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2.6 Motion Capture
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2.7 Synchronize videos
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2.7.2 Praat
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2.8.1 RGB (Red, Green, Blue)
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2.8.2 HSV (Hue Saturation Value) [8]
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max( red , green, biue) — min( red, green, biue)

Saturation =

max( red , graen, blue)
A ' = w ' o ' ' ala
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value = max(red, green, biug)
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~ 60X ——2 $fe Max = R
Max—Min
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§ = Xa=¥h . 100 2)
Max
V = Max x 100 (3)

2.9 Color detection method

2.9.1 Gaussian btur
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2.9.2 Inrange
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2.9.3 Erosion
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2.9.5 n1511 Contour [9]

a s a = =
flsnuwes Contour AodaRvesgafiunu Curve Tuguainnsdlues Contour Tu

OpencV aufuliluguves Sequence

contours = cv2 findContours(image, ‘OptionName’,optionValue,...)
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2.10 Python [10]
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o [ ‘:¥ = 5 I v P 1 as
N1 Python dugnimuniusilasiiaudslainelniduniwingudie fugn
L 2 ql =1 [V 74 s 2 o al ~
sanuuuinbiillassasninesiuldlaslddudou Tasinazldmlunwsenguluvaeiniw
EJ ;%3 ﬂ‘j L - 3 b7 v v 1
auldimTaananelssanau uenani Python fdesniiuveslassadanintwitesniinien C

ey Pascal

2.11 OpenCV (Open Source Computer Vision Library) [11]

SO

OpenCV

gﬂﬁ 2.28 Wda Logo 189 OpenCV

Open€V (Open Source Computer:Vision Library)! 111 Library, #137U523497
AMUATNNINNNATIMTUSZITaHaAIW (Image Procéssing) Wa¥ATMLAITANINFIUNTS
ueuuveIABIIANDS (Compter Vision) Aani@insnn1e-g ey OperCV Aoynddivie
Harduitanninsagnidunldaiuldagigiinne aenn taviinii suili Opéncy gnuawnldy
Huedesiielunduuesinidenasinmualusuhsunaifialnosduimage Processing uay

Computer Vision 8gWAMW214

OpenCV Huaruisaldaauldlunatsnru C+ 4 Python, Java uas MATLAB

i
ot ar

uaNNTGIT8TUSTUU Windows, Linux, ARAreid wag Mac OS OpencCV



uni 3

N1388NLUUIZUU

dv 1 dll l = - s 5 1 d a
demaiuilussneulusendnnisuasisnisildluauise suvadouanis 9 ey
U

TUsunsu ﬂ'izmumﬁl,ﬂ'i'wﬁ%nua NMSUARINANIIATU Motion detection

3.1 LUIANYDITEUUNUILEUD

o
ar ar

- o ﬂu A ot - L= ar
U7 Elﬂ"i]WVI'WJ'UL'Wﬂﬂ']'ﬂﬁ'UUUWﬂNﬂLLﬂﬁ"JLﬂ'51815ﬂ']11]ﬂ’1ﬂ'13ﬂ1”ﬂ']‘5ﬂ‘5\1ﬁ? Iﬂfﬂu
i [T T o g w w 3/l
ﬂ'T‘L!']ﬂﬂﬂz1ﬂﬂaﬂﬂﬂ1ﬂiﬂ5ﬂwﬂﬂﬂﬂﬂ 2 ﬂﬁa@IUﬂ"l'il-ﬂ'U‘Uﬂlﬁlﬁ’ﬂﬂ\iﬂ"l"i'ﬂ‘iﬂﬂ')"ﬂ']ﬂﬂ&?lgﬂﬂﬂaﬂUW"I\'l

% o v w wiel a o v o
suntiuazenuirwesngnvesay Tugtuuurssinlewasiudszananalunievds sadu

2
&

=] Lo = o - - . . f ¢ —elf - § (4 =l
ﬂ’l‘iLﬂ‘U‘U‘LmﬂNﬁLWﬂU'ﬁJ"I'JLﬂ?'WEMLLUUEE]‘WIETU L‘LI'EN]“J‘IHﬂﬂ'i'}._l.ﬂ?']514NﬁI.I.UUE)El1'~|lau Uiy

U
g
7

ifesnmgInInIsiinsia LUy Real time nastiutagagen svssiiilszezianindy

[l 21 i a = ] J o - '3 ¢ € [ - ¢ :J’
dewalidrgnonisinuluiinuatievniiiasaviuvuoerian Tudauveinisinseildu
- o c.\'{q [ 7 — A ) i o a - F
uAdeilidenldlun1sendwhminien Coordinate 1o marker VfnUsuazlnnvo
A ) 78l Loy ol & “o ¢ | e = |
ngnnaasuluninsekdaa e nnslddiies 1B nLiiamat g IMINT L DY

v i N el | o Y 7 %, Y} g  wrioF U v
AR NUANNEIDY1UNYD ﬂduulLﬁﬂu'ﬂ’umewﬂﬂﬂﬂﬁLﬂUUuwﬂNaﬁlﬂ‘nﬂaﬂd 2 ﬂaa\‘]ﬂ

2 I

L W & F7A v 2 el o
AYINENN D MSN SRR TRV YA UIN R NN nVagey Ta AVIgAVARB U YAV

3
n13fn marker Lfuialasinnlayit marker Aogniayasdmiy uasaziipnslédeaiuy
SyauievarligiigmmaaevitnduiinsduiuineniuetFidulnaimessnin 2 3dle
Imﬂ'lua'mﬁiﬂﬁ%ﬂil,ﬁmLf}uqméﬁaﬁuﬁaﬁwmi Synchronizé idedsta 2 Silaiddae iy
navaziludinseiasianinsalindsvs i TaslUsinsuliiidedudieanidu 3 dwu
Twajq Ao d2uv0en13 Synchronize Videos-@amwainnsiinsiziuallonian Coordinate

) v A = ar
Y4 marker LWAYAIUIBINITATINIIVILWBLAAIHANITUA FIENAUA MO LUNITNTIN



a0

3.2 @9uv84n13 Synchronize videos
Tudhuusnilfedruvesmsinidlefituiinuanisaaeunmssiaonits 2 ndes T

Flensaunazdesiinisliiduaiuisneda iethuninig Synchronize wagsmdulng

Aaloideaiu andueziialedlaldludruniedildlunishiasiz vinrsnsesalaedn

L] s L. o o A
meamiln lngilddiunisinauveslusunsusgud 3.1

wenlvadesanlndinle

y

ilvdidsam

) *mmqﬁset 'awfmiﬂa-

; —~4
w,_ S E@mqaa A _& 2|

= o ! . .
3UT 3.1 uansnsvinnuvestusinaluaininis Synchronize videos

o Aal - A o =f at ‘JA
nsvinueziiuaInnsiIdlenduiinwanisageunismseinvesd ignnadasy
= 1 v 1 L b o € <l 3 b & = o
UIhumMuntilasn Ut INnasinsdniletions 2 nassnuenlnaidesesnanindinle
melusunsu Frmpeg a¢ldlwdideswuuana wav eenundiuiu 2 Tid sesnthlndidear
aa4lud 1 Cross-correlation LileumeAn Offset syninslndidsarisanslndlngl4lusunsy
o M v o aa va o Y oa A = )
Praat 99nuuen Offset Mlannldlunisdniflelilidussdafigaiientulagldlusunsm
FFmpeg 811 U¥uAn Framerate va3vivaedifleliviniu dunsugaviedonsinlndiale

=

o nld a v = =l Y Y @ = )
visaaalvianiiFessnsdarigaideaiuuiuanmiousululrdideniu



41

wuneing : 1Usunsy FFmpeg uas Praat a1unsaienlderuluguuuy Command-line
interpreter 1 Tagluauidsiiaunsasunldaumdsianualudiuvesns Synchronize

" o P
videos lanulani@eulay Python

3.3 NMTIATITVNALNENIYA Coordinate w84 marker

) - = - -

o & - - 3
g‘lh‘l 3.2 uamwumaunmmmaﬁuamwwm Coordinate ¥84 marker

- = 4. . 1 Sl i . Q‘:! o =
Tuduvesnslmssinaiionnyn Coordinate uos marker Uuazininlofiléainnis

@ L3

uiindhendeslnsimsidlefans 2 ndes wszanena Taeflusunsigepsadugnieas

ol .y
as

- =l o aa i o L] 5 o il v L W o
dvuynegndluinle nounasldindiasnganinnis@s g w1 as nih-wdves marker

o at - J - 5 { B 4 IJ'_ A o P 4 L) = =y L %
dmiunsilaseiiatumanandentitadesiinidmaislunsiesigiauanse

lunavssivesignmagey

& o 1] il Y - UL H‘ v | Nl PR R - : -3 I
Tupeun I ugelysuNTItUENIINMISOn TateTiv i vkt ludu

=, i € | L o A .- e Y d:s' o T TR o]
P9I TAATEING InafmlUsunsursEmiani i ainainedidunousneluil

o

31]"71' 3.3 uanslumau Color detection

= & i o v [y o a 1 1
1. In range : Wudumeuildn1snsadudvesing laenisimunviinvesduayyiemn

GII 5 al 1 4 a ! 1 EJ o 1 5 1 dl ) 1
gewazmuesd Mndunadnialdenduingitdludiefitmuaviny dudy g ﬁluag’iumaﬁ

a0 s

) & - o Py al P
wgnaneantuanamnateluiunda Tnelusnuidedidenldd@lusyuud Hsv wlesand



42

a i < i v ' = <
Auazideauariiiadiosnmuinnitszud RGB Fedildaveglurasesduuyiilosain marker

e
ﬁ'lmﬂuanﬂaﬂaw dgun

a

. & ] a [ = ] o
2. Erosion : Lﬁu‘fJUﬂE]uﬂLUﬂ'l‘iﬂ'iEJU‘U‘lJ']WU'SL’Jm‘UE]U“UEN'JWQ ENBNT1INEEUEUIUTUNIU

panlUanam Wuladesnnlunisussananalsuingady

z : g
3. Dilation : Wudumeulunsveenwinlnetudodiudldiuing doisvinsan

]

s

YPWIANNANDA IRy IusUNIULA234LY Dilation Tunisvensnwlddnarududnas

4. msm Contour ¥a3¥ng : \Wuduseulumsanidudensouzusis Tagisuanms

o v v ° o < o i & v ce )
Vm141]1||EJQﬂ']WVl@]E]QﬂTjﬂ'1ﬂLﬁuaauiauuﬁgwqﬂ'ﬁﬂq“uﬂq@]w&iﬂLL“UQ‘U‘U ] LaIWAINLEU

l:i a/ L @t
Eﬂ‘ﬂ 3.4 LanHaawsYeINIsua Contour UBIING)

5. MswaCenter of object ilfutumpuluniswigafnatvesgnUsadas ienian
Coordinate veignisveiainfeuiiluluumisiy 7 tanhllFss dunisadrensiie

WERINANTTILATIEMAUEINS oINS NS IR IRe W



43

Marker

o o lle] ] ;
FUN 3.5 UAMHaaNS U9 IN1IM1 Center of object

6. NaVWANgA Coordinate TuguWlustext fite' Allutumpulumstuiings
3 o i o
Coordinate 94, marker Niiavuluumnas framedvsuldlunisasansiiouanuanis

ATIEAUANNTALENTNGWI



aaq

(3 4.F.bt - Notepad
File Edit Format View Help
jho1.e 313.0
192.0 314.0
191.0 314.0
193.0 314.0
193.0 314.8
192.0 312.8
193.0 313.0
194.8 312.8
194.0 313.0
194.0 313.0
194.0 313.0
194.0 313.0
195.0 313.0
195.9 313.0
195.0 312.0
196.0 313.0
197.@ 313.8
196.8 313.8
196.0 313.@
196.0 313.0
196.0 313.0
196.0 313.@

) o

1M UUISU

@519 Lay

‘h‘hlh‘ =.
o
QAT A

AR o o &
| ™ UsUld |
VA A 15 1077
&y o
S
y i)
)



uny 4

NN1INAFULLASNANIINAGIDU

dnfuamadetuil lunsaasuiuldvaaeuludgnnndeuiomn 2 419 fe A
vadoumands 81y 23 U uwazgnyadeuinende 81y 80 U faguil 4.1 uay 4.2 mudadu
Tngrnansvageuildensmuanananisiinszimiuannsolunsmssiaiiung X fe
fumda X vesgagudnarignlevesitlifu Marker Favdeuudadlunumsidesvagn

NAADU LaLWNU Y A9 a19uvds-Frame

JUT 4.2 uansignyaaeuinavds a1y 80 U

U

TngnsnadaulUseaniturianun 4 vindudeuiussdelui



46

4.1 MSEUWINNSERIT9TaNY (Standing with feet together)

4.1.1 A5Ynsnagau

- v v | w & 172 o 13 o
ielilanmignnaasuseistanuiu lunsaasuaslifgnyaasudulusumisd

t 2

] 1% v v 14 14 £ [ ° 2
waInnasIuULusEey 1 wasuasnaesinudnulusses 1.2 was Amunliggn

v =

nadeuiuawiidaiuuiu 10 Jurdl laghilifierduniegunsaldrengs fgnnaaevasil

a I a W =
Marker Rinegjusianiaslnngiszun 4.3 uaz 4.4

= o O A
JUT 4.3 uansmsBunviRaasnslinniy

JUN 4.4 uanan1snaviniedesinedniu



a7

a4 a o ' & | Y
14,1.2 NauJaLﬂﬂUﬂu55%qq\3ﬂrgﬂ‘ﬂﬂﬂaUﬂQ 2 93478

Tunrsnageunisduinyeanstnedntu Ima’lﬁc&’gﬂmaauﬁmmﬁn%ﬂﬁ’umu 10

v
o _ e

a = 9 3 - € =t o v vy v
il loglaildfeArduniogunsnitiongs Faashiavedeyafildannisnaasulusuves

a W =
ﬂ'ﬁWWLkﬁﬂ\‘INﬁﬂ’]’i’}Lﬂ'i%'ﬂflﬂ’]’mﬁ"IﬁJﬂiﬂ'[ur"l’]iWNm?m’mWﬁ’N% 4.1

N:Qﬂ fNBENNNUULNAFDU NIALLEARINANISNAFDU
NadU
LAY
=, side front
91g 23U - -
250 250
200 ' 200
150 150
100 100
50 50
Lb o - +
160 160 200 240 250 260 270 280 290
- v oo 27 ] - ¢
gihn 4:5 WAAIN 1IN VINE DY NBIANUUDY gtl‘n 4.6, LaMINTMNENITUATIEN
{MadaumAng 07 23 U pnuaasalunsnsnlunisnaindisaes
Lo - o L2 - =l
YNIANUTOIHVITBUINANYS 1y 23 T
LIPS
A sde 55 front
91 80 U
250 250
200 4 200 4
150 150
100 4 100
S0+ 50

JUN 4.7 uaman1snavinieaesinelnfuues

AVAFBUNAEIY 81g 80 U

0 T T T 0 f T T
170 180 190 200 210 220 240 250 260 270 280 290

5UN 4.8 UARINTINHANITIATIZH
ANEINN5ATUNNTNTIRTUNTITINUATEDS

9TnUvBEMAFDUNARDY 81y 80 U




48

d = =l s € v 5 1 s
M5199 4.1 uanansilTeuiisunadnsvesggnvndeuia 2 taate
YL H U DIT19T AT
4.2 n15EULaNAUMI (Standing with eye closed)

4.2.1 A5Mn1snagau

= v v 1 Y & vy ° <
welildnmignnaaauatietaiauiu lunsmadeuszlifgnvaasuiuludumian
] v 14 v & Y 1% v [ ° v Y
vsannassnuninlusyes 1 wnsuasndesiudinduszes 1.2 was dvualiggn
173

nadeudunwihBaiu wdum ww 10 Jund Inglilddiermduniegunsaitiongs dgnveaey

=l - ] R ar A
zil Marker fineguinazinndagui 4.9 war 4.10

:I = QI a
UN 4.9 wamanseutIviaunn

cah

JU# 4.10 waman1sMawinvazdudardun



49

a4 o @ ' & o
4.2.2 NEIL:JE)WIEI‘UﬂuizWJNEI’:gﬂVIﬂﬂaUVN 2 Y41E

Tunrsneasunistudanduni lnuivualidgnnageuiurnarintaiu ndum wu

2
o a L] -] 8/

10 Junil Tnglaildflerduniegunsaltaengs Fasinauedeyaildannismaaeuluguues

a ¢ Y -
ﬂ'i’]WLLﬂﬂ\'!Nﬂﬂ'ﬁ’]Lﬂ'i']:ﬁﬁﬂ’ﬂuﬂ"llﬂiﬂiuﬂﬁiﬂiﬁﬁ’]mﬁﬂiﬂ’]‘i'N‘Vl 4.2

HgN FBYNNINVENAFDU NSINLERIANITVAFDY
NAADY
VWAEUN
ai side front
918 23 U X -
2504 250 4
200 00
150 150 4
100 100
50 50
giog ) o T T T
160 180 200 240 250 260 270 280 290
= - ¢
o - o b
JU 4:11 WananasBuiiavdumueds JUn4.12 LLﬁﬂQﬂi’lﬂNﬁﬂ’l‘i?Lﬁ“ﬁ o
VAOUNFAGY 018 23 AMsATNse N N lun1sE LT avdua
YDEMAAOUINANG 1y 23 U
LA
side front
=i 300 300
91¢ 80 U
250 4 250 4
200 200
150 150 4
100 100
50 4 50
170 lé(l léﬂ 260 ZIIG 220 0240 250 Zéﬂ 27‘0 léﬂ 290
o 4 A W 2 3 r
FUN 4.13 uananmstuiavaunivew JUT 4.14 uanansinanisiiasie
= = 1
nAABUIWAYE) 81y 80 U Anuanunsalunisnsslunistuiavdun
UDIEVAAOULNANGYY 818 80 U

A15190 4.2 wamansilFeuiiunadnwsvesdgnueseuns 2 ¥aely varBuilmdun




50

4.3 A19919NEaWIN (Standing one foot in front)

4.3.1 A5vnsvnadau

o

o v w ' v i Y] - ° Pl

welilanmignvadeusgetniauiiu lumsmaaevarlggnveasudulusumiad
1 2 8 i = % 9 7 I o v o
nannassuviilussey 1 wasuazndesdudiaduszes 1.2 was dvuelidgn
nageueyluvigu inisinavideduin uegluviniuiy 10 Jundt nsdldulaieg T4
aursanrm b anludreaminavaiuisadulé HQNVAdaUazil Marker Aneguiian

avlnnglaguil 4.15 uas 4.16

JUN 4.15 uandnasturnavigeni

JUN 4.16 wanIn1sIavnRuUUsR eI



51

= o/ 1 & 1 ot
4.3.2 NﬁLS.IE]LﬁFJ‘Uﬂui&‘W’J'NN:QﬂVIﬁE{E}‘UVN 2 1Y

Tunsvaaeumsturasindein Taefmualifgnmeaevegluvindu vhnsiiawi

i
14 = I

v A a A e o v v v
saduin Buagluviriiui 10 Fundt Jaaninauedeyaiiliannisnaaeulusuveansam

a o <
WAPINANITILATIZIAUELN SO LN HWAIMIUNTN 4.3

Hgn 08 1NNNVUENAFDU NI MLAAINANITNAADU
NAFDU
LINAEY
] side - front
91 23 U
250 250 4
200 4 200
150 4 150 4
100 4 100
50 50
] (1] ™ T
160 180 200 240 350 760 270 280 290
d -
o 4 Y/, <G 3 SUN 4.18 uanansmluanisiimsie
JUY 417 UamannaBunnavnpieliuey v
s =l v 1 b
N 2 ANNANMNTSALUNTN TN UNTSEUINYIRDLN
NAFDUNANEY 018 23 U
YDWVIAFDUNAWYS 818 23 U
LWAES
sde frant
918 80 U . -
250 250
00 204
150 o
100 100 4
20 50
04 0
140 160 180 200 240 260 280
o A v v ) o - P
U 4.19 UARINITEUINNINBLINIVDIY sUN 4.20 Lamns NNaniIsIAsIE
Y
o 5 @ p v o
NAFBUINANES 91¢ 80 U ANNEINN5ALUNNTNTIRR LN TEUINRBLYN
YDIENAFOUNANA 818 80 T

o =i = o ¢ £ o 1 o = v i t4
A19719% 4.3 LLﬁ'FI\?ﬂ']iLUiEJULWﬂUNﬁﬁWﬁ‘U@QE&QﬂVIﬂﬁBUWQ 2 YNV VUTLUMUNIRBLNN




52

4.4 nsguv1nafien (Standing on one leg)

4.41 AFMN1SNAEDU

dl‘ v 4 ] ol n'./! vy =l o (] 4=1|
welilanmggnvnaeusgredaiauiiy Tunsnaaeuazlifgnnaasubulusumim

Y

1 2 13 v a2 v v 2/ & o v
UNIINNADIMUNUNYUTEEY 1 LuaTaznaasmuanadusyey 1.2 LHAT ﬂ’mu{ﬂlﬂﬁﬂﬂ

v

v
o

- v a L BRY) a o ey - €
nageuiuriauies lasidenvrdiialn w10 und lngldlddemduniegunsaitionys

k4 =l = oA o =l
HQNNAaaUILil Marker Anegusianiarinneisgui 4.21

= ; - P, =
JUN 4.21 LERINISEUYINALT

4.4.2\ paiitiisunusziinsdgnuaseus 2 9293

T

Tunsneasunisiiuytadied Iaadmunlidgnvaasviiuandhases Tnaidenyidis
o w - = T P - sl = o v =l
nada w1y 10 Jun Tmu'l:ﬂ_waﬂfiﬂuw‘ia-qﬂﬂsmmﬂwqa Friziauateyanldainnig

= £ s =
WWHE]U.L‘IJEU‘UENﬂ IINUANINANTIATISTAEINTS ALUATINTININUAT NN 4.4



53

HEN fIDUNNNVULNAADU ASNLENIHANSNAFDU
NEY
VWAL
b i side sib front
21y 23 1
250 4 250 4
200 200 »
150 150 4
100 100
50 50
(/] . 4] ~ T T
140 160 180 200 240 250 260 270 280 290
= = - a
JUN 4.22 wamnsiurianeifeves FUN 4.23 wansnsvinanisiiasizu
HaFRUINAVEY 018 23 T Mg lun s lunisiuridafen
YDNNAFDUINANE 018 23 Y
WAL
i o
mq 80 ﬂ 1 ’ o side - front
L ? ®
250 1 2501
200 200 4 i
150 150
4 of
100 100 4
= 4
« 50 4 S0
/ =3 L X 0 Fe” 150 200, 23 240 290 260 270 260

-
JUN 4.24 UanINSEUTIVINGEITB

AVA@BUIWAEY 918 80 U

d -
JUN 4.25 uamainsminansinsiey
AMUAINISAlUNTN TR lunTEUT L AE

VOUEMAFRUINANAY 818 80 U

3190 4.4 uaman1siUTsuisunadnsueaggnyadeusia 2 129y vaiunndiasen




54

o ] < viov = =l = et
PINHANTNAFDUYN 4 N ﬁ]%LMuIWT]EQﬂV]ﬂﬁBULWﬁWQN 01¢ 80 U asdlanwauensw

o al

= & a nl 1 1% =
LLamwammmswwmmmmm’lumsmamwﬁm'iauu,aaLammnmmgﬂwmaaumﬂﬂmd
al a o 7 v a &l & 7

81y 23 U enadlanmauiainlaenilianesvesdgaisiinnisivoundamslasaainauay

=l oa o o o  a v o Al ' P

a3vinenuene vinlilsgdnsnmlunisussananadeyavessyuudssamdudanis q 7
d 2/ LY dl £ 1 1 Aj 14 ot ﬂl L3

m&rruaﬂﬂumimaaulmuaﬂaa aQNaﬂi:ﬁﬂUﬁlEﬂﬁimﬂUﬂu@ﬂLWﬂ’Lﬁlﬂﬂ’\'ﬁW'ﬁﬂﬂ’]ﬂﬁNUﬂm‘Uaﬂ

seuulsyam winn1gdenisnsailadie

YanaNLaInnIsdanananiIsnagevluvusiutavdauniwariiuvidiafen nuan
ANWENIIMULAAINANITIATIENANLEINNTIUNITNTIALETINTAULALL DY IWNINTUIINATSEU
Whaaasinadniu Fenalianmguaeniiaasgiiyimeaesinsliniu ggnveaauazdun 14

- o a =l i o & e 17 e a o [T 7]
mManpaun L luWEetineus1Biuiwinae wal Juimaivuniuianimuenis
759 Wendunndsdaalvilaussaninueiniivsianas layluvalsduynvisaasinadanu

w a Iy | i - N £ & er ol
Agnvageuarldnduilievmsassrnaislunning i Wetulnvude Tiaussnnmees

ANTNTINIANAY



UNN 5

d3UNaN1IuuasURlaUBLUL

o
as

= = d,,
AU YUU

at o du d = = - s 5

Ay Ainw BN sUsHIdiuANaINNTlUNITNTIAY. TINTRLUIN
aa a = - o alala ! " L ¢
N5398 wardananisussdiuiedinalulagniinagnuaziredensldnuanyssgnaldly

N15UTLEUAINEAINSO IUNITNG IR

5.1 d@yuwanisaniunis
d =t s - st at o,
1. WansudvanmsUsediupudanuisalunisnsidalaenisiananisussiiuees
L o ar £ 3 v oar ] d 2 - ar
dnmennirvaudr Aaladnvinidsunsiiwelavssdiuniiuaiutsatunisnsand luns
a o 1 € 1 ' . 1 - - ] .
Aameerldiluiveslad Taassuvatiy 3 dw lpsdnm 1/fie duvsens Synchronize
i (= o ol o o =i ot u".n L3 L L5 4 | 7
videos 1Jun158 A L a NUURNNANN SNAEBUNISNSIRIVINTY 20ad (ATuniianara1uYie)
a ol o a [ = b of o2 | & - | o 5 3
IneAnlendpinazfosimalaidswdud 9783 thadhanviinis Synchronize, uazaaudulvg

a =l a s 5 [ L J =) L4 - s d -
Falewiieniu nasamuuInludind 2/ Ao U901 AT IEHAINENI9A Coordinate 184

-l @

marker agihAateAildnRIsTuTingrndadnsfnifiofons 2ndes 11 Uzanana lasd
WUsunsuaznsaniugnletdvuniiegaioludile neuneeldnidaireganiunisides
Fro-vnuasi 8o vitin-vaaey marker ekl flunsainsiludiuis Ao diuveanis
a¥ansmiiieudnstan s iirTsiaaAsaluN IR, Rt text file AlRaNdunBUNTS
Iiasssinaiiiengye Coordinate voy marker 1aF1ans Wlasuny XAe fifn X v8egn

Coordinate U949 markeruas (A Y Ao a19uUDd Frame

2 ar t 73 - ﬂl [] ar [ ar ;l'ﬁ 1 -
2. mivnaealdiuggnnedauetaniylsibsaeiy Tunsailifedgnnaaauimemdgieny
al v a a d o a g 1y
23 U uazgjgnveasuimandisany 80 U Wavinmmaasumiuaninsalunisnsaiiaziiiuiile
11 AINHANTNAFBUN 4 ¥ gnvaaeuiwands 81y 80 U axildnuaizniwuanisanis
AAsrziANaINIsalunInsninIsduwazBeannnitggnnaasuinavdgs a1y 23 U
a o o v oa P & v a a
2135lauRuNtnenI luanesvedasTalinnswasuulamilasiainuasaisinenu
o ] a a v v w0 o o v o
218 Mlusednsnmlunisussinanadayavessrvuusramdudanieg ineiteaiunis
wndsulnitoyas dswansenusenisnevausielilanisnssinanyseivesssuulseam

WNRNMEEuMInsidilade uanantannnsdunsuanisnedeuluvastuiavauniuasiy



56

YIVIALT WUIENBULNIMLEAINANITIATIEVAUEILITDLUNITNS I N TTULaEL D

o/

wNfuaINNSEUWNTIERIt@aiy Feenalianmamainluvasuvinvisassdnsdaiu

a2

an
Y
a v < ¥ o = = Y o w oo v v = o o
nagauIrdum Tinsueuiunmuaniluisufisusedaivdannden udrdaianimun
FUFENMUDININTWN WendumIdanaluiianssanmvesnmssiianas wazlusuziu

wihvisaeatneliniy ggnvnaeudtlindulievinsaestnadiglunismsesin Weduuidraden

JansTnNNIBININTIManas

3. nsmiuannanIsiaspianuamsalumsmswhainndesdinudne viiuieadl
n1sdganuuraENY Inansadliadelanggnvadeuiinisidslunienunimie
shumds dunsminansansiinsaesiasanasasaliitmsaianndsunti Uiy
fin1si8eaanuuryaduialfauisaitadsldindgnyaasufinrsdudlunisinudienie

AUV

L T} =3 LY d

4. PINNANTNAEDUILIIULAIINT IMLEMINANI TR ATINELUITALUNITNT IR

I} o .y o o =i )
laannssuaunisndsnuluennfoisnsadimifiuseudisuanianunsntunismnsas

' v ] J as @ o o ar
seninaynaald Fadudumidunisadvaunisyinnwuestinnagnawdivn

5.2 Ugynsenineanisanen

TusywingilaAnyuaradonuduiitdamifatuaaninasUrelu

1. wwnidalumadeuluunsuluneuisn Ao msfinddnuugansiitgesgnnaaeu
Ve v v u - A ol = =

walilalavimsvaaetdnud Wistinaswuyinlviadinisidgdiladlduarssaenisng
naeslun1sdninlelnadtaauniuly dwalvidouruniessiiaanian Coordinate vas

& omw - 1o &l & A Miwvie - ¢ w € oo
marker twyilagnuarinimuiiuganst elavinisuinuate annguy Juniad Jadu
nmeamutdn anzuwndmans aondunalulagwsyasundidiaummsatnnsy s sla
nIumsvasuInmsfinmanvasnisiunnunsfinwinisussdliuauainsalunig
n3vagnvndauny Weliuadinisildsuulasluiisudndosuaz ssasnsinandesly

2/

nssmInlelnanuggnnaasulINnIuGy Isilranansaiinsssinaladisuasudugnguy

2. Tudvesns Synchronize videos agsasldluAniimnulidssgausidsssunaue
P v o i v = € v ¥ a a o A = o et o g v .
Weldssnlads alumsndeianuaudn Sdsssuniun F9aevinli@ainnsa Synchronize

videos ¢



57

Y | o a v 3 ay
3. srpEnTINNdeiiednifloggnnaaaurnieinnisnaaeu winanslussesnlsl

o 1 = | as = = g 2/ =3
winran gviivililanunsaneasiuy Marker laegnadniauiiiosnin Marker ivuinroutiuan
= =) 14 L dl oo % £ o 174
Jdpdimasregnsiendesnggnvnaeuiuingan tnslunuideilldszegnidasinang
gnvaaeuiunden unt 1 wns warsrernidlaginnndgnnaasuiundesniudng 1.2

LIRS

1
5.3 UaLdUDLLUS
aw o & nhLu = < v o =l [ aa
1. Turuddedutinanlannisiassnaunsauansiiiuiisataunu 2 36 ( x, y)
v - - Y 1w = -a
walunslgsuasanevlananuuueutaZiaiugl Msvdiunsauaaauny 3 36 (x , y uag 2)
Inuasiivselosidlumsidansnanisysediunndatu

LAcy s v o \ o = =l ot ]
2, 'Lumwﬂam Q‘.lilHlﬂﬂ"’rﬂ'l'i?'lﬂaadL‘WGL‘U'iEJ‘UW]EJ‘UﬂT!i.IE!"]JJW'iﬂ'luﬂ’ﬁﬂ‘idﬂ’l‘ﬂﬂd‘lnﬂ

al al =i »

a & § g " as, o i o ] -]
Jondriuiiisunuulesluuiasgnmegousaatiadodusauaie vy lsaluydulu

1
=t

RaUnd lsaEuussammnisniifIonay 1a dsasviatnuanisuse @luianainll Inedady

919kilaTuegivduiieted 1Rl fatl AaINg SIRaBUNUNQNYINER U1 IUNINTY



58

L1BNE1591999

[1] $ws vssaudauazaniy. 2553, Berg Balance Scale (BBS). [Onlinel.
wdaleiann - file///C:/Users/Admin/Downloads/Balance fall_and_quality
of life_in_active_and ina%20(1).pdf

[2] Tﬂ'samidal,a'%uﬁﬁ]ﬂﬁumamaLﬁdaﬁwmﬁ]mmwﬁ%ﬁqamq‘uaaﬂ‘szmﬂlﬂﬂ. Z55T.

wuuUssLilu Berg balance scale. [Online].
Wdalean : http://pirun.ku.ac.th/~feduacrp/accessment1/

[3] Tsmmeunaridnsgloie. @.0.U,).n95nee@a..[Online].
Whdaleann : http: /AW srisangworn.go. th/SSO%ASSO/Frame/Content/
Chapter04-295/tml

(4] Tsameuianagasugi. 2562, Asairtuytulufiaund._ (Online)
Wtalean https/www bumrungrad.com/th/conditions/meniere

[5] Tsamenuaaningesens . 2562 Teasuyulugsuluagay; [Ontine)
\Wtaldann & httpsy//www bumringrad.com/th/conditions/bppv

[6] HonestDocs. 2561 IsAduUsEaIMnIsnsan9niay | [Ontine);

\nelRaan : httpsy//www.hohestdocs.co/vestibular-neritis

[7] fisewa gaqBnuun- 2552, auduwus (Correlation). [Onlinel.
wWaslaan https://embedsigprocfiles.wordpress.com/2008/10/adsp.pdf

[8] 1uMT NNy 2550, 33uUa HSV [Online].

\wialnaan, : hitp://fivedots coepsuacth/=montri/Teaching/image/chap1.htm

[9] SAPA CHANYACHATCHAWAN (11.4.1.). Learning OpenCV: Contour. [Online].
Winslaaan : httpy/sapachan.blogspot icom/2010/04/détect-edge-canny-edge-
contour-opencv.html

[10] MarcusCode 2560. wugudn1e1 Python. [Online].

\WielAain : http://marcuscode.com/\ang/python/introduction

[11] OpenCV team 2561. OpenCV. [Online]. Wdiel@an : https://opencv.org/



\

()
20y

491 & d‘ v 9 o/ k4 d‘ = 1 QQ.II 1 ¥ o ¥ LY b4
wnasiiluenansianulidmiunsltanuienisinwintu eugalmihluldusslevdaunisi

lidnsdllagnsdu nvaiudlidaudanion uazdesdrsdadadesenasnnaiminisdiluld



Library NumPy

Num?Py

NumPy is a general-purpose-array-processing. package. It provides a high-

performance multidimensional array. abject,/and tools forworking with these arrays.

It is the fundamental package-for scientific computing with Python.'it contains various

features including these-important ones;

- A powerful:N-dimensional array object

- Sophisticated (broadcasting) functions

- Tools,for inteerating C/C++ and Fortran code

- Useful'linear algebra, Folrier transform, and-random numbef capabilities
Besides its ‘obvious scientific.uses; NumPy can also be used.aswan efficient multi-
dimensional container of generic data.
Arbitrary data-types.can be defined-Using Numpy which allows NUmPy to seamlessly

and speedily integrate with a wide variety.of databases.
Installation
- Mac and Linux users can.instattNumPy via-pip command : pip install numpy

- Windows does not have any package manager analogous to that in linux or

mac.

Please download the pre-built windows installer for NumPy from here (according to

your system configuration and Python version).And then install the packages manually.

1. Arrays in NumPy : NumPy’s main object is the homogeneous

multidimensional array.



- It is a table of elements (usually numbers), all of the same type, indexed by

a tuple of positive integers.
- In NumPy dimensions are called axes. The number of axes is rank.
- NumPy’s array class is called ndarray. It is also known by the alias array.
2. Array creation : There are various ways to create arrays in NumPy.

- For example, you can create an array from a regular Python list or tuple using
the array function. The type of the resulting array is deduced from the type of the

elements in the sequences.

- Often, the elements-of an array are originally tmknewn, but its size is known.
Hence, NumPy offers séveral functions to creaté-arfays with initial placeholder content.

These minimize/the necessity.of growing arrays, an-expensive-operation.
For example : np.zéros, np.ohes; np:.full np.empty;-etc.

- To/create sequences lof mumbers, NumPy provides-a function analogous to

range that returns arrays instead.of lists.

- Arrange  returns evenly spaced values within-a giveninterval. step size is

specified.

- Linspace :returns-evenly spaced.values:within a“given interval.'num no. of

elements are returned:

- Reshaping.array : We can use reshape method te reshape an array. Consider
an array with shape (a%;.a2, a3, .,:aN); We,can‘reshape.and convert it into another

array with shape (b1, b2, b3, ...,"bM). The"only required condition is:

al xa2xa3..xaN=Dblxb2xb3 .. xbM.(.e original size of array remains

unchanged.)

- Flatten array: We can use flatten method to get a copy of array collapsed
into one dimension. It accepts order argument. Default value is ‘C’ (for row-major

order). Use ‘F’ for column major order.



3. Array Indexing : Knowing the basics of array indexing is important for
analysing and manipulating the array object. NumPy offers many ways to do array

indexing.

- Slicing : Just like lists in python, NumPy arrays can be sliced. As arrays can be

multidimensional, you need to specify a slice for each dimension of the array.

- Integer array indexing : In this method, lists are passed for indexing for each
dimension. One to one mapping of corresponding elements is done to construct a new

arbitrary array.

- Boolean array indexing+This-method-is.used-when we want to pick elements

from array which satisfy“’some condition!

4. Basic operations: Ptethora-of builtsin arithmetic functions are provided in

NumPy.

- Operatiofis on single array :*We can\use overloaded arithmetic operators to
do element-wise operation on!array to create-a new. array. In'case of +=, -=, *=

operators, the exsisting-array is modified:

- Unary-‘operators.. Many unary-operations are provided-asa method of ndarray
class. This includes sum, min, Max; etc. These functions can also'be applied row-wise

or column-wise by setting-an axis parameter.

- Binarysoperators: These Operations.apply op-arfay elementwise and a new
array is created. You'can'use all basic arithmetic operators like + -/, , etc. In case of

+=, -=, = operators, theexsisting array-is modified:

- Universal functions (ufunc):"NumPy-provides familiar mathematical functions
such as sin, cos, exp, etc. These functions also operate elementwise on an array,

producing an array as output.

5. Sorting array : There is a simple np.sort method for sorting NumPy arrays.

Let’s explore it a bit.



Matplotlib : plotting

matpl:tlib

Introduction

Matplotlib is probably the single most used Python package for 2D-graphics. It
provides both a very quick way to visualize data from Python and publication-quality
figures in many formats.We-are going to exploré~matplotlib in interactive mode

covering most commeon cases.

Pyplot

pyplot provides' a -procedural / interface - to /the ‘matpletlib object-oriented
plotting library: It is modeled closely after Matlab™. Therefore, the majority of plotting
commands in pyplet - have Matlab™ analogs with similar’arguments. Important

commands are ‘explained with interactive examples.
Plotting with default settings

Matplotlib comes-with aset of default settings that allow customizing all kinds
of properties. You can control| the:defaults of ‘almost everyproperty in matplotlib:
figure size and dpi,line width, color and style, axes; axis‘and.¢rid properties, text and

font properties and so on:
Instantiating defaults

In the script below, we’ve instantiated (and commented) all the figure settings

that influence the appearance of the plot.

The settings have been explicitly set to their default values, but now you can

interactively play with the values to explore their affect.



Changing colors and line widths

First step, we want to have the cosine in blue and the sine in red and a slighty
thicker line for both of them. We'll also slightly alter the figure size to make it more

horizontal.

plt.figure(figsize=(10, 6), dpi=80)
plt.plot(X, C, color="blue", linewidth=2.5, linestyle="-")
plt.plot(X, S, color="red", linewidth=2.5, linestyle="-")

Setting limits

Current limits ofthefisure are a bit too/tight and we.want to make some space

in order to clearly’see all.data poeints.

plt.xtim(X.minQ*1.1, X-max)* 1.1)
plt.ylim(Caming) * 11, Crnax().*.1/1)

Setting ticks

Current ticks are'not ideal because they de not show the interesting values (+/-
T, +/-T/2) for sine and- cosine.,We’ll change them such that-they show only these

values.

plt.xticks([-Ap:pi, -np.pi/2, 0, np.pi/2, np.pil)
plt.yticks([=1.0, +11)

Setting tick labels

Ticks are now properly placed but their label is not very explicit. We could
guess that 3.142 is TU but it would be better to make it explicit. When we set tick
values, we can also provide a corresponding label in the second argument list. Note

that we’ll use latex to allow for nice rendering of the label.

plt.xticks([-np.pi, -np.pi/2, 0, np.pi/2, np.pil,
[r'$-\pi$', r'S-\pi/28', r's0S', r'S+\pi/2%', r'S+\pis'T)
plt.yticks([-1, 0, +1],



[F5-137; r50§, w54157)
Moving spines

Spines are the lines connecting the axis tick marks and noting the boundaries
of the data area. They can be placed at arbitrary positions and until now, they were
on the border of the axis. We’ll change that since we want to have them in the middle.
Since there are four of them (top/bottom/left/right), we’ll discard the top and right by
setting their color to none and we’ll move the bottom and left ones to coordinate 0

in data space coordinates.

ax = plt.gca() # gca.stands for 'get current axis'
ax.spines[right].set_cotor('none’)
ax.spines[top'].set- cotor(’none’)
ax.xaxisiset_ficks_position('bottom!)
ax.spines'bottom:set_position(('data’,0))
axiyaxis:set_ticks_position('left)

ax.spines['left’l'set position(('data’;0))

Adding a legend

Let’s ‘adda, legend) intheupper t&ft ‘corner,/ This-only reguires’adding the

keyword argument‘label (that will'be used'in,the legend box) to the plot commands.

plt.plot(X, €, color="blue", linewidth=2.5, linestyle="-", label="cosine")
plt.plot(X, S, coler='red", linewidth=2.5; linestyle="-", label="sine")
plt.legend(loc="upper l&ft)

Devil is in the details

The tick labels are now hardly visible because of the blue and red lines. We
can make them bigger and we can also adjust their properties such that they’ll be
rendered on a semi-transparent white background. This will allow us to see both the

data and the labels.

for label in ax.get_xticklabels() + ax.get_yticklabels():



label.set_fontsize(16)
label.set_bbox(dict(facecolor='white', edgecolor="None', alpha=0.65))

Figures, Subplots, Axes and Ticks

A “figure” in matplotlib means the whole window in the user interface. Within
this figure there can be “subplots”.

So far we have used implicit figure and axes creation. This is handy for fast
plots. We can have more control over the display using figure, subplot, and axes
explicitly. While subplot positions the plots in a regular grid, axes allows free
placement within the figure. Both-can be usefut-depending on your intention. We've
already worked with figures/and subplots without explicitly calling them. When we call
plot, matplotlib calls’gca() to-get-the current axes-and-gca in turmcalls gcf() to get the
current figure. If there-is-none-it calls figure() to make one, strictly speaking, to make a

subplot(111). Let’s look at the details.

Figures
A figure iy the windows.in the ‘GUf that has-“Fieure-#*s fitle, Figures are
numbered starting from-iras-opposed to the normal Pythonway starting from 0. This

is clearly MATEAB-styte"There are several parameters that deferminéwhat the figure

looks likes
Argumen “E:'_ __Bf;f(au!t“; J3NEA > // i
num number of fig ure g
figsize figure f1g51ze ﬂgure size in in inches (WIdtn nelgm)
dpi figureudpi resolution in ‘dots perineh

facecolor -Flgure .. Facecolor Color of the drawing background
edgecolor  figure. edgecolor‘ color-of-edge around the drawing background
frameon True draw figure frame or not

The defaults can be specified in the resource file and will be used most of the
time. Only the number of the figure is frequently changed.

As with other objects, you can set figure properties also step or with the
set_something methods.

When you work with the GUI you can close a figure by clicking on the x in the

upper right corner. But you can close a figure programmatically by calling close.



Depending on the argument it closes (1) the current figure (no argument), (2) a specific

figure (figure number or figure instance as argument), or (3) all figures ("all" as argument).

Subplots
With subplot you can arrange plots in a regular grid. You need to specify the
number of rows and columns and the number of the plot. Note that the grid spec

command is a more powerful alternative.

Axes
Axes are very similar to subplots but allow placement of plots at any location
in the figure. So if we want _to“put-a~smaller-plot-inside a bigger one we do so with

axes.

Imshow
Starting from.the code below, try to reproduce the graphic on the right taking

care of colormap,.image interpolation.and origin.

def f(x,.y):

return(l -x/ 2 $ X ¥ 5 +.y ** 3y X npexplx-* 2 -y ** 2)
n =10

x = np.linspace(-3, 3,.4* n)

y = np.linspace(-3;°3, 3 ¥un)

X, Y ='np.mesherid(x, y)

plt.imshow(f(X, })

Grids
Starting from the code betow,.try t6 reproduce the graphic on the right taking

care of line styles.

axes = plt.gca()
axes.set_xlim(0, 4)
axes.set_ylim(0, 3)
axes.set_xticklabels([])

axes.set_yticklabels([])



Multi Plots
Starting from the code below, try to reproduce the graphic on the right.

plt.subplot(2, 2, 1)
plt.subplot(2, 2, 3)
plt.subplot(2, 2, 4)
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OpenCV

GO

OpenCV

OpenCV (Open Source-Computer Vision Library) s releasedwunder a BSD license
and hence it’s free for-both-academic and commercial use: It has, €++, Python and
Java interfaces and supports Windows, Linux,.Mac OS, 105 .and Android, OpenCV was
designed /for “Computational. efficiency -and - with \a “strong . foclis ‘on real-time
~ applications. Written in-optimized C/C++, the (ibrary can take advantage of multi-core
processing. Enabled with OpenCL, it can take advantage of the hardware acceleration
of the underlying heterogeneous compute platform:

Adopted all.around the world; OpenCV'has mere than 47.thousand people of
user community:and estimated number of downloads exceeding.14 million. Usage
ranges from interactive art, to.mines inspection, stitching maps on.the web or through

advanced robotics.
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