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The Development of Human Motion Measure System
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Research Title: The Development of Human Motion Measure System
Researcher: Suradej Tretriluxana

Faculty: Engineering Department: Electronics Engineering

ABSTRACT

Demand in human movement analysis is growing from computer animation industry to
applications in sports, military and medicine. This research project is to develop a low cost human
motion capture system using the optical technology. The system was built from three hi-speed
cameras and integrated with the Graphic User Interface (GUI) software. Movies of the movement
activity were recorded simultaneously from all cameras in different views. The positions of
markers placed on the human body were detected by using the image processing software,
providing the 2D coordinates in each camera. The mathematical algorithm, Direct Linear
Transform (DLT), generated the 3D global coordinates from these 2D local points extracted from
different angles. This result allows us to visualize the movement and measure the movement
parameters, e.g. displacements, velocities and accelerations in any direction.

Our experiment result reveals that error from the back calculation of 13 known marker
locations is less than 1%. Camera synchronization at the highest speed (100fps) is one of our
technical difficulties. Fortunately, all cameras were operated at least 95 fps, which is applicable
for gait analysis. Our future plan is to adopt this system as part of the biomedical engineering

study.

Keywords: Motion Capture, Human Movement, Biomechanics, Kinesiology, Machine Vision
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Image Resolution (Horizontal x Vertical) 640 x 480 pixels
Sensor Type Progressive Scan CCD
Maximum Frame Rate at Full Resolution 100 fps

Interface

Fast Ethernet (100Mb/s) or
Gigabit Ethernet (1000Mb/s)

Video Output Format

Mono 8, Mono 16, Mono 12 packed, YUV
4:2:2, Raw 8, Bayer BGS8, Bayer BG16,

Bayer BG12 packed
Len Mount C-mount
Via external trigger, via the Ethernet
Synchronization

connection, or free-run

Exposure Control

Freely programmable

Digital I/O

1 opto-isolated input, 1 opto-isolated output

Power Requirements

Via Power over Ethernet (802.3af) or
+12VDC (+/- 10%) via 6-pin Hirose

connector

Power Consumption (typical)

2.3 W with PoE, 2.0 W with AUX

Weight (typical)

<90g

Housing Size (L x W x H in mm)

42 x 29 x 29




13

'y d i
3.2 mswannveWmsideddiluszuu

o 4 v o 1 A
A1IMIIUYBIeNLITURITEUULUUY Y 2 a3UAD
& A @
3.2.1 wewinienstiudin (Image Acquisition) HazU52u7aNan W (Image Processing)
o”dy ° Yy A g . a3 v A
a5 N1 1N Graphic User Interface (GUI) ATUANMINUVUUNANINDIN
3’, o 4 [~ Qy °
ndounaauda9l Hard Drive uaziotasadumsnaanaudlnzminisyszuiana
é a 1 o’ dy
ANHIUNTLUIUNITUDIASY
Ay v LY < 2 . .
3.2.1.1 LINNINIA 19 INUAALNADIDBNU UL UATNIS (Video to Still Images Converter)
3.2.1.2 WA WYY Markers (Marker Positions Extraction)
v < o ] ~ 9 o o .
3.2.1.3 Tufindumitaues Markers 1 laas 1 IWaa1519811981 (Spreadsheet File)
P o o 1 aa
3.2.2 gelifiemulIndluriiely 3 @ (2D-to-3D Converter) LAZLEAINANTN (Image
Display)
o A :’l’ ° + = ° ] an 9 %’/
goNuIsAIN et azviirmihNudasdum1avo9 Markers 11010 2 IR 91ANABINT
ar L I o 1 aa 9 =Y P 1
uad I nanedludiaves Makers 11 3 18 laelsaunisnienalaegainisenn
kY
Direct Linear Transformation (DLT) [3] LaZti@A9A 1Y 19 Markers wiai luauiia
A 3 o ] an 9 =K o v a 4
W18 19ved Markers 111 3 U61A7 (5139313150 W wunimniimesvesns

waou lnandesnsldde Ty



14

UNTN 4

manaaeaziudeya

171 1de5u18 13 uasuievre s unud 11N s uUMT HIUUDIT S UUATIDIANS

4 Pt 4 LR = o E4 ' E i '
waou Iniveauyudl 2 Tusou uanouazisuhnmsnaass lduuszdesiudunsunBona
L 1 = 4 é dy Y a o w g’; 1 g g c’;’; 1
“A1513 VA7 (Calibration) (Fenoy #3luunilez ldosuisdrdudunovaIinaruaa e

g w o LY
ﬂTiWﬂﬁ@\?%NﬂﬂWﬁﬁW‘ﬁfﬂTﬂﬂWﬂ

4.1 Mms5U5uuAa (Calibration)

g @ v & o v A =1 i o
ﬂluﬁl@uﬂ']il]i‘l]uﬂﬂﬁﬁﬂ')'lﬂﬁ'lﬂillu’e']EJ'NENLLﬁZL‘]JN?ﬂﬂi?ﬂﬁ@‘ﬂﬂ31uumuEJ']‘iJ'E]\ﬁ$‘1J‘1J

3
Tned1989e7un13 Direct Linear Transform a04aUA15919819%) [4]

X -= L1Xi + L2Yl + LBZi + L4, +
LgxiXi .\ LloxiYi + Lllxl:Zi = 0 ¢}

Vit L X;+ LY + LoZ; + Lg +

LoyiXi=+ Lioy:iYi + L11yiZ; = 0 @
Xi, Vi auriely 2 TAved wried 19999 i
X, Y, Z; dunrelu 3 Tave s d 19999 i
Li,L,,...,L11 Ardulszansiuau 11 M

Y

L g | dy
Teonyulludosiunoudounsil

4.1.1 MsruMavydszans

o

1 an A Ty 1
WA 3 Ue (N\hJ‘Llf]EJﬂ’J'] 6

Tagmsihadumiisly 2 d@anndewaza18198en3
] g’l 4 A a o Q( %’I A
dume) unuluaumsisaeaiemmdulss@nsng 11 M
4.12 Mamurmndumadunily 3 44
by

1 o [} aa 1 o a £ 1
Taonsihmauruelu 2 11(5]fl)'lﬂﬂ%’t']ﬁ“ﬁ%ﬂ']ﬁﬂﬂi%ﬁﬂ'ﬁﬂ\i 11 ﬂ?fﬂ'lﬂﬂgll@ 4.1.1 YaUnu

4 '
TugumsnigeaiemuInnaUmAIA YAl 3 UA



15

v

v '
nszvaumsnaaesiidoslddeyanndumisgededaaalunni 4.1

] v
NN 4.1 Mne 98199315 1 U un a1 Calibration

4.2 M3tiuiin (Image ‘Acquisition) waziszanananv (Image Processing)

1 a s o ' 1 a
Taons Iys wnananeadaglns sluendiumiisaa ind T (Markers) | nagiduuy

v
o @ o o @ 9
YN IUDDNNIAINY AUAALTUN TN 4.2 LLﬁg‘U‘LJﬁﬂﬂ1WW%,ﬂilﬂui]“lﬂ1’Nﬁ'lilﬂﬁi)\1

[

AN 4.2 NN 19819 IAN A0S A I IMINaaDaAL EWIL



16

i

o =] ° ' an J
wazletuiindoyaaToudalusunsuaznidumiie 2 TAU03 Markers 910UARZAIN

¥
voandosnauasiimidumiaiuaiuiinly Spreadsheet File

4.3 mamuudunssly 3 5@ (2D-to-3D Converter) UazUaAINANTN (Image Display)

3 ° ] an 9 < < ° 1
e 1ddwmialy 2 TAuos Markers 91nndoanndauds nazgnudlasdludumualu 3

aU

d w

14 v
13 mnaumsludoe 4.1 uazihdoya 3 Tatlhuaawauuneuiines durdaslunmi 4.3

100 —

80—
60—

40—

20—

80
40

f \ 0
20100 0 100 200 30 40 50 60 79 .0

=

~ o i ad e E4
WA 4.3 Mnvesandaly 3 NﬂﬂﬂTU’Jm‘lﬂ

De

adwrielu 3 Tamartivvgmii ldlddes 1wl parameters 4snisindou lnusu

U

ee

< v = a 1
STUTNIY, AINIG U3 0AMIISE NuvuBaudunaziFay e i



dinMedyanay NIZAdHINAIAIANTZIR

17
UNA 5

aglwamsIdn

MnHanIInaTeuszuy lass s dumaidumiededuegadiedsdmiums
4 IS 4 T
1Tt (Calibration) 147U 13 9@ (n=13) 11ANRBINS 3 A2 WuNHANuAMIANABUIINTAA
a T R A ' ¥ A 1Y ¥
@uegiszun 0.6% Fedonegludunveniuld
2o a {a X ' ' ]
uennnidalidymAfaiusznitensnaneiio Ua1N150AIUANANWTIVES
Y ' v QY 1w o Y S o
ndoaaaza2 1inIAUN 100 Frames per Second (fps) aaeanialld egrelsnanuE 19
s 4 2 o 1A o ar : o a R 4
ﬂﬁ’amﬂm’gﬁmw 95 fps FGIDDINAGINOFIMTVNIIATIVIAMTAY (Gait) VOINYYE
v St o A @ 9 = Py = 3 9] o
ag19 lsnadadl Temawmui sz uuiinnunesas unuay wazdsuyjerenuasuag

4 Y o 1 A o A kY
gunsallszneumnaasslilanuminzauiumaasseiamanton lnaludnyausdu’ld

EY
|

° LY @ 4 o
uiseilldduanenisiauissuunisasavinnismiou Inaveswywdlaeld
maluladnssnianisndoufiuuylFues (Optical Motion Capture  System) Tagldndaq .
< ° v A& L a s At ¢ 2 9 v
ANuEIged o 3 aafeudonuneuianeiaussausginiglnsainudeynvuialng
I a g Y 3 T g A gy 1 Ao ¥ 1 @
Wumsigad iriudingaulssnauitosn Nizuundu1 N9l sme 51U o WA
[ A ~ 9 Y < 9/ o A FY y o
szuuAsIvianIsAteuveypd ine Tandarudeenisveninideludszmeala nadl
Y d 4 Cd a
TResnanuduazdszaumsalidluvesdaios ,
g @ [ -4 o I 1 %
Tuduse ldItvaswerermilSulgaldszuuiigni lidudrundswssmsBounis
o = = ¢ ¥ Y d
aoulundngasdaIngsudansunnd NeaMsWaNTZ Y, 155 0UMIABULAZNITHN

nanevintoyamandou lniludnyagaise

137840



[1]

[2]

[3]

[4]

18

O UIIRNYNIN

Kandel, E.R., Schwartz, JH., & Jessell, TM. Principles of Neural Science, 4" edition.
McGraw Hill: New York, NY, 2000.

Winter D.A., Biomechanics and Motor Control of Human Movement, John Wiley & Sons,
Inc., Hoboken, NJ 2005.

Y.I. Abdel-Aziz, H.M. Karara, Direct Linear Transformation from comparator coordinates
into object space coordinates in close-range photogrammetry in: Proceedings of the ASP
Symposium on Close-Range Photogrammetry, Urbana IL. 1971, pp. 1-18.

Robertson, D.G.E., Caldwell, G., Hamill, J., Kamen, G., Whittlesey, S.N., Research

Methods in Biomechanics, Human Kinetics, Champaign, IL. 2004.



4
YOUNANN:
ﬁ' Y A
YoRen:
4
Fonuiszyu
do
aounInaY

¥IUINDANY

19

MARUIN N

o e y Y os aa d
wammaﬂﬁ"lmumsmwuw

A Cost Effective Optical Motion Capture System

Wirachai Sae-lim, Kitiphol Chitsakul, Suradej Tretriluxana

International Cenference on Engineering, Applied Sciences, and Technology
Swiss Hotel Le Concorde, Bangkok, THAILAND

November, 21-24, 2012



MANUIN U

o =] PSP A a v
mwunﬂnmggumunaﬂmm‘mﬂuazmimmﬂ

E% a wa o - d
ﬂ1ﬂ1‘u‘ﬁﬂdl|§]‘ﬂﬂﬂ1‘J’Jﬂ!!ﬁzﬂizﬂ?ﬂﬂﬁﬂ'lﬁf]ﬂﬁ!lﬂﬂﬂ

20



21

MANHIN A

Al Y1 o ~a A v
agUmlinemsaufiulasamsise

wuseNUMs ineRulnsainisee

aanfumalulagnszaeunduigamm smansil

dszdluilszana 2553

M unasevtszanaunniuy cuudnd)
d’ Y] 1Y) ¢§ 4
Folasams (mulne): Tﬂﬁamswmmsz‘uumaﬂfmmimaau"lmmmmgyEJ
(ﬂmﬁ'fdﬂq‘ﬂ): The Development of Human Motion Measure System
ﬁ' Y 3/ aw Yo Yy = Qs
wa-ﬁqamwuﬂﬂNmsmﬂgsnnwﬁpw: A3.9510% A3 InTany

o =37 Pt é’, 1 A = A Qr
szEzIMsioe - 1 1 A  Beuamnu w2552 69 ROURHEION N.A.2553
v A 7] o
YayamInanumlrnesvilszanalasamsise
1. msnnesuilszana

[} [~ I~ =Y

Ui 4 990 23TlS 1 490,000 VN

2. agthwilszanamliae

anlszanaildsy alyie HOAAUNAD
HnuIAAFae
(LIn) (u) ()

wWYAMng 0.00 0.00 0.00
JUAUHUIU 0.00 0.00 0.00
AMOULNY 0.00 0.00 0.00

M ldeaoy 265,000.00 265,000.00 0.00
Aerg 225,000.00 225,000.00 0.00
M1y lna 0.00 0.00 0.00
WU Anganal 0.00 0.00 0.00
53U 490,000.00 490,000.00 0.00

(g3 @3 lnsdnyag)

@ tY Yo
Wi lasamsgsunu



15
1.

2.

3.

22

LAY W A

FAnIde
A a @
Forw-ana (11w11ne) qILAY A3 INTHNHBY

miwnuesaaufinade AULIAINTINAANS
* aomiuma TuTadnszeemndrdnaunmsmanszals
0.2009N79 1UARIANTSUI NTUNH 10520
Tnsemw 02.326.4222-3 die 238
Tnsas 02.739.2398
Email: ktsurade@kmitl.ac.th

Usziamsanyn

2008  PhD.(Biomedical Engineering), University of Southern California,
Los Angeles, USA,

2003  M.Se (Biomedical Engineering), University of Southern California,
Los Angeles, USA.

1997 ~ M.Eng (Electrical Engineering), KMITL,
Bangkok, Thailand

1992 B.Eng (Electronics Engineering), KMITL,
Bangkok, Thailand

KMITL: King Mongkut’s Institute of Technology Ladkrabang

m3nnsitanuauls

® Noninvasive Medical Measurement

® Physiological Modeling

® Biomedical Data Analysis

® Biomedical Signal and Image Processing

® Human Sleep Study



23

S A ) s a o
5. ﬂﬁgﬁUﬂWSmﬂlﬂU'ﬁlﬂﬂﬂUﬂqi'}ﬂEJ

Hludim3seuTnsan3790(309 Heart Rate Variability in Sleep-Disordered Breathing
(Principal Investigator: Michael C.K. Khoo, PhD) 5412141 2003-2007 Tag'1@3 Unuﬁi‘fﬂ

970 National Institute of Health (NIH) Useineavisgomsni

6. s1anmelasuninnasudsey

145131992 EMBS Student Paper Competitio}l Open Finalists luviadeisoe Cardiac

Autonomic Function in Older Adults with Sleep-Disordered Breathing 910914 The 27"
L 3 1 Qs d‘

Annual International Conference of the IEEE-EMBS 2005 9UUISHINNIUN 4-1

September 2005. f Lﬁm.Shanghai, China.

[

a o Yar =N 4
7. WaUATeN 1ASUMTARNLW

L.

W. Wang, S. Tretriluxana, S. Redline, S. Surovec, D.J. Gottlieb, M.C.K. Khoo,
“Association of Cardiac autonomic function measures with severity of Sleep-Disordered
Breathing in a community-sample”, J.Sleep Res. 17(3): 251-262,2008.

S. Tretriluxana, M.C.K. Khoo, “Reduced Ultradian Modulation of autonomic control in
Sleep-Disordered Breathing” Proceeding of BMES 2007, Los Angeles, California, USA
p.4.133, September 26-29, 2007.

W. Wang, S. Tretriluxana, S. Redline, S. Surovec, D.J. Gottlieb, M.C‘.K. Khoo, “Sleep-
Disordered Breathing and cardiac autonomic function in community-based sample: age-
related differences” Proceeding of American Thoracic Soceity 3:A197, San Diego,
California, USA. May 19-24, 2006.

S. Tretriluxana, S. Redline, S. Surovec, D.J. Gottlieb, M.C.K. Khoo, “Cardiac
Autonomic Function in Older Adults with Sleep-Disordered Breathing” Proceeding of
the 2005 EMBC, Shanghai, China, p.1103-1105, September, 1-4, 2005.

S. Tretriluxana, S. Redline, S. Surovec, D.J. Gottlieb, M.C.K. Khoo, “Changes in
ultradian heart rate variability rhythm in sleep-disordered breathing” Sleep 28: A198-
199, 2005.



|Est

International Conference on Engineering, Applied Sciences, and Technology

November 21 — 24, 2012, Swissotel Le Concorde, Bangkok, Thailand

A Cost Effective Optical Motion Capture System

Wirachai Sae-lim', Kitiphol Chitsakul', Suradej Tretriluxana'
'Biomedical Measurement and Computation Laboratory
Faculty of Engineering
King Mongkut’s Institute of Technology Ladkrabang Bangkok, Thailand
e-mail : bell narag@hotmail.com

Abstract— The use of motion capture is now widespread in a
study of human motion such as in animation movies, sports, and
medicines. A popular motion capture system is the optical type
which is, however, very costly. This article presents design and
implementation of an optical motion capture made by cheap
hardware and can be used in some applications. By using 2
webcam (OKER™ HD 335) and 3 active markers, some
preliminary experiments of simple gait analysis were carried on.
In order to construct human walking model, we attached the
markers on a volunteer’s hip, knee and ankle and assigned
him/her walking on a treadmill at the speed of 1km/hr in flatting
position. Based on Direct Linear Transformation, DLT algorithm
developed on MATLAB® (student edition) for processing, the 3
dimensional coordinates of each marker were located. Walking
model of subject then has been constructed.

Keywords-optical motion capture; active: marker; walking
model; gait analysis; direct linear transformation

& INTRODUCTION

In daily life, the human motion is involved naturally in
functions of nerves, muscles and bones in which gradually
change its biomechanical state. The main factors that motivate
the change are age, accidents and some diseases. The change
may affect to a personality and mental daily life notably
because of the rapid change by accidents and some diseases.
The diabetic is a disease in which provokes change of the
biomechanics of foot from losing the sensing nerve,
effectiveness of blood vessels in carrying the nutrition to the
cells of muscle, ligament and also foot skeleton. Diabetic foot
complications such as chronic diabetic ulceration, corn &
calluses, foot deformities are often the final results in diabetic
patients. These foot complications affect to a natural style of
walking (gait) of the patients. Correction of gait may be need,
however, after treatment of the foot complications. Therefore
the quantitative gait analysis method is of course helpful for
physiological therapists.

The motion capture is now widespread in a study of human
motion especially used in entertainment industrials. This
complicate, costly system had long been limited in popular
entertainment industrials such as animations movies and video
games. Recently the motion capture have been developed, by
researchers in the field, be many systems based on various
principles such as magnetic, mechanic, and optical. Magnetic
systems (for instance [1]) use electromagnetic sensor
connected to a computer which can give 3D data. The strong
point of magnetic trackers is it high sampling rate, however it
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has low space solution and magnetic signal may be easily
disturbed by metallic objects or other magnetic fields.
Mechanical systems use special suits which made for 1 person.
It comes along with integrated mechanical sensors that store
and analyze human motion, e.g. motion capture body suits and
data gloves [2]. The most popular and long time ago used,
optical systems, for capturing and analyzing human motions,
provide high resolution and sampling rate, and give the subject
freedom of movement. Because of its cost of hardware and
software, the system, however, have been limited in popular
entertainment industrials. Optical systems are further classified
according to the use of markers (marker-based and markerless).
A marker-based system tracks the trajectories of attentive
markers - on the -body, while markerless systems compute
motion parameters from extracted silhouettes or other features
(e.g. [3]). Moreover, based on how markers are identified from
background, optical motion  capture = systems are further
classified into two types: active and passive. The active system
uses some light sources as markers. The passive system, in
contrast, markers are made by retro-reflective material.

Our work is to develop a low cost optical motion system
aiming fo use in quantitative gait analysis for diabetic foot
complications patients. In this article we present design and
implementation of ~our - system .and some preliminary
experimental results for validation with the limiting factors.
Finally human walking model has been also graphically shown.

II. MATERIALS AND METHODS

Our system consists-of 2 webcams (OKER™ HD 335) ,
attached on tripods, which is able to capture at 25 frames per
second, 3 active markers (as shown in Fig. 1), which attach on
a volunteer’s hip, knee and ankle as depicted in Fig 2. In the
procedure, ~we need frame calibration (know certainly
coordinates) for calibrating the cameras. The block diagram in
the Fig. 3 shows details of the system to find 3D coordinates of
the markers.

Figurel. A active marker.



MARKER
DETECTION

3D EXTRACTION
USING DLT

A

Figure3. System block diagram

Essentially, an image preprocessing was needed to detect
the center for each marker, and to provide the 2D position of
each marker detected by the cameras. The 3D coordinates of
each marker then were found by Direct Linear Transformation
(DLT) technique [4].

With procedure mentioned above, real time manipulation
had not been possible. The recording images from the cameras
are directly projection of object onto projected plane or image
plane. As shown in the Fig. 4, the object O is mapped to
projected image I onto the image plane. Obviously the point N
is the projection center. We define the plan-on which point O
locates as object-space reference frame (XYZ-system) and the
location of point I is an image-space reference frame (UV-
system). So the [XYZ] is the object-space coordinates of point
O while the [UV] is image-space coordinates of point I, The
points N, O and I are approximately collinear that called co-
linearity condition.

Image Plane

Projection Center

Figure4. Process of mapping of object to projected image.

On the object space reference frame (XYZ-system), [Xo, Yo,
z,] is defined as coordinate of projection center (N). Therefore
the [X-X,, Y-Yo, Z-Z,] is the vector A that is drawn from N to O
(Fig. 5).

On the image-space reference frame (UV-system), the axis
W being perpendicular to the image plane is added. The point P
is the principal point on image plane. A line which is parallel
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O [xy,z]

N

(XY ozl
X

FigureS. Vector A on object-space reference frame (XYZ-system).

N B I = [u,v,0]
" ﬁ P = [UpVe,0]
N = [ug,v,,d]

Figure6. The image plane on 3D.

with 'the axis W and perpendicular image plane, called
principle axis, is drawn from the projection center N pass
through the image plane. The principal point is the intersection
of the principal axis with the image plane. Distance of
projection; center N-to principal point P is called principal
distance (d). Therefore coordinates of I, P and N are [u, v, 0],
[b,, Vo, 0]-and [u, ,v,, d], respectively. [u-u,, v-v,, -d] is the
vector B that is drawn from N to I(Fig. 6).

Since points O, I and N are co-llinear, the vector A (Fig. 5)
and B (Fig. 6) form a single straight line. The co-linearity
condition is simply equivalent to the vector expression,

B=cA, (1)

where ¢ is ascaling scalar, Note here that vectors A and
B were originally described in the object-space reference
frame and the image-plane reference frame, respectively. In
order to directly relate the coordinates, it is necessary to
describe them ‘in- a common reference frame. Therefore we
transform vector A to-the image-plane reference frame,

h . hy hs
T o=(r m h
B Iy I
M hy hs
AV =T, AP =r, r n|A? (2
B By B

where A?, A? and T, are the vectors A on the image-

plane reference frame, vector A on the object-space reference
frame and the transformation matrix from object-space
reference frame to image-plane reference frame respectively.
Apply (2) to (1),



|Gast .

N3 || ¥~ %o

Y—=JYo
z-2z,

¥=v,

—d

3)

Iy
.

From (3), we obtain,

. —d

F(x—=x,) +r, (= y,) +15(2-2,)

4)

Substitute (4) for ¢ in (3),

rll(x_x())'*'rlz (y_y())+rl3 (Z_Z())
r(x=xp)+ 1, (¥ —yo) +13(2—2,)
L (x=x0)+1, (¥ = o) + 1 df525)

Ki(x=xp) +1,(y =y, ) ¥ 15z - 2))

U—u, =—d
(5)

Y=o

We can rearrange (5) for the XYZ system of each camera;

i Lx+Ly ¥¥z +L,
" Lyx,+ Loy # Lez ¥

6)
ke Lx, + LY I bz, {3 \

*7 Lox, + Ll v/

11<i

Where L,-L,, are DLT parameter, i are number of the points,
u,,v, are 2D coordinates of the point i, and X, ),, z are 3D
coordinates of the point i.

Actually camera calibration is finding DLT parameters
(L). We rearrange (6) :

'lel ik ylLZ T+ ZIL3 5 L4 —ulle9 _uiyiLIU _leZIL” = “i
7)
XLs+yLg+z, L+ Ly—vx, Ly —v,y, Ing < v,z dyy =V (

i

Where i
coordinates,

are the number of points, the
[u,,v,] the

coordinates, [X,, y,, z,], were then entirely known.

image-space

and object-space

In our experiments, we used 2 webcams to capture image
of the calibrating frame and calculated the DLT parameters

(L).
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Figure 7. Calibrating frame captured by two webcams.

TABLE L DLT PARAMETERS OF THE TWO CAMERAS (1 AND 2).

L, | DLT1 DLT 2

1 | -2.20053 | -2.51336
2 | -0.34986 | 0.938208
3 | -0.10964 | -0.0013

4 | 181.2772 | 186.6305
5 1 -0.03815 | -0.2009

6 | -0.00107 | -0.22845
7- | -2.16974 | -2.59752
81171.0323 1.213.6296
9 1/-0.00067 |.-0.00309
10 |°-0.00447 | -0.00411
11 | -0.00088 | -0.00014

III. EXPERIMENTAL RESULTS

To validate the 3D positions- extracted from each video
frame, we ‘have compared real positions and computed
positions. We obtained real positions by using a standard ruler
and  of course ‘computed pesitions- by DLT technique. 8
positions estimation were carried on-in the experiments. The
experimental results were shown in-the table 2. The root mean
square of error obtained is 0.1861 'cm. The errors are
considered within our acceptable tolerance.

TABLEIIL: COMPARISON RESULT OF POSITIONS.
. Real positions Computed positions
No. of Error
positio (cm) (cm)
n (cm)
X ] YALZ X Y z
] 457 0 |70 450872 | 02135 | 699580 | 02351
e | 70 | 24.8465 | 02724 | 700390 | 0.3150
s 0125 70 | 00533 | 249368 | 700107 | 0.0833
4 0145 70 | 01036 | 45.0955 | 69.9950 | 0.1409
5 451 0 | S0 | 449839 | -0.0485 | 500123 | 0.0525
6 251 0 | 50 | 250011 | -0.0063 | 50.0107 | 0.0124
7 0125 30 | 02322 | 252834 | 499794 | 0.3669
8 0145 30 | 02010 | 44.8018 | 50.0001 | 02822
Mean 0.1861
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Consequently other experiment (dynamic motion capture)
was carried on. By operating of video recording for each
webcam on the experimental objects attached by the marker at
hip knee and ankle, the each synchronized dual frame were
manually selected for using in the procedures of determining
the 3D coordinates. The angle displacement of thigh and shank
then continuously calculated using trigonometric approach.
Finally human walking model has been also graphically shown
as in the Figure 8.. In Figure 9. Show the angle of x axis, y axis

and z axis for each marker.
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Figure 8. Graphic 3D motion of a leg (right).
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Figure 9 . The angle of x axis, y axis and z axis for each marker.
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IV. CONCLUSIONS ANS DISCUSSIONS

This article presents optical motion capture system which
has been developed for using as gait analyzer for the patients
who got diabetic foot complications before or after recovering
from treatment. The system uses 2 webcam and 3 active
markers and DLT transformation algorithm to calculate the 3D
coordinates of the markers by MATLAB™. The process
started from cameras calibration in which to find the DLT
transformation’s coefficient by using calibrating frame located
at the object measured position. We obtained 3D coordinate at
average error of 0.1861 cm. Finally dynamic motion captures,
with a healthy human’s leg walking on a treadmill in flat
position at speed of 1 Km/hr. were carried on. The moving
angles of the markers acting on the three reference axes were

shown as sinusoidal waveforms (Fig. 9). Finally a 3D motion
model of 2 pieces, thigh and shin are also shown.

By considering errors of coordinates at 0.1861 cm, the speed
of moving more than 1 Km/hr has been not effective. Limited
by the frame rate of the cameras, 2D coordinate estimation may
cause the errors. Some experiments with the patients who got
diabetic foot complications will be carried on in the near future.
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