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Region Based Object Tracking Algorithm Using
Intensity Surface Information

Tushar Kkoley

Abstract

We propose an algorithm for object detection and tracking in video image
sequence. Our algorithm starts from a single point, considered as the center
of the object for tracking. The user in the first frame initializes this point.
The basic principle of the algorithm depends on surface approximation and
its normal. The surface is approximated on the image data representing a
sub-section of an image and this sub-section encloses an object that 1s to be
identified for tracking. Least Square Surface fitting technique 1s used tor the
surface approximation. We introduce three external forces from the surface
normal that can stretch an active contour from the initialized center of an
object towards its boundary. In our algorithm, calculation of spatial
movements of the object 1s governed by the principle of error minimization.
The error term is computed from the change of the surface and its normal in

advance of time. The algorithm is tested on both synthetic and real image
sequences.




{. Introduction

“Object Tracking™ is one of the most popular topics in recent vears. The objective of this
application is to detect and track a moving object in a video sequence (of tframes). Lser
initializes the center of the object in the first frame. In order to track an object. the first
task is to detect the boundary of the object in the first frame. Next task 1s 10 track the
object through the frame sequences. In order to track, detected boundary in the first frame

is shifted according to the object movement. Then the boundary 1s morphed as per the
deformation from the previouslv detected shape.

In a video sequence, detection of a moving object is usually done by aligning pairs of
images and then creating the difference image. Moving objects can be found in the
difference 1mage using algorithms such as clustering {1]. A probiem in the clustering
technique is that usually alignment is not perfect and the difference image is noisy.
Another ptoblem in image alignment and subtraction is the execution time. since every
image ,points 1s examined for registration, alignment and subtraction {followed by
clustering. In our aigorithm we do not need to create difference image; moreover, we do
not need to scan the entire image. only scanning the region where the object is present. is
sufficient. We also reduce noise present into the scanning region of the image by

approximating a surface to image data points. The detail of surtace approximation is
explained in the section 2.1.

There are also algorithms such as 2-D contour based object tracking [2]. Active contours
are curves defined within an image domain that can move under the influence of internal
forces coming from within the curve itself and external forces computed from the image
data [3]. One limitation in contour based algorithm is that intormation that is very close
the object boundary is used for tracking and region information present within the object
1s neglected. The gray level information of pixels within the object boundary and their
brightness change pattern may sometimes provide important information to help
developing a tracking algorithm. In our tracking algorithm, all such informations are

utilized as the algorithm uses a surface equation that closely approximates pixel values
within the object boundary.

There are several approaches where active contour methods are used for object boundary
detection In a still image. One such approach is Gradient Vector Flow {3]. As mentioned
earlier that active contour changes its shape under the influence of internal and externa!
forces. Internal forces are dependent on the tension and the rigidity coefficients of the
contour, whereas external forces are implementation dependent. Image gradient can be
used as an external force. Image gradient vector has the property that it is larger near the
boundary and it 1s normal to the boundary at the boundary points. But one problem of
gradient vector is that it is high only near the boundary (also near noise) but it falls off
drastically as we move away from the boundary. So in order to detect actual boundary
user must Initialize it very close to actual boundary. Several types of dynamic external
forces are invented to improve this problem. For example pressure force used in-balloon
[2] is a dynamic external force. which can pull the contour from any arbitrary position to



the actual boundary. We use three new external fbrces for boundary detection of ouf
target object. These three forces are simii»r to the pressure force used in balloon {2}.

These three forces are computed from some interesting properties of surface normals.
The details of this computation are explained in the section 2.2.

in our application we first fit a surface to the image data. into the region of the object. by
the use of least square surface fitting technique. The main motivation of surface fitting is
to gather all the information contained within the object boundary by a single surface
equation. For example if we want to find the pixel value at any position within the object
boundary we can get its approximate value directly from the surface equation. so we do
ot need to store entire data once we have approximated a surface. Another advantage of
surface approximation is that it automatically smoothen the image and, therefore, reduces
noise. Of course the procedure may blur edges to some extent but information lost due

blurring can easily be recovered from the change of surtace normals near the object
boundary.

For object boundary detection we have adopted a method as suggested by [4]. Thisis a
generalized method and can be used for several applications. Applying this method
boundary can be defined as a continuous function of a parametric variable. Boundary 1s
first subdivided into finite number of boundary elements. Each element has two end
points. considered as two nodes, which has four degrees of freedom corresponding to
positions and tangents of those end points. The boundary changes its shape under the
influence of dvnamic force governed by Lagrangian motion equation. As already
mentioned three new dynamic external forces are computed from the surface normal.

Assuming object movements between two consecutive frames are marginal. so in order to
search a point from these two consecutive frames. we have assumed that the hight and
normal to that point should be equal. This assumption is stronger than the optical flow [5]
because, the algorithm assumes intensity value (equivalent to gray value) as well as
normal at a point is invariant between two consecutive frames in order to search that
noint in advance of time whereas optical flow assumes only intensity (gray) value to be
equal. We also assume rigid body motion, so. the deformation of the object between two
consecutive frames is neglected. With he help of this second assumption, we can express
movement of any point of the object by the movement of its center and the rotation of the
object with respect to its center. So, it is sufficient to find the velocity of the center and
the angular velocity of the object with respect to its center, in order to find the velocity of
each individual points of the object. The computation of velocity of the center of the

object and its angular velocity is governed by the principle of error minimization. The
detail of the expressions required for this technique is given later.

in the next section we discuss methodology of the surface approximation, object

boundary detection and object tracking in detail. Section 3 discusses experimental results
followed by conclusion in section 4. |

[



2. Methodology

In this section we discuss the detaii of the methodology used in our trzcking algorithm.
First we discuss surface approximation technique (2.1), and then we discuss boundary
detection of the target object (2.2) and finally actual object tracking method (2.3).

2.1 Surface approximation: We discuss here surface approximation technique within a
rectanguiar region of the image data points for simplicity. But it is also possibie to
approximate a surface of any arbitrary shaped region when the boundarv is defined
properly. As already told that user initializes a point in the first frame that is considered
as the object center. The data value required for the surface approximation contains pixel
values within the rectangle containing the object. Now let [ be the image matrix

containing data. Suppose z=[(x,y) be a data value on the matrix at column and row
position x and. y respectively. We may consider this as a point p(x,y,:)
wherez = I(x,y). We want 10 generate a surface which approximates all such

points p(x, y, z) . For surface approximation we use least square surface fitting technique.

The least square method is used to fit a curve or surface to the data point minimizing

mean square error. To fit a 8 th order polynomial surface, the approximated surface is
given by

2 ? 3
J(X,Y) =Gy + Qo X+ Ao Y+ Qoo X™ + 0, XY+ a5,y + 05X |
: 2 3 i
+da, X"y +a,,Xy" +ayy ++ gy . (1)
k

9
Z aka "y
=0 /=0

O f=

where k.lare indices of coefficients and 0<k<0.0<I<k. Error term of the
approximated surface to that data points p(x, y,z) is given by

m=1 1|

E= ZZ(ZZakin y: u) ’ (2)

=0 =0 k=0 I=0

where mxn is the total number of data points within the enclosed region. To estimate
coefficients a,_,, setting dE/da,_,, =0, we get

mn-1 n-|

ZZ(ZZH" 1 Ix y; )I y; yx;*_!y; ’ .' (3) |

i=} j=0 k=0 =

Differentiating with respect to all the unknown coefficients and setting them equal to zero
we have total 1+2+3+...+OB +1)=0O +1)6 +2)/2 equations and same no of
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unknowns. We opt for Crammer’s rule for matrix solytions [6] of the above system of
linear equations. The matrix equation can be givenby BA=C= A= B'C where A is
1 column vector of length © +1)@ +2)/2 comprising coefficients, B IS a square

nonsingular matrix ot size @ +1DO +2)/2x® +1)0 +2)/2 and C 152 column vector of
length © + 1)@ +2)/2 comprising data values. A.B and C are given by

T ,
A :[am Ay 0 ey 7T “m] (4)

prr -

=4 1=l m—=l -1 mr—f - TR EY

ZZI ZZT ZZTI ZZ'.“ 1

I=1F =i} ]‘:'j l|'=‘:| 1=11 =1 1=l I.:ll
=1 .- m-l =1 m=l n-1 m—=1 -1

ZZIJ ZZT X, ZZ(IH VX . ZZ‘L X '

J=ir =1 r=gl Jr:ll f=ir )=t , =1 =) l

B = m—=| .1—1 ‘ m-{ n-| ' | m—t -1 ‘ L m—i o~
& —f f L —/ W ! h— - -
$5 ey $8 e ST ey S
(=i =i p=A) =gl r=lr =it t=1h v 2Lk
m—b -1 m-| n-1 * | m-| n-i _ -k oot 1 ]
H Ko A ; b4 - - :
£, P - e o S5
L {=il =1 =4y =i { =i =it TSR | _.!.
(3)
*m-i =1 =1 | m—-1 n-1 (ol ,.' m=1 =1 ]
T - - - - | - 3]
C = E =, ;”..I" .. ZZ_”I; y} T E E .'.U_V (6)
_J:ﬂ j=0 1={) ;=0 1=0 ;=0 =0 =0

Since the matrix B does not contain image data. it is fixed in advance of ume. Only
column vector C need to be recomputed in order to find new coefficients { A ) for surface

approximation. [t can be shown that matrix equation BA=C= A =B7'C provides
unique solution provided each x, s and y, ’s are unique. However. when x ‘sand y,'s

‘are equally spaced, then matrix B is a Hiibert matrix which is il! conditioned. The degree
of approximating surface is limited in most cases by the round of error [7]. Since x,’s

and y s are equally spaced for our application, matrix B is a Hilbert matrix. Gauss

Elimination method is used here to solve this matrix equation [7].

Some examples of surface approximations are shown in the Figure!.



et A e
i p?uﬂ&:ﬁ%?%ﬁﬁ
R
T e AT
kY ,"..m.,,m&.s."m.".ﬁ.?,?%
Ln o LAY
R
i

;
o 1
P e H
R
o\ H ...........“...

et
T o

P
R R T,

I T
P AT
.ﬁ:hr.,“?,,““.rxxf%a

B

Mi R
et

o
TRk,

EH L
AR
sﬁ,ﬂ.ﬂi L
T X .-...._......n.
....;.,w.?....,ﬁy...s...
N
o

R

Rt

it ,..,,,W.,W.“ﬁ;.,;.,..,. HRY L FER R,
BT i R
B ERn A > G S
EH ST 1
i S
S
:: T
:
RO T
e
2 ............,,.....,,.....,.,....
A
SRR .Mm.
T R o, - R :
. e i S e b e o LELEER ..,,..,r,.f...
i e A R R I S R R TR
FRHRE e o aff.uraf.n.,.m.. ﬂfﬂr .......u.......n._,.,......."... A R R B T tiiis b ......yh..nm...... et ...ﬁ.-.n. ...ﬂm.w ot e
: . Ry R e e T T AR A A T Eerehiteey .Nﬂ.f ....;...ﬂ.w..
e b éﬁfﬁﬁﬁﬁﬁﬁjﬁhﬁmﬁﬂ%ﬁ%ﬁsﬂ?
I AT 5 AT FEey i SRR
A i e e ..,.,,.......ﬂ. = B
e S L T L R AR
P L S A M..f.mw.x
S e L
R RO L R bty A
i DR 3
s e S R
N IR TR e e e i : o
o e
o H i H H S . o
R ; R S S e e e
H e i S e I .:.".,..,..;n.,,,..,..;Eﬁﬁm?g.&;%iﬁﬂﬁwu?ﬁ
.........."......u....&...:...,..n.,.... i .ﬂﬁhﬁ#ﬁ..ﬂ&ﬁﬁr .........J,y... R .ﬁ..m AR TN TR IVJL.MH.V o e ; H = Jm{ﬁﬂ.
i L i Hi S S
o S i 2 f.ﬁf/mwwf SRR i
i ﬁ;#.#...ﬂexﬁn.”ﬂnﬂ ,@ffﬂ{/ﬂf /M%f «JF G .Nu.
H e
LG = Lo .,..“.,.
rHEGar R ..............M..fy Ly
g ¥ e
2
Rk

e
R

e et
7 PR
7
)
) aéura.m.m."#f&.?f...

ey
S e
............."..H.m...........,.“"...”...... gt
R FE .,....“........m,“,..r..,..,,.,. . AT
o f ET
S i e
D
: RGO LS FEi Y
o L ST R
" AE Ty L A e
LA ol s T A e Sriniinis
5 ,f;r 3
Sate

L
HCH N R
e e HE T
et
SR
b
; :
e ] ST o
e G
: e SRR
i Hehe]
; L
e
e i
NI, e e o e e e e
i e

..................u.,...m....,uu,. T .,...“.......u.ny..,...,..ﬂ......,.. Py i
I e
3 R
i b= W R G TR
/ﬁ, ﬁﬁwﬁr e S e
! R el e
e s
i ; R e e
T S e R
AT
R
LRI R o T H i
R L AN i S
N e
T T e
R uﬁ//@v ﬁ/;fﬁ.ff e
i ot il - ....o...,..—.r .f.f =
i A
e

aaﬁfiw...?ﬂxwwﬁaeﬁsd S Y,
5 ?xﬂﬂmﬁyxﬂﬁf ..........,.....,..,w,.,..f“....n.,..m..,.,..,.,. ?ﬂﬁxﬂcﬁ %ﬁﬁﬁ#ﬂ?ﬁﬁ%ﬂﬂﬁ@ﬁf Febee:
L
L . L
: SR
. L
: T ﬁ.ﬂf Eopltm i Ry i
e Tk PR T e A e e A H
T S
S R e
- L

A
T

-

e .._,..........-...... T -
: e
3T
.

ol
+

Pkt
FEAE,




After approximating a surface within a rectangle enclosing the object we can go for its
boundary detection. The next section (2.2) describes the boundary detection in detail.

2.2 Objecr Boundary detection: We have just seen how an image data points can be
approximaied by a surface given by equation (1). So given a data matrix we can easilv
have the corresponding approximated surface. Now, suppose this data matrix contains
gray values of a rectangular region of an image and this rectangle contains an object that
we want to identify. So we should go for boundary detection of the said object. Let us see
how our approximated surface helps us to detect boundary of the object.

Let the boundary be defined by a set of boundary points. We want to create a closed
contour defining the boundary. The parametric equation of boundan contour can be
defined by X(s.1)=(x(s.1),¥(s.1)) where se€[0,1] Is the parametric variable and

(x(s,1). ¥(5,1)) is the coordinate of a point on the boundary. We consider each pair of

consecutive boundary points constitutes a finite element of the contour. The finite
element of the contour has four degrees of freedom between two nodes located at the
ends of the segment shown in Figure 2. In Figure 2. h represents parametric element
length. The degrees of freedom at each node correspond to the position and tangent of the
boundary element. Boundary points are initialized at the center of the object. Our
algorithm tries to expand boundary points from the center of the object until the actual
boundary is reached. The procedure is similar to intelligent balloon [8] where user can
arbitranly initialize a seed in the region of interest and the region grows until actual 3-d
object boundary is reached. We first divide continuous domain of s into m element sub-

domain and then approximate X as weighted sum of continuous basis functions .\ [4].
This N, s are also called shape functions. Thus

X=Y XN, (7)

where .Y is vector of a nodal variable associated with node i .



(X(2).X(3)) =
(X (h). X (h)

(X(0)..X(1)) =
(X(0).X,(0))

Figure 2: 2 nodes 4 degree of freedom boundary element where # is the parametric
element length.

The shape functions NV s are fixed in advance whereas nodal variables X s are

unknown and need to be solved. At any particular time instant .X "s posses some discrete

values and it is updated in advance of time. Since \ are continuous functions of s.

weighted sum given by equation (7) becomes continuous function of . For the present
application basis functions are derived from Hermite polvnomial.

Each segment of boundary can be approximated as weighted sum of set of Hermite
polynomuial [6] given by

XEiLM, (8)

=0

- X,,i=0.12.3 for an element is shown in the Figure 2 and N s are given by
Ny=1=3(s/hy +2s/hy.

N, = h(s/h=2(s!h) +(s/h)").

N,=3(s/hy -2(s/h)".

N, = h(=(s/h) +(s/h)"). (9)

—

Now let X ={X,,X,,X,,X,]. Then value of X at any particular time satisfies
Lagrangian motion equation given by [4]

X e kv -FY,

M [0
dt” dt | | 09




where 1/ is the mass matrix, (' is the damping matrix. X is the stiffness m
s the forcing matrix. The matrices are compuied as

i
ol

M = Jp_\-” Vds . (1)
I .
C = j‘*fN’r Nds . (12)
}
I o .
K = j (N wN +N W,V )ds (13) and
{i
Fo= |N' fods. . (14)
0
e dN dN
where Nz[}x-” AT Nﬁ], N, = N = e N' represents transpose of
s A

N ,p 1s the mass density,y is the viscosity,w, is the tension coefficient. w, is the

rigidity coefficient and £, is the total external force acting on an element (of boundary
contour).

Now our task remains to find total external force ( /) acting on an element. An

interesting behavior of the normal (drawn on the approximated surface) can be used to
find a force. if we draw the normal on the approximated surface we can see the angel (v )

between normal and image plane varies smoothly except at the boundary points. That
means that the spatial differentiation of the angle (y ) will give high values at the

boundary points. Let M, is the matrix, which contains the angle (y ) for all surface

normals described by rectanguiar image region. Alsu iet M,., denotes matrix obtained

by spatial differentiation of M, and m_,  is a value of M, which is greater then all the

values of this matrix corresponding to the position inside the object. So we may assume a
force given by

t AY e

S5 =m,, —mr . (15)

where m is a value of M, corresponding to the position of the boundary element and

r is the position vector of the boundary element relative to the object center and it is
given by
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plane is outwards from inside the object. It is zero or in opposite direction outside the
object. From this observation we can assume a force { £, ) whose magnitude and

direction 1s given directly by the projection of the normal in the image plane. Thus. a
force £, can be given by -

o N | o
- hi"’ y ‘

t— ' -

where N and V_ are the components of the normal in the x and v directions
respectively.

Also image gray value is important information to find object boundary. Let [ is the

average gray value of the background. Then a force £* can be given as
fi=[-1r. - (20)

where [ 1s gray value at the current position of boundarv element and ][ — f_n-‘ indicates

magnitude ot difference of / and / . The parameter r is explained earlier.

So to compute total force, f ... we add this three above-mentioned force. Thus
Jon =/ + 1 (21

From the Lagrangian motion equation (10) it is clear that the value of X satisfving this
equation is a continuous function of ¢ and hence in order to solve this equation (10) we

. . ! . .
need to express dynamic force (F ) also as a continuous function of 7. But we can

compute this dvnamic force (£ ) only at discrete time. Thus we require numerical

implementation of this equation (10) that can provide us the solution of X at the discrete

time step. Next sub-section describes the actual numerical implementation in order to
solve X .

2.2.1 Numerical implementation: For numerical implementation we assume critically
damped condition. That means in equation (10) we put M =0 so the equation becomes

c 2O | gy =F (22)
dr
- CX(:+&:)—X(:)+KX(!) _ FI;:I'

| Al

= C(X(t+ AN - X)) = A(F — KX (1))

| ]
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by the amount Ax and Ay in the x and y directions respectively. Then the point p can
be specified in the ¢+ 1th frame as p{x(t + At), y(t + At), z(t + At)) where. \r represents
the time elapse between th and r+1th frames. x(f+ A1) = x(1)+ Ax.
yit+ A =v(t)+ Ay _ and z(1+ M) = Jlx+Ax, v+ Ayt +At). This is shown in the

Figure 4. Since between frame movements are marginal we can have the following
assumptions

1. The = values of the two points are approximately equal. that means =(z — A7) = =(1) so
that

Jlx+de, y+Av i+ AN = f(x.v.1). (24)

2. All the components of normal at the two points are also approxtmately equal (because
object deformation is assumed negligible).
So we have following assumptions

N (x+ Ax,y+.&y',t+m)§ N _(x.v.1). {23}

N, (x+Ax,y+Avt+A1)= N, (x.3.1). (26)
N Ax+Ax,y+Avt+At)= N _(x.v.1). (7}

where N, N and N_are the components of the normal in the x, v and - directions
respectively,

We know that outward normal of any surface of the form o(x.y.z)=k. is given by

= - -

‘N=Vo where V is defined by V=:‘i+ji+k-g—. Rewriting == f(x.y) in the
ox T oy ¢z -
form of o(x.y.z) =k, we get o(x.y.2)= f(x,y)~z=0. From this we get E—_;E =E:£.
- Y CX
QE:EL anu E_t—{:—y»—:*-]. S0 we have normal N = Vo :f-%+n;'fi+ k{-1). Thus
dy Cv Cz ox ~ ov
“fzf:
EAREIRY;
A DA R 28
._N:_ — L I_
Using equation (28) we can rewrite equation (25), (26) and (27) as
fx+ A y+Av I+ AN = [ (xvnr), | (29)



Jlx+ A y+ Ay + A= f (x,3.10). | | (30)

where f = Qf— and f = f . From equation (24) expanding f(x+ Ax. v + Av.t + Ar) by
ox Cj;

Taylor’s series we get

--;

flx.y.t) f(x V. r)+[ f{x, v I)Ax+—f(.x v, t)&y+€-j(.r,_,v_z‘)ﬂt]+
cx oy ot

where ¢ contains second and higher order terms in Ax,Av and Ar. Neglecting e,
canceling f(x,y.t) and dividing by Ar we get and taking the limit as Ar — 0 we get

b dv
VD) —+ fF{x.v.)—+ f(x.v.,)) =0
f.(x )dr Jlxoy )dr I (x.,0)

= fAx,y,Du+ fx.viapw+ f(x.va)=0. (31)
. of . . . . Ay .
where f == and f.f are explained earlier. This equation (31) is a constraint
) |

equation and s similar to optical flow constraint equation. Similarly from equation (29)
and (30) we get

Jolx,yu+ f (x oyt + f (x.3.0)=0. - (32)
Jolx.y.u+ f o (x,vaw+ f(x.v.1)=0, (33)
&f. , cf, o, . df ;
where [ = /. Jo =—. [, :—{—- /. = f and f, = 2 . SO now we have two
Ox cx ¢y T Ot ct

unknowns u,v and three equations (31), (32) and (33) for every special coordinate (x.1).
Thus it is possible to find values of u and v at any particular time for every (x.y). The

pair («,v) is actually the velocity component in the directions x and y respectively. We
B
. : u : :

may represent this as a velocity vector V = . The velocity vector V' for every image

V

ptjint (x,¥) 1s called motion field {5]. But we would not go for computing all such pair
(u,v) because of two main reasons. First computation cost is very high as for every
spatial coordinate (x,y) we need compute these three equations (31), (32) and (33

Second these three equations are the approximate representation obtained by the
expansion using Taylor's series. where second and higher order terms are neglected. To
eliminate these two problems we have made another assumption of rigid body motion
that means deformation of the object is assumed negligible. Thus. the net displacement of

[



any point (x,y) of the object in the image plane can be calculated from the displacemen:

of its center the object and (ts rotation about the center. As a result the velocity vector of
any point (x,y) can be calculated from the velocity of the center ' and the rate of

change of rotational angie (¢ ) of the object about the center. Let velocity of the center is

o -

'

defined as ¥, =} ° | and the rate of change of rotational angle (¢ ) or the angular velocin
. 1"

. d : .
1S defined as @ = —51 It 1s now sutficient to calculate only these three parameters u . v
t oV

and ® to calculate velocity vectors for every image point (x,y) (motion field). Let us
now see how to find velocity vector V' of any arbitrary point (x.v) from }" and o .
Consider Figure 5(a) and (b) shows a rigid bodv drawn at time ¢ and 1 + At respectively.

r
y {q
¢
Y. i
Y Y i
!+ Nt ;
f E
_T.'{_ X > | .TL_ + ﬂ,‘l’{ : >
X (a) X (b)

Figure 53: (a) a rigid body drawn at time (1) showing its center and ua point (q). (b) Same
body at time t + At showing movements of its center and the point {q).

From the Figure 5 it is clear that
x=x,+rcosd , | (34)
and

y=y +rsind . (353)



where 7 is given by

r=y(x-x,) +(y-y )’ (36)
and ¢ is given by
b =tan™ () (37)

X—X

Since r is the relative distance of a point ¢ of the object from its center and the object

deformation is negligible. it will be invariant with respect to time for that particular point
concerned.

. dx dv
From (36), and (37) and writing —= =y .=+ = V. we get
| dt oar
U=u —rosing . (58)
V=V +rmcosd . (39)

From equation (38) and (39) we can easilv calculate velocity vector }7 of any image
point (x,y) when vaiues of ¥ v and ® are known. To calculate u .v oand ® we just

replace the terms wu.v from equation (31), (32) and {33). Now any deviation from

equation (31), (32) and (33) is consider error. Since error can be both positive and
negative we take square of error from those three equations. Again since error introduced
by equation (31) is nonlinear with error given by equation (32) and (33) a factors. is
multiplied to left hand side of equation (31) in order to compute error. S0 the total error
becomes

E - J‘J.[_f‘ﬁ[x.*}‘*f ]“ + .}‘_:.:r('r‘ '1;![)1! -+ f;j(:(‘f '],?‘f)]:(ff{h,
+ ”[fn(r Vb + fn,(,r,}'.f)v + j;l_(x,y.r)]:drafr

+ A ”[fr(.r._r.f)u + fi (x. 3.+ f(x, v.0)] dvedy
(40)

Replacing u and v from equation (40) by the expression given by equation (58) and (39)
we get error term given by,

E= ”[ft_r(x, yit)u, —rosind) + Fx,v.0v. + rocosd) + f..(x, y,!)]:drd_r
+ H[f“_ (x, vt Wu, ~rosing) + f_(x. VANV +rocosd) + I x. v.0)] dxdv

+ A J.j.[f_r(.r. v )(u ~-rosing) + T Axy o)y +rocosd) + f{x.v.1 )" dxchv
(41)

16



We now want 1 find the values of u..v and w so that total error £ becomes minimum.
So differentiating equation (43) with respect to 1 we get

cE
C -

*7”.[];(1: —rwsING)+ f (v +rwcosd) )+ £ ]f dxdy

_.-ZH[fﬂ,(uL —resing)+ f (v +rocosd)+ /. N f . dxcdv
~ 2A ”‘[f_r(u; —rosing)+ f (v +rocosd)+ f1f.dxds

where fo=flxvy., f = f.(x.y.1). Jo =1 (xvat), ro=f.(xy1).
Jo=tolx,v.0), f, = filx.v.1). 1o =fxy.t), and f = f.(x.y.t). Simplifving and

cE
setting — =0 . we get

ou .

I+ L7 M e, +[[[(F S+ ffo + 1S ey,
S ad it 1 f +1 £ 0rc0s0 = (1.7 + £.7 + 3£ )rsind dvc e
tL S+ S f + 1 ] =0

(42)
o fE =0 we get
m)-l.
[t + fu S+ 2 f ey + (O + £.7 +3f vy )y
J:[Lf-.: + .f_:.:x' + ;"'»:]‘.] )f' COS (bdrf{l' - j.r.‘rj_rr + fr_r.fu_'r + :ﬂ“‘jr-fl _)?' Sin ¢. ](J}
St + Fof 40 S )] =
(45)
Similarly setting fE = () .we get
o

|7



. | ) _ | D _2_1-2‘_1. \ :
Ry T v = F oy )eosb =i f T M Tisingdvdviu

o) >0 S 1 o o -
HHK&}, +Ji1_j.'*fef_1. }C05¢—{,frxlf_w+jmf£v+¢frf}_.mntp}d’cc{r]x{:

Sl a(f 2os 2. 2L 22 a4
[J]- {sin OV TSy T T+ cos Mfry e AT

2sind cosd;(fxxfw +f f +},;‘:rh)“r}}rdxc{v]w

Xy’ py
HURU S e+ f o f o, #M,F coso S et ¥4, 1) sinldxdy] = 0
| o | o (44)
Equation (43), (44) and (45) can be written as
biu +b,v. +b.o = d, (13)
byt +byv +bh o = d, (46)
byu, +b,v +b.w=d. (47)

whete by = [+ 1,7+ 3 Vdsv ], b, =L [[U f + £ f L 0 f el
by =U[[Ufat i+ fut s+ 0 S Ircosd —(f.2 4 1.7 + A Irsind Jdvdy].
=St fof, 0 fraxdy) b, = ([0 f 4 7 - Fof dxdy]

by =[O, +1.7 + £, )dedv] b, = OS S+t + 11 ety
dy =L [JUfufo = oSy 1 S lxa).

b U RO Sty + fuf Vo050 = (1.0 + £, 431 )sine jdxch].
b <UL+ 1.7 230700050 ~(ff, + o f+ M ysing ldsab].
b, —[L[{ S (£ + £ 4—1}?)+cmsf"q:‘(fm,2 + £ +Af7) -

28in ¢ cos O (S fo, + [ [, + S, f) rdudr ).

G=U R+ £ + RSSO~ (f, 4 £ 2 1 ysing s

Then knowing the values of coefficients of the equations (43), (46) and (47), we can
solve them by the expression given by |

| 8



d b bti‘i— i_btt d! bl.“a_ rb!l bil d' ﬂ
d by Do it bl] d_ b bu b:: d:
y = id b*r.:g b.‘w?-:,] v o= éblj d; b_:;: o = :bTE bf:: d3 4 | (18)
L b ’ bll /713 t bn 51: bIF b” hl: bk‘*
b M b 33 b:ﬁ i [721 hz_ b b_! bl! bl
by by bl by by b by by by

Let us now find the valueof f ./ . 7. . f..7../,.f, and f from the surface equation

given by (1). Since we know that the coefficients of the equation of the surface given by

equation (1) changes with time so equation (1) can be rewritten, to include a new time
variable. as

Jxy0) = @go{t) + @y (D)x + ag ()Y + am(f)x: +a,, (1)xy + aU,_,(f)y] + dy e )X

+ an(z’)xly + 4::.']:(1‘):cy2 + am(f)y‘: ..... Log (£
8 K
= ZZ%-L;(I)X"_I}”
k=0 {=0
(49)
From this equation we have
6 &
fA(x.y.)= ZZ (k—Da,_, ()x" 7y (30)
} f=0)

xu)—ZZmMm SR (31)

k=1 /=}

3 i
folx.3)= ZZ (k—Ik~1-Da,_, (x""2y (52)
k=0 /=0
| &) X
Sy = Y (k=Dia_, ()x*"y (33)
k=) =)
B k :
fox 3 0) =2 > 1= Da,_ ()" "y (54)
k=0 /=0
8. <& da (1)
f(x } f) Z ZJ k1.1 J:*fy.-‘ (55)
k=0 {=0 dt

k-1)
folxyay= Zﬂ D( d{

P4
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I L.

9 0 I I 1.1

{0 1 | 3 .02
11 12 I .I

12 13 I A3

3 14 l N

14 5 I Ny

5 16 I 2
16 17 | 1.09
17 18 I l 16
18 19 l 21
19 20 ] 2
20 21 . [.38
21 22 [.15
22 23 .13
23 24 1.01
24 25 l I .21
25 26 I 2 2.47
26 27 I I ] .21
27 28 I l (.21
28 29 I ‘ 21
29 30 I 21
30 31 1 37
31 32 l 1 1.21
32 33 I 1 21
33 54 I I 2

34 35 | 1 21
35 36 i 1 [.58
36 37 1 I j.2
37 38 I 4 4,45
38 39 l | 121
39 40 I I 1.21
40 41 I I 1.57
Table 3 Results of the bat tracking shown in Figurel |.

From frame no. To trame no. 2. No of iteration Total time(s)
1 2 I 3 2.85
2 3 | 3 10.71
3 4 I 1 5.57
4 5 l 3 10.71
5 6 | 2 7.86
6 7 | | 3.57
7 3 I 4 14.5
3 G | | 3.57
9 {0 I | 3.62
| O 11 I 3 11,52
i1 12 l 3.37
12 {5 1 4.17
13 i l 3.57
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Tabled. results of the ball tracking shown in Figurel?

From frame no.

l
2
3
4
5
6
7
8
9

To frame no.

— D 00~ N b W

A

|
!
i
!
I
1
i
I
l

No of iteration

|
1
|
4
|
|
1
l

!

3.68
7 835
.68
3.63
7.23
5.62
4.34
14.28
3.68
5.68
17.8
4.54
7.25
3.68
5.68
14.55
4.4
3.68
7.19
5.68
3.68
11.48
3.68
5.68
10.82
5.68
4.34
7.36
5.68
3.68
17.91
4.39
3.68
7.90
5.68
3.79

Total time(s)

3.02
3.37
3.13
12.2
3.57



0 11 i 4 12.79
| 2 | i 314
2 13 l | 313
13 14 l | 3.13
4 15 | 4 i2.23
15 16 l l 3.75
6 17 I 5.08
7 3 4 12.3
18 9 i ENE)
19 20 4 1256
20 2] I 3.68
21 22 I 5.1
22 23 4 12.25
23 24 | 3.07
24 25 | i 3.13
25 26 l 2 6.33
26 27 1 f 35.13
27 28 _1 3.14
28 29 4 12.36
29 30 I 3.19
Table 5: results of the object tracking shown in Figure!3
From frame no. To frame no. A No of iteration Total time(s)
l 2 I | 1.16
2 3 l 2 235
3 4 ] 3 3.4
4 5 l 2 226
3 6 l 2 225
6 7 | l 113
7 3 l 2 228
3 9 | -2 225
9 {0 i 2 2.26
10 11 1 3 3.4
11 12 I I .13
1?2 13 l 2 205
13 i4 1 2 225
14 15 I 2 226
15 16 L 3 3.4
16 17 l A 2.3
17 18 | 2 225
18 19 1 l 1.16
19 20 | 2 2.25
20 21 i 2 2.25
21 22 1 3 5.41
22 23 1 1 1.34
23 24 I 2 2.25
24 25 I ) 26
25 26 I l .13
26 27 i ] 251

ol
e



27 gk 3 3.4
28 29 1 1.15
29 30 I 1.15
30 31 | 1 1 13

4. Conclusion

We have introduced a new method for object tracking. Three new external forces are
derived that can be used in a wide range of active contour method for boundary detection.
‘As described earlier computation time required for this application is much lesser than
existing algorithm such as clustering [1]. A major computation burden IS In
approximating intensity surface. Total computation time increases with increasing object
size. We can reduce computation time by calculating normals onlv at some selected
points ingtead of all the points of the approximating surface. Farther reduction of
computation time is possible by sampling the data for the surface approximation. Our
experimental results show that our algorithm can work efficiently even in very noisy

environment. The algorithm can detect and track a slow as well as relativelv fast mosing
object.

Experimental results show that the algorithm can accommodate minor deformation of the
object. But it needs to be investigated how the proposed algorithm can be adopted for
moving objects with significant shape deformation and intensity variation. It can be
simply said that the closeness of the approximated surface increases with increasing
degree of the surface and decreases with increasing size of the object: but thetr exact
relationship is vet to be determined. This algorithm can modei rotation of an imaged
object with respect to an axis perpendicular to the image plane. but additional information
s needed to mode! intensity variation due to 3d rotation of the actual object. Extension of
the algorithm to the color image 1Is straightforward and in that case three surfaces
corresponding to three basic colors (R, G and B) need to be used instead of using just
single surface for gray level image. But computation burden for this implementation wili
be higher. Alternatively. the algorithm can be used directly by extracting a gray level
image from the color image. The gray level image is extracted by tacking a particular
color component from the color image that 1s the color of the object. For example if the
object is colored red with arbitrary background, then out of three component. red
component of the color can be used as a gray level image as an input to this algorithm.

Thus the image would contain a white object inside a black background. The algorithm s
expected to work much better in this implementation.
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