - - - 100
J 15 3 (1, 3) 2 75
K 19 1 - 1 95
L 19 1 - 1 95
M 12 8 (N, 3) 5 60
N 15 5 RRAAEANY 2 75
O 16 4 - 4 80
R 14 6 (K, 2) 4 70
Q 20 z - - 100
R 19 1 - 1 95
S 18 2 (T, 1) 1 90
T 15 5 (N, 3) 2 75
U 20 - - - 100
Vv 20 - - - 100
W 20 - - - 100
X 17 3 - 3 85
Y 20 - - - 100
Z 17 3 - 3 85
Sovazanugniesadsvemnyiing 89.42
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M fedesidudaugnsiesiesdian 60 Wesidud

M19197 4.23 uansan1snageuaignaeslunisklanwile A - Z vasnaaseauin 19

fasnusii | $1uau 20 (%) (laluans % S0UATUDY
Msveaeu | gndes | fiewan | (faenusiiawans, | fhdnus, ANUYNADY
$1uunse) $1uunse )

A 17 3 S, 1) 2 85

B 19 1 - 1 95

C 16 4 O, 2) 2 80

D 20 - - : 100

E S 5 (G 3) 2 75

F 17 3 o 3 85

G 18 2 - 2 90

H 18 2 - 2 90

I 20 - - - 100

J 16 4 (1, 2) 2 80

K 19 1 - 1 95

L 17 3 - 3 85

M 13 7 (N, 5) 2 65

N 11 9 (T, 3), (S, 2), (M, 2) 2 55

O 15 5 (C 3) 2 75
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Fasnwsfivh | Shuau 20 (a%) (laluang % 508aYVD
MIedey | gnsied | Remann | ( FdnwIniianaia, f9NYs, ANNYNADY
FIUIUASY) FIUIUATY )

P 14 6 - 6 70
Q 20 - - - 100
R 19 1 - 1 95
S 18 2 (T, 1), (A, 1) - 90
T 15 5 (N, 2) 3 75
U 20 - - - 100
Y, 18 - - - 90
W 18 - - - 90
X 17 3 - 3 85
Y 14 6 - 6 70
Z 15 5 - 5 75

SonazmINgniBaafEveWNYnTg 84.42
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M13199 4.24 Uanswan1snaaesuAugnsesluniswlaniwiile A - Z Yeuvaassauin 20

Fadnwsiivin | Shuau 20 (%) (laiuang % SOUATUDY
Mnedeu | gnres | iawaia | ( FdnusiRanans, f9NW9Ss, ANNYNADY
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Abstract— The objective of this research is to translate the
hand gesturcs for American Sign Language using the Leap
Motion Controller. This device can be used to detect the finger
bones and provide motion information such as position and
direction. Two patterns were used to separate the alphabet in
ASL: 1) a bent finger’s angle calculation using the dot product
equation, 2) the bent finger's angle was mixed with inherent
algorithms of Leap Motion Controller; ie. hand movement
gestures sueh as a semicircle gesture and swipe gesture. The
program is set to detect a new alphabet approximately every 5§
seconds, The motion trajectory is calculated on a laptop. This
method is natural as the user does not need to wear an intricate
instrument. The results showed the 26 alphabets in ASL using the
researcher’s hand. The accuracy of the method proposed is
approximately 87.17%.

Keywords—Leap Motion Controller; American Sign Language;
Finger bones

1. INTRODUCTION

A sign language is a language which uses manual
communication and body language to convey meaning. It is
used by people with hearing disability for communication in
society. Signing is not only used by the deaf, 1t 15 also used by
people who can hear, but cannot physically speak. It is
important to them because the best ways to become more
naturally expressive in society . The main advantage of this
development is an affordable and reliable ASL recognition
system, This sensor is used to capture the hand signs in 3D
digital data. There is no need for additional devices e.g.
markers, a glove, cameras etc.We propose this easy-to-use
system.

For translating the hand gestures into alphabets, Kunal
Kadam et al. presented American Sign Language Interpreter in
2012[1]. The glove was created for learning the different signs
and saving the signs into the EEPROM of the microcontrolier
using the flex sensors mounted on the fingers of the glove
which will change their resistance according to the finger
positions and detect the gesture and the LCD display is used as
a reference for how much more or less you need to bend each
finger to correctly sign a letter. This method had a per sign
accuracy of 94%. Then, Netchanok Tanyawiwat and Surapa
Thiemyjarus presented about Design of an  Assistive
Communication Glove using Combined Sensory Channels [2].
The wireless sensor glove was developed for American Sign
Language fingerspelling gesture recognition. The five contact

sensors were installed on the glove and a 3D accelerometer
was placed on the back of the hand for measuring the signal.
the accuracy can be further improved to 77.9%. In 2013,
Arabic Sign Language Recognition using the Leap Motion
Controller was presented by M. Mohandes, S. Aliyu and M.
Deriche [3]. The 12 most relevant features from the
mformation of this device were selected to identity the a
differences for a hand gestures. These include: finger length,
finger width, average tipposition with respect to x, y, and z-
axis, hand sphere radius, palm position with respect to x, v,
and z-axis, hand pitch, roll and yaw. This system on the
Arabic sign alphabets gives 98% classification accuracy. In
2014, Dengfeng Yao, Minghu Jiang et al. [4] presented
decision-tree-based algorithm for 3D sign classification by
computing the motion direction, hand shape, and palm
direction by using the Leap Motion sensor. Their experimental
results show that 1,203 Chinese SLs were signed, and 1,152
were successfully recognized . Thus, the recognition rate
reached 95.8%. Recently, Ching-Hua Chuan, Eric Regina,
Caroline Guardino [5] reported American Sign Language
Recognition Using Leap Motion Sensor. They applied k-
nearest neighbor and support vector machine to classify the
26 alphabets of the English alphabet in American Sign
Language using the derived features from the sensory data
such as Palm related features including normal (a unit
direction vector), position (the center position of the palm),
and velocity (in millimeter per second). The experiment result
showed that the highest average classification rate of 72.78%
and 79.83% was achieved by k-nearest neighbor and support
vector machine respectively.

Therefore, the objective of this work is to translate the
hand gesture into American Sign Language using Leap
Motion Controller. The researcher tested 26 samples and had
the following differences: 1) the J and Z were made by a
different method, 2) the bent finger’s angle was similar to
other methods but the equation was changed.

This paper is composed as follows, an introduction then a
background on Leap Motion Controller is presented in section
I and I respectively. Next, Section [l shows hand tracking
method. Section IV shows our results for this system. The
conclusion is proposed in Section V.
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II. THELEAP MOTION CONTROLLER

The Leap Motion Controller is a motion-sensor [6] as
seen in Fig. 1 . This device creates a 3D interaction space and
can track hands, fingers, finger bones and report the position
and motion of finger bones to user. Its ability can track the
movement at a rate of over 300 frames per second. Its sensory
field, however, is limited to a narrow dome that extends above
and around the tiny unit 2 feet above the controller, 2 feet
wide, 2 feet deep and 8 cubic feet. It consists of two cameras
and three infrared sensors hidden under a protective sheet of
dark plexiglass . It has a little connector port for its included
USB cable. The origin is the center of the device. The x- and
z-axes lie in the horizontal plane, with the x-axis running
parallel to the long edge of the device. The y-axis is vertical,
with positive values increasing upwards. The z-axis has
positive values increasing away from the computer screen.
This information about its ability is supported by ~ Vendors
"https://www.leapmotion.com”.

Fig. 1. 3D picture of the leap motin

III.  Hanp TRACKING METHOD

The ASL gestures [7] are illustrated via Fig.2, which
show twenty-six signs. There are two alphabets that were
divided differently from the other alphabets because its
gestures had movements. The two alphabets are J and Z. The
bent finger’s angle calculation using the dot product equation
was applied for all alphabets except J and Z. The bent finger’s
angle mixed with inherent algorithms of Leap Motion
Controller was applied for alphabets J and Z. A semicircle
gesture and swipe gesture was used for alphabets J and Z as

A B C b

g e N
4 FohP
soddfdvwa

Fig. 2. ASL sign
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The skeletons of the hand [8] are divided into four parts
namely Distal phalanges, Intermediate phalanges, Proximal
phalanges and Metacarpal phalanges as is seen in Fig.3 on the
right. The left image in Fig.3 shows the calculation of the
angle between finger bones using the dot product equation

below [9].
_1( AsB j
8 = cos e (1)
|Alx|B]

A =vector A

Where

B =vector B
|Al = the modulus of a vector A

iB| = the modulus of a vector B
8 = the angle between the vector A and B (degree)

The direction of all finger bones were used in this
equation. The bending of all fingers had 25 angles in this
method e.g. D2, 12,A1, P2 and etc in Fig.3 on the right. For
example, the P2 is the angle between Proximal phalanges bone
and Metacarpal bone of Index finger.

Proximal

Mewcarpals

Fig. 3. The finger bones structure

The two alphabets, J and Z, used both bent finger’s angle
calculation and hand movement gestures from the device, i.e. a
semicircle gesture and swipe gesture respectively. These
alphabets have extra movements when translated, which
directly impacts the gesture separation of its signs. Hence this
method, which is different from other ASL signs, was used
with these two alphabets as seen in Fig 4.

The overall working of the system is depicted in Fig. 5. A
hand gesture of ASL sign was detected by Leap Motion
Controller sensor. Its output reported all of a bent finger’s
angle and hand movement gestures. A laptop was used for
calculating. Next, its output was used to compare object with
ASL sign databases. The gestures of the twenty-six alphabets
in the ASL signs were kept in databases, which were divided
into two parts. Finally, the output of comparing was displayed
by command screen on a laptop.
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Fig. 4, Method to make special alphabets

ASL Sign by
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semicircle and a swipe finger’s angle
gesture caleulation
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4 The cutput shows “A —
The cutput shows Y7 butexcept JandZ
J. Z alphabet alphaket

k.4 F

The output display on
command screen

Fig. 5. Overall Working of the System

IV. RESULT

Figure 6(a) across the top shows the four gesture
samples of ASL alphabets by researcher's real hand, A, B, C
and D alphabet was used as input for Leap Motion Controller
which senses your hands and fingers and follows their every
gesture. Figure 6(b) across the bottom shows output images
from this sensor in the experiment, the hand and finger data

2015 International Symposium on Muitimedia and Communication Technology
September 23 — 25, 2018, Classic Kameo Hotel, Ayutthaya, Thailand

can be sent to user designed programs to use the sensor via the
API which can be developed by user.

A B C D

(b)

Fig. 6. (a) An alphabet images from real hand (b) an alphabet
images from Leap Motion by real hand

Figure7 shows the separation of four different gesture
samples i ASL alphabet; these are A, B, C and D alphabet.
The bent finger’s angle calculation chose six angles from
twenty-five angles in this paper, i.e. [1, D1, P2, 12, D2 and D3.
The information of these angles are shown in Figure 3. This
information is used to separate of ASL because ASL alphabet
have had different angle.

100 -
-vem--- alphabet” A"
g 80~ : % —#— alphabet"B"
g :
?J 60 - H ~ == alphabet"C"
B ;
] ) ! A =-@--alphabet"D"
40 . ; . p
_g : / N -
P
Z 20
g
=

The symbol of each angle

Fig. 7. Separation of cach alphabet measured the bent finger's angle

Table 1 shows the results of this paper. The twenty-six
alphabets in ASL signs were measured 30 times for each
alphabet. Prediction of the alphabet was divided into two parts
— the number of times correct and the number of times wrong.
For wrong prediction, it was divided into two further categories
— no show and show. The output is not displayed on the
command screen for the category of no show because the input
data does not match the database. For the category of show, the
alphabet and the number of times for wrong prediction.
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TABLE]l. INFORMATION ABQUT TRANSLATION
ASL To translate in 30 times Aceuracy
alphabet Correct Wrong p;rcent
times No show { show the )
the alphabet _alphabet, times )
A 30 - - 100
B 30 - - 100
C 21 6 (O, 3) 70
D 30 - - 100
E 22 4 (C,4) 7333
F 30 - - 100
G 30 - - 100
H 29 ! - 96.66
1 30 B - 100
M 25 - (1, 5) 83.33
K 28 2 - 93.33
L 28 2 - 93.33
M 7 13 (N, 8),(S,2) 23.33
N 8 1 (T.6).(5,5) 26.66
O 21 3 €, 4 70
P 25 2 (K, 3) 83.33
Q 30 - - 100
R 29 1 - 96.66
S 28 - (r,2) 93.33
T 23 2 {N,5) 76.66
V] 30 - - 100
Y 30 - - 100
W 30 - - 100
X 28 s - 9333
Y 30 - - 100
V4 28 2 - 93.33

V. CONCLUSION

The proposed system is a hand gesture recognition
system in ASL sign using Leap Motion Controller. This
system is used to translate hand gestures into the ASL signs by
bent finger’s angle calculation and hand movement gestures
checking because this sensor can track hands, fingers, finger
bones and reports data such as position and direction of palm
and fingers. This method could be used to solve installation of
components such as camera and marker because it only needs
bare-hands. This system was, therefore, applied to translate the
twenty-six alphabet in ASL signs.

This method  can separate different hand gestures of ASL
signs. The maximum and minimum percent of this experiment
were 100% and 23.33% respectively. In future we will find
another method to make M and N alphabet better than this
method by still using this sensor and extend our work to
translate a hand gesture of the ASL sign into full sentences.

2015 International Symposium on Multimedia and Communication Technology
September 23 — 25, 2015, Classic Kameo Hotel, Ayutthaya, Thailand

ACKNOWLEDGMENT
We would like to thanks also pedagogical supervisor

associate professor Supan Tungjitkusolum and Pattarapong
Phasukkit for their time and effort.

3]

[4]

Page 113

REFERENCES
K. Kadam, R. Ganu, A. Bhosekar and S. D. Bhosekar, “American
Sign Language Interpreter” , IEEE Fourth International Conference on
Technology for Education, pp. 157-159, 2012.
N, Tanyawiwat and S. Thiemjarus, “Design of an Assistive
Communication Glove using Combined Sensory Channels™ | IEEE
Ninth International Conference on Wearable and Implantable Body
Sensor Networks, pp. 34-39, 2012,
M. Mohandes, S. Aliyu and M. Deriche, “Arabic Sign Language
Recognition using the Leap Motion Controller”, 1EEE 23rd In
ternational Symposium on Industrial Electronics, pp. 960-965, 2014,

D Yao, M. Jiang. A Abulizi and X You, “Decision-tree-based
Algorithm for 3D Sign Classification” , JEEE 12th International
Conference On Signal Processing, pp. 1200-1204, 2014,

C. Chuan, E. Regina and C. Guardin, “American Sign Language
Recognition Using Leap Motion Sensor” , 1EEE 13th International
Conference On Machine Learning and Applications, pp. 541-544,2014.

Leap Motion, http:/www leapmotion.com (last access: May 20135)
ASL, https://en.wikipedia.org/wiki/American_Sign_Language (last
access:May 2015}

Hand, https://en.wikipedia.org/wiki/Hand (last access:December 2014)

Dot product, httpsi//en wikipedia.org/wiki/Dot_product (last access:
November 2014)


https:!len,wikipedia,org/wikilOot_product
https:llen.wikipedia.org/wiki/Hand

ABSTRACTS | foss
Mﬂgmeerm Sk
,'-; Yy

Advancing Technology
for Humanity IEEJ
ThaiBME org RANGSIT UNIVERSITY

A
QIEEE (Y % e KMITL
2NN

e = Y o 1Y £4 - =2 " 1 VY o £ 54
wnansiiluenansianulidmiumsidauenisdnwiving ldeugymlnhluldusslevdiunisa

lidnsdllag visdu Bnnanuidlvsaudadilen uagdesdndaiaivesenasnnaseniinisunlly



The 2015 Biomedical Engineering International Conference (BMEICON-2015)

Hand Postures for Evaluating Trigger Finger
Using Leap Motion Controller

P.Chophuk, S.Chumpen, S.Tungjitkusolmun and P.Phasukkit ’
Faculty of Engineering, King Mongkut's Institute of Technology Ladkrabang, Bangkok 10520, Thailand.

*kppattar@gmail.com

Abstract— The purpose of this research reported here is to
evaluate an abnormal finger motion of trigger finger using Leap
Motion Controller to measure finger joint angles by the dot
product equation. This sensor is 3D non-contact motion sensor
which can detect finger bones. It is estimated positions and
directions for fingers and bones. Four postures are used to
evaluate an abnormal finger motion that has been used by
physical therapist: 1) a flexion of thumb IP joint, 2) neutral
position of finger PIP joint, 3) flexion of finger MP Joint, 4)
thumb radial abduction. A finger goniometer is used as a
reference method to measure the bent fingers’ angle. The results
showed that an average degree different value of a finger’s angle
measured by the finger goniometer and this system was 5.73
degrees.

Keywords—Leap Motion Controller; Trigger finger; Finger
goniometer

I. INTRODUCTION

Many people have been confused that a trigger finger
should come from a long history of hard work, but hard labor
does not seem to be very related. It can come from an episode
of overuse, but is usually not associated with any period of
heavy use. It usually comes on gradually. If you have the
trigger finger, it is evaluated by a physical therapist. So, you
will have to pay the money to see a doctor to evaluate an
abnormal finger motion. Therefore, the main advantage of this
system can help a patient who has trigger finger to evaluate an
abnormal finger motion by yourself. Four postures are applied
in this method. Generally, These posters have been used by a
physical therapist for evaluating the abnormal finger motion in
patients using the finger goniometer to measure the finger’s
angle. The physical therapist calls that direct method.

In 2011, J. Li, R. Zheng, Y. Zhang et al. [1] found an
interactive exoskeleton device for both active and passive
hand rehabilitation motions. Distant actuation modules are
used to drive these exoskeletons through a cable transmission
mechanism for thumb and index finger rehabilitation which
had eight DOFs. The exoskeleton for each finger has 4 degrees
of freedom (DOF), providing independent control for all
finger joints which the joint motion is accomplished by a
parallelogram mechanism. The results prove that the device
has low inertia which is critical in order to obtain good
backdrivability because Experimental analysis shows that the

978-1-4673-9158-0/15/$31.00 ©2015 TEEE

influence of friction accounts for a large portion of the driving
torque. Then, In 2013, J. Ngeo, T. Tamei et al. [2] reported
control of an optimal finger exoskeleton based on continuous
joint angle estimation of EMG signals for patients suffering
from loss of hand functions. This system gave the desired joint
angle positions by the predicted output of an artificial neural
network with an EMG-to-Muscle Activation model to control
the patient’s finger exoskeleton. So, this method made up
optimally designed finger exoskeleton continuously controlled
by a user’s surface electromyographic (SEMG) signals. For the
results, sEMG-based control strategy worked well in
controlling the exoskeleton, accurately obtaining the intended
position of the device. In 2014, the measurement of
rehabilitation in thumb MP joint subluxation due to
rheumatoid arthritis was presented by K. Kitano, N. Tsujiuchi
et al [3]. This system measured two kinds of rehabilitation
using motion capture and a contact force sensor. Therefore,
markers and cameras were used to create a finger model. For
result, this system could measure rehabilitation from hand
therapy, force, point of action and displacement. In 2015,
Yeongyu Park, Jeongsoo Lee et al. [4] presented the
development of a wearable sensing glove for measuring the
motion of fingers using linear potentiometers and flexible
wires. This method calculated the joint angles of fingers by
measuring the change in length of the flexible wires in
response to flexion or extension of the fingers. Therefore, a
glove, linear potentiometers, flexible wires and linear springs
were used in this system. A flexible wire is attached to the
back of each finger. Ten linear potentiometers and springs
were attached to a glove to maintain the tension of the wires in
order to measure the wire length change consistently. So, this
system can be applied to virtual reality or teleoperation
systems.

Therefore, the aim of this work is to measure the finger’s
angle from four postures for evaluating the trigger finger using
the Leap Motion Controller by the dot product equation. The
researcher had the following differences: 1) a non-contact
real-time measurement system, 2) the different types of
Sensors.

This paper is composed as follows, an introduction, then
overview is presented in section I and II respectively. Section
IV shows our results for this system. The conclusion is
proposed in Section V.



II. OVERVIEW

A. Trigger finger

The trigger finger is a condition that affects the tendons
in the finger become inflamed. [5]. When the affected finger
or thumb is bent towards the palm, the tendon gets stuck and
the finger clicks or locks. It can affect one or more fingers.
The symptoms can include pain, stiffness, clicking and a small
lump in the palm at the base of the affected finger or thumb.

Fig. 1. Trigger finger.

B. A4 Leap motion Controller

A Leap Motion Controller is actually quite simple [6].
This sensor recognizes and tracks hands, fingers and finger-
like tools. The device operates in an intimate proximity with
high precision and tracking frame rate and reports discrete
positions, gestures, and motion. The heart of the device
consists of two stereo cameras and three infrared LEDs. These
tracks infrared light with a wavelength of 850 nanometers,
which is outside the visible light spectrum. The origin is
centered at the top of this sensor. The x- and z-axes lie in the
horizontal plane, with the x-axis running parallel to the long
edge of the device. The y-axis is vertical, with positive values
increasing upwards (in contrast to the downward orientation of
most computer graphics coordinate systems). The z-axis has
positive values increasing toward the user as seen in Fig. 1.

Fig. 2. 3D picture of the leap motion sensor

The device has a large interaction space of eight cubic
feet, which takes the shape of an inverted pyramid - the
intersection of the binocular cameras’ fields of view. It’s
viewing range is limited to roughly 2 feet (60 cm) above the
device as is seen in Fig.2. This range is limited by LED light
propagation through space, since it becomes much harder to
infer your hand’s position in 3D beyond a certain distance.
LED light intensity is ultimately limited by the maximum
current that can be drawn over the USB connection. The LEDs
generate pattern-less IR light and the cameras generate almost
300 frames per second of reflected data.

Fig. 3. Interaction area of the leap motion sensor

C. Finger goniometer

Figure 3 shows the term goniometry [7] is derived from
two Greek words, Gonia means angle, and Metron, meaning
measure. Thus, it is an instrument used to measure angles.
Within the field of physical therapy, it is used to measure the
total amount of available motion at a specific joint. It can be
used to measure both active and passive range of motion. They
are produced in a variety of sizes and shapes and are usually
constructed of either plastic or metal. The two most common
types of instruments used to measure joint angles are the
bubble inclinometer and the traditional goniometer. In this
paper, this device is used to measure the joint angle as the
reference angle with the measurement from the Leap Motion
Sensor.

Fig. 4. Baseline finger (small joint) goniometer.



III. EVALUATING AN ABNORMAL FINGER MOTION

a. Four Postures

(2) (b)

e —

———

C———
—

(© (d

Fig. 5. Four postures for evaluating.

Four postures [8] have been used to evaluate abnormal
finger motion by a physical therapist for people who have
trigger finger. Postures of this system are divided into four
postures, including 1) Flexion of Thumb IP joint (a), the active
range of motion of the IP joint of the thumb is 80°, 2) Neutral
Position of Finger PIP Joint (b), the range of motion of the IP
joint of the thumb is 0°, 3) Flexion of Finger MP Joint (c), the
base of the finger movement range is 90° and 4) Thumb
Radial Abduction (d) measures in degrees the angle of
separation formed between the Thumb and Index Metacarpal
in the coronal plane. Generally, the angle value is 50°. For
thumb adduction, the angle value is 15°.

B. Formula

N P
. = 9 1Sta
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Metacarpals

Fig. 6. The finger bones structure

The skeleton of the hand has 27 bones. The skeletons of
the hand [9] are divided into four parts, namely Distal
phalanges, Intermediate phalanges, Proximal phalanges and
Metacarpal phalanges as is seen in Fig.6 on the right. The left
image in Fig.6 shows the calculation of the angle between
fingers using the dot product equation below [10].

-1 A'B
0=cos | ——— (1)
[A[x|B]
Where

A =vector A

B =vectorB
|A| = the modulus of a vector A

IB| = the modulus of a vector B
6 =the angle between the vector A and B (degree)

The direction of finger bones was used in this equation.
For example in fig. 6 on the right. That is the angle between
the Thumb and Index Metacarpal in the Coronal Plane.

C. Process system

To detect joints of finger

v

The finger’s angle
calculation by using the
dot product equation

Show information on
laptop

Fig. 7. Overall Working on the System

The diagram of this process is depicted in Fig. 7. Frist
step, a hand posture was detected by the Leap Motion sensor
which can detect finger bones and reports a position, direction
and motion information of finger bones to the user. Next, the
direction vectors of finger bones are used to calculate the
finger’s angle using the dot product equation. A laptop was
used for calculating a finger’s angle. Its output reported a
finger’s angle of each posture. Finally, the output was
displayed. Therefore, this system is applied to measure four
postures for evaluating trigger finger.



IV. RESULT

According to the standard method, the measurement of a
finger’s angle must be evaluated by using the finger
goniometer which was acceptable in most of physical
therapists. The comparison of standard method with this
system was performed in order to analyze the difference of
measured values. Table 1. Shows a finger angle measured by
the standard and this method.

Table 1. A finger’s angle measured by the finger goniometer and this system

A finger’s angle
Four postures Fingers measurement in 30 Average
times Degree
Different
Goniometer System
(Degree) (Degree)
“| Thumb 80° 76.66° 4.25%
Flexion of
Thumb IP joint
. Index 0° 5.11° 5.11°
——
Middle 0° 5.01° 5.01°
Neutral
Position of Ring 0° 6.74° 6.74°
Finger PIP
Joint Pinky 0° 6.646° 6.646°
. |
[ r Index 90° 83.95° 6.05
Y " : =
Middle 90° 84.34 5.66
Flexion of
Finger MP Ring 90° 83.34° 6.66
Joint
Pinky 90° 80.98° 9.02
7
— Thumb 50° 47.75° 2.25
and
Thumb Radial Index
Abduction

There are 4 postures of a finger angle measurement in
all experiments. First posture, this posture is the flexion of
thumb finger. The measured value of the finger goniometer is
80 degrees and this system is 76.66 degrees and an average
degree different value of 4.25 degrees. Second posture, it is
the Neutral Position of Finger PIP Joint. The maximum of an
average degree different value of second posture is less than 7
degrees. Third posture, it is the Flexion of Finger MP Joint.
The maximum of an average degree different value of third
posture is less than 10 degrees. Fourth posture, it is the Thumb
Radial Abduction. An average degree different value of fourth
posture is 2.25 degrees.

V. CONCLUSION

In this paper, we have developed a system for
evaluating an abnormal finger motion using the newly
introduced leap motion sensor to detect finger bones which are
used to calculate the finger’s angle such as interphalangeal
joint angle and Metacarpophalangeal Joint angle. It is hoped
that this system may be useful for the physical therapist. From
the results presented four postures, the finger’s angle of the
leap motion sensor, the maximum and minimum value of an
average degree different were 9.02% and 2.25% respectively.
These postures have been used by physical therapists to
evaluate abnormal finger motion of patients using the finger
Goniometer to measure the finger’s angle. In the future, we
will improve an average degree different better than this
result. Then, this system will be applied to evaluate abnormal
finger motion basic for general people.
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