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Abstract

Visual object tracking for surveillance applications is an important task in computer vision. Tracking of object is a
matching problem. One main difficulty in object tracking is to choose suitable features and models for recognizing and
tracking the target. SURF (Speeded Up Robust Features) algorithm is used here for continuous image recognition and
tracking in video. The SURF feature descriptor operates by reducing the search space of possible interest points inside of
the scale space image pyramid. SURF adds a lot of features to improve the speed in every step. The resulting tracked
interest points are more repeatable and noise free. SURF is good at handling images with blurring and rotation. Corner
detection is good for obtaining image features for object tracking and recognition. Interest points in an image are
located using corner detector. By using harris corner detection algorithm along SURF feature descriptor, tracking

efficiency is improved.

Keywords: Video surveillance, object tracking, object recognition, motion estimation, interest points, edge

orientation.

1. Introduction

Video tracking is the process of locating a moving object
(or multiple objects) over time using a camera. In video
tracking an algorithm analyzes sequential video frames.
Two major components of visual tracking are target
representation and localization. Video tracking is a time
consuming process depending the amount of data that is
contained in given video. The main objective of video
tracking is to associate target objects in consecutive video
frames. Locating and tracking the target object depends on
the algorithm. Robust feature descriptors such as SIFT(Sift
Invariant Feature Transform), SURF, and GLOH
(Gradient Localization Oriented Histogram) have become
a core component in applications such as image
recognition. As name suggests, SURF is a speeded-up
version of SIFT. SURF descriptor is three times as fast as
SIFT feature descriptor. SURF descriptor is preferred for
its fast feature extraction. Quality of object recognition is
important to the real-time tracking requirement, and the
tracking algorithm should not interfere with the
recognition performance.

SURF (Speeded Up Robust Features) algorithm is used
for feature extraction and continuous image recognition
and in video. It reduces the search space of possible
interest points inside of the scale space image pyramid.
The interest points tracked by SURF are resilient to noise.
SUREF is based on sums of 2D Haar wavelet responses and
makes an efficient use of integral images. SURF feature
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tracks the objects by interest point matching and updating.
It then continuously extracts feature for recognition. For
feature extraction SURF uses the sum of the Haar wavelet
response around the interest point. The main advantage of
Haar wavelet transform is its calculation speed.
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Fig.1 Flow chart of proposed method

The association can be especially difficult when the
objects are moving fast relative to the frame rate. When
the tracked object changes orientation over time,
complexity increases. For these situations video tracking
systems usually employ a motion model. The motion
model describes how the image of the target might change
for different possible motions of the object. Motion
estimation is done through Harris corners and object
recognition is done through robust features such as SURF
feature descriptor. Harris corner detection is used for its
computation speed. Harris corner detector is rotation and
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scale invariant. Using SURF descriptor along with harris
corner detection improves tracking efficiency and is
invariant to illumination changes in images.

2. SURF algorithm overview

A correspondence matching is one of the important tasks
in computer vision, and it is not easy to find corresponding
points in variable environment where a scale, rotation,
view point and illumination are changed. A
SURF(Speeded Up Robust Features) algorithm have been
widely used to solve the problem of the correspondence
matching because it is faster than SIFT(Scale Invariant
Feature Transform) with closely maintaining the matching
performance.

SIFT uses visual pyramids to find candidate points
and filters each layer according to the Gauss law with
increased Sigma values and finds differences. SURF on
otherhand uses Hessian Matrix to select the candidate
points in different sizes. SURF uses Haar wavelet filters
and the integral of the image to speed up the filtering
operation. SURF is good at handling images with blurring
and rotation. The method is very fast because of the use of
an integral image where the value of a pixel (x,y) is the
sum of all values in the rectangle defined by the origin and
(x.y).

SURF uses integer approximation. To detect features
the Hessian matrix (H) is assembled, where L, is the
convolution of the second derivative of a Gaussian with
the image at the point. Hessian matrix is represented as,

[Lxx Lx}']
Ley Lyy 1)
SURF uses different scales of Gaussian masks, while the
scale of image is always unaltered.
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Fig.2 Process of SURF descriptor

The SURF descriptor is designed to be scale invariant. To
ignore scale the descriptor is sampled over a window that
is proportional to the window size with which it was
detected. If a scaled version of the feature is in another
image the descriptor for that feature will be sampled over
the same relative area.
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2.1 Tracking interest points

The interest point detection algorithm requires the
estimation of relative motion. The tracking process
produces fairly accurate results and only a small number
of iterations suffices to reject most of the false tracking
results When more than one interest point are detected in
this region, we need to choose the one that best matches.
The image corners are similarly transformed to the new
image.

2.2 Haar wavelet filtering

A Haar-like feature uses adjacent rectangular regions at a
specific location in a detection window and sums up the
pixel intensities in each region and the difference between
these sum is calculated. This difference categorizes
the subsections of an image. For feature description,
SURF uses Wavelet responses in horizontal and vertical
direction around the point of interest. The position of these
rectangles acts like a bounding box to the target object.
For each subsection of the image the Haar-like feature is
calculated. This difference is then compared to a threshold
that separates non-objects from objects.

2.3 Making SURF descriptor

Since SUREF is rotation invariant, rotation is handled by
finding the direction of the feature and rotating the
sampling window to align with that angle. Construct a
square region centered around the feature point. The size
of window is 20sX20s that is taken around the detected
interest point, where s is the size. Once the rotated
neighborhood is obtained it is divided up into 16 sub
squares. Each sub square is again divided into 4 squares.

Fig.3 Graphical representation of SURF descriptor
2.4 Descriptor Computation

For each sub-region compute Haar wavelet responses in
horizontal and vertical directions and a vector,V which
includes summation of dy, [dy, dy |dy| is formed.
Derivatives in the x and y directions are taken in these
final squares. The descriptor for the sub square is the sum
of the x derivatives over its four quadrants, and similarly
for y derivative. The total descriptor has 4 values. The
vector is normalized to length 1 and is the feature
descriptor. The vector gives the SURF feature descriptor
with total 64 dimensions. Lower the dimension, higher the
speed of computation and matching, but provide better
distinctiveness of features.
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3. Harris corner detection algorithm

Corner detection is an approach used to extract certain
kinds of features and image contents. Corner detection is
used inmotion detection, image registration, video
tracking, panorama stitching, and object recognition etc.
The Corner Detection block finds corners in an image
using the Harris corner detection. Harris detector considers
the differential of the corner score with respect to direction
directly, instead of using shifted patches.

3.1 Corner point

A corner point is the intersection of two edges. Corners
represents a large variation in the gradient in an image.
Corner is a point in which the directions of two
edges change. Hence, the gradient of the image in both
directions have a high variation, that can be used to detect
it.

Fig.4 Corner point repsentation

A corner point can be easily recognized by looking into a
window while shifting the window. For example a corner
point is shown above. Shifting the window in any
direction should give large change in intensity.

3.2 Edge and corner Differentiation

Edge is nothing but side or boundary of an object. For a
square, its fours side are represented as its edges. Meeting
point of tewo edges is a corner indicating a square has four
corners.

Fig.5 Edge vs Corner

In an image if the window is over a flat region, then there
will be obviously be no intensity change when the window
moves as shown in the above figure. If the window is over
an edge there will only be an intesity change if the window
moves in one direction. If the window is over a corner
then there will be a change in all directions, and therefore
we know there must be a corner. The Harris corner
detector measures the strength of detected corners.

3.3 Formulation

Harris corner detector is based on the local autocorrelation
function of a signal. The local auto-correlation function
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measures the local changes of the signal by patches shifted
in different directions. Algorithm of harris corner detector
is:

e To find partial derivatives from intensity of an image
e Compute corner response(R)

e Find local maxima in the corner response

In harris corner detection x and y derivatives is computed
for an image. Product of derivative is determined for each
pixel. Next sum of product is computed. Harris matrix in
defined at each pixel(x,y). Corner response is computed
and local maxima in corner response is found out. Auto
correlation function is also called as summed square
difference(SSD). For a point (x.y), its auto correlation
function is represented as,

S(z,y) = 2D w(uv) (Hu+z,v+y) - I(u,v))*

@)

Where 1(u+x,v+y) is approximated by taylor expansion. I
and ly are known are partial derivatives such that

I(u+x,v+y) = 1(u,v) + L(uv)x + 1y (u,v)y 3

The partial derivates can be calculated from image with a

filter as [-1,0,1] and [-1,0,1]. Let ©; and Q, be two eigen

values of autocorrelation function S(x,y). Auto-correlation

matrix(H) captures intensity structure of the local

neighborhood and it measure intensity based on the

eigenvalues.

Three cases arrives:

+ If both eigen values are high =>
point(corner) is detected

« If one eigenvalue is high

« If both eigen values are small
region

Corner response is characterized based on eigen values.

Corner reponse is represented as,

Interest

=> Then it is contour
=> It is uniform

R = Det(H) — K( Trace(H))? 4

Where H is the autocorrelation matrix and K is a constant
such that K= 0.04- 0.06. Det(H) is the product of eigen
values and trace(H) is the sum of eigen values. R depends
only on the eigen values of H. R value is larger for corner,
small for flat region and negative for edge.

|

Fig.6 Image before corner detection
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Fig.7 Corner points detected after harris corner detection

Result for corner detection is shown above. Harris corner
detection algorithm is applied for a sample image shown
in the fig 5and the fig 6 shows detected corner points in
the sample image marked as green.

4. Results and discussions

First step is initialization. During initialization, we
compute the full SURF feature descriptors from the first
video image and match them. Then interest points are
detected using corner detection. From a video sequence of
frames are created features are extracted from objects
using SURF descriptor. Corner points are detected using
harris corner detection method. Features are matched in
images and object is tracked and recognized.
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Fig.8 Detected car in
frame number 5

Fig.9 Detected car in frame
no 8

Car detection is done using SURF descriptor and corner
detection. First foreground image is found in frames
created. As camera is fixed, pixel values for background
remains constant but on the otherhand pixel values of
foreground object varies continuously.
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Fig.10 Detected car in
frame no 75

Fig.11 Detected car in frame
no 382
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Background image is subtracted in consecutive frames and
foreground image is extracted. Fig.9 and fig.8 are
consecutive video frames created from video file. In these
frames it is noticed that there is slight change in motion of
the car. Thus pixel values changes for foreground image
and pixel values for background remains same and is
subtracted. Similarly fig.10 and fig.11 shows detected cars
in frame number 75 and 382. Using harris corner detection
interest points are extracted in detected foreground
objects. Features are matched in consecutive frames and
object is continuously tracked. Tracked cars are shown in
green coloured bounding boxes as shown in the above
figures.

Conclusions

Combined algorithm including SURF descriptor with
harris corner detector is implemented which improves the
tracking efficiency. SURF is responsible for fast feature
extraction since it is desgined to be rotation invariant and
is uses Haar wavelet filters which performs a fast
filtering operation. Haar wavelet is meant for its fast
calculation and interest points detection. SURF is good at
handling blur images since it make suse of integral
images. Thus SURF feature extraction is followed by
harris corner detection algorithm which easily detects
corner points thus results in excellent tracking.
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