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Thesis Title Application of digital image processing for health monitoring

from lung rehabilitation

Author Mr.Athtayu Yuthong
Major Program Electrical Engineering
Academic Year 2017

ABSTRACT

This thesis proposed an application of digital image processing for
monitoring the lung expansion therapy with the object detection from flow-oriented
incentive spirometer to enhance patient monitoring system for lung rehabilitation. The
proposed image processing system consisted of 2 steps: first; the circle object
detection for checking the validity of appliance position and second; the moving object
detection for tracking the object indicator of air flow in the incentive spirometer and
used as lung volume data. In the circle object detection step, the technical study and
comparative result of circle object detection were used with Gabor Annulus Wavelet
(GAW) and Circular Hough Transform (CHT). It indicated that CHT was the better
method which had the accuracy value in circle object detection from sample videos
as 97.97% while GAW had the accuracy value as 84.13%. The results of moving object
detection found that comparative result of image similarity with Normalized Cross-
Correlation (NCC) was the best object detection method for practical usage compared
with other 5 methods. NCC provided the lowest Mean Absolute Error (MAE) value was
1.38 pixel and processed in 29.92 frames per second. Moreover, NCC algorithm has no
effect with the illumination and it also can process with high speed for real-time

application.

Keyword Circle object detection, Moving object detection, Lung expansion

therapy, Incentive spirometer
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3. Breath flow sensing via spirometric instrumentation: pathology

prediction using a genetic algorithm [5]
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4. Real-time multiple object tracking in smart environments [6]
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p19maLAdaubUNNAILILIRS IS o luuNIATIoNa ka1 u1sansadule eaannalny
LaNAAUsENINInIne198auaznindagiuiilauinne vinliliaiunsansiadusiae

Background subtraction 141

: Finding .
Video . - Object
N Face N Face ,| Nearest )
D . o ; —* Templates
etection Recognition Bounding )
Updating
Boxes
A l
| Background A Bounding Labeling Object
Subtraction BOX_ Based > Locations
Detection Tracker ocations

ANUTENBU 1-5 A1AUN1T19IUYBY Real-time multiple object tracking in smart

environments [6]

5. Irregular moving object detecting and tracking based on color and

shape in real-time system [7]

unaruiitiauensnaduuasinmuniningainduarsunssosing lae
N395I93UNININGNIINANMEIZN1S Random Hough Circle Transform (RHCT) Favziin
nMsidengaamgnInmwevvesingiiieldnigagquinataassailvesingnsanay il
annsoaTdunwingnsanadliudy Fedenmnmingsaeds camshitt fuduisnisfiennu
aanBalaunsuvesd sihlissuuiiannsansatusasinmuniningangunsmosingua

v o w o

dvesingasansumsviulunindsenau 1-6

Edge detection > Circle detection > CAMSHhift tracking

Random Hough Circle Transform (RHCT)

AWUENBU 1-6 A1AUNITYIN9IUBY Irregular moving object detecting and

tracking based on color and shape in real-time system
6. Object tracking : a survey [8]

unauiidunisnunulaginzimaian1snsatulazinnunining
£ aa 1 d'a Ly d'> Y & 1 Iaaa d' [ a
Agdanisnnegiteuldlutdagiu Fwandriniuinlidiznisleiaiuisansiaduuasfinmiy



ANINglAaNyTalLUY UrarIaaIuligaiukaznfes AstUNITIATIERaN YR TngLY
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ANAdIEAGItuYeITRguarAINIUNEY n1stouriuiuvesing JududsdAyiidesnuuuy

'
I o (% (%

sEUUfanunIningazdevianudilaielnTginIsnsivunsaungadmiud nwas
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YIINQUATANINWIN BN
7. Circle detection using a Gabor annulus [9]

Tuunaudlatauen1sNITnTITUNININYNIINAUIINAINTNTIVIUIA

- v < s = & ad Ql'
vaeunauaulalagnisnsesnimalsiidanivessuisuniu Fuduisnsnauisasey
At Inanadlaanamveuvesingnidiaunsassyiunivenauliana gy
wleense vlinaansannisnsiaduanaundvevliauysaivse.dursnaundeuriuiuiiu
TnaNudug1nIIN1In393UNaume Circular hough transform 31NATNVBUVRIING W6
Fanulgymilunisseyarfwdsimuisandmiunisairvamannivessliswmuield

dMSURTIRIUNMRNALATVIIARANATUkas Ty lunswUsn e sE YU TR Y
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AMUsENOU 1-7 nan1sssysuriasnmgaddelidnvuzduainausie Gabor

annulus wavelet [9]
8. Real-time part-based visual tracking via adaptive correlation filters [10]

Tuunanuildnamfamsfinmunwinglaglifugiunsinanuediondty
sewineawdianlauaznmduiuusie Corelation filters uazisnisanauiianaialunis
Aamuingiissazideanslunminnisivasunlamdegnuadilagnisuisninduluy
sonidunansdiunarinanuadiondsfuseninanimiaulauazawiunuundazdiuse
Adaptive correlation filters udh3aszymumisvesingfosmumisiisin Correlation gefian

INNTTINNAGNSIN Adaptive correlation filters waazaiu



ANUsENaU 1-8 N1311A Correlation 91nNNSHUIN AW UL UaedIw [10]
< ao
1.6. UssLAuIY

FEUUUTENIARANINIINLARZUNATNALYNEankuUlTaIN15avinaule
ogeiiusyAndnmdednuasianeresingiiaulaluszuuiug iwu Snuazvesing sUwuY
nsindeufivesing salufenansenuainaninwinuIndon Fa1nnisdudunuinladl
memimléfﬁwmiﬂszﬁwﬁu‘%aaaﬂLLUUizUUUszmamamwLﬁaammmamsﬁuwmnmsﬁw
nenmUrdadenainaimnisiden Flow-oriented incentive spirometer fstilusmidsei
Felvimnuauladenisesnuuusruunatulaginaunmingfingauiu Flow-oriented
spirometer dadugunsaifiendondnnamaniveslnanionsfagavosenniaainnsmela
diofspeliianueatiussqegmelusostugiumisasan uazdssanuUiunsanfiintuain
Snsinslvaresnimainnisassdesgnuaafsnmusznay 1-9 vildnshanunanisiiug
mﬂmi‘v‘hmsmwwﬁwﬁmﬂammmmﬁﬂé’lmmimfsﬁuﬂﬁm?{aulmmaagﬂuaamzaam 33
veaudazaniafuanssty uazndouiitunioadluuufsfsanuigenislunssuen
wanadnlafiannsnasieunadls aziudanesiuiidenldfedesdimuannsolumsamaiu
wazdnaunwinglawdeutumaneing aunsavhauldsinsuazgndedluanmnndond
I unanssvuanuaarViourionsUAsuuUAIUB AN

(n) () (A)
ANUIENDU 1-9 AWNUIYDIUDaKAZN1TUSEUIUTNTINTAYDI9INANNNISIE TR

A. 600 aU.94 . 900 au.9u A. 1,200 au.9U



1.7. Sumaunaznisaidiuey

1. wumwnssunssuifsdeaiiofouditnsnsaduuasAamuingiessuy
UTEIaNanNINA83IoN1TAe

2. Anwiandnunzvesgunsalfiflegluviowaiauas@nyiisnisuszanananin
wigauiudnvazvegunsal

3. eenkUUsTUUUsTIaRanndmSURRnLnsea o aion s
USUmsUen 1Y STUUATIITULALAAMINING TEUUNSAWIMUTIINT

4. deuldsunsuusznanandmiuiamunsmeniniisadtentsiuy
Ysumsuan

5. vhmsneaeulUunsuLazlnTsinannaasaile TaUsE s nnuaym
TOUNNITDIVBITEUY

6. Usulguilunasifinysyansnmuesseuy

7. ajUnauazldgusIgaunITIve

1.8. AMNFIUVDIINYITNUS

a a I3 Ly dy Y o a dil’ a 1% o
awmuwuﬁawulmmLauamsmmmamiWquszUimmﬂammamam
watansUszananan nAdneauIUszendldnunmnisldanugunsalnsedunsiluldiunns
Yon logldian15n93unasfinmusdiunianisiafounvesing Wetnan1sAna ULl
nswndeunveingluldiiedwinmysunasienainnismelavesdtie laguni 2 a5uiy
VU VOINMAINDR NINTIRIUNWIRgVSINAY MSWTEuTBuANUATIEARIUYBININ
Y] ° ¢ v X a a & aa
WAZNANNITNINUVDIgUNTAUNTZAUNITHUNUSUIATUR U 3 L TUNIT98NLUUIENIT
A & ) aa A ] o W ¢ o X
naaeualdanfLskagisn1snvunzausen1snsiaduing lugunsalnszaunisiuy
Y3unsdon unil 4 AoN1IMAReIN1TNTIRTUN N IRgnIINaLLeLianleIsnaUseansam
drusunisiluldau und 5 1 unismeasdisnisasiadunininguasiadsuiinae
n3zUIUNITNLANAAUNTuaUT s uiguAuudug lunsseydwmiidnguazasy
NANTSIVE LA TDLEUBULTUUNT 6



uni 2
VO BUAZHANNTT

1uwﬁﬂdn§wqw§msﬂismawamwﬁ%maaLﬁaammmamiﬁwjmﬂms
yhnenmiinlen Tnefidenifvatestungfuesnmiineauarszuud madanenam
uazmsaanmveuesing JaduiuiulsineazduavesnmliiesonsUsyinanauas
uenaniigandnimguinsnsadunwiangieisnisiuenaeiu fe menmatunming
N39naun28 Circular Hough Transform (CHT) wag Gabor Annulus Wavelet (GAW) 13
asvduALUAsLLUaeInIngag Background Subtraction ta¢ Frame difference A5
WIsuguAUAA18AGINUYBININGIY Euclidean Distance (ED) wag Normalized Cross-
Correlation (NCQ)

2.1. AINAINDAALISUUH
3.1.1. ATNAINDA

aa =3 ¥ aw @ a 4 aa A o
ﬂWWW\]G]E]’ﬁLUWU@&JJ@‘I/I"\]@L?]UINEULL“U‘U“UENLZJVl’iﬂ"’(jﬁmiJGl [11] Tnanauay
LOILALMANVDUUNI NDULAAIDIVUIAVDININA VMDA TIA AU ULAAZLOILALNANVDILUN

Sngusefinwa (Pixel) WSsuladunuledosu0InINAIn0aNnIALAUAIAINNTNYDILA TS
ANULHATITTUUE

3.1.2. ssuud [12]

Toemlunniineaazdaiuluseuud RGB Fadunisamiuninfituiinan
ANUTLYRIasdLas 81787 wasdRuluguuuuvedumindasdlifdeuriuiuaiutusas i
6 = 1 [ v av v (Y] 1 a
AYDIAUTENBUFAIUITALUITEAUAMUTNYDIF AU 256 58U LALAaLwaluAINsE Uy
ANE RGB @11150WEAIANANULUNYDIE LAANANAUDY 16,777,216 SLHU

amszuvd RGB uiflsuliesannisuansdilndifesiuyusesndianiiy
AMARVUINNNNSHANFAGWUANIZIY ADFAS WWYILATUIEUY WAAIWSUSEUUUTZUIBNANN

¥

73M0an15kUaIAIALLINYRIE WS UUE RGB tUFIszuudauyinlrainuaiusatunissus

Y

SeaznvaIn T mUAsuLUadly

AINSEAUNT (Gray-scale image) LTun1suUasnInseuud RGB Muansds
AMULATULAR DA USENaUATAL T UN NN LAAIDIAIAINNEAI19VDILAILNE 9081 9LRE7
TR lUNINTEAUMNANNNTORUITEAUVDIANUATNABANA1ITY 256 SEU taafnwaniia
d' a0 ] a d' 1 d' a0 1 (v} dy a I
NFANANNT 0 AT WALFANAINNGAUANNINY 255 UANAINNUNTLUAININE RGB tUUN N

szAUMasaanIatlunsUsEnanan mAdIneaann1sandtuIuiiAvesteyalunind
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RGB M4aLAumeLvsndandifdouriuiuaiutulranasndouiswunsndassiniietuifen
Tunnsgaumiaaunis

Gray(x, y) =0.2989x R(x, y) +0.5870x G(x, y) +0.1140x B(X, y) (2-1)

e Gray(x,y) Ao AISEAUIN 8 AIWALS (x,))
Rix,y) G(x,y) Blx,y) e Arseavdlunnazesrusenoudvssnin RGB a auwnis (x,y)

sEUUE HSV 1Wun1shUaIAIANlduaINwAaseIAUsenauavaIssuud RGB
= | a | o PR v \ a Y a £
panluanddIu Ao dIuuandnyuEYadd Fwlsenaunieaand (Hue,H) AuAIAINUIaNS
Y947 (Saturate,S) ward1uLANIAIANNAT (Value,V) Taafiaandaiuisonusaantawiu
360 SYAUAIANNIT 2-2 hay 2-3 VURAANEN AD LAY LADY g7 NN LN 199 Larnauun
duandunendaniniu 0 Femnududuvesdluudaziandiuaiunsaseyliaina1ninuuigns
aa o PYEY] a | P ' a YR ' a P
999aNAUINlAIEENNNT 2-4 TANlUY9 0 B9 1 LULREINUAIANNEINIAIUIUBNDIAINY

1 Q‘ -d! o Y
ﬁ’JN“UENLLﬂQVIUi’]ﬂ{ﬂUﬂWW"Nﬁ']ll’]’iﬂﬂ']ﬂﬁ]ﬂﬂ@@ﬂﬂﬂﬂ'ﬁ 2-5

] ¢ ,B=<G (2-2)
_{360—0, B>G

0 = cos™ (R-G)+(R-B) (2-3)

2\(R-G)*+(R-B)(G-B)

S_1_ max(R+G +B) (2-4)
min(R+G +B)

V= max(R+G + B) (2-5)

255

= ] v & v = ~ = v a )
s¥UUd YCbCr Wunsdaiudayanindnsluuunisdanendeyaingaiu
1 4 = @ 1 1 I3 | L3 =

ANNAINeBNIINTaLad IneiuAIANainavesn nluasAUsEnau Y diussdusenaud Cb
wae Cr TUNNANANUINUDIFURULALFLAITLANAI9INAIANUILYDIDIAUSENOUE R
wae B TuSYUUE RGB A Cb hay Cr HULAAWRNIEAIANUIUYDIFNINNA19AIAINUE I
200l F9n15wUaININTEUUE RGB Wunmszuua YChCr anunsamuinlasaannis 2-6, 2-
7 uay 2-8
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Y =16+ (65.481R +128.553G + 24.966B) (2-6)
Cb =128+ (~37.797R —74.203G +112.0B) (2-7)
Cr =128+ (112.0R +93.786G +18.214B) (2-8)

ANV (Binary image) Wunmitunlaseiuanuduresdladuaessedu
fo 0 wamennddiuar 1 waneninden nsdaifudoyalasldfiudidesuaraiusa
Uszananaldidy dealidmivisenfinmavionguiiniaiidesnstunldiienisuszanana
AMAIBNATANIAALENNTNLATNITIINTNYBUVBIING

2.2.115ANYNAIN

3.2.1. Thresholding

n1sAAUENAIM (Segmentation) figausasdiieuasdeyanindifidnainy
duvesdfifiiuandsiuvateseaulidunmifiemanuduresdifissaesesulngldra
\uvesdrvils (Threshold value) iuiduTauvsnguiinieadiaulassnannguiinivadue
Tnehlunguiinieaiiaulaszgnivualsiilivindy 1 uaslifinwaduadiausindu o [13] #s
aun1s 29

1 f(xy)>Th (29

g(x’y):{o f(x.y)<Th

o 2 o =% & v ¢ o % ! 19 a0 W
W9 glxy) Ao nnuedalunadnsannnIsAnLenAINaI8AIAIUTNYEINAY Th
fixy) A AANUILNURIEANDIAUTENOUALA Y (U ALUs (xy)

3.2.2. Otsu’s thresholding

Brsmadaudsimnzauiudnuugnmsnszaneivesanudiuediiien
1##e35v84 Otsu (Otsu’s method) [14] FaduiBnsmardauislnenisasisdalnsunsuves
amiansaneuivessedudnnfinearammamelunmiagduumanuiagfues
Adud 91naNn1s 2-10 wddsAavinaTNvesa s duifinaszgniunan
Tty 0 war 1 deldmdautsiifidwifu Th faunis 2-11 wag 2-12 aniudemen
ArnuUsUTIuiinigaainnisléemdauisimuaidullddud 0 Fadusedumnududd
Avnanauds L-1 Judussiumnuduifdunnfigadiauns 2-13
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HAANTINITNITU R UAINTATEY ANTARUINLEioN THUaIn NG uTinwga
d' a PN~ o 1 (v d' ) %
naulaanamssuvdaiegliidunineiidii lneasgusivesingiaulaluainviasiila
TnaAganuanwauzmuluNWEAEANRALUNYINAY Th NV NAA1IANULUSUSIUNTAILIN
1500

p,=n/N (2-10)

| [

~ & i < Y aaa .
W9 p; A9 ANUIAZTUYDIAULUVNENNANNITY |
n; A9 INUIURNLANLAIANUTUAWINAU |

N 79 F1UIURNLANIAUAN1STUAIN

Th

go(Th) = Z P; (211
i=0
L-1

0,M)= Y. p 12

i=Th+1

A P 1 [ a a [ vy 1 -
e g fie HaTINvRIANNUIRzTvBsINwaignivuAlRlAWAU O
¢ Ao navamvesruiasduvesiiniaigninualidavingu 1

L AB TIUIUTEAUANUDUYDIENTA1UINTIER

o (Th) = g, (T) g, (Th) | (4 — 14)° | (2-13)
o’(Th")= max o*(Th)

0<Th<L-1

A 2 a ! ] I a PN ° v Y
D o A ﬁ?ﬂ'ﬂllLLﬂﬁUi?u53V?’Nﬂ§jﬂJWﬂL‘?JﬁVIQﬂﬂ']Mu@IMlIW]WHﬂU Owaz 1

4, A AlaferesnNUlivesdINinangnivuallidwiniu 0

o

4 A8 ARReYeInNNIvesEInTinaignmvualrdawiniy 1

Th' Al ANAAkUIYIIAIAUWUSUTIUEAIRNTIER
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2.3.M1585190NVUVRL TN

ANYaUBeTAg (Edge image) Ao Awvndiluansiinwadadusesse
semiunguiinadisiduandaiuinn Meazdeslunmysuvesinganuisauenisvuiauas
sUsrmasinglianmsimuslsifinmaiidureuvesingidviniy 1 uazimuslvinguues
finaidauduvesdlndidestuiidusiiu 0 [15] Fsnsmveuvesinglanusauslmdy

o o A

40478 Ao IBNMIMVBLVRININIILRYNUSI U UM aLaE s AU Inga1uddeiiun Canny

edge detection [16] Fadun1smveuveaninimeeyiussusuinianldilesanamaey
)

NAUYSILALANNITONTAVBUVD

Y

Y8 NAI19TUAILTBNIRINANTT8aLLDEATDIVBUIN

1 a -dld 1 Y a L ¥
nauinwandalnaddusiueentulauin

NTPUIUMIYNNUDINTEST WA MY UTBYINgEIBYes Canny ansnsawualsiidu 5
Fupeu Fanmdszneu 2-1 Tnedududenisansieazidonvesnniieiinseundou
(Gaussian filter) udr3smusuves Ingfeeyrussusuiinds niuisanuuinveuvediiung
a3¢78 Non-maxima suppression u&233ldA13autsuuuastan (Double threshold) 1iie
LenvauTeIng LA seanaIndnyaasuniu Mniusudousefinaiiianuituvedi

fianlugasszrninedaudanuvgosandriuiinaniduveunuiaswesing

Gaussian filter

v

Gradient computation

v

Non-maxima suppression

v

Double threshold

v

Edge pixel connection

AMUTENOU 2-1 NTLUIUNMTATNANYDUVDIINGAIETT Canny

NM1SNTDINTINAIYAINTDILANTIUNIONITHINATINVDINITUT LAY
(Convolution) SEMINAMNAULUULALAINTDUNNTIUAIFUNTS 2-14 YT IRANUAIVBIAT
ANULFNLAaingailanas a1unTnansIeazduavIedyyInsUNILLaEYIaINgN
UsulSsuurmrslidessiunnududvesinafidamlanmuanfineasy
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S(X,Y) =G, (X, y)*1(x,Y) (2-14)

18 S(x,y) AD HAGNSIINAITNTBININALAINTBUN T
I(x,y) An AMNAULUUKI BN INTABINSUSUTMS8UTU

Galx,y) A9 AINTDUNNTYUNLAIAIUAINTEAUNITNTOUTINAY O

nsAumveuvesinglasldoyiusdusunis (Gradient Operator) 14
Usglodananulaseifesesssazdenlunmuinasesdossnitaniniaguaznmity
n&elaun1391 Gradient w930 1WaNVOUTEI TNl ULUIUDY (Horizontal) LAZWLIR
(Vertical) faasinng 2-15 uag 2-16 iloMudavuiauazfiennaves Gradient fsaunng 2-17
ey 2-18

%MW=§smw (2-15)
X
a (2-16)
S, (X,y)=—S5(X,
(% Y) % (x,Y)
Mag(x, ¥) =S, (x, )+ $,* (. ¥) (2-17)
1| 3% Y) (2-18)
o(x,y)=t A AL A
boy)=tan |:Sh(xly)i|

510 Suixy) fie YOUVBIING b LINBU
Suxy) fie mawaﬁmqhum@fa
Mag(x,y) A9 TUIAVDS Gradient
O(x,y) Av NiFim19ue9 Gradient

YRS Gradient fdnwaziduraunining anunsavenisiunianeaidu
YOUVDING LAWANTANTUIAYVBUVBITING IU98977878 Non-maxima suppression @11156)
mdaveuiiludruiueenlulilnenisniuuaduiiiaigean (local Maxima) 989 Gradient

& Y A Aaa a ) .
LLagLa@ﬂGU@U"\]’m"\!@eLULLu"]Lﬁumllﬂ']ﬁjﬂq@ﬂﬂimﬁmﬁlﬂLWEJ’Jﬂ‘U Gradient

VAIINAAVUIAVBIVDU TN LU9a3MIE Non-maxima suppression HaaNs
NlagUsenaumevaulTveIinguavUaUNinTUINFYLIUTUNIU TINTAAKENVBULDY
THYEAIUALUIMUUEBIAIAIUT0ANAUEANEIALUNTTE YA UuaTng lalnenis

1 [ Id J Y 1A ! | aa P ! (% N
wisveuvesingeanluaungy InegldAdauuimfilangs (Thyg,) Weszunduvasweuingd
Faau IA1UARUIAIT (TH) Weseunquitlilyvauresing uwasseynguanyinedeiien

seninAdawiannasasmandunguvesveuingilidaiau
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nauvesvouingiilide Lﬁ]uﬂizﬂauéf’;asua‘uﬁLﬁ@%ﬁﬁ]’lﬂﬂﬂWi@ﬂ@'@%ﬁ@Q
LLamaUﬁLﬁmsﬁumﬂé’ﬁgmmumu %qmsﬁﬁmmmmé’ﬁy@miumuaaﬂmﬂﬁm%mjmﬁﬁw
Tamnsndanguuesveuingilidaauiudunievouiiesinguulfsaiunguvey
fngiitaauldlasnsimualifinealaglunguuesveungilidaiauisimunaiofuiy
nauveseuingidnauiuduvinemeviiwesinguarlifinmalaglunguuesveuingi

Lidaaunlideuseduinalunquueseuingfidanuduineaiiiatuaindyaiusuniu
2.4.M35739UANINYNTINAY
3.4.1. Circular Hough Transform (CHT)

nswUasguluuaenay (Circular hough transform) [17] A 35019715799V
aingnssnauiiieAumiuniaazsuiavesisnanlag lfusasfinia x,y; Tunwweuves
TAQUNUAIUNUIYBIRAAUINA1NANTAl R, F9ANNTT 2-19 WAEKARINNITIININANSAT A
HIURAR (xy) aggnazaumluumIndauida Aly,R) FIUIUDNEIS LI LA UTOUINANTUIN

A nnanuiialagaglusliazaiansassyduniaesingnsnadlaaafidniiinnis

Fouriuifuunniign
(x=x)* =(y=¥)" =R’ (2-19)
Tnofi X=X +R; cosd
ey y=yY;+R; sing

3.4.2. Gabor Annulus Wavelet (GAW)

'
aaa

NEAN1UBTIUIMMIN (Gabor annulus wavelet) Wuknidnuuvaefifi
Usznaumemidiuasuazdiudunniniivszandunainianidaniues (Gabor Wavelet) [9]
Feufinfgefidnwaziduwuings 1ineinniseeduuuinideouniuaivesdiudeauu

WA o, FULWIMAUENUAE o, TULWILAUAIRNN MEdnyurvesdyyI1ugU sin 38 cos

VUITUULTIGDUTINTZANBAINILAND fH fananslunmusznay 2-2 mugunis 2-20

(2-20)

2

,,{(X_XZO)Z(V—YO)Z} _
e oy oy el[Zﬂ'foX]

1
Glxy) = 2rno,0
xZy
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(n) (v)

amlszneu 2-2 BEnnues n. nnulinigavesavldnniues . AMEILATIWDLINER
AUDS

nsUsulgsridaniuesiiieldnsiaduniningnssnanaiunsavinlalaenis
wlasan x, y Tuaun1sit 2-20 Tveglusuuuusaivenianaunse r uaznszaefuLuunLgey
TULILNUTENLAZULIAIRINMIEA TN UANAT o faun1si 2-21 Fanaainn1suTuls

ammiﬁﬁﬂﬁﬁhdam‘%aLLazﬁ’m%ummwsﬂaqLUWLﬁmﬂizmaéfﬂugUwaamaﬂamazﬁﬂﬁ
@ Aa @ Ao I3 (v} LY} 1
LLmugmﬁuaqLJWLammaﬂwmzLﬂugmﬂLLmumLLammamﬂumeizﬂaU2—3

(2-21)

G(x,y) = o i

2rot,

Tnesf r=(x=%)" +(y - ¥,)’

(n) (¥) (A)
amlszneu 2-3 BIEnNUeT U

N, ANEIUTI U INEILAUANIN A, ndinign
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2.5.N115A57339UANU AL URUAIVRININ
3.5.1. Background Subtraction

11395293 UAUUABULUABIN NG I83T NS Background subtraction
18] \uisnsiondennuuansstusesd Fluuasfinealaeldisnsauiussnienmi
ndstunlusudagunieniimearduysaivesaiildainnisauiudend udr Tl
WisuiteuiuAdautsiaanns 2-22 wadnsainmssmnaainsotulfiiessysumie
suaqmwﬁﬁmLﬂﬁauwaﬂﬂmaLﬁﬂugﬂl,l,wsuaqmwsuneﬁ’ﬁ

F = >Th (2-22)

F-F

ref

3.5.2. Frame difference
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X,y

Sy~ ﬂ,vlzxgtt(x—u,y—v)—flz

18

(2-24)



19

uni 3
NNS9BNLUUSSUUKAZISNISNAADY

nTERNKUULAE NIRRT URRUNYUTeTE UL USEIaRAN AR R A
Dudmddgilimsimunssuvaansaildlutuimeiigndes saniuaznevausse
dszasdvaenisldnuszuy Tassadulufinnsanadudunisnesgnueaiivauniely
gUnsainsdunsiuyUiimsUaniigniesmusumisnisadoufiesgnueafiintusiouas
thnan1sAnaunisiadeufinndiuiamuunsueauastuiinnaiieldidudoyalunis
ﬂizLﬁuwamaﬁu@jmaaﬂ%mmﬂaﬂluﬁﬂ’;EJum'aziw

'
2 =

ﬂ’]i@@ﬂLL‘U‘Ui%‘UUIG‘lﬁJLai’]ﬂl%ﬁ%ﬂ’]i@i’mﬁUﬂ’]W’mt\WLM%J"I%&ZJL@ULWEN&’JU

q
=2 ¢ Y

nilireInisesnuuusruumsizn1seenwuuszuutudnludesidiannwindouvuesld
1w dnvagnisldnusazanuazmndenisinluldnu Jaduladenenvdmadeninugnies
lunsarafunmingla

3.1 n1seenuuuaUunsal
n1seenuuUgUnsalifiefamunanisiugannsinieannUenild
Fonldndes Logitech C170 fianunsatufinamadoulmiidaninuaziden 640x480 finia
Frenuiigega 30 wsudedund wasidonldgunsainsedunisiluyvesiunsueniu
TRIFLO® Il fildgnueadum ¥ uasthdudusudsnmmslvaveseinia degunsaiviing
Hugunsaindndmiunisnsedumsitugiinaseavesiaelulsmeiunaasuauaiuns
aumsionshinliilensinwinazneass ilosnnsaninsainadnéanmsinwuay
naassiluldnuieiuitheniglulsmensamwatuniunuazannsoiuaneuiuainnis
Tnunudlowaeimuszuulitasysaiindeduldlusuan

dnwazves Triflow MIunszuennaradnlaviilvinisuszalananiniiie
prduiumisesgnuealunszusnnanadniaenaiinnaiianainiled ingAitdlndlAs sty
fudvesgnueasgiundsnsrusnwataind deanunsaudlyldlasnisnuauanindie
msUszanananmaeslussuuladunisldndesiuazuvasiiiauaniioUssananame
auaieTingalaglififngdulausuniu winseenuuugunsaiwuillazanndenis
thluldanuaie Wesaniieliamnsadaunnduniinisaseivesgnueatiiesnuisesunis
asufuazdnimsinavesernmaililunismelaliduiusivanueindiglunisilnadule
é’qﬁ?ﬁ%‘miﬁmmmLLﬁ’{]aqummﬁmwmmmﬂfjﬁgmﬁaq?{maﬁmq?ﬁuﬁiﬂé’ﬁmﬁ’u%ﬁumgﬂ
veandsannsnuandiu Triflow livuglfrugunsnifensainegiudmiuans Triflow way

naed Ingldanniiddsnaindvesgnueaieliniunas Triflow fanindseneu 3-1 lagivue



20

TEE¥1195ENINg Triflow wagndeeiseey 20 9.4, Walindea1u1sadunnATaUARY
o e o ! = o = Y a S v & =
Auwndaiigaiaziunisgeaaignueaaiunsainfeuiluls annidadugiunaiuise
wasugelide azmnsensillddmedeuavauisaduildeu Triflow ladewmanzun
msthluldnuiefnmuranisiuyainnsineamdidavestunguitienidiuiuen

ANUENBY 3-1 PINEIMTUIN Triflow NADY kATAINNAT
3.2 N1599NLUUTTUUUTZUIANANTN

miﬂizmamamwLﬁaammmamﬁ’(luv\lumaw%mmﬂamimmimwé’ums
\ndeuiivesgnuaanielu Triflow $10udeansIaeunsinnsiumaseming Triflow uay
ndesidlununssdunarlufsniieviumisvienugawesnsassivesgnueaiigndas
Wlfiflerunnaston fdsdesdiamuanusalunsmanduiusazgedugauesnsly
g Triflow iethiwmisnsfinammsiadouilugsdainanlulfifiedmnamuiinsUen
Foviliudsszuveenldifuassdiudauanddunimiszneus-2 fe manmadunmingnsnas
vuringrgaiaiionsaeuanugniosesnisiansgunsallusudanndionisiasuin
voaupauRazgn i iuvdslindonimsaseuntsiandlussduieaugauesuea
wigniiusnglunmindmnugaviniunieliuazidessuuamaseunmgniowssnisining
gUnsalLdrsmmadunninguaziadeuifienisuena nesniduaudiuudingiam
funsveauoaTnamuardunieumandugnvesnslinugunsalilevgadunaunis
prraduLazimadnsannsiamuiuislyduinliinsUoanfeuiatufinnanio

iWSQWUNaLLdI}ﬁ%}WU



21

NIATIRIUNWINGNTINAL MTIAARUAWMIUINITINIQUNTAINNVMIALAL AL MUY BINUBATIIAY

{} 2

nsnRdunminguasiadeuit | Tuiindiumiwesuea asnamIndugauazAuInynsUen

ANUTZNBU 3-2 A1RUNITNINUYDITLUUUITZUIANANIN

3.3 ABn1maaas
33.1  MIATIRTUAININGNTINAY

INSnwaAuveIgUnIainsEAunsuUIInsUen Triflow Nusansenay
bisansadunaianisussanananimiionsiadunmingnisnauay CHT vie GAW
wldauiieUsslenisanisnsivaeunugniedlun1siniegunsaild win1snsiadunm

'
1 I

TIONTINAUAIY GAW alldruffesdnwiiidifuiieseyafiuusimunsaudanisns

Ady A 1

U U U A U d‘
AFTIIUNTWIANINNAUVUIANUANANAU AB W?LLU?O‘LL@%](O Tuauns 2-21 NAIUANATIN

319999013058 918FUarALAT8IN1TNTEINBFITBIRINTOIgUIMMIUR AR aly
AMUTENOU 3-3 N uay ¥ AEAGILUS £ Winfu 0.2 uinwm @ 36 o Alunnninswilienu
naresnisnszeiiiannnniuasdleisudisunmuseneu 3-3 v uag A Aldeiuds
o Wiy 10 uinw a e £, fidesnivhlinn e ﬂszmaé]’aLﬁugﬂaumaué’wmmﬁﬁ
flouninam ¥ Ssuansnsanmsasedunningnssnausie CHT AlFSunsanuiuaiamn
o8 19sioLles TedevinmaasuiioAnuinagsyyAfulsiivunzanves GAW lagnns
Aureinmnsnaniififafuandietudaug 20-20 fnealpglianauuazainiundaiig
uansnsfusazsnsnaaesislun Wi RGB ANTEAUN AT N INVBUYBI TN Mntudahen
wsimnzananmavaaedlulfiiiensiadunmingnsslu Triflow waziSeuiiisunatunis
asadunmingnssnaudie CHT Wledenldisnsfiafiand miunisnsiaaounisdniig
gunsal




22

AMMUTENBU 3-3 ANEIUTS fi’m?mmmwLLazu,ﬁnﬁgmaquWﬁmﬁfsLLUsﬁme@hqﬁu

N. o WU 7 hay fH AU 0.2 9. o WU 10 Wag fo v 0.2

A. o AU 10 wag fo WwiAu 0.15

N13MAaRInsITUNINIRgnIInadly Triflow T¥amasiaun 320x240 Win

wakazanallunisuszulanalaglddoyanimanizainaisarsdadudunisiignues

Usnglunmuaen 13988UN159A199UNTal UANSNAREIIUDIAINUAIURANAIAYBINTS

n93ulunmveureingilosnnuasasieuiinduuunssusnnatad naanalinnyeu

voeingiintuiidnwaenisiluinaunllanysalusaunsoanneunnuianaialanienis

° . v & a O o A o v vaa )
1 Preprocessing lngldUszlovilannisinasainndsduasiivinliisaunsaldisnisaudiu

% = Y] Y1 a I Y aa d' o a
ﬂ@ﬂﬂqwaﬂﬂﬂigﬂ@‘UaLL@\ﬁLLagﬂ']Wigﬂ'UL‘VﬂLLagfLsﬁﬂ']sUﬂLLUQ@'JEJ'JSW]?U@Q Otsu LW@LLE]ﬂ'JWQW

Llddunsoananiiunaaiduduns udrPsadrenmueuvesingmeingiieisnisves Canny

waznTRTUN M IngNIINaLfIwansaInuNsTieLlun ndsenau3-4

Red frame Thresholding
Image —p . > and
Grayscale Edge detection

Circle detection

Size
—>

Position

AMYUIENBY 3-4 A1RUNITTINNUVBINITATINTUNNIRGNTINA



23

NAYINNINTINTUIRgNTINaLTIUsENeUMETUIALAZAIMTaNINALYN
thanlfiflensivasummgndedunisininagunsaifauandunmusznou 3-5 lnedideuly
usn Ao wuiavernaniinraduldiaudesiivualndifestu Aofvuaussana 18-22
finwa lnefiszogiluueusswinaueagniivnils e uazaudialndifssfunastoulviiaes
Fosunslunndarensnaufinsatulduandrstutionndt 5 finia LL@%%NE!@%UG]@UM?
nyasuidiednsgunsalldignieauasdeioanfundt 50 sy

//// Sudy ////

SUAIVUIN AL LA

varunaunmdagiu

FMINLUINGDIN

lyignées

IAINMBUITEAU

Lyignees

LSUNTATINTUNWIRS
YzIATOUN

AMUTENDU 3-5 WNUAINNITINNUTBINITNTINFOUANNYNABIlUNITIAI9gUNTA]
33.2  MINTRIUNMWINGULLATOUTN

NILUIUNTAAYDNNTEUIUNINTINAIRINANTATIAUANYNABILUNNT

Jnnegunsalfienisnsiadunasinniunisiadeunivesuoannavgniiedadaduumunin
d' = < ' o = Y oA

n1siadeunluluIRvegnuaausazgnisLanslun nUsznau 3-6 laeiurun1nidudEde?

WY uae uansiurdsluiuiieesueagnivis aee amluwnuianfagIiy AINUNUAIN



24

LAAINAIUITOAIUIUMIUSUINTUDALADINNITATUIUNUN LA LN UATN BLAETATINTINAV DY

v 6

ameAnduiusiunisasedivesueaudazgn

MNUTENOU 3-6 LqumWmemmqqmﬂmﬁammmmimﬁauﬁmaqgﬂuaa

a vaa ) A A a YY) a ° v

nsdenldiznisnsiadunisiefeunininunzauiuingnawlaiilvaaiy
gniesuazAudaLladlunisseyimumiesgnueaiinnuuiug dwaliniugniewenis
AMUINUSTUINUALINEITY NS IEMATITN15AT39TUALUAEULUAIUBININAY
Background subtraction Wag Frame difference 35n1505233U9nauA28 CHT wagn1s
Wiguilsuanuaagafsiuvesningie NCC FagnianldlunisvaassuieAuniisnisi
witnzauiun1ssrymuisvesveainiigalagldusyleviainnisiiumisvesueansany
mﬂmsmaa%’umw"imqmaﬂaﬂwﬁ’umaumﬁmi’;ﬁlaaumié’fm'mqﬂﬂﬁajt,ﬁaai’wﬁ’mﬁuﬁuamﬂq
dy a o [ A A I3 [l [} & o w
WUNYDININTIFUN W IngUaziaFauNeaniluaudufuanslunmUsenay 3-7 89911n
voulnlagldiinangaaudnalsvesusaudazgniasveeiuilinseuaquiliriiNuea
aunsavpaeuniulalagldidaniofiungeivunnning 50 Anwadufunilalun1snsiasy
(Y] o a < P v a aa a )
ToguaziafaumzlurwIafinseunquiAivenauntvuInUsEu 20 WNWa WAz
TrlilAaNuiutouiusE NN I Iay



25

AMNUsENOU 3-7 N1331AYBULIATBIN1INTINTUANLRglERinIINYRaudnanves
Uea

1% '
I o

ﬂummﬂmimﬁ’@suaumwzqmmzgﬂﬁﬂuﬂﬂl?’fLﬁawmaaaﬁumﬁwLmu'mq@Jﬂ
UoauMgLARaufeIEnsAuandsfudanslunnysenoy 3-8 F938usnld CHT s
a5 TngAifidnvaziunsinay 35iaedldnisnmaiuanuasunvasuosnmie
Background subtraction Lleszyiuniswesgnueaiiiinnisindeuil 3fiaunsaduniu
\WasuwUawesnIwee Frame difference wagdumanuidsuulaseildnvausduisnay
¢ CHT wazldand Hue 91nesdusznaud HoV Wustiglunisssyanuasuulasdiil
dnwanifurenauuaziidmileurudvesgnuea 71T NCC wazmstufinamsunuunio
AmueausargnIazngadaiiodumiumwesusavaziadeud uarISAv1Y Part-base
NCC FaduisnmsfiutanmduuuuoendunasdiuudFdumituivienuadeadstunim
FunuuusazdLINNTigaLazFLLYeIN oSy UMIsDIURA

Circular hough transform

Background subtraction

Hue value

A 4

A\ 4

Frame difference Circular hough transform

Normalized Cross-Correlation

Part-based Normalized Cross-Correlation

ANUTENBU 3-8 I5N1TMTIVTUALAUIUDIUDATULLARDUNN LY UNISNAR DS



26

Fupounisarndunimdne CHT Iuadnddufitavosuosusazgnldlnenss
uinadNINIEMsduTLufomunTzUILMIARLe NV B UsTInaNA AL ST Ui UL
YDIVDAIUNASNS1NTS Background subtraction Tuaindsenou 3-9 fanwauzidulenay
fuuu Aeiduiiufivennavarnamlumsudeuniiuazamvesnaslumsutiagtuiiens

[ 3

UgUuamudy a1 ausunIuYvEIAGN JaN1358UAUMIIURIUeaaIL1 T lAlAsARLENLEN

T o

% A

lWIziundauIauInNnINuNATIYsenaun e fdndygusunIuLazLaonien

& A L o 1 ) o 1 Ly
wunneglumuvisgegalunmidudunisesvealunsudagiu

ol

o0 0@

f. 9. f. L

ANUIENBU 3-9 F5N1TMTIIUAILNUIUDIUDAA870 Background subtraction

A.AMHSUNNTS v.AHsui@es A.RaaNEaN Background subtraction
3. HANIITUMUMLBaNUaaIINRoulunivun

nsnTatuingiiiadoudisng Frame difference ansnssyfiuiidaina
Wasuuladldannismarduysalvesnadissenitanmlumsuneuniiuazamluisy
a9t Tnenadndannnszuauns Frame difference finnuuansnanuguuuunsiadeud
yosingisnndszney 3-10 Anadwsanmsindouiineauniiiidnuas adenss duns
Aevdodurnailiauysal uasnadnsannisiedeuiideanigeiliAadunm
Nﬂaugjsummﬁﬁé’wmzL‘f]mmamﬁamyaaﬁ%qﬁ%amﬂiﬁﬁa’mLﬁmé’tyzymiumumﬂL,Lma’i’mﬁ
WasuwUasnziinsmaaeazudinninnadnsiiiaduidnumzadionadnsain
Background subtraction uinmsszydumisiwiaewesuealiannsoldfouludeaiuiuis
Background subtraction fidanieniuiifiogludiuniagegauldld wunsdilueadids
\dousiag ﬁ‘hLmﬂqﬁLLﬁﬂ%wawaaﬁaﬁuﬁﬁagéﬁua'w aviiudsiosondunisUssutanann
anfuifioszyiumisiaisesuealagld CHT WessymnuiAsuulamwosnmifidnuas
Hursnannnnmveuvesinguarliaadevesdluesduszneud Hue seydumisniiy
LﬂﬁlEJuLL‘tJm‘ﬁL"f]mqﬂamLLazﬁﬁmqﬁuﬁ’uﬁﬁuaagﬂuaaﬁamwUizﬂau 3-11 $a01W N, LARIHA
MnMInTadumsasullasiieg Frame difference M . uanssansnsadunning
n39nnam 0. Ineradnsilisznouseiuiianudufeduiinielunseuduns i



27

LAZALTET WAZAIN A. ABNANEIINNITIYAWALIVBIUDAAIENITUIALRAL VBN
MauudnfenieiutunseudiRuddladninalAesivavesueaniniign

~
@

f. .

ANUsENBY 3-10 NaMINTIRTUINgNAGRUNMEY Frame difference

v [ PN = Ay & o [V [y N M Ay <
ALARANTININVARDUNIAIYATIINLIINT “U.NaaWﬁ’iﬂﬂ’mq‘WLﬂﬁ@u%@'ﬂ&lﬂ’J’IMLi'JQﬂ

f. 9. f.

AnUsENaU 3-11 MITEYAUNLIYRIUDaIN Frame difference

N.N1MINT3 Frame difference 2.nadnsa1NN5LE CHT
A.NAIINNTTEYIRUtlagldr1Rievesd

nstufinamgnueavneugaiuadld NCC ilefumiuiinfaundronds
funmgnueaduwuuINNTigafsnnUszney 3-12 TinadwsAsununnaes Corelation 7
nanInLAEEAdsTusEMIemUsanazawitaulalnaansassysuisvesuealdain
fifnfTAn geanluununIn Correlation LANANIR1NTS Part-based NCC fiutsnmguuuy
aamﬂuwmﬂahul,ﬁaLL?TIGU{]ﬁgmmi%’auﬁuﬁ’umaﬁmqw%aiuﬂiaiﬁﬁaﬂfgmmﬂLLaaazﬁauuu
nszvenwanadnviliauwiuglunisssyiuvtsanias dsmaannnisutanmduuuy
sonlunarsdiuilinaanslunnunin Correlation LanmumisvosuoaludIuA199As

amdseney 3-13 Mlunadnsdslianmnsailuldifiessusumisgudnasvesueald



28

. 9. A.
ANUTENBU 3-12 NISATIVTUATLNUIUDAIINANUARIYAFINUVDININAE NCC

AAMNAULUU U.N1NNREULD ALNUAIN Correlation

AMNUTENBU 3-13 NFATIVIUNINAINANUAANEAFINUNIE Part-based NCC
AAMMAULUU U.HANITHITIIIUNMNGIY Part-based NCC

MITPUAUMULAUINANYBIGNUBAIINTS Part-based NCC anansavinlalag
N359UHUAN Correlation MNAMAULUULARZAIII BT ULALTRIINANTITYAUMLIN
Liduiusiuseninanmdusuuusiagduisdeserdunisideuniiaiiedemuninadnsln
AuuSAUAAUINAIYRIRNUBA AININ AINUTENBY 3-14 FILaRIFULUUVBINITLUININ
v ! A 14 v I o v adq 1 v
sukuuildlunisveaess Aeldnmauiuurualngd@miuis NCC LaghiainmaukuuIuIe
Tngjoanduddlugluvuvesdindsuaniauazdmaeuiuindmiuls Part-based NCC &4

v 4 ] Y ad ! ¥ « a v k4 [} s
HAGNEIINAMNAULUUEMSUTT Part-based NCC usiazguwuudsaiauiiiainganaudnans

vpsnsnanslunmusEnay 3-15



29

2v

. ©. A.
AMUTENBY 3-14 JULUUYBINTNAUKUY

N.ANAULUUTLIA I U.N1TWUSEIUA WAL UUTUR AL Sa
A.NTUUIEIUA UL UUTUAMB g RN

. 9.

AMUsENBY 3-15 Mnuansiiaflddmiunisideunnunn Corelation Wgan
AugNaNa

nddalunmeuwuusURmasNansa v.AdnlunmauwuusUAmMBUELEN

ilevinsideuiidaudevnasiuveununIn Correlation INAMEULUY
wiazduilevmumsfiuviaswesgnuea faunns 3-1 @1 N Ae Sruaudriuvesn ULy
R' Feusunw Correlation 91AN15ANNNT 2-23 i1un1sideufidauay C' Aonasiuves
wHuAN Correlation IMNAMFULUUULAAZEIU

N 3-1
Ct-R! (3-1)
i=1l



30

M35AUYeILHUA M Correlation ilvidnsndiuvesen Correlation Usian
Augnaavesingiiuasduiliaifisufiual Correlation USIINNBUYDININULATANTITAUN
o | oAa t [y o ! v o ¥ <
Aundaniiarganluusunin ¢ lldessydmunisvasinguazinluasraduununn
LARINANITARAIUNNSIAGRUTvRgN Ao A USunsenvaeldeugunsal

3.4  n15UsSEuUsSEaNSAINW

n15Usziiiuyseansnimvesssuviamunan sy vesTuInslanain
TURBUNINTINTUINgNIInanluiite 3.3.1 Tdn1sinr1auuaiugn (Accuracy) [20] Litadn
A1AUYNABIlUNTTTEYMUMLIYENURAAINTALEAIBENE FIAIULLUEIVDINITNTITTY

ANINIBNTAN @ TaANALAAENNTT 3-2

TP+TN <100 (3-2)
TP+TN + FP+FN

Accuracy =
ile TP (True positive) An §1uruv8IN1sATIVFUM LML IwRIgnURaiiivuIninAuTAdl
Wwnelagnees
TN (True negative) fie S1uruvenslinsiadusunimwesgnueaiiognueaiivunaiunii
Smdiimang
FP (False positive) fio $1ururasnisasaduiumiswesgnueatiiegnueaiivuiniiunin
Smildvung
FN (False negative) fia $1uauvesnishingradusuniwesgnueaiilegnueaiivunaviiiu

v
SEdvvang

ﬁm%’umiﬂizLﬁuﬂizﬁm%ﬂwwmwzwammmamiﬁuwjmmﬂ%mmﬂam
MnduneunisasTaiuimuusedouiiluduneu 3.3.2 Tnsindiadevesrueanniou
duysal (Mean absolute error, MAE) [21] WierSeuifisuannugndedunisszysiumiisgn
UoaIINIENInTIaTunTUsaTITIA e uTin 3T R andnleronun TneAadeves
AruAmAlAdpuALY s NUBaTIa LA IRTof Il AisaNn g 3-3

1 13500 (3-3)
MAE:MWZZ‘X” - X

j=1 i=1

= A o | Y Y P o A Y A
e X g suvdivesueannkanInsInTunming X' e dunisiuiaswesgnuea N
Ag PUITHNIAleIMAWTIITUANIRG M e I1wINvesgnueatellaviiu 3



31

uni 4
N1SNARBINTINIUANINNIINAY
4.1 msAnwdfulsivazaudmiunsnsaduingnsinaudie GAW

ANSNAADILAENISANYINATILAATUINNNITIY GAW LNDHSTIATUNININAUN

[

gnduaszivwdusuimianilangaglisaunsarianudilagleuunieanuduius

Y

'
a a 0 =

FEUIN GAW AunIwIenan aglseansnimvesiinsesiiinasenisnsiaduninisnanla
Faunnsneaedisddnmasnanditauaraiifiunndsfuuunmeuin 150x150 finwea @9
mwaaﬂamﬁgﬂé’ameﬁﬁﬁuﬁﬂssﬂauﬁummam%’ﬂﬁmmm 40 35 30 25 uay 20 ANLYa F9un
azauIaUsznauienauaaainduuiiundsfifAunnseiuind Tasawienuniaggn
Banldlunismeaemaiauduiusiivunzausswin £, o wag r 3InNIUsEIaNaULY
AME RGB AT AUWNUAZAINYBUTDIING

ANUTENBU 4-1 HI98719NININANAILATIZANITEUTUNITNAAD

4.1.1 MINeanslunInTEAuWN

GAW Flddmsunsrasunimisnausail 40,35,30,25 way 20 finwwa GRS
FUANAUNNTA 2 ST rp AElANYINAY 40,35,30,25 uay 20 muddu 1neld o uaz fo i
wanAsfufiedumA i gauden1sn 5195 UNANTWINAIY 21NN TERUMLABNTS
Wasuulasdn o 9nAY 4 9uds 22 Fensdsuntasndaas 0.5 wazdsunlase fo
adtaz 0.02 90 FedlAwviniu 0 aude 0.4



32

Gray R=40

140

120

8
T

Amplitude
8

AMUIENBU 4-2 HANNSNTBINTWINANSTAT 40 NALLAINATNTZAULN

. MNKERIANNFNTUSTENING o Uay fo vIbiAnkeunGRganiaudna1aenay
U, MNRARIANNTURUTTENING o UWarlaundyn o fundaudnaasay

R=35 Gray R=35
0.45 120 -

Amplitude

ANUTENBY 4-3 NANIINTOINIWNNAUSAN 35 ANWa IINAINTZAULNN

. AINUAAIANNENTUSTENIN o wag fo MnAnLeundnananiaudnalsnay

Y 9

U, AMUAAIAVUFURUTTENIN o UAZWOUNEDA o Fwvisgudnanay



33

NAIINATINTEINTNINAURIE GAW Tiadratusaasiuds O uaz £, Ml
WANFNAUUUATNATNIZAUMILEAIFAININUTZNDU 4-2 Uaz 4-3 Lagnn N LaAIAUENRLS
5¥Mi19 O uay f, MvlMAnneunagagefian a dumisgudnatsisay 2w v uang
ANUAUNUTIENING O UazUoUNE]  siuvsaudnaneieay MMM O uay
fivhlfAnuesmdgaiigaiignanamasnauusasamiduiialndifestu fe o feusana
7 wag fp AAUszanad 0.3 Lwisummaqmewégmﬁﬁm%umnmsmaqmmqﬂamﬁﬁ%’ﬂﬁ 40
fidnunnninisnsesnmanaudisisad 35 Lﬁmmﬂmmmanqﬂamﬁimgﬂd’]ﬁﬂﬁﬁmﬁﬁuﬁﬁ
douiiufuszmineianges GAW uazitufivessnau uenanimuinoundyaaininauuis
amduiandniunfidesaindvesnminatuazamitung A lndidsafugulunim

WNAUAMUUNNAUASIFLN

4.1.2 NM1sNeaaIlunNINa RGB

n13nseanImIInanlunImsEAUmMIIY GAW lia1unsofrIueundgnves
2anaufiddlndAssnuiiundseonuildunnwe Fee1aviilinisnsaasuninsnauinaay
Aanaalunsdifinsradunimsnaufiidunnmetundouiu F3n1305090IMNNANIINLAGY
03AUTENOUAYRINM RGB zsinlisnannsaifinyTunadeyaluduvesainuunnsieiy
sywisdnauuardiundnnsmuinlaenseinurasesdlseneua

AMNUTENBU 4-4 NANISNTRINININANSAL 40 ANLYAaINATNE RGB

N. AMLARIANIENTUSTENIN o ke fo IV lRAaweuNEYRgegaiaudnasanay

Y 9

9. ANLAAIANUFUNUSIENIN & LAZLBNNAYA U GTﬂLmﬂqgms?ﬂmaNau



34

R=35 R=35
120

Amplitude

AMNUTENBU 4-5 NANISNTDINININANSAL 35 WALYa INAINE RGB

a

N. MNLAAIANNENTUSTENIN o uag f MYIlTiAaLeunARaWanidudnatenay

Y 9 U
3

U, NNRAAIANUFURUTTENING o Uarlaundn o fvaaudnaIaea

Y

HAIINNITNTDINININAUAY Gabor Annulus wavelet NEF19TUAIAIUUS

O ay fo NMIAMANANAUUUAIN RGB LAAINIMNUTENDU 4-3 wag 4-4 Fanuina O uag fo 9

iliiiawaundgaangnanamnauusazamtuilenliivisusas Ao O fAdseunu
a ] a - a1 e | a o a &

7 ua fo dA1Uszann 0.3 udlauunagnvennauiliagiaifinitunfduaziaAigaduau

InalAgaiukoundanaNINANBUA

MNNANINARDINUT O uay £, TvilhAnuoundgaiigefiaaiudawmiity
eluninsziumarnmd RGB win13th GAW lulddmunsiadunwisnaudsneg iy
auplsiaenladan o uag f ﬁv‘iﬂﬁuauwag@ﬁLﬁmﬁuﬁﬁwiﬂﬁLﬁaaﬁuMWﬂﬁqﬂ §9 Gabor
Annulus wavelet 710 fid1 7 uaz £, 361 0.3 amwmiﬁwaﬁwéﬁﬁm@aqﬂlé’ﬁq waLile

ﬁ‘\]’?im"lﬂ'ﬂmLLG]ﬂG]’Ni%%’j’NLLEJiJWé‘;’JJG’I“UEN’Nﬂ@NLLG]Iﬁg’N’LiWWU'j'W AANULANFA1AUNINLED

£%
=

\Wguiuleunagnmiinduainnslyan O luie 10 s 15

AnUsEnou 4-6 1unmfegeiianisaesursauuAnsreInsle
GAW Tunmsefumiuaznwd RGB dwiulsnanifismiivinfunazfidunnsrafuld Tnenns
AunanoundgaiiAntulunmusenou 4-6 uay 4-7 Feuanwmadndainnisld GAaw lunw
TEAUMNIUAEAINE RGB n1ud1iy Lagwounign o 9aaudnaladnauveInaansainaIm



35

9 & A I a & o poa = =~ v o a ' S aa
srAUMTuIAEINdUTIMNUNEY uiiilalUSeuliiguniuiuweundnseninaenau id
WANENAUNUIAMBNNFIATANUANAAULN #1999 INNaaNSTUAME RGB NIUsEuIaNa
NBIAUTENBUALAY W87 kaiily wahnan1suszulas ey v ikeundgnves

1 ISP Y a v 1 o ¥ d" % o Ao
wnadusazadialndfssiu wanzdenisilyldanuiiensiaduirnandiuiuin g
wansnsiuaglunmfenduuddnludeddialunisdszananaiiuyy

ANUTENDU 4-6 NN INAUAIATIZNANNSUNITNAFDUNASNSUBIATILANAIIA WD
29Na3

AMNUTLNBU 4-7 HIDENNAGNTINNNITEY GAW TUAINTEAUMN



36

ANUTLNBU 4-8 A29819NAaNSANNNITEY GAW Tunna RGB

4.1.3 mimmaaﬂumwmawaﬁmq

ﬂ']ﬂf}\laﬂ'ﬁ'Vlﬂa’ENﬁBJ']U@J']WU‘{jQJMWQWﬂﬂ'NﬂWhQSU@\TLL@@JW%%WU@QJW‘W'Nﬂailﬁ

IS - P % Aaa ! [ ddglj v a 1 (% = 4

5AtieinAy 1He931nN15R513TUNINNaNATALAnAS A uLas IR U I NLAnA1anY Fanisley

Canny edge detection tioutasnmszaumniunnveuvesing uwdih GAW unldnsiadu

JNNAUIINAMVBVTBTING Fzaunsaanlymiliintuandnuandeiuladmanismaassly
N

v

AMUTENOU 4-9 Fanuuoundgavesaaudnatsanauniiafivindudewoundgaiviniuy

'
== a

lng O ALANVINAU 7 Uag fo NHAWAY 0.14 anunsalinaansnilAuounayngeign

gray edge gray edge

R=40 R=40
R=35 R=35
R=30 R=30
R=25 R=25
R=20 R=20

£ 016

Amplitude

20

AMNUTENBY 4-9 HANIINTBININNINAUTALAIIT INNINVBUVRITNG

a

N. AMLAAIANINENTUSIENIN o Wag f M IAAaLeunaInaianfiaudnalnay

Y 9 Y
4

9. AWLAAIANUFUNUSTZ NI O UATLBLNGYA B AUMUIAUGNANI9AY

Y



37

Fefinnsananumsnzausenisil GAW Tldnuiilensaaaeuanugndes
Tunsdnnsgunsaidsdndudosnadugnueanatsduazdvuiailivtueu nsiden
Uszananaannmwauvesingiianunsaidndgmisesdvensnasindumadenivanzay
uigsnaFpadnuwAduUsildlunsaiisianges GAW evhaudndenounageiiiniy

Aay = Y
IANNAUNUIAULLANAINNUY

4.2 N13ANYINITNTINRVUINGNTNANARY GAW Tunwuauvading

421 MSNAABIUNNELASIEH

Aoy a

N13NARBALNITANYINITNTIITUTNGNIINAUNTTATUANFASTUAIE GAW
Tunmveuresingldnmasnaudaameifidvuiadeud 15 s 45 finga Tngldaduys r
o uaz f, Tunnsadu Teenislden r, flnddsatusuinvesianauiifngdsussanadaldan
fo ToBNINUUINYEIINAY 3 Ainwa wasLiinen r adiay 0.2 QUﬁﬂ%UWﬂﬁIM@jﬂdﬁ‘UU?ﬂ‘Um
2enay 3 finia Tnelde o 91n 1.4 audls 12 Mensdsuwlamsay 0.2 waglden £ aan
0.10 9ufls 0.42 Frensasunlasnisay 0.02 Fwasnnisnnasdasldnmsiddouula
Al siaudesannienagvuasieqlinaiiuualdululunafer fuduansy
nUsenau 4-10 %qwﬁagﬂﬂﬁué’aLﬁué’mmwm‘[,umauﬁtmwaamwUizﬂa‘u 4-10 AvLENT
AT o ATl waziiled 1 Wingatuaulndifeaturuavessnauriliueunayn
Fugetumuieengean noudgAsnananile r TAunnnitmuinvesanay waznielumis
gUﬂﬁuﬁﬂUizﬂaulﬂé’aamaé’wa‘mﬂﬂ'ﬂ o uay f, Midsuudasy

0.3 - b

0.25 - B

0.2

LANWARA
o
N
(6]

0.1

0.05

1 1 Il 1 Il 1 1 1
0 2000 4000 6000 8000 10000 12000 14000 16000
BRI

ANUSENBU 4-10 HaawsannasLuasuwlasnfiuls ro o uag f



AN519 4-1 WANNTIASIZINAIAILU SN ZEY

38

VUIANNAN ro o fo WaUNAYA
15 15.8 3 0.34 0.2683
16 16.8 26 0.38 0.2769
17 17.8 2.8 0.36 0.2639
18 18.8 2.8 0.36 0.2942
19 19.8 3 0.34 0.2784
20 208 2.8 0.36 0.2807
21 21.8 26 0.38 0.2862
22 228 2.8 0.36 0.2784
23 23.8 3 0.34 0.2755
24 24.8 2.8 0.36 0.2745
25 25.8 2.8 0.36 0.2828
26 26.8 3 0.36 0.2623
27 27.8 2.8 0.36 0.2805
28 28.8 2.8 0.36 0.2771
29 29.8 2.8 0.36 0.2711
30 30.8 3 0.34 0.2782
31 31.8 3 0.34 0.2843
32 32.8 26 0.38 0.2961
33 33.8 3 0.34 0.2695
34 34.8 26 0.38 0.2918
35 35.8 3 0.34 0.2769
36 36.8 3 0.34 0.2705
37 37.8 2.8 0.36 0.2797
38 38.8 34 0.32 0.2620
39 40 3 0.36 0.2664
40 40.8 3 0.36 0.2656
a1 41.8 36 0.3 0.2378
a2 43 0.36 0.2655
a3 43.8 4 0.28 0.2366
a4 44.8 3.8 0.3 0.2363
a5 45.8 3.4 0.32 0.2493

Aade 3.0 0.35 0.2715




39

~ o Y

A1519 4-1 LEAASNANISIATIZITBUALNEAUMIA LUz ausan1sun Uy

Y
£%

nuilens1adurenanvLaeiie FamnuiueundgaiiiisdusielndlAsaiy Tnedduedewindy
0.2715 WunadnEmAnTuINF LU r, AiALNNNINIUIATBIIINAN 0.8 uariAadsves
o Wag £ WU 3 way 0.35 auadiu Semdndsdainanazgninluldlunsmnasinsaadu
AMANANIINTNGITHAEATITUVEANgUNsAl Triflow wieudunsiueuiieuiunanis
M3333UNANAIY CHT Tuddudaly

421  msneaaslunmingass

lsvassvasnmaaadunwingatsiensfnumadnsiiatuainnisld
GAW Tunasnauflonadidnvazvesinauiliauysalvdefidiuldwonanandlidaauuas
AnwAdaudsimingaudensilUldnuainawisnauinsurnniaivesisnanday
fogrammaasdlunimdszneu 4-11 A n Aenimsnaudislvunn 23 finwa 1w v fe
ANVBUTBLINQUININ N AIN A WAL 1 LAAINATNTIIN GAW Fatduaniuys ro o
wag fo Winu 23.8, 3 wa 0.35 auaiau lneldldamdauuayinduiovas 80 uazsevay 40
Mnueunagadildainnisnaasdluiife 4.2.1 mudiu Fauandiifiuioundgn a 99
Auinannsnauvesnwingiiety davhniuweundgafildnnenauiidiesesituegienn
WuRafunanIaassaInAmenandl 2 fnansunimuszneu 4-12 A4 Adaudasindu
Yovay 40 va3An 0.2715 Wizawiiu 0.1086 Llevil GAW anansnszyfumisvenanauiil
Sadlviniu 28 way 23 lagnaesdissy A wag 9 mudau 23

. NNAIBENS U NNVBUYBITNG



A. WAANSIINANTALULVINAUSo8aY 80 3. HARNSINANTALUBINAUSDEaY 40

ANUTENOU 4-11 MINARBINTIIIUIAGNTINAUMEY GAW A9 1

A. NaNTITEUMUVILvanausal 28 4. nansTEYsuvesnausall 23

AMNUTENOU 4-12 MINARBINTIAIUINGNTINAUMEY GAW A7 2

40



41

21nN1Maass GAW lunmiegrsisaesdenuiinisladdaudariafy
0.1086 ansathluldszudunisaudnaisinaulignees Ardiauusdainaniwasfiuds r
o fo3sgnihlldfunm Triflow vuinsafiviiiy 20 finwa Jsnnweuvesingildlunis
Uszananalagnansszyiuiuanidianmusznou 4-13 Tasfinmuszneu d-14 uag 4-15
LLamaLLamwégmﬁLﬁm%u GAW L Juyuuesansiiuazaufiifinansliisuounagn a 9a
Audnanasnaufifiennnniueswdgnainingduqnelunm

ANUIENBU 4-13 MINARBINTIATUIRNTINANIINAM Triflow

AMNUTENOU 4-14 NANTNARBINTIIIUINGNTINAUINAN Triflow Tuyainosaesiii



a2

014 —

012 X132

Y: 208 X: 80
X185 Z:04211 Y: 208

U Y- 208 " 201095
z o148 .

0.08 |

AMUTENBU 4-15 HANIIMARRINTINTUTAgNIINaNINAM Triflow lusiusesanuils

4.3 N15NAABINTIIIVINQNTINANINNINIALD

Jaledldlunimaassnisnsaduaningnisnanusznevlusmennii
Triflow Usngluilevimun 5 dnuaiz fevunuaziuisiiunnisiuiionsaaeuuas
FenIBnsnsindunmingussnandiaziilulddmiunsisaeuaugndeswenisdnig
Q"LJﬂiaﬂuswuﬂizmawamwﬁ%maaLﬁaaﬁmmamiﬁuwmmﬁﬁﬂmamwﬂ’]ﬂ’@ﬂam R
Iedltlunsmaassusaziflediamnuen 300 msudedfle ammsgauansisnmuszney
0-16 Tnefidnunedwiolull Ae 3aledl 1 uay 2 daa79 Triflow Tusumdsimnzasiagam
yesgnueantufinldivuiniiiu 20 finwa druidledl 3 §a919 Triflow THiBeslumawn
dieliumiswasuoagnil 1 gandndumiswesusagnaus 3atedl 4 dnane Triflow TBesly
msteiiioliiumisvesueagnil 3 gendidumisesusagndus Inefivuinvesgnuoadi
Usinquunmsansdivunaiviniu 20 finlea uandeaniled 5 uay 6 As IAled 5 a1
Triflow Tushuislndninundsilsivuiavesgnueaiiusnglunmilvuinunnii 22 finwa
TuwngAFfled 6 §n1ns Triflow ThBsudmndesduiinamiiielinwgnusausiazgni
tufinflvunadiumndnaiiu



43

9. AnLeN 4 230107 5

AmUsENaY 4-16 MagnnmanInleiienaaeun1snaduingnsainauniueululunis
dn3egunsal

M3 4-2 NaN1TINAIANNLINEIINNIATIITU TR NSINaNAINNIRLe

0o GAW CHT
1 84.56 99.67

2 94.33 99.78

3 82.78 99.67

4 81.44 99.11

5 93.2 91.78

6 68.44 97.78
Aade 84.13 97.97

AaktugIINNIRTITUN M IRgTINANFIE GAW wag CHT nuihvisaes
Fanusaszyiumiswegagudnanasnauifvuinuszana 20 finwaldfeannusiluns
Usgsnanaladewiniu 11.2 wag 13.4 wlsuseduniinudidu wianuuansinsvessadnsain
faaesisie CHT Inadwsilanunsnssyldisiniuazanquinansuasisnay Tuvasi GAW
annsaszyliifissiumisesnaniiifalndifestuiaiitmme uazilofinnsandiniig



44

Wiiug191NAIT197 4-2 wudrArALuuaINMIRIiunmingnsanauluusazialede
GAW fidndfasndinisnsiadunimasnaudag CHT WWouvimun snuiudaled 5 dudunn
Alofignuoatuiivuialvgnirfaiitve Fmadnddindnuandifiuidnuusanmsyos
nsnmRdudmmeiufisnnaniiisadlndifestuadudsiildains caw wiidu  wasidle
finsannmdszney 4-17 Fauanmanisszyiunisgagudnainsnasannisledl 1,3 uay 6
Y GAW nuInsseysumisvesingiisidnvazifunsinanainsasinlaigndes wilsl
anunsszyiuisemsanautuldesneiiies Vilfmanuudusilumsssysiunsg
N8N GAW fidviifufosas 84.13 Fefld1esniinaainnissyydumisain CHT 4
anunsaszyiumsiigndedlatenas 97.97

AMUsENau 4-17 nan1sseysumisaaudnatsaananlunmiedeulnieg GAW

v 6 aalk a v 6 aat a v 6 aat a
. NAaNSINIALeN 1 Y. NOANSAINIALEN 3 A. HaaNSINIALEN 6



a5

4.4 d3UNan1TvnaBg

nsAnwwaznsnaaesuunivhlisawsadenldidud simanzay
dmfunisadne GAW Wieth GAW fiasstuluyszendlifionsiaduingnsanauainii
amiluaginlold uazkaanmsnnassiilimsuidymfiintuannisnsieduasnausie
GAW flusfinaganunsassyiumisvesgnueaudliudanuuususuvesoundgaiiinain
nsnsesnmusazsuInnsTuinamadeuldu shlfAnaulideidesveanissy
mumbsdanaliminuuduglussyiumieingnsnauig GAW fadeendt CHT uazain
nMslsuifisuianandaldidenld CHT ionsnsadeuaugniesveanisininegunsal
wazldiuniaveueanauiildannisusraanaiieusslovilunissfaiufivesnis
Uszananauazadanmduwuuilddmsunisssudisuainuadieadetuvesninlunis

adunminguaziinnisiaeunluundnly



a6

unil 5
N13AT2TUNNINGUILLARDUN
5.1 WAN1IVAGBINITATINIUNNINQVULIARDUT

navaaesldiiledeuinamedeulmunsldnugunsainsedunisituy
Ysumsvanluaninieaeunisluainsmeniuazidenvuin 320x240 finwa 31U 15
3o wiarirlofinuemvianun 200 il neflssazsineseainegunsal Triflow wazndes
laifinsiAsuulanuzsuiinddle TnsnsadunisiadouiivosuoadeIsiunnmsiuiome
5 38 ABusnAensnsatunmingnsnausig CHT Baedlinisnsaduanuidsumeves
AMNRAE Background subtraction 337iaufanisasiaduauldsuiifidnvaziuiinay
fheFrame difference CHT wazldfAndsvesd uazisnanensiSeuiiisuaundrondsiu
¥93¥ngeie NCC AFfuazunAensilisuifisuauadiondeiuvesingsne Part-base
NCC fifinmsunuudugufimdsuaniaunsdndouiuinmuddu Farleromnildlunis
naassansauankadlfiduasanduauanunisaifisiaesiuie nquitvils gunsniindag
fuit laifinsindeuegunsaivartudinidle uaznguilaosiinisiad eudhogunsnivagld

UNDI1ADIENIUNTUTINNAN VDA INNNTENUNSTUBNNAaRNLUAs UL Uad kUL 91N

(%
Y A

aunsallUlfanuase uaganunsauanuasguuuvesnIsindeuvesuaar Mz duinialelassil

M54 5-1 518a8L88A10IALeN [T NeN151AABINTIRIUN N TN UaILATOUTN

g | o nswasuuasves msm%uf‘imm msm?iauf‘imaq mimé"auﬁ%a
' ile Welasd19 vaagni 1 vaagnil 2 vaagnil 3
3 x v x x
1 3 x v v x
3 4 v v v
2 v v % x
2 2 v v v x
2 v v v v




a7

Msi9saNAILANG1YBININIINIRlenguniluagnauiiaesioniia
fuannsaildenn uinuuandssenitannisaesnduidimanoninugnioseinis
nyRdunminguaiadeud esaniimmwsasiidsuilhAnuasasiouiiuatanin
S liisoaziBenveanmiAndsunlas faunwdseney 5-1 Jauaninmaunsaiiiaa
faagiuil ifimandeudhegunsalivaztuiinddle shlvuTinauunnnsznuveuaslsifing
Wasuwlas ssanamdszney 5-2 idnmsiedeuiwgunsaivazduiinifleviliiinuuas
fimnnsemugnueanieuasasiiouiiintuuunsruanwaaininniaiuAsuuas dfogng
YoaNanIsANALAIRUUzIAdeuTiveiflenguiviliwaznguiiaesuansianwlszney 5-
3 uay 5-4

AMUTENBY 5-2 F198190MAINTALeNgUN 2



160 -

140 ~
_ 120~ | \
=100 |-
=
@ i
@
2 80 4
z i
2
bed
4
=4
g
&

140

120 -

2

100 -

o

ANNINUDNUIAANN
(2]
o
T
L,

80 -

160 -

140 -

120 - ]

3

=

@ o

o o
T T
e

[«2]
o
T

ANNRIVRILBAANT

N
o
T

N
o
T

0 | L ol
0 50 100 150

AN

150

. : £ : . RN s e 150

200

200

——CHT
A-BG
- FD
3 NCC
PNCC1
PNCC2
—A-Ref

250

——CHT

vt FD

=%=NCC
PNCC1
PNCC2

—A—Ref

250

—*—CHT

£:-BG

et FD

- NCC
PNCC1
PNCC2

—A-Ref

250

48

AmUsEneu 5-3 nansSeuliiguimumianesueaannsnsiaduing uusinfounivesueans

aal a
a11a1nIAleyai 9



49

160 -
——CHT
140 - ~A-BG
_ 120

ANHINIVDNVDRANT

100

80

60

40

20

0 50 100 150 ’ 200 250

140 - T

—*—CHT
£-BG
wetFD
PNCCA1
PNCC2
—A-Ref

120

2
N
o
)

ANMNINVANIUDA[NN

80

60

40

20

0 50 100 150 200 250

150 -

3

100

N

50

ANHFIVDILDAY

0 50 ~ 100 150 200 250
W

ANUTENBY 5-4 NaNITUSEULTEUAUITIVEIURAIINITATINIUTNQUALLARBUTNVBIUDAT
aal a
auanInleyan 15



50

AMNUTENBU 5-3 WA 5-4 LEAIAIDYINNANITHUSIUMEUAILNUIDINNTT
v W =~ Ay an | aa ~ & & a
ATINTUINGUULLATOUNAILTINITHIINIALeYAN 9 wae 15 Tuanunsalnueaiaanuia
nsindeunvuraUnsalinntediufikazuazinisiAioud1egUunIalnua iy Feawanissey
G‘hLLWJW}ﬂmimaangﬂﬁnmLU‘%&JULﬁ&JUﬁ’Uﬁ’]meé’wﬁﬁaLﬂuﬁmmmﬁuﬁﬁwawaa
wiazgn lngnudNanIsnsIaTumkLYeIgnUaansaIlmeIsn1sikanAeiuiauan g
Aanladauety a1u15058YAIwNLYeIanUeaIINIAteYadl 9 lareudiududuasial
IndAeaiu WANAI9AINHANTITTEUAUMUIRINTIALEYAN 15 Belinsindeudregunanivue
Juiinddle ylrian1595933UAUMUY09gNUealiAINTEa1ef TagnUIUII SN1THuia)
A U o € laa ) ) P ° '
AUAAIALATOUFUTINSEY UAITN1INTITUNINIAGAIE CHT wag NCC aunsseysums
suawaaﬁamuié’éﬁammLLaJ'us]’wqamﬂ'iﬁIaﬁaaamﬂ Madlfanun1sindavesnuEaingadu
NS a w o ° ' P ° Y
UeadnRuY CHT Yizuoaaeesi o fuvigian daduduniimlasunansenuainuas
dxNoUAnTUUSIANIEUBNNANERNAINaaNS lun M UsEnau 5-5 Felinulymasnarilu

NAANFAINIT NCC

ANUIENBU 5-5 HANTENUINLENEE NDUNAATUUUNTEUBNNAERAN

i‘]zw'mﬂLLmazﬁauﬁLﬁmﬁuuumzuaﬂwmaﬁﬂﬁudqmaiﬁmmgﬂéfaﬂuma
n719duANIUAULUA RIS Background subtraction Lusgsnndsuansly
AnUsznau 5-6 Jsanunsnldefunenansenuanuasainsléiluaesusngnisal Ao naan
AruaaesaifivgstuilieAuuisgnueafinanuiuAsuulanfuniiadaus il
szuumsriuauAsundamosgnuoaldiignuealiiinmandoud uenainiuasaine
WasuuasiuhlhAsuasasiouuunssuanwatain silinsssysumiswesgnueatiuiie
auRanan Inedynisenanamnsoutluldlagds Frame difference Fuduisnsadu
mnuasullasuesn manisuilsimanuasundasszrinanmlumsuneuniuagnm
Tuisutlagdu uinsld Frame difference lilanansauenanuudsuulasainnisaioud
vesinquazamAsuuUasnuaslioananduld Faadnsfaninuszney 5-7 @wisn
prfuanuasuasiiidnuazdunasanmsvhnudeldesiuain Frame difference

CHTWaZANL2R8A1IN0IAUSENBUE Hue F9anuldsunasniidnuazidulanauainnig



51

wisuvesingnsinaudniiadunieuiuaindunisvevianaslulsuneuniiuagisnay
nlsudagiuuazonaintuaindayginsuniuvsowasasyiounilanwas Ay Audusou
= = v A 3 = o § v
naufiwanslunmyseneu 5-7 Fan1sldaaieanesdusenaud Hue vilvissuuaiunse
JEUMLMINWIRSwaIUeananseudwaetlunwdseney 5-7

AMNUTLNBU 5-6 NANTENUINNNTUASULUAIUSUNUANNAINILALLEIASYIDU
° | A a a
. WANITTEUAUALININAANIUREULURY

U, ANLAAINANITATIITUNITATBUNYDIINGAIEITNTS Background subtraction

AMwusegnau 5-7 Naﬂ?i@iﬁ]ﬂ"ﬁlﬂﬂﬁﬂmLU%EJULLU@Qﬁﬁ’gﬂ‘HﬂJSL‘TJU’NﬂaN

AMURANAINIINNTIEYMLMLIAIENITIUTBULTIEUAUAG I 8ATIA LY DS
AMMA1A Part-based NCC nulaunnasianadiagslunmiseneu 5-8 dadssuiisuniny
aagadanulaglinmAuRUUIUAMREUR AN IioAUrIIILMIaYBIN AR 1gATIRUAIN

UpalsardILIINTIAR 21NN 5-8 WUTINMTIRYTUAINTRIURaUUATAvIANADY WeiKa



1NNTTINAUVDILNUNIN Correlation

NABY
Y

winzadiuliaunsaszyduniagagudnanein

52

a

£

q

ANUTENDU 5-8 NANTSLUSoUMIBUAINUARIEARINUUDININAIY Part-based NCC

N. AMNAULUUIUAmMSgURURN

U, ANLAAINANTITTEYA NI NAULUUARZE Y

M54 5-2 HAN1SNARBINITATIVTUAINIRGUUEIAREUN

<
L4 AMULSIluNIg
. MAE AULUg9UY
5013 - Uszalana
(Wniwa) 1INTFU s s
(sunBiIuUN)
CHT 2.00 6.40 27.44
BG 21.99 28.28 77.56
FD 14.11 27.08 45.37
NCC 1.38 3.63 29.92
PNCC1 28.39 28.13 8.95
PNCC2 6.38 14.55 7.60

M151991 5-2 LansARfgresauAaIaRdsuduyaluavdlulleaiuy

UINTFIAINNTATIVTUAINIRGIIEITN36197 IneldnisiuSeuiiisusunianasadulanu

ALNUIDN9DIVDIUDANIAINIINIALDNANUA 15 A0 FINUINNITATIAIUAINAILNS

Wisuiiguauaseadaiuvesnmlagds NCC fidndevainnunainndeuduysaiuas

] ~ o A A A Y o o = <
FIULUYIVUNINTZIUATNEN ABNANINY 1.38 uag 3.63 mua1eu lnedauialunnsg

Usgananasgi 29.92 wisusodui FaiiwawedenisihluldiiioUssaiananinuuuiianass



53

INNNTIATIENHANITATIVIUNAINAIENSHUTHUT B UAITUARI18ARIN UV D

ax ] d' o o a X = a' =i
Anlagds NCC WUIMATIHNA[TALA[BUTDINTTISUATLAUINANATUTUSUDALARDUNDBN

[
=1

N iganiemnasgdiuniisiianiian Femuaatnndouiiinduludnunei
Aaduidios 3-0 wsusiedle Tnediaungainsodesuesnmm a dudsiinaoglndiuiy
AuareIn nALLUUIeY NCC Wupgrsunn viliaugndeslunisssuiumisiaining
AaLedeuRnTwantos m Uinadingn

5.2 d3unan1ivnasy

Jomluunilldnandmanismaaeunisnsaunininguusedeudian
FlomislfnugunsainsedunsiuyUiinasendeisnsnisinag iamun 6 38 ditldnan
Hluunil 3 uazarnranismeassansaasuliinnisiuisuiisuauadendeiuresnin
A8 NCC ﬁmmmmzamiaﬂﬁﬁﬂl‘diﬁﬁmulﬁaﬁmmmamﬁ\luwglmaaﬂ%mmﬂammﬂﬁqm
ilesannuanisseyiumtares NCC fidndsmnunannindeuduysaiiiiiianuasiaaug
TunnsUszananaunwesensiluldiiledssunananuuinaiass finnumuniusieniny
LU%WLL%W@&LLaqadNLLazLmazﬁauﬁLﬁ@sﬁuuuqﬂﬂsaiﬂszéjumsﬁuvjﬂ%mmﬂaﬂ way
L.‘flui’;%miﬁmmzamGiamiﬁﬂﬂﬂizqﬂﬂ%lﬁaammmamiﬁuﬂmﬂmiv‘f’]mamwﬂﬂff@ﬂam
Tuaanunsala3siionaifansiasunlameaainldnasaa



54

unil 6
AyUNaN1TILUAUBLEUBLUE
6.1 d3UNan13IY

TusAdeilldinaueiinisinnunanisiiuyainnisiinmenindiinden
INNTUTTUIANANNAINEA Lﬁ'aszhsﬂ,ﬁmi@@mmwamiﬁuvjmaw%mmﬂaﬂv‘hlﬁaﬂw
avanuarnnilagliussloninngunsainszdunisiiuresiunsu ondaduiideuldey
mulsaneuialulsemelng vnligdaunsaiinienmdrdanivalliunisiaaunanis
HuresinasUandeszuuiildsunseenuuulidiauanunsolumnsaaouanugndes
¥93n3inngUnsaimeiinsnnadunmingnsinay uazdndonisimangdenisinmiu
sﬁ’wLmu'waﬂﬁa%ﬁmﬂ%mmﬂamﬁmaaaﬁmaluqﬂﬂiaimzﬁumi'?y\luﬂ%mm‘dam

HAINNITANYILALNARBINTIVIUAININGNTINAUAIEIT Gabor Annulus
Wavelet wag Circular Hough Transform wu21 Gabor Annulus Wavelet Hudgnasnilad
annsaldifiessysuniwonnandisailndidssiurniaiifiaulaldanamsefumuas
amwauveding usnutedialunisldnuiensaafunwingnsainauanialedslaianse
syysumisldeesseiilos Tuvaedl Circular Hough Transform anansasyysuvitisuas$adl
yonananldananueuvesingunialeldesnigniesuarseiiies uazderamuusiug il
Aga Circular Hough Transform Fsgmiinanldiitensiaaeunugniesesnisdninsgunsal
wazsilvinisamuiumitesidinsinasenanunsavildsaiidatudonissiadud
lumsussaians

MnamMaaeilanIadunminguuzedouiifeiinmeatunining
Auansafufe nMsnsadunmingnsinay nMInsI9duANIUAsLLYAIBINNLAL NS
\WisuLilsuauadtoadsiuyeanin wui1 Normalized Cross-Correlation 418138013
prntunminglasnisuisuifisuanuadiafsiusenianmdunuuuag nmiiaula dus
Aladsvasnunanedouduisifian SaunumudenuBsunlamesuasainas
faanusauszinanaliognsindy darumunzaunensihlldnuluaaiunisela’uas

PlUlFuieaniIsUsTanaNawuualasle

HAINNTTORNKUULAENNTITe v IianunsadaianITUTEINARAN AT RS
MnzausansinluUszendldiiionsinnunanisiuvessunnsuenlalagardanisasng

MnvaIngIsiysEavEAnlunMsUsEInananm Jaielin13nTiaaeuaNgNAesueinIg
Jasgunsiladedu witollutedndanilsvesssuunidesdonldanvaiiddunnd1991n

AT inUsuinsveniiussgedaelugunsalnszdunisiudsuinsven den1sidenldnis



55

m’m%’umwi’mqmﬂﬂauLﬁamnaaummgﬂﬁawmms%’mwaqﬂﬂiﬂiﬁuﬁaaam%’aﬁiﬁmaa
n1sUsERIaRanInlamen1soIdeN13nsITUEN BErIogUTIveTng lagluAdeisdues
g FeanansmiBnsihinaueluuiuldiugunsainssdunmsitutiinesenguduqldlionn
LAYNNINTIVADUAILYNFBIVRINNTIAINgUATaidat el T UM umsuarIwIATiuLey
veaing denalvinsidisuiiisuanuadeadsfuszninsnmdunuusazamiaulaLile
mifmé’umiLﬂﬁauﬁmaﬁmqﬁﬂﬁaEiwagﬂéfaqLLazLLaju&‘J’ﬂmﬂéﬁu

6.2 ULEUDLUY

MsimLIBnsasedunmingliiianunsansiaduawingiiaulaldedis
gndesuazsIaiifenddudmnevdnvosnsimuissuulsyanananiwidnea daxaann
nsnvkasTaNIsi M sUsznanannRdneatiuan s luussandldla UL
narnnanels 1u n1siUSeulisualuAd1eAdaiuYeInInaIe Normalized Cross-
Correlation %38 Correlation filter Uszianduqiianunsathlulfifionsiaduingitaulalélae
lidfmannznguamingusenay waznsdnwiisnisasadunimingivainuatsaiugly
funsdnwisnsaamuaininguaznisiieudnnsedyanussivgannsataeligiiaula
annsafmLInsEUILTImIEauie TngUsrasdueanslinussuuUsTnananwAdInoave sy
flaulalérasty

dmsunuidefiesiauideidoninmuifedfonstaunisinsmmatu
awinglannsailuldfugunsainsgdunisiluresuunsuendiivarnuaisde Seusas
rioonailduazvuinvesueaiunndsiy fiaulaannsotinssuiudildinausluldiiie
AnnumansiuyvesiinasUaningunsainsedunisiiuguiinasonsudugdflasdonls
anfuvdaidadniuiudvetuen wioannszuIunIaTIdunwueadaluiit fnsinms
vanvaslFenlianunsansadulfesnusiud lnglisndudoddanniundadsdoduniy
vihmevisveansimun idesimugllfunsimuisieauamingifiuszansamuas
nsmungiudeyailddmnivtuiinnanisinnunisiugvesyiunsuoaiiielianuide
annsnthlldlAnUsslsmisoanssar ldnnd sl



56

UIFTUIUNIA

P. Agostini, B. Naidu, H. Cieslik, R. Steyn, P. B. Rajesh, E. Bishay, M. S. Kalkat, and
S.  Singh, “Effectiveness of incentive spirometry in patients following
thoracotomy and lung resection including those at high risk for developing

pulmonary complications”, Thorax, vol. 68, no. 6, pp. 580-585, Jan. 2013.

J. Weindler and R.-T. Kiefer, “The efficacy of postoperative incentive spirometry
is influenced by the device-specific imposed work of breathing”, Chest, vol.
119, no. 6, pp. 1858-1864, 2001.

E. John, B. Joseph, D. Michael, “Game-based incentive spirometer and a
method of quantifying and recording performance”, U.S. Patent 0 303 930,
November 14, 2013.

S. Hong, J. Lee, and H.-J. Yoo, “Wearable lung-health monitoring system with
electrical impedance tomography”, Proceedings of the Annual International
Conference of the IEEE Engineering in Medicine and Biology Society (EMBS), vol.
2015-November, pp. 1707-1710, 2015.

A. Lay- Ekuakille, G. Vendramin, and A. Trotta, “ Breath flow sensing via
spirometric instrumentation: Pathology prediction using a genetic algorithm”,
Proceedings of the 3rd International Conference on Sensing Technology (ICST),
2008, pp. 313-317.

W. You, H. Jiang, and Z.-N. Li, “Real-time multiple object tracking in smart
environments”, IEEE International Conference on Robotics and Biomimetics
(ROBIO), pp. 818-823, 2008.

T.T. Trang and C. Ha, “Irregular moving object detecting and tracking based on
color and shape in real-time system?”, International Conference on Computing,

Management and Telecommunications (ComManTel), pp. 415-419, 2013.

A. Yilmaz, O. Javed, and M. Shah, “Object Tracking: A Survey”, ACM Computer
Surveys, vol. 38, no. 4, 2006.

A Rhodes, L Bai. “Circle detection using a gabor annulus”, Proceedings of the
British Machine Vision Conference, pp. 108.1-108.11, Sep. 2011.



(10]

[11]

57

T. Liu, G. Wang, and Q. Yang, “Real-time part-based visual tracking via adaptive
correlation filters”, [EEE Conference on Computer Vision and Pattern
Recognition (CVPR), pp. 4902-4912, Jun. 2015.

R. C. Gonzalez, and R. R. Woods, Digital Image Processing, 2% e, New Jersey:
Prentice-Hall, Inc.,2001.

H. D. Cheng, X. H. Jiang, Y. Sun, and J. Wang, “Color image segmentation:
advances and prospects.” The journal of the Pattern Recognition Society, vol.
34, no. 12, pp. 2259-2281, 2001.

A. McAndrew, Introduction to Digital Image Processing with MATLAB,

Massachisetts: Thomson Learning, Inc., 2004.

N. Otsu, “A threshold selection medthod from gray-level histogram”, [EEE
Trans, Systems, Man and Cybernetics, vol.9, no.1, pp 62-66, 1979.

R, Muthukrishnan, S and M. Radha, “Edge Detection Techniques for Image
Segmentation”, International journal of computer science and information

technology (ijcsit), pp. 259-267, 2001.
L. Ding, A. Goshtasby, “On the Canny edge detector”, Pattern Recognition,
vol. 34, Issue 3, pp. 721-725, 2001.

T.J. Atherton, D.J. Kerbyson. “Size invariant circle detection”, Image and Vision

Computing, vol. 17, no. 11, pp. 795-803, 1999.

R. J. Radke, S. Andra, O. Al-Kofahi, and B. Roysam, “Image change detection
algorithms: a systematic survey,” IEEE Trans. Image Processing, vol. 14, no. 3,
pp. 294-307, Mar. 2005.

J. Luo and E. Konofagou, “A fast normalized cross-correlation calculation
medthod for motion estimation”, [EEE Transactions on Ultrasonics,

Ferroeletrics, and Frequency Control, vol. 57, no. 6, pp.1347-1357, Jun. 2010.

T. Fawcett, "An introduction to ROC analysis", Pattern Recognit. Lett., vol. 27,
no. 8, pp. 861-874, Jun. 2006.



58

[21]  CJ. Willmott, and K. Matsuura, "Advantages of the mean absolute error (MAE)
over the root mean square error (RMSE) in assessing average model

performance". Climate Research, vol. 30, pp. 79-82, Dec. 2005.



NMARNUIN

NS ANUANULNTHAIY

59



Lung Volume Monitoring Using Flow-Oriented
Incentive Spirometer with Video Processing

Athtayu Yuthong, Kanadit Chetpattananondh, Rakkrit Duangsoithong
Department of Electrical Engineering, Faculty of Engineering
Prince of Songkla University, Hat Yai, Songkhla, 90112, Thailand
5810120055@email psu.ac th, kanadit. c@psu.ac th, rakkrit d@psu.ac th

Abstract— Lung rehabilitation can be done by using different

measuring and monitoring tools to recover patient from lung
collapse. However, the patients can fed uncomfortable or get

infected from using these tools. This paper present lung volume
monitoring using flow-oriented incentive spirometer with video
processing. According to the result, the proposed method can be

used for lung rehabilitation monitoring and measuring with more
comfortable, low cost and easy to use.

Index Terms-video processing, circle detection, motion d

position tracking, lung volume monitoring, incentive spirometer

I. INTRODUCTION

Lung collapse is occurred by a decrease in lung volume. It
makes patients feel tired, having phlegm, cannot doing a daily
life nomally, and slow in body recovering process Lung
collapse usually encounters in patients with chest surgery or
disability patients with movement problem and older people
Patients can do rehabilitation treatment including breathing
exercise, coughing exercise, and using tools to increase lung
volume monitoring for future planning based on each patient's
conditions

In general practice, therapist evaluate monitoring results of
lung volume from spirometer which measured lung volume
directly. With modern healthcare technologies, lung volume
measurement tools or monitoring tools have been developed
with difference purposes For examples, the measurement of
flow rate of breathing through wind turbine (1] The propellers of
the wind turbine are going to interrupt the ray between LED and
Phototransistor. Frequency of ray occurs on Phototransistor
depend on the flow speed and the wind turbine’s rotation speed
Digital spirometer [2]is, another example which is depended on
the different measurement of pressure using Pneumotachometer,
lung volume calculation, and breathing work The Digital
spirometer record data shows results in graphs, and compares
with the results during using this tool for monitoring and treating
patients Last example using data from Flow sensor in a game to
control a character movement (3] This makes patients feel
comfortable and want to exercise using the game for lung
expansion therapy. The difficulty can be set for each patient with
the datarecording of flow rate and lung volume during exercise

978-1-5386-0449-6/17/$31.00 ©2017 IEEE

Therefore, all of the tools above need to connect with a patient
directly. It is not comfortable to use with many patients
continuously or need to clean the tool to prevent infection
between patients

In this paper, we propose monitoring process of lung
rehabilitation using video processing and Flow-Oriented
Incentive Spirometer, which is cheap and mostly used in
Thailand By using this video processing technique, we can
encounter the infectious problem during using atool Patients do
not need to make a contact to the sensor or electronic device
directly by using video from webcam and a technique to capture
interested objects and record the flow rate and lung volume from
the objects without modification or direct sensor to Flow-
oriented incentive spirometer. In addition, Flow-Oriented
Incentive Spirometers brands are not affected the system in
processing and monitoring.

II. FLOW-ORIENTED INCENTIVE SPIROMETER AND OBJECT
DETECTION

A. Flow-oriented incentive spirometer

Flow-oriented incentive spirometer or Triflow has three
translucent tube characteristics. Each tube has difference ball
size and color as shown in Fig 1. This tool is used to rehab lung
to increase lung volume and to approximate lung volume or to
know the flow rate by inspecting balls position. The balls
position and flow rate have a relation to each other When aball,
two balls, and three balls are at the peak, the flow rate are equal
to 600, 900, and 1200 ccsec, respectively.

Fig. 1. Flow-oriented incentive spirometer
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B. Circle object detection

Circle object detection was developed to find circular object
in image without direct contact with the object for lung volume
monitoring Circular Hough Transform (CHT) (4 was used to find
the position and size of circular objects from object edge. This
technique can be adapted to use in ball detection in the Triflow.
CHT is not considered the color of the ball, therefore CHT
method can be used to detect balls with difference brands of
Triflow.

The processes of circle detection with radius between R, to
Ry from an image with m*n pixels start with finding edge of an
object using Gaussian Filter and Canny Edge Detection (5] from
grayscale image Each edge point Pyx,y, of edge image, which
‘was generated, isused as a center of a circle within configuration
radius as equations 1, 2, and 3.

(=x)-(-5) =R b

:
x=x+R cos

y=y, +R sinf

Where R; is the radius of the circle in between Ryu» and Ryax
Equation 2 and 3 are parametric representation of circle edge
point

Every time making a border surround 7 the position under
border line was keep in 3D matrix Ci,y,Ry). It shows the
possibility of x,y) position to be center of the circle with radius
R, The calculation of local maxima of accumulator matrix
presents the position and size of a detected circle

C. Motion detection

Movement detection using background subtraction shows
the difference between color intensities on each pixel (6]. It
mostly uses in an image or a video from a static camera
Background subtraction uses a first frame which objects are not
moving as areference image and compares the reference image
with the current frame using threshold to indicate the change
pixel

Background subtraction can be done using difference color
space images Example, grayscale image, which using single
color component to detect changes, or multiple color component
in equation 4, in order to select the difference between each color
components of the image as much as possible

Rm, - |Red,~Red,_)| > Threshold
Gm,, = |Green,1 —~Green,_ 1| > Threshold
Bm, =|Blue,~Blue,.,| > Threshold
Result, = Rm, v Gm, v Bm, @)

‘Where Rm,, Gm, and Bm, are motion result from red, blue
and green color component of frame numbern

III. PROPOSE METHOD

The monitoring lung volume using Triflow can be measured
by detecting the movement of balls in vertical axis inside a
Triflow. Due to fixed the position of Triflow during exercise,
balls are been able to monitor to compare the lowest position and
the highest position for accuracy processing,

Due to the design of Triflow from difference company can
have difference sized of tubes and balls, and color of balls,
before experimental, the size measurement of ball and distant
between lowest and highest position measurement should be
performed We used these data in the configuration for video
processing and calculation of flow rate and lung volume. In
addition, Triflow has the characteristic of translucent tube,
background with difference color with balls inside a Triflow
helps to separate balls from background better than similarly,
helps to eliminate some light reflection on tube surface, and
helps to reduce problem from other moving object on
background during exercise.

Our proposed algorithm starts with target configuring in
order to compare lung status with the target from specialist
There are two working processes as shown in Fig 2. First, the
target is the accuracy checking of the tool position in
perpendicular and plane using circle detection. Second, it is a
process to monitor balls movement comparing with the
reference image. Then, it uses time and position of balls in each
frame in calculation for lung volume and compare the result
from specialist target before showing the result to users

Set Target and
Type of Incentive f——>  Circle Detection ——#{ Position Checking
Spirometer
Background - : Finding
Subtraction PusthonTracking End of Movement

!

Lung Vohime
Calculation

Result Reporting  f+——|

Fig. 2. System diagram

A. Target configuration for training and identifying the type of

Incentive spirometer

Target or purpose of training using Triflow can be separated
into three type, which are balls number, height, and time. These
targets can be changed depend on the ability to rehab of each
patient Example, for first time user, target can be set to low. In
other words, target can be set to be making a ball flow with
height more than haft of a tube for 2 second

From selected background with difference colorwith balls for
image processing of each Triflow, Triflow identification is an
important part to easily separate Triflow from background
Triflow identification also helps the system to choose faction of
ball size and distant between the highest and the lowest, which
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was measured before calculation process to get lung volume and
flow rate

B. Circle detection and position monitoring

For image processing, we start with finding the area of
interested objects, which is Triflow position and balls using
absolute difference between gray scale image and color image
that relate to background color. Example, using red background,
we can find the difference between gray scale and red
component and thresholding technique of Otsu to get area of
interest in Fig 3. Then, the system detects circle objects using
CHT and ball count number of balls that should be equal to
three, while the system inspects the balls position and size that
the second ball should be placed at the middle If the balls have
the same size, Triflow and webcam are on the same plane and
know the highest position of the ball during movement
comparing with current position

Fig. 3. Segmentation result from difference between gray scale and red
component image

C. Motion detection and position tracking

After checking the position and size of objects, the system
records initialize position and reference image for background
subtraction process Then, the system finds the difference
between current frame and reference frame using threshold
equal to 40. The results from background subtraction mostly
occur in parallel circle characteristic, which are shown the area
of circle of newer frame and reference frame

In order to monitor balls, it can choose the highest position
of a movement inside a tube in Fig 4, which is the bound of
movement from afraction of size of circle and size of tube Then,
the system records the highest position of each ball and
processing time. After that, the system monitor movement of ball
in next frame

Fig. 4. Movement Boundary of each ball

D. Ending processes of Triflow

For detecting object movement, it continuous to work even
balls is not moving In case of cannot find the moving object, we

make the position of current balls are equal to initialize position
from circle detection in previous process If the position of the
first ball is equal to the initialize position and nothing change
more than a hundred frames, we assume that it reaches the
ending process.

E. Volume calculation and report

After objects detection is ending, the process starts to
compare results with the target or the conditions in A from time
measurement at target ball flow above a target height for aperiod
of time If the measurement time is greater than atarget time, the
patients can be evaluated as pass the training with current
difficulty In parallel, lung volume calculation from the height of
balls in flow rate unit can be used to evaluate lung rehabilitation
using area under a graph of the relationship of balls height and
time between frames. Areaunder graph of a first ball is multiply
with flow rate follow Triflow scale which is equal to 600 ccrs
And for the second ball and third ball multiply with 300 ccss
Lung volume is come from video processing by calculation the
summation of area under graph of objects monitoring of every
ball

IV. EXPERIMENTAL RESULT

Video is captured by Logitech webcam with image
resolution 320x240 pixels from situation which control
illumination variation. Each image of the video was processed
by computer with Intel Core 17 2GHz, processer 64-bit operation
system. Experiment started with 2 balls as a target of exercise
with the height equal to 50% from highest of ball movement for
2 seconds Video processing started since Triflow was not on
appear on a frame Then assume that, we were new patients bring
our own Triflow to use in lung volume monitoring system

When a camera could capture Triflow image, circle detection
system could tell the size and position of each balls which appear
as a sequence of images. Size and position was used to compare
with condition in the position checking process to verify
initialize setup position before motion detection process by
using the processing speed equal to 14 fps

After verified initialize setup position of Triflow, system
recorded current image as a reference frame and recorded balls
position to use in area of movement detection of each ball The
results of movement detection during the current frame and
reference frame were overlapping had the characteristic as an
area that cover on both frames like in Fig 5(a) and when the ball
was higher than the reference ball, the area of ball became two
balls separated with each other like in Fig 5(b).

Using the upper left comer of bounding box instead of
centroid of the area of detection made the position detection of
balls during movement in difference characteristic more
correctness. Fig 6(a) and Fig 6(b) showed vertical coordinate of
top left corner of bounding box from first and second ball which
can tell the position of balls continuously with processing speed
of 295 fps The system stopped detection process after cannot
detect the first ball movement within 100 frames. After that,
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system calculated lung volume from area under graph of each
ball and measure time using during floating of second ball more
than 50 percent or more than green line in Fig 6(b). Then, the
measurement results were reported as a graph and told lung
volume measurement comparing target threshold to user in order
to acknowledge the training result

Fig. 5. Motion detection @ Result from merged area of circles. (b Result from
separated areaof circles
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Fig. 6. Ball position from top left corner of bounding box
(@ Result from first ball (b Result from second ball

V. CONCLUSION

This paper presents an approach for lung volume monitoring
using flow-oriented incentive spirometer by circle detection and
motion detection for the purposed of training for lung volume
rehabilitation It can be used with many people over time without
sensors or electronic devices connect to respiratory. This system
can be adapted depend on the difficulty of training It works with
ordinary flow-oriented incentive spirometer. In our future, we are
going to improve motion detection process in order to robust to
illumination change along with data storage to record patients
training history for evaluation with conclusion of each patient
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