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Abstract
Target tracking in high resolution satellite images is challenging task for computer vision field. In this paper we have proposed a
mean shift algorithm based enhanced target tracking system for high resolution satellite imagery. In proposed tracking algorithm,
Target modeling is done using spectral features of target object i.e. Mean & Energy density function. Feature Vector space with
minimum Euclidean Distance is used for predicting next possible position of target object in consecutive frames. Proposed tracking
algorithm has been tested using two high resolution databases i.e. Harbor & Airport region database acquired by WorldView-2
satellite at different times. Recall, Precision & F; score etc. performance parameters are also calculated for showing the tracking
ability of the proposed method in real-time applications and are compared with the results of Regional Operator Design based
tracking algorithm proposed in [1]. The results show that our proposed method gives relatively better performance than the other

tracking algorithms used in satellite imagery.
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1. INTRODUCTION

High resolution satellite images are often used Target
tracking in real time applications such as suraaile and
monitoring, smart rooms, human tracking in saelfitames
etc. But doing this with high accuracy is an exig@b in

computer vision field. So, whole liability lies othe

robustness of the target tracking algorithm. Vasiooethods
for target tracking have been proposed and differointext of
which type of object representation, Image feat&emrget
modeling is suitable for tracking purpose? The arswo
these questions depend on the context/environmenthich

the tracking is performed and the end use for wtioh
tracking information is being required. A large rhen of
tracking methods have been proposed which attesrgnigwer
these questions for a variety of scenarios P2pposed by
Dorin commaniciu et al [3] in object tracking fieltterative
Mean shift algorithm for object tracking is onetbg strong
contender among these algorithms, which provides &
robust performance for target tracking. It is a4pamametric

mode-seeking, feature space analysis method with lo

computational complexity. Mean Shift algorithm igpé of
forward tracking which tracks by minimizing a diste
between two probability density functions represdnby a
reference and candidate histogram [4]. Mean shifea
tracking method can be used it in its various foreng.

CAMShift, ABCshift etc. depending upon accuracy &

applications.

Lingfei Meng [1] has proposed a novel regional apar
design based object tracking algorithm for targetahing in
satellite imagery. This algorithm uses both spédrapatial
features for target modeling. C. Carrano implemgnéa
ultrascale capable multiple-vehicle tracking altori for
overhead persistent surveillance imagery whichesebn the
mover map, path dynamics, and image features ttomper
tracking [6]. Kerekes et al evaluated the feagibilfor
particular objects of interest to be located armtked in
sequential frames of hyperspectral imagery thrabhghuse of
their potentially unique spectral reflectance chtaastics and
then using that information to find the same vehiol a
subsequent image [7].

In this paper we are aimed at using modified forfimmean
shift algorithm for target tracking in high resotrt WV-2
satellite imagery. By making tracking algorithm posed in
[1] as a base for our research we have showecthploying
mean shift algorithm for target object tracking datellite
imagery gives far better results with less componat
complexity and tracks the target relatively fadiean other
methods.

2. PROPOSED ENHANCED TARGET TRACKING
SYSTEM BASED ON MEAN-SHIFT ALGORITHM

Mean shift is a non-parametric density gradienitresgbr. It is
employed to derive the object candidate that is itiast
similar to a given model while predicting the nedject
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location. In other words, it starts from the pasitiof the
model in the current frame and then searches imtbédel’'s
neighborhood in next frame, followed by finding bes
candidate by maximizing a similarity function. Higarepeats

the same process in the next pair of frames [10].

The proposed enhanced target tracking system lmaseatean
shift algorithm, tracks the target object as iltastd in fig-1.
Basically it consists of two main steps i.e. Targetdeling &

Target Matching.

Loading of database in NMATLAB
environm ent

+

Manual Object Marking

!

Extraction of interested tar get Object
from marked area

+

Estimation of Energv Density Function
for Extracted Target object

+

Formation of Feature Vector Space using
Energv Density Function

!

Y

Load next Frame for Predicting target
Object’s next position

‘

Prediction of next possible position Using
Feature Vector Space within Search Area

+

Mark Object with minimum Feature
WVector Space

All frames

are over 7

Plotting of Target’s Movement Trajectory

i

Cal culating Performance Param eters i.e.
R.P&F1

Fig-1: Flow chart of proposed method for target tracking

2.1. Target Modeling

The Target is defined as the interested objecettrdcked [1]
& Target model is a representation of chosen istertobject
in a current frame. The reference target in theerurframe of
used database is represented by a manually selested
defined area K as shown in fig 2.

Main Frame

K" image

Fig-2: A manually selected square area ‘K’ from curreairm
Frame J

The interested target is then extracted from thiscted area
for feature extraction purpose. The reference tasgmodeled

by extracting its Spectral reflectance CharactedgstThe
Spectral Characteristic of target is defined aspitsbability
density function (PDF). In our method Mean & Energy
density function (EDF) of reference target is used PDF
Estimation. Mean & EDF of reference target can be
determined as follows:

ZR:O

i=a J=b

szzz Zg + K(i,j,1) ; ¢))

i=1 j=1

ZG:0

i=a J=b

Zc = ZZ Zc + K(i,j,2) ; @

i=1 j=1

Where %, Zg & Zg represents Red, Green & blue components
of reference target object.

K = user selected area in current frame having dgioas
axb.
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=a ib
.- i=a i { Y41, if K(i,j,1)>0 | K(i,j,2)>0 | K(i,j,3)®
=, Y+0, otherwise )

Where Y = Total no. of effective pixels in extrattearget
Object.

So Energy density function can be determined as:

Z

n=5 ©)
Z

Zo=~ ©®)
Z

Zy = )

2.2. Target Matching

For Target matching purpose, target model estimated
section 2.1 is used for finding similar target ddates within
a search area in the next frame. Search Area i®rdefined
area within the next frame where target has a prghability
to move. Starting with the position of the Extracterget
model in the current frame, the best target caneigafound
by looking for a candidate with a minimum Euclidefistance
within the model’s neighborhood (search area) ixt fime.
The same process is repeated in the next pairanfiefs. A
Feature vector Space (FVS) is formed by calculating
Euclidean distance between reference target maselsp&
each pixel within the Search area in next frame aset for
predicting next possible position of interestedgédr in
successive frames. Feature vector space is bgsacddlature
table having set of all possible position vectapresenting
target candidates in the next frame.

Pseudo code for FVSformation isasfollows:

Let Z=total no. of frames available for tracking

I, = Specified Search Area or a search window of gizg
within which Tracking algorithm will find the nexhovement
position of Target object.

X I Image

y
fork=1toZ
fori=l1ltoi=x
forj=1toj=vy

FVS (i)=lk (i.),1) - Zal + [ k (i.),2) - Zo | + | k (1.],3) - Zs| (8)

end loop
end loop
end loop

The position of the target candidate (any positieator in the
search Area), with Minimum Euclidean Distance ire th
Feature vector table, will be the next possibleitjms of the
target in the successive frame. After estimating plossible
positions of reference target in all the framesnitsvement
trajectory is formed and compared with its manuglbntified
ground truth trajectory for further performanceslaation.

3. IMPLEMENTATION AND RESULTS

The Proposed method for target tracking in sateltitagery
has been evaluated using two databases harbornregio
airport region shown in fig 3 & 4 respectively. Expnental
results using these databases have been obtaingdn wi
MATLAB environment. Both databases consist of stbof
five frames, which are World- View-2 satellite ingag
sequences provided by digital Globe (online) [IB). make
the methodology more understandable, some inteatedi
results for tracking of ship target in harbor regaye shown in
fig 5 which shows the steps like target modelingrgét
matching & trajectory plotting.

Our aim was to track three targets i.e. ship tameharbor
region database as shown in fig 6(a) & aircraft-di€raft-2
in airport region database as shown in fig 7(a) )8
respectively. Ground truth (GT) trajectory for tedargets has
been recognized manually per pixel in all the retpe
frames. Tracking performance evaluation of propasethod
is done by calculating sensitivity (Recall), spmif,
accuracy & PPV like performance parameters, basethe
number of true positives (TP), false positives (Rid false
negatives (FN) on per pixel basis as given in Tdbl€able 2
shows comparative tracking performance of Regional
Operator Design based tracking algorithm [1] & pusposed
tracking method for three selected targets. Thisopmance
comparison is also shown graphically in figure 9.

First ship target has been tracked successfulhaibor region
database & its movement trajectory has been esdnatfig
6(b). Then two aircrafts in airport region databasse been
tracked with their movement trajectory estimatienshown in
fig 7(b) & 8(b). The size of three targets and iz of Search
area used to find them in next frames, is givehahle 2.
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Table-1: Tracking performance evaluating parameters &
their calculation [11][12]
M easur e Description
Recall or Sensitivity TP/(TP+FN)
Precision or Positive TP/(TP+FP)
Predictive Value
Accuracy (Acc)

(TP+TN)/(TP+FP+TN+FN)

Specificity (SP) TN/(TP+FN)
F1-Score 2*(R*P)/(R+P)
False discovery rate FP/(FP+TP)

(FDR)

Movement trajectories of all the three tracked é¢sgshow
high resemblance to manually identified GT trajegtblence,
experimental results show the high tracking acour&c
robustness of our proposed method.

Table-2: Feature vector space parameters

Target Actual size Search Area
(Pixel) (pixel x pixel )
Ship 26 120x20
Aircraft-1 66 120x20
Aircraft-2 79 160x20

4. CONCLUSION

We have proposed an enhanced & robust, mean sistdo
target tracking system for satellite imagery whishable to

track interested target with a high accuracy & eufgrms

other tracking algorithms. Using only spectral teas for

target modeling & Feature vector space with Euelide
distance as a similarity measure for target mateipirovides

good performance. As shown through experimentalltes
three targets have been tracked successfully ysiogosed

method with good tracking performance. SensitiyRgcall),

Precision & F1 score etc. parameters are also leadcl for

showing better tracking performance of our algaonitthan

regional operator design based tracking algoritfuture

scope is to extend proposed enhanced mean shiftochéor

target velocity estimation & tracking of objectstlwismall

geographical area in complex environment with cleainy

shape & occlusion problem.
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Fig-3: Harbor region database consists of subset of farads collected at different times (a) 13:09:2313t09:54, (c) 13:10:46, (d)
13:12:00, and (e) 13:12:41. All times are local.
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Fig -4: An airport region database consists of subsetvefffiames collected at different times (a) 13:09(b3 13:09:54, (c)
13:10:46, (d) 13:12:00, and (e) 13:12:41. All tinaes local
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o

_ (a) Harborregion RGB (b) Extracted ship target RGB (c) Target binary image
image with ship target within image
red outline
(d) Possiblescarch arca within (¢) Predicted trajectory of ship target (f) Ground truth trajectory of ship
next frame target

Fig-5: Some intermediate results of proposed method fgetdrackin(in harbor region databa

(a) ()

Fig-6: (a) Ship target in harbor regigiatabas within red outling(b) Predicted movement trajectory of ship targeplyposec
algorithm.
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(C)
Fig-7: (a) Aircraft-1 targetn an airport regioidatabase within red outline (Byedicted movement trajectorytarget aircraft-1 by
proposed algorithm.

@ C))
Fig-8: (a) Aircraft-2 targetn an airport region database (b) Predicted movémnaectory of target aircre-2 by proposed algorithm.
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Table -2: Comparison of tracking performance of Regional @merDesign (ROD) Based Algorithm [1] & Proposeacking
algorithm with the help of some performance Paranset

Performance Regional Operator Design (ROD) Proposed tracking Algorithm
Parameters Based Algorithm [1]

Harbor Airport Region Harbor Airport Region

Region database Region database

database database

Ship Aircraft-1 | Aircraft-2 Ship Aircraft-1 | Aircraft-2

Recall 0.690 0.833 0.925 1 0.949458 0.886503
Precision 0.919 0.495 0.435 0.978260 0.894557  0.883792
F. Score 0.782 0.621 0.592 0.989010 0.921190  0.885145
Specificity 0.999985 0.999677  0.999604
Accuracy 0.999985 0.999533  0.99922p
FDR 0.021739 0.105442  0.116207

Results for Ship Target

o y
I E2sc resutls
I Froposed method

Results for Aircraft-2 Target

I Ese resutls
I Froposed method

Results for Aircraft-1 Target

I B:se resutls
I Froposed method

1 2 3 1 2 3

Fig -9: Graphical Representation of comparison results éetvRegional Operator Design based tracking atgar& Our Proposed
Tracking Algorithm for three targets.
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