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ABSTRACT

The Optical Motion Capture is a system that uses two or more camera to capture an
image of motion. Image sequences are then brought to calculate for corresponding positions in the
3D world. The motion positions are recorded in a motion file for generating the animation of a 3D
character.

In this project, a motion detection system that uses optical motion capture method to
produce a character animation. The system uses 2 webcams to records human motion, then
determines each marker from images by using image processing theories. The positions of all
makers are then calculates to get positions in the 3D world by using of Stereopsis theories. Then,
these data in each frame is saved sequentially to a standard motion file, called Character Studio
Motion (CSM) file which can be use to make a realistic 3d character animation by a conventional

software likes 3Ds Studio Max.
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910319 2.19 TINTONTVA o, UAT @ lRnnaums
AX
a, =tan"l\ le (2.12)
-1 lAXRi
o, =tan (2.13)
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- ' @ Y Y
fl]']i"]?j‘].]‘]/l 2.19 @UTAN I NUFUVDUTUATI K ‘ﬂgllﬂ

mK, =tan(6, £, ) (2.14)
& AX, <0  mK, =tan(0, +a,)
f1AX, 20 mK, =tan(d, —,)
mK , =tan(0, + ) ; ANsMIMToUmK

o ) 1 2 o L @ o o
YUABUN 4 mmmmmmm%iwmqﬂmaﬂmaﬂuuﬂu X aziund Y 91N NUTUNUTUDN

e =Sh.

EY
aumsduUnIInadl

SAY
IAX)

Y &x,
N S\

m

mK, (2.15)

Y=mK,X-mK, X, +Y,
Y=mK;X |+ CyiCro= ~mKpX 5%, (2.16)

g1 2.19 auuiddedunsswoududadulaud mK, uoz mK,

Y=mK, X +C, =mK X +Cy
mK, X +C, =mK X +C,
mK, X —-mK,X=C, -C,
X(mK, -mK,)=C, =C,

= Cr—C,
mK, =mK,

Y=m, (ﬂ] +C, (2.18)

m;, —mpg

(2.17)

o 1 = o oS o T a
ﬂﬁﬂiﬂﬁ'l@]'l!,mud%ﬁﬁﬂl@ﬁi]ﬁllﬁﬂkﬂﬂiilﬂlﬂﬂ X ulﬁ“’lﬂﬂﬁllﬂﬁ 2.17 LasMLNIIVBIY0

¢ < ¥
NW?ﬂLﬂ@iﬂluLLﬂ‘H Y ulﬂiﬂﬂﬁﬂJﬂ"li 2.18
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ngll § o ° T = J o = o
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qn ¥ & o oy A "o A g vy g &
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%QﬂJﬂ’J'\iJ’sIQ"UENi}ﬂ'é]']\‘l@\‘]‘luﬂ"l‘WL‘VHﬂ“LﬂU@'J@EﬂQH"l]%W"l]"l’iﬂﬂ%'lﬂﬂﬁ@\‘lﬂ']uGb"lﬂ

S >
Py(x,y) X,Y)
N
Y.
L
31 222 dwmisgasnsnineslumuanni 2
gt 222 g 1daums
L= lx=Py(x,) F (¥ =Pv()) (2.19)

Faga Pr(x,) mildvnauns 2.7 38 Pu(y, ) midnam ldaaauns 2.8 TRRELIR LTI

4 o Y (=] @
ﬂJ'liﬂLﬂ'ﬂﬁfl]']ﬂﬂ']WUuﬂ']ﬂi‘Uﬂ']W"U'ﬂﬂﬂg'ﬁlﬁn‘ULLﬂNGluLLU'JLLﬂu Y ﬂ\‘lzﬂ

“F Ay

= o Y ¢ d @ v
51 2.23 dumisgaansnmesuumnFumwlundes

AY:Py—YmaX

= py - 00024 -
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° v Y Aq v = 3 o d’l Y g& a
GI'ILH’T1!\15U?qulNﬂﬁ'{’)\‘i'1’]1‘]1114Iﬂ5ﬂ\‘iTLIﬂzuﬁquﬂﬂJ@QﬂTW@ﬁﬂTﬂﬂUWH AIUUIITTUITONDITU

i AZ Tugdfi 222 1801n AY Tuaums 220 1RTaoass
AZ =AY (2.21)

@ o <
nngt) 2.22 whasumsanuduius 1Al

oL

/
DI Ve (2.22)
f

-
L

' Ay ¥ g Y a Ay o ) Yy =
AMNTI Z Aléunnugeanunudidsideni luuinduanugeuenass 3
Y A 9 a
TRanugaiunaseluuny z
2.32 m‘iﬁdﬂ'm’ss}ji’N(Camera Calibration)
o3 Y] ¥ LY ¥ o (Y o = a
FunsasivSademadalsnnndouneiiind s W idlumsiaeesoolse
Y o v
Tapilnaudamsfagandes luAsaLInAOURINITNAGEIAITIN1IAT WA OUINADITHTA?
[ =1 1 o 9/ =1 o o o 1 =
uilsareniduediels InodauisuoendesrginanuaInlagn1IAIUINKHIA NN IV
o -4 = o T Y a lqs: [ dy A ] 1
sned madn1saedumuendeaissuuveenn ldsminduiunse ldawisonsuan
o T 9 A 1 Y P=% 1 @ 1 Ao o A Y 2R o 1
Sunian1s 9N dedfiuiueu vgdsslinisimaautsaresgndutlume Ivnsiuasdunis
MITNNADE NMIMyUYBINNdoedushinades drsaiimauiedaudsnnndesoen
<3 a
A 2 ¥iia A
1asutsnelunded (otrinsic parameters) laun
1.1 manue IWfauedndes (Focal length)
1.2 andnd gy yeanaea (Principal point)
1.3 AMOATIAIUYUTZN LAY X UazinU Y (Skew coefficient)
1.4 A NuAaIAManU (Distortions)
2. el neuenveanded (Extrinsic parameters) 1ALLA
2.1 MAlsunINMIYYU (rotation matrix)

2.2 adudsasnmslasuulasuny (translation matrix)
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Y . . 3 Y o 1
EeT1)5unsuuamuay (Camera Calibration Toolbox for Matlab) &4 ldnisulasuuiasdumis
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2.3.2.5 iwaans 1l lumsmuIn Stereopsis
v day Y Y Y g "o ' Ao g
nagnEn1dvnmsmimdudsvesndesssidlumdutsarensuilulums

o 3 ' a -4 4
AUIUN AU UIIIIVDIYANTANDT

Calibration results after optimization (with uncertainties):

Focal Length: fo = [ 458.60484 466.68215 1 £ [ 5.43660 7.60389 ]
Principal point: ce = [ 122.97914 18.80351 ] £ [ 6.99746 9.96923 ]
Skew: alpha ¢ = [ 0.00000 ] + [ 0.00000 ] => angle of pixel axes
Distortion: ke = [ -0.18118 0.14436 -0.02652 0.00328 0.00000 ]
Pixel error: err = [ 0.31118 0.25615 ]

Note: The numerical errors are approxXimately three times the standard deviations

! v 7 : o o
51 2.27 wadwmnsdauiidoansiaamdaunlsanndes

2.4 'IWadoyanisindenlny (Motion Data File)

- el e Q
1l 2.28 fredhamandenlrrveslasanszgn

% 4 o o 4
dFoyansiadon g (Motion Data File ) fie Idhifudeyadnuaznsnaonn,
voslasanszan (Skeleton) Feiildameglulilsunsuildadadiasasuvy 3 G IAdad

=Y o to o Y Y Y] A g v Y
Q'I‘LlLL@‘HLII%‘LJ"L'JJTI'IL‘]J‘HGl@\iﬁﬁ%‘lﬁﬂym&’ﬂ'ﬁlﬂﬁﬂu‘lﬁQmﬂﬁﬁﬁﬁzﬂiiullﬁﬁzlwﬁuGU'ENﬂ']iﬁi'N
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a Y Y (3K 9 Jd 9 A 1 v
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v o & gy dal 9 ° 4 o ° 4 o
Fudazas 3 Hanadiedy wdrsaideyaitldiu 1 1Fumshimuamanaeulnivesds

P o £ b A Y 9 o =1 a
ALATONNUUI °]N‘1]3'1’]1114ﬁnﬂﬁﬂ’d‘iNﬂWiLﬂﬁ@u"lW’Jﬂl'ﬁ]ﬁﬂ’)ﬂ%ﬂillmi’umgFNllﬂ’NiJ’diJi]i\i

Y
UINVUBDNAIY

=

7Y dq 9o ) 1 N v &
g doyanldiuilaseadeoguarogluundieiu Gednvaz Iaseasieiug

LY

1 v
=%

T s N o ' ¢ o 4 % o
uanesiu uadlufidenldfumniigaldun Iddeady iosan ladoady Hzduouly

v

g Y = At 9/ 1y 9 o I3 = =1
msaudeyani Inssadelidudounazduldduinsgriuvosdiomon(CSM, Character

Y

Studio Motion) @sa13n350 1911 18 TaeT1lsunss 3 agale Lifing (3ds studio max)

2.4.1 1WaFeadu

'
o '

I 4 4 o 4 % an & :
S lWddoyamuadou lmiRusumisvesgauisnineslu 3 1A laufveglugy
< g ; s S Aa o vt '
494 ASCII -based ol lldesiludoyatovonninnes Naamudumiievosdodiod

o 1 o o an o 1
paAaazdLNIaYD AN Nines 11 3 1A davdelugy

lScomments
This is & Character Studio 2.0 CS# File

Sfirstframe 1
Slastframe 1856
Sspinelinks 3

" Srate 60

Sorder
C7 CLAY LANK LBHD LBWT LELB LFHD LFIN LFWT LKNE LSHO LTOE LUPA LWRa LWRB RaNK RBHE KBWT RELB RFHD RFIMN RFWT RKNE RSHO R

Spaints

1 980.6 S2365.8 154130 10306 -2239.9 14921 967.3 -2427.3  1B1.8 936.2 223301 16729 939.4
2 979.8 -2338.9  1540.1 1029.4  -2232.4 1489.3  966.3 -2426.7 1818 936.2 -2322.0 16711 940.7
3 979.6 22351.7 0 1539.3 1029.2 22245 14871 9661 -2426.1 1815 936.4 -2313.5  1669.3  942.7
4 979.6 23428 1336.1  1028.4 22131 14846 9663 -2425.9 1814 936.2 23050 16668 9445
3 979.6 223343 15337 10276 -2206.4 14814 966.3 -2423,3  181.4 9346.4 -2296.6 16646 9463

[ 980.0 23266 1331.2 1027.0  -2197.7  1478.8  966.9 -2424.9  181.6 936.4 -2287.9  1662.27 9484
7 980.2 2317.3  1528.4  1026.4  -218B.8 14766 967.3 -2424.5  181.8 936.6 222792 1639.8  949.7
8 980.6 2308.3  1325.6  1023.4  -2178.3 14741 968.3 -2423.9  182.2 937.0 -2270.3  1637.2 9310
] 981.0 22299.0 1523.0 1023.2 -21468.0  1472.7  969.3 -2423.1  182.4 937.4 22609 1634.9 9524
10 981.2 2289.5  1520.4  1024.4  -2137.7 14703 970 -2422.3 1824 937.8 -2231.2 1632.3 954.2
1" 981.4 2279.6  1517.9 1023.6 21483 14683 9713 -2421.9  182.8 938.4 -2241.5 16499 936.0
12 981.8 22689 13153 1022.6  -2137.8 14655 972.3 -2421.7 1834 938.8 2231.2 16475 9376
13 982.4 22237.6 1512.7 10216 21263 1463.3  973.35 224211 1842 939.4 -2220.7 16435 93%.2
14 983.0 222453 15101 1021.0 21144 1462.4  974.2 2419.9  183.2 93%.9 2209.8 16436 960.8 .

el Lol

= (Y v J 3 A = r.‘
5111 2.29 eehalnlddoyamunaeulminwusiomsy
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o Foru FumHInAans
RFHD Right Front Head Asyzd1amTna U
LFHD Left Front Head Asrzdhanthauane
RSHO Right Shoulder W1 lnaduan
CLAV Top Chest Ranmanihendiuuuge
LSHO Left Shoulder w1 lvadne
RELB Right Outer Elbow JorOAUN
STRN Center Chest AANAA ( U?Lam?iyu?])
LELB Left Outer Elbow Yorondo
RWRE Right Waist Stick End Hoi0UNAUUINE IR
LWRE Left Waist Stick End Yoilodua1uUenNIA2
REWT Right Front Waist az Inathanid e
LFWT Left Front Waist az Inndanthdudng
RKNE Right Outer Knee Ehanthauem
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LKNE Left Outer Knee hdanthdudgne

RANK Right Outer Ankle Foiun

LANK Left Outer Ankle Houidne

RWRI Right Wrist Stick Base Fotipunanuludiii

LWRI Left Wrist Stick Base Foiiodnoa1uludian

RFIN Right Finger foum

LFIN Left Finger flodne

RBHD Right Back Head Asuzdandemiuam

LBHD Left Back Head Asuzdnandaniudne
C7 Top of Spine AIYQATUNAIR IHLIY
T10 Middle of Back A3ZANAUNGINA AN

RBWT Right Back Waist oz TNDAIUN AU

LBWT Left Back Waist azlwadunasEe

RTOE Right Toe Aenaalaahundrani

LTOE Left Toe Aenaralmiignedhani
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/ Source Files

ReadMe, kxt

1] Mation Capture.h
1] Moation CaptureDlg.h
1] Resource.h

1] targetver.h

; Resource Files

41 Motion Capture.ico
Motion Capture.rc
% MotionCapture.rc2

- &4 Motion Capture.cpp

- £ Motion CaptureDlg.cpp
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L4 skdafx,cpp
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Motion Capture is a motion detection
system that uses Optical Motion Capture
method to praduce a character animation.
There are 3 major step in motion capture,

1. Capture sequences of image.

2. Calculate corresponding positions in the 3D
orld.

3. Record a motion for generate 3D character
animation.

1. Capture images

Capture

2. Calculate 3D position

i .
i Calaulate

3. Generate 3D animation
and record csm file
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void CMotionCaptureDlg::OnBnClickedCapture()
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message U8 user click mouse ‘Vl‘lJ“JJ capture
Capture()
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void CMotionCaptureDlg::OnBnClickedCalculate()
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message WD user click ‘VI‘]J}J calculate

LoadImage(&list image)
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ImageProcessing(*iter image,point Leam,index_frame)
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) k% < = o L
u'lﬂ'lWﬁ]']ﬂﬂﬁ@ﬁ!.’J‘UlLﬂﬁJ"U’J'l‘lﬂﬂTﬁ)‘ﬂﬁlmx‘i"llﬁ]\nl'ﬁﬂm@ﬁﬁlu

AMAIINTLUIUAT Image Processing

Mapping(point_Lcam) , Mapping(point_Rcam);
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CreateArea(point_Lcam,area_Lcam);
CreateArea(point Rcam,area Rcam);
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Tracking(markers Lcam,point Lcam,area Lcam);
Tracking(markers Rcam,point Rcam,area_Rcam);
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Stereopsis(markers_Lcam,markers_Rcam,&frame[index])
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CreateAllMarkers(&frame[index_frame])
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void CMotionCaptureDlg::OnBnClickedDisplay()

message 1§ user click ﬁﬂu Display

DisplayMotion();
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