Research Journal of Applied Sciences 11 (11): 1211-1218, 2016

ISSN: 1815-932X
© Medwell Journals, 2016

Finding the Best Possible Method of the Trajectory Shape Object Movement
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Abstract: An object tracking have multiple challenges and constraints in each application or field of research.
The reason for this is because: finding the optimal trajectory shape of the video motion is not that predictable.
Tracking the path of moving targets needs to describe the nature of the movement and behavior of properties
for the moving target and determine the quality of movement (normal or abnormal). The aim of this study 1s to
compare the three methods for moving object in order to determine the quality and shape of the movement
(straight line, circle arc, ellipse, oscillating, S-shaped... etc.). In the first case, the work depends on the slope in
mathematical model while in the second case the calculations depend on the fundamental of linear and
non-linear regression specification which are followed by the computation of mimmum mean square error,
minimum absolute error and minimum mean error for each case. In the third case addressing a mathematical
model using the description Fourier method dealing with shape of movements.
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INTRODUCTION

The fundamental problems facing usin the field to
track the trajectory of movement and shape of objects is
difficult to determine the appropriate to describe this track
variables there fore it has been using many of the analysis
methods for the form of object movement (Maggio and
Cavallaro, 2011).

The movement of objects based on the change in its
position with the three dimensions (x, y, z) of space but in
digital images depends on the amount of change in the x
and y axes which represents a reflection of these three
axes, so we must take in to account the change 1n the two
axes. Study the extent of this change and take advantage
of it to see the quality and shape of the body to determine
the movement of natural and non-natural movement with
finding the equation or formula which represents the
closest body movement when tracking moving
objects.

To begin the implementation of the algorithm is to
determine trajectory of object moving by identifying the
center pomt of the object moving after applied any
segmentation algorithm likeness region growmg or the
difference between the background and current image.

In first phase of this research has been the slope in
the use of mathematical relationships between two points
(these pomts 1s represented the center of object
movement in sequence frames) and is characterized by the
amount of increase or decrease in valueas well as changes
i the value of the gradient between the negative and

positive movement to achieve the above form and
according to the conditions will be mentioned later
property.

In the second phase, Fourier descriptors method is
utilized with close shape or contour. We are using Fourier
descriptors are strong features for the discrimmation of
two-dimensional comected shapes (Dalitz et al., 2013).
The Fourier descriptors are usually utilized to describe the
shape of a presenting object in an image.

In the third phase, we use linear and non-linear
regression to find a range of items, accordmg to
mathematical relationships for each movement likeness
(straight line, circle, curved, etc.), then to find the
equation that represents the shape of the movement and
then 1s applied to multiple statistical metrics to calculate
the error rate will be mentioned later to find the movement
type of the body moving.

Some research associated with our research like this
Israa Hadi and Mustafa Sabah, converting the trajectory
points into approximation function using curve fitting
function to smooth the data; improving the appearance of
the trajectory, extracting important features such as slope
and mtersection pomt (Hadi and Sabah, 2014). How to
detect the wandering trajectory based on angle and
recognize human behavior of the moving target are key
problems needed to be solved (Chen et al., 2013). We
propose a method to define Fourier descriptor even for
broken shapes, the method is based on the convex hull of
the shape and the distance to the closest actual contour
point along the convex hull (Dalitz et af., 2013).
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Literature review: To detect trajectory shape we are
using three ways to specified it and compare among these
ways as (Slope module, Regression module and Fourier
descriptor). The gradient or slope relation 13 single the
most important features that used to set the shape of path
object. It 1s calculated by finding the ratio of the “vertical
change” to the “horizontal change” or Ay = (y,-v,) to the
Ax = (x,-%,). Slope or gradient of a line is a number that
describes both the direction and the steepness of the line.
Slope 1s often denoted by the letter m. The direction of a
line 1s characterized as: A line 1s increasing (slope is
positive) or decreasing (slope i1s negative) ora line 1s
horizontal (slope is zero) or vertical (slope is undefined
(nfimty)). The slope 15 represented m mathematical
by equation below:

m Ay vy (1)
AX X, X,

0 =astan| 2221 (2)
XY

Dis.(F(m,yl),FJr 1(X2,y2)) - 5

J(X1 -X, )2 + (Y1 Y )2

The Fourier descriptors are utilized to characterize the
objects shape in terms of its spatial frequency content
(Noor et al., 2011). Tt is a method utilized in object
recogmition and image processing to represent the
boundary shape of a segment in an image. The major idea
15 to describe a contour by a specific of numbers that
represent the frequency content of a total shape. Based
on frequency analysis we can select a small set of
numbers (the Fourier coefficients) that characterized a
shape. The regression analysis 1s a statistical operation
for rating the relationships among variables or
phenomena’s (Wang and Bovik, 2009). In a cause and
effect relationship, the independent variables are

represented cause and effect is represented by
dependent variables.
MATERIALS AND METHODS

Suggested method: Suggested method consists of four
major modules (Fig. 1):

*  Input video

+  Moving object detection

*  Detection of Trajectory Shape
¢  Statistic Measurement

Tnput video: Transform video signal to sequence of frames
according to properties as shown in the Table 1 below:

Moving object detection: The first stage intracking targets
15 separating the targets from the background. Two
popular methods are background
segmentation. Background subtraction method is used to
detect the moving target from background (T.ehmann and
Casella, 1998). We used Eq. 4- 6 to find center of object
movement, then we save these center points in vector and
used them to test.

subtraction and

Area of n object: The area of a bmary object is

given by:
A=Y object[i, ] (4)
i
o lej[ixobject(i,jﬂ )
A
Zz[jxobject(i,j) ©)
1 1 A
Where:
K Yo = Center of axis X and Y
A = Area of object

Detecting shape of trajectory: Trajectory shape 1s
detecting by three ways and compare among these ways
as shown below:

Slope module: To detection the behavior and shape of the
trajectory (straight line, arc, ellipse, circle, or spiral) of
each movable object and the slopehas been utilized to
determine the direction of motion trajectory and the
anglein the following cases below:

¢ Slope and angle are nearest or equal values in total
points; the trajectory of object movement 1s straight
line

¢ Slope and angle are changing in equal magnitude, the
trajectory of object movements is circle and radius
calculate by equation 3 1s equal n all cases

»  Slope and angle are changing m equal magmtude, the
trajectory of object movements is ellipse when the
radius determine by equation 3 is wvariables and
different values m all cases

» Slope and angle areoscillating (alternate) between
negative and positive values, the trajectory of object
movements is S-shaped or spiral

»  Slopevalueand the angle have changed suddenlyand
the valueis too largeat a specific location forthe
movement ofthe object is called the arc shape of
object movement
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Moving object detection

(Subtraction & Segmentation)

Detecting shape of Trajectory

Store ‘};Cts_: Off 1. Slope m odule T Type of
center{s, 1) 0 =31 1. Regression module > Test istic 2
each trajectory 3. Fourder descriptor Me asurements Tr:L‘Zc;zW

Fig. 1: Block diagram represents detection Trajectory object shape

Table 1: The movie properties

Movie name Person Mavies time (sec) 13
Frame No. 324 Datarate (kb sec™!) 820
Frame size 160120 Type of Files .avi
Frame rate Fr/sec 25

Fourier descriptors: Fourier descriptors are appropriated
to closed form of object movement. It 15 allow us to bring
the power of Fourier theory to shape description.

A contour provides a more accurate description of
the target shape (Willmott and Matsuura, 2005). In
general, regular and smooth cwves are preferred to
high-curvature contours. We applied equations as:

F(n) = Fy(n) +jF @) (7
FR(H) = MZ_I A}i(l) cos(zﬁn] (8)
E(n)= N A}L(i) sin{Tj 9

Ax(i)=x(i) -x(i+1),
Ay=y(ij-y(i+1)

(10}

L, = y(ax(i)) + (ay(i)) an

Where M is no. of points, N is no. of features, Fg(n) is real
part, Fy(n) is imagmary part and L 1s distance or length
between two points.

Regression module: The aim of regression is to make
predication or to estimate the wvalue of variable

(phenomena) consequence to variant another. The
regression 1s divided into two types as linear model and

non-linear model.

Regression linear model: Tt can be divided into kinds as
follow:

A-Simple linear model (SLM): relationship between two
variables only. A formulate (SLM) model as:

modelas 1y, =, + B X + €, (12)
Where:
Yi= Response (dependent) variable which observed
Xi = Independent variable which observed too
B, = Parameter call by intersect coefficient,
B, = Parameter call by slope and
g, = Error term

B-general Linear Model (GLM): Relationship among
many variables. A formulate (GLM) model as:

modelas :y, =6, + B,X, +
BX,+. . +BX 5

(13)

The least square line: Least Square Line regression 1s a
techmque for finding a line that summarizes the
relationship between the two variables, at least within the
domain of the explanatory variable x. The method of least
square 1s likely the most regular procedure to fit a singular
curve through the specific data points. In this type we
applied Eq. 14-17 to find parameters Py, B;:

EYZHBU+BIEX (14)

Yoxy =B, > x+p DK (15)
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(En(Z-(Zx(xv) 16
NYX(EX)
Slop =, =

NY oy (X XNY) an
NIX (X

Regression non linear model: 1t takes
different forms likeness as shown below:

By

mary

Parabola or Quadratic curve.

(18)
Y =B, +BX+p, X*

Cubic curve Y=, +B,X +f, X’ +,X, (19)
nth degree curve. Y= (20)

BrBX +B, X'+ 4B, X"
Exponential. = ab™ @20

orLog Y=Iloga+(ogh) X

Y =aX" or Log Y=log a+b logX (22)

Geometric curve (Power). We applya set of linear and
non-linear regression methods mentioned above and the
nuse statistical methods and standards similar to root
mean square error, mean absolute error and mean errorto
detection behavior and shape of the trajectory of object
movement (Shatha, 2013). Belo ware some ways that have
been adoptedin the research to detect trajectory of object
movement.

Parabola or quadratic curve: A quadratic function is a
second-degree polynomial function of the form, where a,
b and ¢ are real numbers and. Every quadratic function
has a “u-shaped” graph called a parabola. A parabola
either opens up or opens down depending on the leading
coefficient.

¢« TIfaxl, as inFig. 2a, the parabola will “open up
» Ifa<l, as inFig. 3b, the parabola will “open down
+ If]a|=], the graph will be narrower than the graph of
N}
y=X
¢+ Tf0< al<], the graph will be wider than the graph of
y=x'

Let a parabola:

y=a+bxt+cx’ (23)

which is fitted to a given data (X, v1) , (X5 V2) » (X5, V3, ---5
(x,, v.) . Let y, be the theoretical value for x, then:

e =Y. Y: (24)

e, =y, (atbx, Jr(3)‘{12)

7 _ 2.2
e = (y,-a-bx, -cx;)

Now we have:

n n

S=%e’ = (y1 —ot—bxl—cxf)2

By the principle of least squares, the value of S is a
minimum therefore:

B 5B 8, (25)
23 ab do

Solving Eq. 25 and dropping suffix, we have:

Yy=na+tbdxtcy x’ (26)
Yxy=ay x+by x+cy ¥ (27)
Yxly=ayxi+by x'+ey x’ (28)

Equations 26-28 are known as normal equations. On
solving these equations, we get the values of a, b and c.
Putting the values of a, b and ¢ in Eq. 25, we get the
equation of the parabola of best fit.

Exponential curve: The slope of the tangent to the graph
at each point 1s equal to its y coordinate at that point. The
exponential function has the characteristic that for each
element increase in X the value of Y also increases by a
fixed percentage. The mverse fimetion of function is the

natural logarithm In(x). Assume an exponential curve of
the formula below (Wang and Bovik, 2009):

Y = ae™ (29)

Taking logarithm on both the two sides, we obtain
Log,, v =log,, a tbxlog, e (30)
ie,Y=A+Bx (31)

where, Y = Log,, v, A = log, a and B = b log ,;e. The
normal Eq. 31 are:

1214



Res. J. Applied Sci., 11 (11): 1211-1218, 2016

Zy:nA+ be and

ny = A2X+ BEX2

On solving the above two equation, we obtain A and B:

a =antilog A (32)
. (33)
log, ..

The power fit (y = ax™): Assume we ask ax”™ as an
approximation to a function y where m 1s recogmzed
constant. We must get the value of a such that the
equation:

Y =ax" (34)

1s satisfied as nearly as possibly by each of the n pairs of
observed values (x,, v, (X3 ¥3, ..., (%, ¥} Using least
square technique, we should mimmize the error function:

e(a) = i(axl"‘ - yl) (35)

For this purpose, partial derivative of Eq. 35 with respect
to a must vamish. So, we have:

0:22(axf“ —Y,)(X,m) (36)
and so:

O—Oti(axfmixf“yl] (37)
which yields:
2y (38)

To know best cwve fitting, we calculate the
e, corresponding errors). For the first power fit, we
have the best curve is represented by mimimum e,

RESULTS AND DISCUSSION

Fidelity measurement to detect the kinds of object
movement: The aim of a signal fidelity measurement is to
compare two signals (original and distorted) that describe
the degree of similarity/fidelity and the level of
error/distortion between them (Willmott and Matsuura,
2005).

In the been

applied a

previous  paragraph  has

number of linear and non-linear
to detect the
movement that 13 tracked in

which of these methods to the closest form of object

regression  ways form of object

order to know
movement, we apply a number of statistical standards as
shown.

Mean Square Error (MSE): (MSE) is term referring to
Mean Squared Error of an estimator measurement the
average of the squares of the “errors”, that is, the
difference between the original and distorted signals
(Willmott and Matsuura, 2005). The error between two
functions is given by:

e, =X, X (39

The total mean square error 1s:

I 14 : (40)
MSE =~ Ye =~ Y (x, -&
N;et N;(Xt Xt)

MSE: Positive value and best when 1t 15 less value:
To calculate MSE with regression module using
equation as:

MSE = ZX1Y1 _BnZy1 _B1ZX,Y1 (41)
n-k-1

The P, and P, are parameters calculate by
equations 18 and 19, xand yare points values to any
object trajectory, N is no. of points and K isno. of
dependent variable.

MSE: Positive value and best when 1t s less value.
MSE has numerous attractive properties as: It is easy,
a clear physical meaning, the MSE is a perfect metric in
the status of optimization and it 18 a desirable
measurement i the statistics and estimation domain

(Lehmann and Casella, 1998).

Mean Absolute Error (MAE): MAE 15 a quantity

utilized to measure how close predictions or
forecasts are to the final outcomes. MAE is a
more natural measure of average error
13 18 -
S OB AN
N N
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Table 2: Tllustrated the result for state that explains the value of slope and angle to adjacent points in trajectory of object

Adjacent point References and other point
Point Hion Yeen Angel Slop Angle Slop Moavement type
1 6 64 -14.036 -0.250 -14.03¢ -0.250 Approximate straight line2
26 59 3.180 0.056 -6.009 -0.105
3 44 60 0.000 0.000 -3.945 -0.069
4 64 60 -2.862 -0.050 -3.668 -0.064
5 84 59 3.180 0.056 -2.386 -0.042
6 1.02 60 -2.862 -0.050 -2.468 -0.043
7 122 59 3.013 0.053 -1.697 -0.030
8 141 60 -8.746 -0.154 -2.322 -0.041
9 154 58 -70.017 -2.750 -6.382 -0.112
10 158 47

Av.Change of angle at adj. Po.=-8.93; Av. Change of angle at ref. Po. =-4.291; Av. Change of slop at adi. Po. = -0.309; Change of angle at ref. Po. =-0.076

Table 3: Results of power fit best of movement object

Point X Y X2 X3 X4 X6 YX2 YX?

1 2.0 5.1 4 8 16 64 20.4 40.8

2 2.3 7.5 5.29 12.167 27.984 148.035 39.675 91.252

3 2.6 10.6 6.76 17.576 45.698 308.918 71.656 186.306
4 2.9 14.4 341 24.389 70.729 594.831 121.104 351.202
5 32 19.0 10.24 32.768 104.858 1073.746 194.56 622.592
Sum 13 56.6 34.7 77.324 265.269 2189.53 447.395 1292.152
Table 4: Sample data of motion person is represented approximate straight line

No. Point 1 2 3 4 5 6 7 8 9 10 11
No. Frame 6 7 8 9 10 11 12 13 14 15 16
Xcen 157 156 156 154 152 150 146 141 137 134 130
Ycen 58 61 60 61 54 51 53 52 52 51 50
No. Point 12 13 14 15 16 17 18 19 20 21 22
No. Frame 17 18 19 20 21 22 23 24 25 26 27
Xcen 124 119 114 108 103 97 92 86 80 75 69
Yeen 51 52 52 54 56 56 55 55 54 54 55
No. Point 23 24 25 26 27 28 29 30 31 32 33
No. Frame 28 29 30 31 32 33 34 35 36 37 38
Xcen 32 57 51 45 39 33 27 21 15 11 06
Ycen 55 57 57 56 56 55 55 56 58 59 60

Mean Error (ME): An mmprecise term that sometimes
refers to mean deviation It refers to measuring the
accuracy of a prediction or model It is average error
of a number of observations found by taking the mean
value of the positive and negative errors without
regard to sign:

(43)

Experimental result: Tn the first step, all data points (x, y)
are normalized by equations below:

g = 2o Xmin (44)

D
i = Y — Ymin (45)

D
D=max(X__X_,Y -Y ) (46)

To check the performance and efficiency of the all models,
we have executed the models with some data sequential.

Slope module: Table 2 the result for state that explains the
value of slope and angle to adjacent points m trajectory
of object (Table 2-5 and Fig 4-6).

Regression module: The Power Fit (y = ax™) By execute
equation 40 to power from 1-5. Parameter when m = 2 then
a=1.6866and m = 3 then a = 0.5902. To know which of
these is best fit, we calculate the corresponding errors.
For the first power fit, we have:

R
(axi 7Y3)2 +(axf Y )2 +(ax§ 7Y5)U2

e,=13 atm=2¢e,=029 atm =3 theny=0.5902 X is

the best.
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Table 5: Tlustrated the result for regression linear and nonlinear model that explains the value of MSE, MAFE, and ME to approximate straight lineof trajectory
object to database of Table 3

Motion types MSE MAE ME Equation

Straight line 0.0678 6.421 0.0 y = 0.5946X-0.2224

Exponential 0.1597 8.834 0.248 Y =0.612¢"5

Power one 0.3951 - - Minimurm when power equal one
Power two 0.4247

Power three 0.4361

Parabola or quadratic curve 0.679 20.922 0.586 vy =0.819-1.676x-1.393x%

Result; straight line; MSE; MAE; and ME are Tess

Fig. 2: Graph of (a) {(x) = 2, (b) f(x) = -X°

70
Y Axis
60 —%‘—%
50 $ Approximate
10 Line Straight
Fig. 5. The samles data set (Frames 10, 20, 30 and 37) of
0 approximate straight line movement of person
20
10
70
0 : . . . . v-Axis
X_Axis 50 1 &
° > 100 =0 200 w
50 ng
Fig. 3: Graph 1s representing object moving approximate o Approximate straight line moving
straight line-shape respect to reference point i
20 10
V-Axis » o : : : Xerxs
18 / o 50 100 150 200
16
14 4 Best Power Fit equation= 0.5902X3 /
1 // Fig. 6: Graph 1s representing object moving approximate
10 / straight line-shape
8 /
. d CONCLUSION
o ‘ . ‘ ‘ . e In this research three mathematical models were used

0 05 1 15 2 25 3 35 to determine the form of objects tracking movement in
video applications this was accomplished through

Fig. 4: Graph is representing object moving power fit of  numerous experiments which concluded that in first model
curve shape the change of slope and angle which resulted from
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movement of object tracking provided us with the nature
of object movement and form. Tn the second model Fourier
descriptors methods were used to deal with closed loop
object movement and i this case the mathematical model
and trigonometric functions were intensively used
compared to the first model.In the third model linear and
nonlinear regression algorithm were used by applying
variation of mathematical models followed by the
application of number of statistic fidelity measurements to
indicate the form of the movement which unfortunately
led to long execution time.

As we concluded the slope method was better than
the other two methods in terms of time, due to the (simple)
mathematical model and less of trigonometric functions
used application (computationally inexpensive).
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