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ABSTRACT

Currently, Computer Technology develops very fast, especially in 3D animation. One of
the application of 3D animation in medicine includes gait analysis. This thesis describes 3D from
2D Reconstruction Imaging System to generate a skeleton model. The system consists of a
number of digital cameras placed at arbitrary position around the subject. The subject’s joints to
be measured are attached with illuminated landmarks using the Direct Linear Transform (DLT)
technique. The 3D from 2D Reconstruction Imaging System by using DLT has been performed to

visualize various subjects.
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2
(3.7

W V=Y (.8)

(39

=1 = r=
Wunames sz LuRsa Cartesian v ansonldrnnamedluscuulahtdoale

Tagmsms NI nusnAea SN a

N a dJ .
WATUUUNTINY VDI Perspective Transformation

£000
P=10700 (3.10)
0 010
Mnsgamnaaes w=Pv 3.11)
o[
aiiiy w=| fy, (3.12)
z

s

° a 4 [~ q o aw .
mmsuesue ladaungnnaididy 1 omsudasilunames lussuuRfa Cartesian

b
daiuazla
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]3’ (3.13)

322 maasommbeamenaihidinea
 a o g o 1 a d 9 Y aar a
mImunaveangnldsiadu x, y, H luniievesiinga SmualdRdavesn i
o a ' o 3 Y o & I~{ =Y
anuuasgNyua N IwveImnawaalug i 3.3 msudasnanusniufinmais
g 9 Y1 a . t aw ] a
1ludesimmsiSuaing (Aspect Ratio) ¥ssuaazunuyeIssuURisanm ansdsuamnasiy
{ [-] % 1] é 1 oy L7
Wszydaunamadsviisndasanuen lussuumwieszvuiinaaluwarsa le1sdiang

14
) @

o & ¥ Y dea ' a Jd A d"w o o ¢
YINu il“ltﬂuﬂmgmmiﬂm1w1immai‘ummimau (Skew parameter) ‘uﬂﬂmnuﬂamtﬂuﬁm

3.

o~

gy o . . A A n’.: I=3 ] &
33ANan (Principal Point) Uy = (x,, y,) H301119A3 915813 19ANINANUBINTN [18]

Ypix
4
Y, Image Point
06y 1)
Image Center )
yo > X

> Xpix
X0 g

31 33 yaawitavesnw
£

1 o [y o w d
wunnavesaluniennma (x, y, ) aunsont ldnnanuduius

X =KX, +8y, +x,

X
%, =k, fZ—s+sf?Z’—s+xo G.14)

S S

ypz;tzkyyi+y0
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Ys
Ypi = kyfz—+yo (3.15)

s

Tagh £, AodmslSumnaluiiemex, & fedmslfumnalufiemay uaz s wnu

m‘nﬁma{mmmnﬁ'au

sresadeuldegluglvesnmIng 1At

1 0 xS
u o, s u, y
1 g | 5
v =0 a, vy 0 ¢ (3.16)

wlo S
0]01

$ é 1 as o 1 o é
Tao 0, = krgadlusmnuen Infialufie x lumissvesinga uaz a, = kf Faily

Ao Wialuiiery lunsiisvesiinda sienunsa@ou iy

ad s Du( ATkl S W o, \\07 1
0 ay vo 0 = 0 ay 0 0 1 0 0 :K[.[3|03] (3_17)
00 1 0){oo0o o/\o 0 1 0

a o = Y] o oy 9 7 =) -ﬂ' v a o
BmInds K Uanyaeiluainmaoud 191y (Upper Triangle) 41419 3x3 13071 w3 s
o DNV a o o s .. Pe1
U181 (Calibration Matrix) W13 ndiilseneudewiniives nelu (intrinsic Parameter) i

o W

v
TAYUDINADY

.
Adaw

323 ninnninavadlan daunufuUNnaveInas
o a aa aa é o o 9 y:{ 2
msmnnanmitiensdlifigafnanvesns llsdnduveindesgansifigananas

Aaw ¥ a ™ ' A o o o Yy a £ | y
s‘]@\ii%“ﬂ“ﬂﬂ@1ﬂﬂﬁﬂlﬂﬁiaﬂ ‘1111]fn§ﬁ]£lﬂ5f’J!.E)UQ‘VHlJNﬂUHﬂuﬂ’NaQ i!ﬂﬂ\‘iﬂa'lqma\iﬁ'lﬂﬂﬂaa\i

UAZTEUIUNMWBYNIALINY LUUT1aBIMTINAMW (maging Model) lussuuiifialaliddivadio

w=Mvy (3.18)
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y d [y a o -
Taoil v Aenamesvesgauuiag luszuuidalaluddive w Aonamesussyau
a o =] =) a o . . ddy
suawluszuuiidaleludifloa uaz M Aemm3nduns Perspective Transformation Tunsifl

wuimeimsfianmanndesansam iddeTasnsilaeuas (Modify) auns (3.18)

Image pg
(Xis i

d' = dd‘Q
1l 34 maAnamnsdinidavesTan lideuiuduidavendes

71l 3.4 HamsvIuRIRanmnsfiigaRanaueents Tlsdaduvesndes i 1degi
dumiuRertugaiinavesszuufifagrsdweslan szuuWiavedlanansansudy
(Pan) iy 3 Auuiaueu (Horizontal) tazides (Tilt) iy oL fuiins ganenaswesiidalan
wazyansnaawesms Tilsdaduvesssuuneginsiudaeszey (x, Y, 7)) 518w iaes

niide

w=MT. v (3.19)

Taei

-z, (3.20)

S O ~ O
S~ O O
1
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M3t eM3 81004 (Pan or Tily) AunsagnineslneldgmdsamSadmmy

w=MRT_ v (3.21)
Toefi R =RgR,
cosff 0 -sinfi 0
R - 0 1 0 0
L sinf 0 cosfB 0 322)
0 0 0 1
Ay
1 0 0 0
X 0 cosa sina 0
“ 10 -sina cosa 0 (3.23)
0 0 0 ]
ﬁ'ﬁi%mmuﬁmawmmiLﬁﬂmwmﬂﬂé’mﬁa
w=MRT.v (3.24)
Taofieums (.24) amnsadonv gy
1 —xs )
u _
' R -T|y,
w' 3 - Is

{ a ddad a 4
Tagh R unumm3InsNdlunns e imsnyussuuRaig (Ve 3x3) Uag TUNUname;

{ oo t t a J
ﬁlﬂﬂNﬁi?&l‘Uﬂ\iﬂﬁ%UiZUUWﬂﬂ (W19 3x1) 151NATIIUNNTNY
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R -T
O;‘ ] (3.26)

o

o3 a da a
aunN1g (3.26) WUUNT BN WOINTIHADT A1TUDN (Extrinsic Parameter) U84

vumMIlsuieundoas

{1 o
srennsafouanms (3.25) lugiuhdeiddy

x=MX (3.27)
Taod M = [KR | -KRT] ' (3.28)
wag M UvuIA 3x4

3.3 msdSuieundes (Camera Calibration)

@ =t Y I~ t a o nac;alo [

msdsufeunaeuumsiseuamanuning M angalunin 3 TaNgA MU

{ a 4 3 o o I'd a 4
uazmwiiiadiuvesge ntuhimsmwsiiiwes aielu uagminilimesneusnuendos
= s = Y LYY=
wosannsdsuieu laelenaesauaen

a s o H a e
Tumsmumsng M 1915 vhimsvigalumafamsiunne X =[x, y,z]" uazya

v

aa { Y é 4 1 Q
Tumin 3 ianaeandseiu [u,v]" ez ldaumsnieglugiaums 3.27) asil

. xS
a, my my, ms; my,
O, |=| My My Ny My, (3.29)
5
a My M3y My Mgy
a, my X+ my,y+m;z+my,
a, |=| My X+ MyY+Myz+my, (3.30)
a My X + My, Y + My Z + My,

o o a o o
fmsuosue lad ¥ aandagfenudlu 1 5z ldaums
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U(m31x +my,y+myz+my, ) = (m“x tm,y+tmyz+m,

V(m31x +my,y+myz +m34)= (m”x Tm,y+maz+ m14)

| —

(3.31)

k4
@ o = LA g aQa A aa
Aaiumes IaumsBadu 2 aumsdmTugalunin 3 Hdnidega uazgaluam 2 4

by [ o

naeandoeiu nms@ouaums 3.31) Imilugilvesamnd @iy

_ [m,, |
x yz 1 0000 —-ux —-u —-uz —ul
m
0 000 x y z I —vw —vw —vz —v| °
=0 (3.32)
- LMy

AM =0

szt @ udigausit inawm 11 §anlsumiieadiu 12 fauds idewnurlamed
mstemwanaf launsamarld Tumsudaums TsTufifion o] 1518ed1§e10t00 6 90
&fiinandt 6 9a15198 18 euns Over-determined Fyarnnsoud 18 1Av1433 Least Square wield
115911 Singular Value Decomposition (SVD) [21] 483 4 umsndt M 3z ldnnuageiieves v

P £ 1 s d Y < gy
DANNHUUITINTOUIAUNNTOY Mhlﬂfﬂmﬁllmi (3.25) wau‘lwu"lﬂ

x
u
R -T|y
vi=K[,10;] or 1z (3.33)
w

(3.34)

£ < =
I
~_~ N e X
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Taei

M= /KR |-KRT] : (3.35)

R -T

M=K[1,|0,] or (3.36)

a o o a J4 PN s { o o
mesnd K Tuaums (3.36) uwesnailszaoudaomsifimes melufidigues

b3
GG
fa 0 u, 0
K=o v, 0 (337)
O N/ N
4 A Y V.
(/e fAv AN A dUBd projection
(1 v,) 71D JANANUDY projection
A 14 s d 9/ 3 v a = o Y R
dioldwmsnd M udrdunsuasliiimsusamsiimesnielu (nwinsic Parameter)
P
NIRRT

M = [KR|-KRT] = [4|B] (3.38)

(Y g a de o o d deda
AU UUNTABYDY 3x3 Lmué’f’w A L’Jﬂmaiﬂaauumﬂﬂmﬁaqmmuﬁ’w b nARBdINY

P=1%

a s & < Vv -1 4 vy =]
wnilmoiszezdsunauisousnsann ddelasr = -4’ nawes ¢ IWdeyafivenda
o i
AW UININAWNUYDITSUIUNN (Image Plane)

3 a = o a o { . a o
NNTUNIIU 4=KR Taeh K (Duums ndenumaguuy (Upper Triangle) Uagiun3na R

oy a o a o 3 a o
HlummIneos 15nousn (orthogonal matrix) MIUUNNTAY R WS IAINATSHEALMT NG 4

d a o Yy o .. 2 aa & .
ponitlunmsng K uaz R Tavldmaiia QR decomposition [22] HuBn35viialumsuen matix

5 . . .
GRIANIY orthogonal matrix LIQ% upper triangular matrix
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3.4 mImiina 3 1A lagefemnatia Direct Linear Transform (DLT)

¥
Turidefiisiiorsanmsmiiga 3 18 lago1WonALia Direct Linear Transform

14
{ ¥ o o 1

(DLT) lagiindeanis 2 @runszuaumsiSuieundsands lunssuaumsdiudoundes
Li1°lﬁ'ﬂﬁ’mﬁmmdwmwi’wqiumﬂ 3 Hdfismsuida céﬁamm"flumﬂwmm;ﬂﬁmmm
vavedazmsdsfiuaaslugifi 3.5 i]mi%‘uﬁmﬁmﬁﬁmaaimﬁ'mmmﬂﬂuﬂé’mﬁa
a0e Waun1sfi 3.32) mssnummsadves Perspective Transformation M 15 undeduday
# delivimsmeingiisdesmsmitta 3 faluain nmsngadeandesvegalunin 3 §a
vsndesaaein Amualdamindves Perspective Transformation M ¥04na83dafi 1 uag 2
AuM uaz M aw@dy sumusdazuneunIng M &6 m’, m? ,mI MusufsIiy
dmsundesiaiidousumumazua Ve ad M de m'| ,m'? m?

dmsundosian 1 51918

X mT
u my My, msz My A 1
g | A A Ll e
U=|v|=|m, my, m,; m, =MX =\m, |x (3.39)
4 T
14 My My My My, I m,
o = L) Y 9 o o v
MIUDNAYINUEATHIUNADININ 2 Liﬁ]gl’lﬂ
o
u' m'1
u= v |=M'X = m'g X ) (3.40)
! 1T
w m,

Taetl u uag o' unuitalumwveaing lundesdail 1 uay 2 mudrdy lumsdian

ity + J ° @ 1 1 s d . .
’Cﬂﬂﬁﬁ Lh!‘l’lﬂ‘l]ﬂ'l FhmsmdasusznINauun luamsng Perspective Transformation M

T T
u:viw=m X:ml X :ml X

(3.41)
uviw'=m X:ml X :m? X
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awius ldaumsdmsundesdiafi 1 uazndessad 2

um, X =vm! X
um; X = wm! X

T
v, X = wml X
oz

u'm’g X = v'm'lT X
T
u'm'i; X =wml X

Nk \ | T
vim'y X =w'm', X
Tun1sh (3.42) annsadoulud 18y

T
um; —vm;
i
um; —wm, |X =0

U T
vm3 —Wm2
LAy
1 T toaT
um TV m 1

u'mi-wmt | X =0

¢ 0T 50l
vm3—wm2
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(3.42)

(3.43)

(3.44)

WINMIPUUAWIAYBITUMITH (3.43) 20 w UAINALNINABIAIY v 1BIRINTTUINDS

(uwmzr —vwm{ —uvm?! +vwm’ )X = (uwmzr —uvm! )X =0

(3.45)

wHUIAUMT (345) AR ueuiiA Linearly Dependent AUMOINANUBIAUNS (343)

[ 3 ' 3/ Y Y -:f
muutmazﬂamtsﬂﬂﬂmm 2 AUMSAIY
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um; —wm/
X=0 (3.46)

T
vm; —wm!

tHas

ulm|§ _wimulT

X =0 347
V' mvg' —w mvg'
=4 W Yo ::l
weuauMs (3.46) Lag (3.47) 11411"1?1 JdU
i um3T —Wl’an ]
T T
vm., —wm
{ P X =4X=0 (3.48)

u| m|§' _wlmllT

v 1T v T
_vm3—wm2_

Wimsufaums lelifdioa 348) dmsufina 398 mx leesiaulammizsnoy
132419 Non-Trivial H30058 det(4) = 0

o s = Yy 9 Y =) ' 9 Qs =% @ ] 9 3/

AT UNTUVDINMS 19¥NAe1 3 AmSounnd1 s laaums ludavaefeiniy wu a1l

ndos 3 Anaadlugl 3.7 18aums

[ u'm’-wm
vlmlg _Wlmvg
uumllg‘ _wlvmvllT
vnmnT __u)nmuT

3 2
ulnmln:?; _WnlmnulT

il 1l

u!llm 3_W|Hm X

X=4X=0 (3.49)

1 a

aifa 3D Tusmsng x mld Taemaii Singular Value Decomposition (SVD) 494 4
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NNy XA aLIYANYYDY V
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Image Plane2

image Plane1

Image Plane3

JUft 3.7 e 3 {id Taoldndes 3 67

3.5 Boundary detection
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Images Calibration object | Results | Reproject * Point Density | How To..

Image ImageS.bmp; Pixel enor: [0.07 0.09]
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File Object Detection Calibration Undistort Help

k;j et et ‘ﬁ ":.ﬁ ‘6 =

Images Calibration object | Results Reproject | Point Density | How To... |
[ Image3.bmp
[ Image1 2 bmp

M Image15bmp

Image Image3. bmp; Pixel errar: [0.07 0.03]

UM 5.8 N38UIUNT reprojection AR Reprojected MUYBIYADNDIVBINADAT |

File Object Detection Calibration Undistort Help

el @ R WS

Images Calibration object Results ' Reproject | Point Density * How To.
Image12 bmp Parameter Yalue
Image15 bmp Calibration date 14/7/2553 16:22:45
+ Number of images 3
Square size 35.000 (ram)
Focal length [335.501 427.924]+[15.980 22394 ]
: Principal point [104.196 165.343]+[ 11.551 11.527
 Distortion [-0.340266 -4.849677 -0.036036 0.059637 | + [ 0.170515 3.089768 0.019102 0.01 5839
{ The camera matrix [335.501 0 104.196; 0 427.924 165.343; 0 0 1]
Pixel stror [0.08 0.10]

Image Image3.bmp; Pixel eror: [0.07 0.09]
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Images Caibration object | Results | Reproject | Point Density | How Ta... |

Image10.bmp

Image13.bmp
Image16.bmp

Image Image10.bmp; Pixel error: [0.07 0.11]

3UN 510 A32UIUNT reprojection HAAIYAS 1B B INAD I 2

‘ Fde Object Detection Calibration  Undistort Help
1 H‘ " g; ﬁ -“:ﬁ : “a{ i ;fa' "“

Images Calibration object ! Results Reproiect | Point Density | How To...

Image10.bmp

M Image13 bmp
Image16.bmp

Image Image10.bmp; Pixel error: [0.07 0.11]
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Parameter
Calibration date
Number of images
Square size

Focal length
Principal point
Distortion

The camera matrix
Pisel error

Value
14/7/255316:13:29
3

35.000 (mm)

[480.402 480.275 | + [ 37.300 40.353]

[185.806 73.148]+[5.536 9.004]

(-0.883541 7.791227 0.042385 -0.012331 | + [ 0.320436 9.402887 0.013428 0.007658 |
[480.402 0 185.806: 0 480.275 73.148: 00 1]

[0.07 0.12]

Image Image10.bmp; Pixel error: [0.07 0:11]

JUn 5.12 Awnilines a1 voanasdi 2

iy

Images

Image11.bmp
image14.bmp
image17 bmp

ile Object Detection Calibration Undistort Help

FLIRRICOS 2

Calibration object | Results Reproject | Point Density | How To. .

Image Image11.bmp; Pixel error: [0.37 0.08]

Lt

UM 5.13 N32UIUNS reprojection AAIYASIBIVBINADIT 3



Image Image11.bmp; Pixel error: [0.37 0.08]

1 ‘ :‘ Z?,e & *
b e %% W £ <
Images Calbration abject | Results Reproject | Point Density | How To...
[4] Image11.bmp 5
M Image14 bmp
[ Image17 bmp

JUN 514 N359UMS reprojection a3 Reprojected ANYBIPAONDIVBINABIT 3

s Reproject  Point Density | How To...

e Caibration object Resul
image14.bmp . Parameter
Image17 bmp Calibration date
i Number of images
Square size
Focal length
{ Principal point
Distortion
! The camera matix
Pixel error

Value
14/7/2553 16:12.37
3

35.000 {mm)

[72.774 73864 | +[ 28187 24820 ]

[55.075 75:840 | +[127.801 76.962 |

[-0.042679 0.000521 0.027404 0.056243 ]+ [ 0.030965 0.003280 0.032463 0.076734
[72774 0 55.075; 0 73.364 75.840; 0 0 1]

[034011]

Image Image11.bmp: Pixel error: [0.37 0.08]
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ndoq K R T
i |

395.5007 0 104.1962 | -0.9271 -0.0973 0.3619 -79.2115

1 0 427.9239 165.3431| -0.1503 -0.7882 -0.5969 | 298.3944
0 0 1 0.3433 -0.6077 0.7161 | -362.9242
480.4020 0 185.8058 | 0.0855 -0.9556 0.2820 | -67.4056

2 0 480.2749 73.1475 0.9908 0.1113 0.0769 -2.6641
0 0 1 -0.1049 0.2728 0.9563 | -458.5288

7277 0 55.08 -0.9948 0.0898 -0.0485| 192.3972

3 0 73.86 75.84 -0.0829 -0.9880 -0.1304 | 127.0037
0 0 1 -0.0596 -0.1257 0.9903 | -75.9774

o

o 1 a o - ‘ 3/ a g
mmmimmaﬂumsw"lﬂtmuﬂﬂuaums (3.36) i]%;’vlﬂLil‘VI'iﬂ“]f M AU

-330.9002  -101.8182  217.7514  -69143.5225
M, = -7.5293 -437.7537 -137.0119  67683.0909
0.3433 -0.6077 0.7161 -362.9242

21.5744 ~ -408.3678  313.1772  -117579.142
M, =468.1800 73.4384 106.9059  -34819.7501
-0.1049 0.2728 0.9563 -458.5288

-75.6732 -0.3860 51.0166  9815.9105
M, =-10.6420 = -82.5064 65.4709 3618.3670
- 0.0596 -0.1257 0.9903 -75.9774

5.2.2 MSWINA (U, V) ¥8uuud1asy

nsmfisa (U, V) veauuiiass Taoldlausis opencyv lumsifourefundss
otiufinamuuudineadiWg bmp) vie (*.avi) Fedmveswuiasmiededavas
Tngazgnanale Marker 11013 Tnaanwdgludsunsy udahinmisvinda (U, V) ves
Marker luuuusiaes

dauTsunsumsiasnmnnn g -avi) 5 1nld (*bmp) Taseadalisunsunis

3 ] ] )
udaanwan 1Wd (+.bmp) 1848 (*.avi) st uitenanuazanlums ldausus
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M9 5.2 MTIAAIA TR AVBINA DY

Uvl1 uv2 Uv3 XYZ
X Y X X X 4 X ) § Z

158.6567 | 152.4298 | 182.2512 | 148.9211 | 132.1129 | 149.6228 | 0.0069 | 0.0249 -0.0282
219.1175 | 137.693. | 1984724 | 127.8684 | 211.0069 | 151.0263 |10.7329| 0.1707 -0.0451
172.6659 | 122.2544 | 130.6382 | 123.6579 | 205.8456 | 128.5702|.10.2678 | 10.1735 0.0384
112.2051 | 135.5877 | 107.7811 |145.4123 | 138.7488 | 124:3596 | -0.0208 | 10.6104 0.0428
159.394 | 75.2368 | 181.5138 | 72.4298 | 131.3756 | 74.5351 | -0.0728 | -0.1626 10.5259
219.8548 | 63.307 | 196.2604 | 55.5877 | 211.0069 | 74.5351 | 10.3426 | -0.0251 10.5316
172.6659 | 51.3772 | 125.477 | 53.4825 | 212.4816 | 56.2895 | 10.6638 | 10.6853 | 10.4797
112.2051 | 63.307 | 105.5691 | 70.3246 | 140.2235 | 56.2895 | 0.0832 | 10.5309 10.46
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MININNA 3 UAYDuUdIans lasl¥ndeoq 3 m‘lumsuunnm'iaummq au
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Zoom Translation Rotation X Rotation Y Rotation Z
i ¥ } 15 § 17T
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during the installation.
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YideoOCX Installation

Welcome

Welcome to VideoOCX, Setup program. This program will install VideoOCX ?
on your compulter. :

Itis strongly recommended that you exit all other Windows programs
running before continuing setup.

Click cancel to exit Setup and then close any programs you have
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WARNING: This program is protected by copyright law and international
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Unauthorized reproduction or distribution of this program, or any portion
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BREATH MOTION MONITORING SYSTEM

Suphakarn Chinwaraphat, Thurdsak Leauhatong, Manas Sangworasil. Chuchart Pintavirooj
Department of Electronics. Faculty of Engineering, King Mongkut's Institute of Technology Ladkrabang, Thailand

ABSTRACT

Obsiwctive sicep apnea (OSAj is a problem and
disorder of siceping vwhich s frequently found recently. 4
person with obstructive sleep apnea is prone to have
mishap in road apd indusiry easier than aucther becanse
of feeling doze during driving car and/or working with
machine: Moreover, patient who is obsnuctive sieep
aprea has more cliance to de compiicated by other
disease such as ypertension, myocardial infraction,
cardiac arrivtimia etc. Thergtore tirls papar concerns
abont the desigh of mode! breath motion systent to
monitor breathi of parient while sleeping. The system
congists of ihree camera capnge a chess-baard imaga
attached on tie chest model. The 3D coordinaie of the
chess board corner point is extracted and plosted 1o
measure the 3D motion of the chest model.

Keywords- drearh motion; direct linear vansform

‘1. INTRODUCTION

Recently. numbers of those who liave trouble sleeping
have increased. According to a report from the United
States [1]: about 40 million people appeal for help due to
sleep abnormalities and about 15 million people have
sleep apnea syndrome in the United States. In Japasn,
since sleep apnea syndrome was notorious in an accident
of a Sanyo teain. Since then, Japanese have begun paving
attention to sleep apnea and other sleep disorders. [2-3].
Sleep apnea syndrome camsed the nuclear accident in
Chernobyl and the accident of the space shutle
Challenger. It is estimated that national economic losses
caused by sleep disordered breathing are about 47 billion
dollars. Therefore, diagnosis for patients who appear to
have sleep disordered breathing at an early stage is
essential.

Obstructive sleep apnea is a disorder in which
complete or partial obstruction of the airway during sleep
causes loud snoring, oxyhemoglobin desaturations and
frequent arousals. As a result affected persons have
unrestful sleep and excessive daytime sleepiness. The
disorder is associated with hypertension [4], impotence
and emotional problems [5]. Because obstructive sleep
-apnea ofien occurs in obese persons with comorbid
conditions, its individual contribution to health problemss
is difficult to discer. The disorder has however been

linked 1o angina [6]. noctumal cardiac arshythmias [7],
myocardial infarction [S], stroke [9] and muotor vehicle
crashes [10].

This paper has objective to design a monitoring
system for people with obstructive sleep apnea. The
system is capable of measure the 3D motion of the chest
accurately up to a vicinity of centimeter. The concept of
classical direct linear transform (DLT) [11] is applied for
breath motion system where three cameras can be placed
arbitrarily orientation around the object. The three
cameras will capture the image of chessboard chintz
placing over the chest model. The 3D coordinate is then
extracted and plotted in real time. These coordinates
relates the 3D motion of the chest model.

This work is organized as the following: Section I
explains the camera niodeling. 3D information extraction
process is provided in section III. The results are
provided in section IV. Discussions and conclusions are
given in section V.

2. CAMERA MODELLING

This paper a DLT technique is applied to extract the
3D coordinatz. One of the essential steps is camera model
which 13 used to derive intrinsic and extrinsic camera
parameter. This subsection 1s devoted to camera model.

A photograph taken by a camera undergoes a linear
transformation from the 3D projective space p° to the
2D projective space 0~ which can be described by the
equation:

u jx‘;
S R -Tiy
v i=K[1.10;] of J il
3 HZy
e o
L
u—i ' ﬂ%
of |y l=ar ‘g where M = [KR | -KRT] )
e

A scene pomt [X _,Y__Z_,l]r 15 expressed in a world
Euclidean co-ordinate system (see Fig.1) and [x, 1,2, ]T
is the image of a scene point in pixel uait in camera
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coordinate system. Matrix K in equation (1) is the
camera calibration matrix .

Ja 0 uy 0
K={0 5 v 0 @
o o 1 o

where £ is the focal length of the projection, a and b is
the conversion factor from physical unit to pixel unit and

4.V ) 1s the principal point of the projection.
0: Vg

Matrix R and T contributes to the extrinsic parameter
of the camera. Rotation matrix R expresses three
elementary rotations of camera Fuclidean co-ordinate
axes with respect to the world Euclidean Coordinate
system- fotation along x, v and z are termed pan. tilt and
roll respectively. Translation vector T gtves  three
elements of the translation of the origin of the world co-
ordinate system with respect to camera co-ordinate
system. To obtain M, observe each known point

X=fxy:-i ]}' and its corresponding 2D image point
fuv n-']:r vield an equation

- Ty
Xy 10000 -ux —w —u o-n I’:}‘f
0000 xy 1 —ww —w o —p f‘g':O
. 3 i
?_’"54_%;
or AX=0 (3)

If 2 such points are available. A will be of size 2n x
12. To solve for X, perform Singular  Value
Decomposition (SVD} of A to derive A=UDV®. The last
column of v is the solution for M. To separate extrnsic
parameter. observe that M can be written as

M =[4 5] then T=-A"Db. To determine R we
decompose A into a product of two matrices K and R
using QR decomposition

X

NP
i

Faiuge paie, )

S, 3,;‘{. <)

]
5 1.2}

Figure 1. Camera coordinate systen.

Figure 2. Camera Calibration Process

3. 3D COORDINATE EXTRACTION

This subsection is devoted to the DLT: the methed
that extracts 3D coordinates of the object from multiple
photographs taken at arbitracy pose around the object.

In the process. a number of cameras, say thres
cameras, are placed at arbitrary around the object. For
each camera, the camera calibration. (equation 3), is
performed prior to capture the photograph of object. This
can be done by analysing the photograph of reference box
with known co-ordinate placed at the same position of the

object as shown in figure 2. Letdf . A" and 3" are
the computed projection mtrix for the three cameras.
Unique colour landmarks are thien atiached on the joint of
the motion object, say huwan_ Tmages of human attached
with landmarks are once again captured with a cameorder.
On each frame of the video data, the corresponding points
for each colour landmarks on each camera are then
searched. To facilitate the searching process, we adopt the
quad-tree searching scheme. The searching procedure for
red landmarks 1s explained as follows:

¢ Divide the image into 4 quadramts

¢ Compute averaging of red colour’s intensity on
each quadrant.

* Further divide the sub-image of the quadrants
where the average intensity for red colour does
not diminishing and again compute averaging of
red colour’s intensity on each quadrant. (and so
on)

* Perform template matching on the final quadrant
for the positien of the red landmarks.

If ('), (' ') and ("1 ) ate the
computed ordinate of the landmark on the considered

fiame, then the 3D information of the landmark X= v,
2) can be computed by solving the homogeneous equation
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where m,-r are the row i* of projection matrix M. The

sequences of extracted 3D coordinates are then
successively displayed to derive the motion analysis of
the skeleton 3D model.

4. EXPERIMENTAL RESULTS

4.1. Camera Calibration

Three cameras are used to capture the snll image of
refereace object i which the world coordinate of the
reference points with reference to the specified origin
{one comer of reference object) are known To verdfy. the
validity of the computed projection matrix M. the
feprojection procedure is performed by replacing the
projection matrix M equation (1), computmg the mnage
of the reference points and displaving the mage
coordinates superimposed with the caprured still unage.
Figure 3 shows sample of the reprojected mage which
confirms the validity of the projection data.

Rs poject

e

20¢

50 e

Figure 3. Reprojection procedure (~: Reference Points.
o: Reprojected image of reference point)

4.2, Static 3D Extraction

The computed projection matrixes of the cameras are
used to extracted coordinate using equation (4). To verify
the accuracy of the extracted 3D coordinate. the
rectangular box s used as the object. Table 1 shows the
comparison of the true volume of the box and the volume
computed from extract coordinate of the box. The error is
with m the acceptable tolerance. Figure 4 shows 3D
coordinate of static 3D Extraction.

TABLEIL VOLUME COMPARISON
True Volume | Computed Volume % Error
157625 em’® | 1180.79636 em® 2.002
1=y ..
Y e :
¥ i % :
S | ;' Ny
\ ). .
1: .. :
i Kk
-
Y & e
0 Th-ie HT
e —— &
i “*—,41

Figure 4. 3D cooerdinates of Static 3D Extraction.

4.3. 3D Breath Motion

The DLT 15 further applied to extract the 3D motion
of chest niodel. The model is rubber bag filling with air.
The breathing motion 15 simulated by periodically pump
the air m to the bag. The period of pumping is
controllable. says once per second. The chessboard chintz
pratout s then attached on the chest model Three
cameras 1s placed around the chest model contmually
capture the images. With the projection matrix derived
fromthe previous section. the 3D coordinates of the
chessbeard or hence the 3D motion of the chest model is
computed and plotted wm real time. Figure 5 shows the
image of chest model captured respectively from three
cameras. Figure 6 shows graphs compare the chest
motion while to inhale and to exhale.

The 2nd Biomedical Engineering International C: onference (BMEiCON 2009) 197

86



Figure 5. Model use this work.
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Figure 6. Graphs compare the chest motion while to
mhale and to exhale

5. CONCLUSION AND DISCUSSION

Breath motion system 15 designed to monitor the
breath of patient while sieeping The svstem consists of
three cameras placed in arbitranly orientation around the
chest model. © The three cameras are used to capture
chessboard chintz attached on the chest model. The 3D
coordates of chessboard are then computed and plotted
The system successfully montors the 3D motion of chest
model. Further application for real patient is uadergoing

ng International Conference (BMEiCON 2009)

87



|

[

Bi

4

[6]

n

(8]

)

[0

oy

6. REFERENCES

“Wake up America” National Commission on Sleep
Disorders Research. 1993, ’

Tsae Sato, Masato Nakdfima, Facuity of Science and

Technology, Keio University, “Non-contact Breath
Motion Moanitoring System in Full Autowmation”,
Engineering in Medicine and Biology 27th Anmual
Conference, Shanghai. China, September 14, 2005.

Sameer P. Kelkar, Niragjan D. Khambete and Sujata S.
Agashke, “Development of movenent artefacts free
breathing monitor”, I. Instrum. Soc. India 38(1) 34-43.

Shepard JW Jr. Casdiopulmonaty consequences of
obstructive sleep apnea. Mayo Clin Proc 1990;65; 1230-
a.

Kales A Caldwell AB, Cadieux RY, Veia-Beuno A, Ruch
LG. Mayes SD. Severe obstructive sleep apnea--IE:
associated  psychopathology  and  psychosocial
consequences. J Chronic Dis 1985;38:427-34.

Wei X Bradley TD. Association of obstructive sleep
apnea and noctursal angina [Abstract]. Am Rev Respir
Dis 1992;145(4 pt 214443,

Guilleminault C. Cognolly S, Wiskle RA Cardiac
arrhythnda and conduction disturbances during sleep in
400 patients with sleep apnea syndrome. Am J Cardiol
1083;52:4904.

Hung J Whitford EG, Parons RW, Hillman DR
Association of sleep apnea with myocardial infarction in
men, Lancet 1990:336:261-4.

Partinen M. Guilleminsult C. Daytime sleepiness . and
vascular morbidiry at seven-vear follow-up in obstructive
sleep apnea patients. Chest 1990;97: 27-33.

Aldrich MS. Automobile accidents in patients witk steep
disorders. Sleep 1989;12:487-94.

Serapong  Acotaphao, Mamas Sangworasil,  Cluchart
Pintavitooj. Department of Elfectronics, Faculty of
Engineering. King Monglut’s Institute of Technology
Ladkrabang, Thailand. “A 3D MOTION CAPTURE
SYSTEM USING DIRECT LENEAR TRANSFORM
AND QUAD-TREE SEARCHING SCHEME”, The 3rd
ECTI Annval Couference (ECTI-CON 2006), Ubon
Ratchathani, Thaifand, May 2006.

Tire 2nd Biomedical Engineering International Conference (BMESCON 2009)

38




i
&
:
&

on Thai Biomedical Engineering
ThaiBMEZOiO

AREDMINSSINAGS MOENaadsuRSuns sy
raanEdngwnans urvinendasodn

89




90

SEUUMSETIAN WA 3 56 a1 2 58

3D FROM 2D RECONSTRUCTION IMAGING SYSTE

N w9 - s P . ¢
Aanygav Fursmian, wifa fasdall vos g8 Tuwdged

w o ad Q& A s o -
lJﬂl‘l’J‘if'li)l'l.‘ti]ﬂﬁi)llm’f nasrmsinmgas antiunn e l'ﬂTlW‘i?.?Di)lllil’u:’\"lla"li]ﬂlﬂﬂﬁkﬂﬂﬂii’-l 3

£

301l 2 auunoenyd wamAnI i NTave 10520

Ao a v . - e . w
* mndwiBdnmsend auz3minssumand gonhonaTulefiszeomndud muNIERNTIN

3 il 2 nuunanIngs mamanizi BIUARA 10520 Fnail: ksmanas@kmid.ac.th

3 CIEN-1 o2 2 ¢ o e ¥y
MMBFPIBANNTOUNY AN IFONTINANTAS donfmaly lnum:;im'uumlmr]m‘mnwwwam

W

3N 2 UERABINTI (AR TANSZIT ATAMNA 10520 B-mail: kpchucha@kmitLac. i

QL 1

UNNALd
o A - o
Maydumezaduammaouhoinaadfiduluglves

mwueingdu s A D ldgniwndszgod o Tunawy S

P 4 * s . 4
Taderedwnammd f 18l lun sSiasnevamasu e
waauynd ieamsilvznanfusimmsadan i 3 53 venm 2
PE . ' [ ¥ e
uA 711'1“'1?1'\*!“”1|‘J'Tﬂ'ﬂ\3$"lN"] 3‘4‘”.|ﬁ\3ﬂﬂ1']l]‘i&fl}ﬂ\lé"lﬂﬂﬂﬂ\lﬁ’ﬂ'ﬂﬂil
nnw S11uddumiddaiidseudag nivdadavesiagezgnia
#10 Marker nfandpsesimsiudns e sanfignfadan Marker

o= o A iaw aa w -~ A
magiansiidomiriifa 3 G8uea Marker Tasn1d8:7in Direct
Linear Transform (DLT) ssuunnmsadianmiy 3 63 s 2 §i

annaonsz i dag e mnmoniia
e 3w 3 P "o e . 4
ATTTRL LUTIASINASS, MTH WA 3 4A, Direct Linear Transiarm

Abstract

Curremly, Computer Technology develaps  very  fest,
especially m 31 animation. One of the gpplication of 31 ammation in
medicine include gait analysis. This paper deseribes 3D from 2D
Recepstruction Imaging System to geserate a skeleton model. The
systemt consists of a number of digial cameras placed al arbitrary
position around the subject, The subjeet’s joinis 1o be measared are
attached with iliumated landmarks using the Direct Linezr Transform
(DLT) rechnique. The 30 from 2D Reconstruction Imaging System has

buen perfonmed to visualize various subjects.

Keywonts: camera madelling, 3D coordinate exteaction, DLT

Proceedings of the ThaiBME2010

-
1L A
Tuihpimiosrnaudrmdmama Tulafiidins
L i . . EN T o v
sanismrnlaoualamatey edr s lfmisdanmad
- 2 A a o e A . P
Aayfinaai LiFasfiinrfuad 3 13 Sl amin1¥lums
o PO il 9 ) A
adrenmnnfin wotimdudg ATbivhifeeduimsvae Taoi
a mn dag g ¢ a 22 PO
LLRE eI AN 3 ua mﬂm’nuﬂ'mn\‘mm‘n."m‘mmuﬁuu ADIHIY
< ) 44 .
asziumiilizarsnawiuaeu Fafugmlunisiimg
o ¢ A pE X e
Wigmanmznamn s dng wdn iz 3 55 adnh Wdane
- o 3 a T AT ot .
Inzrzviniaeendenng Tavtuagiuninidou Tlsunsy nas
4 e - < <
sunfrzasuies e Idnmiinmnuanaeds U YRR
Ay 3 5 o 2 83 annimh
TilwnsuhhlzsgndlFomlaenad o 2 53 dly 5 65 ooy
whihszond 1o tugnidug Soumana vy
¥ " 4 = - Ay w
- ndunsthn dmsingimanien hnsdig
Tuinwenaadn v uasms Waasaffivanaisnm

- NRIMENAM AT T I L ems TR d miandisa
Lt hd £ 1y o
FAAT MR I sardnTiinng
-wddaonsinazgn ithimiBianziannn Taonis
Sasrsimamanu o 2 53 uay 344
v o w3 L T S e A v
- ninindhe Tagldmshesenmanion tua
Ay e o] . 3
vidoganindd loltausanffoudsuda oz ifuindayants
eyl 1§ uvaw 53
v, Yy 2 A - 2
- muvgarmnrnildfanamsaiindeu tuaiimngsal
4 .
YoURTIRINT
s wdy 3 58 o 2 58 urasfems

o an P >
f.T';'NIﬂNillllW']ﬂfN 3 uf Tﬂuﬂ'ﬁ’ilml’!ﬁﬂih’l‘ﬁﬂ'ﬂ?ﬂé’ﬂq 3 A

N Sk A ¥ s o
Tudnonis vazpedideiu SomfuambicaTEeivim 2

fanmmitldezdsvir lihlszurasadin WAdaihe 3 87 Tao



o 1iumadla Direct Limear Transtorm (OLT) slo I widan i 3

A - 1 A acdiy 3 N -
37 udhfeniidviia 3 550 1Bnadadiuammdnes 3 53 (17

o

y . woe w4t . a
awdivzefuwdeyabudndasn i sh 2 ofuw

uvudaoandaq doui 3 sfutenisdivuanamsnifinia 3 Daves

2edv

Tan gt 4 efnowad i IWWnmsvnans pazdwil 5 o

gl

o, ¥
2. mnriiasanaey
o 2 fifdwnefdanntiuesing 3 Hadwaud

wandos Ao 2 SRS whwauFyendostng linesr
ransfomztion 3M 3D projective space p" TONVIN 2D projective

space p* AwnInaBinelesmunt

X
" fg -7 ¥
v =K[I,=|0,i] Of ]] »
w r
i1
] £
. Y o 4
nin Y Y| laon M= (KR|-KRT) (D
w N
t]

wwn [A, ¥ 2,177 wradtussuniifavedTan (ugdii 1)
roa ) | 09 au ¥
[xy2,] o mvoagann s pixe Tuzzifitandas
waina K husunis (1) As asindrsilFnionndes

@ 5 el g - 2 IRy o
AAUBATARNLTEND lli‘l”]iﬂ'ﬂ'i nHADEN 1(]111“?11?!@’“ AN

7 Ja 0w, 0
K=|0 b v, 0 \t
0 0 1 0

A A « .
i £ 89 avan Tianed projection
(44.v,) ilo WHANBY projection
ma¥nd R uaz T Humsfieaimeunnveanisumms

uileundnd Tav R wnusiniiiusesmvsanswywszuy

¥
D A& -

ita 1 3 clement voamiTmyUVR INATUR LI EUURT AT Tan
AFHPUIEUUNY X, y 1DE 2 ﬁvmmuu pan (F7), tilt (809 uag okt

Aud Wy

91

y P
saz T wnunamefidlunasmvemsmeuiioszu
#ifin 3 element wmamsmisuiisingaduiinvesssuuitaland

dloufursunifandas malinilonndeaiinninndn e

Andva

a ; da &
waded M singalunin 3 B3GR unk neenmBifauvesga

Tunswumaind M szdinmoatunainmam

s

#9n X=fx v 2z JT wazgaluniw 2 #3f daandauiv

[u v wi B Wanmsfeglugdaunr )

.
x yz !l 0000 —ux —wy —uz —u
LoXE
0000 xy @ —vx ~w —vz —v| Fl=n
) LMy
5
Wia AX =0 3)

wednd X urIRTnon il Singular Value Decomposition
SVYD) 1ed A Fnum Singular Value Decomposition (SVD) xi"Jun"n

diecomposed matrix namﬂunm}wm matrix 3 matrix A9 A=UDF
“ 3 ! 4 N & b
Taud column gasi1vae v fin MedlsumTnd M udrfuasuashl

. a I3 N -4 Wy
Awnsugnvsiimeiswees ideen M auraemoglindla

M ={4]6] Anfuwmingdon 3x3 imudie A nawmedandming
K P! i et o A oA
yndegaunstio b naweffidnsiiiaedreosmioufizunsanen

e ot

aonuildie Tau 7= —47 b 1nmed T Ideyafivavonda

b 2 [
dundatanaigusy fmage plane

e ’?’
sy
Ituge plane

2

gl
P s 7
{mage pyiit., e \‘x .
X if) < % i
| ¥
Pl O

bt

M
t.:\‘x' "’ZJ

2Ulf 1 szivdinvnande:

Procesdings of the ThaiBME201¢ NS



.
.
e
e
.
@ eebt e .
.
. "
v
.

” ¥
UmeLndey

JUR 2 radsrnanants

3. msnnng 3D Jagldmaiia DLT

- @ s R L Py
TumiatbszananaTaoldafaas &1 Andwnttad1g

oy ' s, 1 P 9
FUW] IA0 DNOILAOZ AR UM ST l‘xl"llhﬂn‘lll(‘\(ll (L9 3)

Tuvwun s diudivundo ws 1 1indsai 3 da dwam fag i

oW amaduiii 2 WM M war M Ae onfu

projection matrix SMTUNGEI 3 0 IO RN Marker axgn

tuiin Tanlendeeanaon

P

J ubsh il Y

CANE7R S B ST e yav Ml

DNNTAWIUTTAY 0T Marker MIWTIIRR RO SNIVTo 0 3 113

Y9 Marker X= (x5, 2z @ tsoda lamsdauns Te TuSiio g

u'm'i—w'm'
vim'l =w'm’
u"m" = m"
v m =" m

v vl v red

=t

T reed 1 rord

vom

. o i - A Pl ¢ 4
AN T pDUNT L Y9 profection LIARIE M Faung
ADINIH AR 3 UAAA uamnaiaam e RS Uy r1s

AT HMTAdaURYe Buaea InTaT 11 3 47

4. {anrinaasy

- - v
4.1 m3dsuneundaa
. ] I3 e ¥ v . - o A
Ill'i[']‘._IHU‘JIIG':.'Jlﬂlll”.‘l'l'cl 3IATMILUINSIHLY Iy

dutaiagninufugainia vimiviinsaiaen Taoma i

Proceedings of the ThaBME2010

92

projection matrix M A 11019 reprojection Tumuns (1) e
. v a B iR
AIIGITAD DY O N IN HAS A INARDAEO U TUY D I WA M

.
Lunn

FURSAIELINMT teprojection UARS Reprojected NTNYE4978 1154

4.2 MTHIANA (x. ) YDIWUNADI

MANIRGA i,y wsaunudiaey Tagldrdealunis
Cuinmnuud 19a¢ A1U0 U190 HARE S Marker 31070
Lugilii 6 s Tnaan g Tilsunsy ndaiimmnnida x, y) uns

Marker Tuninissang



camera 1

10 6 Anudoavunsianidadan Marker
-100 T T T T T T T T T
o) 4
—aql : ]
g0l . ' 1
-180f & : 1
200t * > 4
.

1 L L L n n
160 17e a0 1ec 200 213226 a0 240 250

$UR 7 d1vta (x, y) vou Marker Tum iy g

4.3 MIMINNA 3D veeing

Maniin 2udue viag Tasldedoq 3 Aluniaiudan
FaT9v0070 0 FIURA1IY YO 1TEARARA Vasker 10 2RRAA 3
UGV Mazker 120 #maiia Direct Linear Transtform (DLT) Tina

AW S uradiiie 3 5903 Marker Ramuion

o @

R 8 4 5 GAves Marker Wiauuing

93

s.aql
» 4 na andy T
FEUULITATHNIRAME 3 KA DINNIA 2 40 4aan1inagin

3

A dg duw v - ¥ o o« e 5
r)f_.!l’.l“l”ﬂﬂll HAIVUIMNNQINS Marker UAIMINISURHON R faw

LR

MNP U8 Marker NARTAUA0Y  udniidAaYee Marker 3

Wuahadunuudaess 13 Taeadumatia Dicet  Liear

Tansform  (DLT) sxuudand vianunsavi bhlszgad 15004
WK )f«ﬁ’u'hqﬁnﬂi\‘nuﬁun:‘imfiwqada Wadanmie #au
I8 audaguamateyia

WA NTIRGA 3 Talna w3 v metinnsdwn e

“ .

as 4 " « ¥ ¥ ¥
wed le Mezile ':mqwhﬂum:un:nm lv‘»!.mmnmm):'l'n-mca 2

AigumniEuarmysdiodioudu iamaiia LT pdeaild

liuihudnav Gouiu misudve wdeailu Wlededas: fodo
- . - , 2 oda

vewmeiaDLT Aniiludasiimliudsundemoaifiing

Uiuasud weaiardag

ONA1301404

{1] Bossh T-et el “3D Ohject Construction Using a Self-mixing Type
Scanning Laser Range Finder” IEEE Trans. Instrum: and Meas
vol. 45, pp. 1326-1329, 1998

[2] Boulgouns, N V., Platemons, KN Harzinakas, D, “Guit anzlysts
and recognition using angular wansforms™, Canadiar: Conference

on Electrical and Computer Logineering, 2004, volume 3, 2-5 May

2004 pp :13i7—1320

i3

Fravjo, C.o Wamadeva, B 2t Rommance 3. “A Steren Vision
Sysieat for Pedestrian Navagation”, 17 Intemational Conference o
Applied Elccrromagnetic and Comnunications, 1-3 Qctober, 2003,

f4

Geisheimer, J L Marshalt, W.S; Greneker, £, “A continuous-
waye (CW) radar for gait analysis”, Conterence Record of the
Thity=Fifth' Asilomar on Signals. Systems and Computers, 2001,

Volume |, 4-7 Ney. 2001 pp :834 - R3R

%

Okada, N Kondo, £ Zha, H, Morooka, K. and Nagata, T, “3D
Object Mode! Consiruction from Range Images Taken by a Range
Finder on a Mobile Robo:,” Proc. of the 1998 ITEEE/RIS Int. Conf,

O1f intell. Robot. and Sys..pp. 1853-1X5K, 1998

>

Sorapeng A Manas S, Chuchant PP, Electromes, KMITL, “A 3D

MOTICGN CAPTURE SYSTEM USING DIRECT LINEAR
TRANSFORM AND QUAD-TREE SFARCHING SCHEME”,
ECTI-CON 2006, UbonRatchathani. Theiland, May 2006

{7] Weng, N, Yung, Y. H, and Pierson, R, “3D Surface

Reconstruction using Optical Flow for Medical Imaging” [EEE

frans on Medical Imaging, Vol. 16, No. 5, 1997, pp 630641

Proceedings of the ThaiBME2010



94
1] wa Y A
i%?ﬂﬁ;’l!“llﬂ‘l»!
¢ a o e a d' Y] d' P=% :{u [

UNANMFAMYIU FUIT AN AW IUN 21 Tu1aN W.A2529 Adendaasval

o o a a o a a a a
Fusansanu1lSyeeiimnssuemaastiauda audanssuneufinnes 9nn1asen
Frnssunsuimed aneIRInTsumMans UM INeIdavaINASUNT wansEnEIT N Sa

< = ] o a I a

e Tuiln1sdnmn 2550 uam’hﬁﬂyma“luizﬂuﬂimﬂujﬂw NANgAIIAINTIUATANT

v a ad o a @
uniuda grndidnnsetdndaimsunnd auzdanssuemans aituma luladns=oon

ndudnunmsaianseafs luilmsdnu 2551





