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Performance Improvement of Moving Object
Recognition and Tracking Algorithm using
Parallel Processing of SURF and Optical Flow
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Abstract—The paper proposes a way of parallel processing of In contrast, SURF has been improved by optimizing t

SURF and Optical Flow for moving object recognitiamd tracking.

The object recognition and tracking is one of thestimportant task
in computer vision, however disadvantage are margyaiions cause
processing speed slower so that it can’'t do rea¢-thbject recognition
and tracking. The proposed method uses a typicgl efafeature

extraction SURF and moving object Optical Flow foeduce

disadvantage and real-time moving object recogmitiad tracking,
and parallel processing techniques for speed ingmewnt. First
analyse that an image from DB and acquired throhgltamera using
SURF for compared to the same object recognitia@n teet ROI

(Region of Interest) for tracking movement of featyoints using
Optical Flow. Secondly, using Multi-Thread is fomproved

processing speed and recognition by parallel peiegs Finally,

performance is evaluated and verified efficiency aforithm

throughout the experiment.

Keywords—moving object recognition, moving object tracking,
SURF, Optical Flow, Multi-Thread.

|. INTRODUCTION

operations processing. Nevertheless, there’s a tonprocess
real-time object tracking. Optical Flow's LK(Luc&anade)
algorithm has been implemented in conjunction is fraper.
LK is a way to keep track of an image motion betwdee
previous frame and current frame. there’s a problbat
tracking object recognized by the SURF using LK. ISo
recommend that using Multi Thread for parallel mssing
with SURF and SIFT so that you can recognize aacktobject
with no problem.

The paper is organized as follows: Chapter 2 isuabo
explanation SURF and LK algorithm. Chapter 3 is wbo
implementation using parallel processing of SURRE &K
algorithm. Chapter 4 is about experimental resutid Chapter
5 is conclusions.

II. EXPLANATION SURFAND LK ALGORITHM
A. SURF Algorithm

I N latestmany sensors and camera are used for object aroundSURF and SIFT algorithms are almost the same réfogn

recognition and tracking in robot and automotivetse
Among them, the importance of computer vision regeas
emphasized because people getting more than 99%
information depend on the eyes. if people can getmate
information of the acquired image for recognitidyjext, it can
be replaced with many sensors or enhance theatidiz

So far object recognition and tracking algorithnasdnbeen
developed and used in computer vision sector. Tleeee
algorithms for object recognition, such as SIFT &uRF, for
object tracking, such as Optical Flow and camshifiwever,
there’s many problems for real-time object recdgnitand
tracking by the algorithms. Priority, object recagm
algorithm to exact recognize is required on mangrafions
because of it is extracted feature points andededescriptor.
It causes slow processing speed and limitationseaktime
object recognition.

First of all, SURF algorithm was used for objeatagnition
in this paper. However, SURF and SIFT features h#f t
algorithm are very similar to the exact object gtion by
feature points matching through a camera, SIFTois 8y too
many operations processing, it makes disadvantage
real-time object tracking.
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but SURF algorithm is faster about operations pssicey speed
than SIFT.

ofThe first of the proposed method to speed up isgusitegral
Image. The integral image in Fig. 1 relies to redube
computation time and we therefore call it the Hésssian
detector. For example, if you want to know aboue th
cumulative value of the brightness of the S regjau, can just
calculate quickly about A-B-C+D region.
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Fig. 1 Integral Image

The second, Detector and Descriptor are used diogpion.
The 9*9 box filters in Fig. 2 are approximations Gaussian
second order derivatives with and represent losese.
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Fig. 2 The gaussian Second order derivative fitet The
approximative box filter

The Gaussian second order partial derivativesdireetion,
y-direction and xy-direction, and approximationsréof using
box filters. The grey regions are equal to zero.

In order to be invariant to rotation, identificatio
reproducible orientation for the interest pointst that purpose
we first calculate the Haar-wavelet responses iand y
direction, shown in Fig. 3, and this in a circut@ighbourhood
of radius 6s around the interest point, with sgb&e at which
the interest point was detected. Also the sampieg is scale
dependent and chosen to be s. In keeping withetste also the
wavelet responses are computed at that currenk ssal
Accordingly, at high scales the size of the wawelist big.
Therefore, we use again integral images for fédtgriing. The
dominant orientation is estimated by calculating skhm of all
responses within a sliding orientation window cavgran

7
angle ofg. The horizontal and vertical responses within th

window are summed. The two summed responses tledh gi
new vector. The longest such vector lends its tait@n to the
interest point. The size of the sliding window iparameter,
which has been chosen experimentally. Small sies dn

single dominating wavelet responses, large sizgd yhaxima
in vector length that are not outspoken. Both tegulan

unstable orientation of the interest region.
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Fig. 3 SURF descriptor to invariant rotation

B. LK Method

The basic idea of the Optical Flow's LK (Lucas-Kdap
algorithm rests on three assumptions.

The first is Brightness constancy. This means weamag that
the brightness of a pixel does not change astiaitked from
frame to frame. It means that our tracked pixekrnsity
exhibits no change over time.

f(x,1) =1 (x(),t) = | (x(t +dx),t +dt)
of (X)

given by, =0 (2)

The second, is Temporal persistence. This means the

temporal increments are fast enough relative tosttede of

motion in the image that the object does not mouemfrom

frame to frame. Let's call the y component of vélpe and the
X component of velocity u, then we have:

LLu+l v+l =0 (3)

For this single equation there are two unknowns goy
given pixel. This means that measurements at tigdespixel
level are underconstrained and cannot be used tainol
unique solution for the two-dimensional motion lztt point.

" Instead, we can only solve for the motion comporikat is

perpendicular or “normal” to the line described duyr flow
equation.
Fig. 4 presents the mathematical and geometridlsleta

From 1D to 2D tracking
Notation But, at a single pixel all we get is a line

Lus Lo+l =0 Lus Le=-I

il

| “*Normal flow”

Fig. 4 Normal Flow

Normal optical flow results from the aperture pehl

Aperture Problem
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Fig. 5 Aperture problem

[

In Fig. 5, through the aperture window (upper rewg)see an
edge moving to the right but cannot detect the deavd part of
the motion (lower row). we turn to the last optid&w
assumption for help. If a local patch of pixels rageoherently,
then we can easily solve for the motion of the @rgixel by
using the surrounding pixels to set up a systeragofations.
For example, if we use a window of brightness @salaround
the current pixel to compute its motion, we can sbeup 25
equations as follows.
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Thread 1 for SURF Thread 2 for LK
L(p) | y(pl) I (py) SURF Object
I X (p2) I y (pz) u - _ I t (p2) (4) (Cbject recognition YOS?:DQ mition
: : \Y; : / )
es No Set Lock o
I (P2s) 1y (Pas) I
X 25 y 25 t ( p25) Set ROI 'L
To solve for this system, we set up a least-squares wlv Brmf Rl
minimization of the equation, wheretmin”Ad - b||2 is Sl Set Unlock
solved in standard from as Update ROI i
¢ LK
(AT Ad = A'b Set Unlock Jv
u
given by, d :[ }: (ATATATD (5) v X v
\Y

Fig. 6 Flow chart of Multi-Thread
When (A" A) is invertible, we can solve and get u and v.

Thread 1 is used for implementation of SURF ande@tir2

Ill. IMPLEMENTATION USING PARALLEL PROCESSING OF is used for implementation of LK in Fig. 6. Thesfir Thread 1
SURFAND LK ALGORITHM is performed to recognition of object. If object n@enot

However, SURF to find the desired object, shows thkgcognized, Thread 1 is performed again until reitamn of

excellent effect, it is impossible to tracking dfject because of
too many volume of operations in real-time. In cast,
however, it is impossible to recognize the objéeét,to track
found object, shows the excellent effect. If youedheto
implement for use as both algorithms by Single-@tdreyou
may perform LK randomly repeated after object redimgn by
SUREF. If the method was used, it is impossiblerack object

object, and Thread 2 is waiting. When object wasntb by
SURF of Thread 1, set a ROI (Region Of Interesterm
coordinates of ROI are updated to share with LK lofead 2.
LK of Thread 2 is tracking from using updated caoates after
recognition of object in SURF of Thread 1.

IV. EXPERIMENTAL RESULTS

until performed SURF when missing object duringckiag. Table | represents the number of performed and e
Also the number of execution of SURF raise to impro time of SURF and LK algorithm when using the safdeo (16

recognition during the same time. We recommend,.qnq 492 frame540x 480resolution)
Multi-Thread to complement this part so that it tarincreased '

recognition more the number executions of SURF than

TABLE |
Single-Thread. At the same time, it can be trackihgbject by THE NUMBER OF PERFORMED ANDEXECUTION TIME(SECOND OF SURF
performing a combined LK in real-time. AND LK
In MFC application, Thread is separated into twzetyand it Algorithm Execution Time Thpe Nf“mbeé of
is used in two way. One of the two is Worker Thread the SURF 56339 e;grzme
rest is User Interface Thread. When you perforrkgtas the K 15:335 292

background, Worker-Thread is used because there's n
message loop so it doesn’t need user’s input. @rctmtrary,
User Interface Thread is used with user’s inpuhee there’s
message loop.

User Interface Thread is used for perform the mesfie
SURF and LK algorithm.

Through the above table, execution time takes aqptely
0.175 second and 0.031 second each SURF and LKthlgo
Table. 2 is described how much execution time drel t
number of performed take time in Single-Thread and
Multi-Thread. After SURF is performed once, LK isrformed
10 times repeatedly in Single-Thread to compare
Single-Thread and Multi Thread.
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TABLE I
THE NUMBER OF PERFORMED ANDEXECUTION TIME(SECOND)
OF SURFAND LK IN SINGLE-THREAD AND MULTI-THREAD

Thread Algorithm | Execution Timg ' Number of
Performed
: SURF 25
Single Thread K 21.98 a7
; SURF 62
Multi Thread K 14.778 385

Execution time is different between in Single-Threand
Multi-Thread. There’s a lot of difference when tih@mber of
performed is compared between SURF in Single-Theeadl
Multi-Thread. In Single-Thread, SURF is performeite on
approximately 0.49 seconds. But in Multi-Thread, R§Uis
performed once on approximately 0.24 seconds. lamne
performed of SURF in Multi-Thread more than 2 tirias
Single-Thread. On the other hand, LK is perfornagdost
same in Single-Thread and Multi-Thread. It is imgibke to
recognize and track the object in real-time in &rbhread. It
took more time in Single-Thread, because there&me rhany
load to execute, whereas it took less time in MUhtread. It
means that object recognition and tracking is fssiithout
problems in Multi-Thread.

Fig. 7 Result Images of Object Recognition and Kirex

It is the result images of object recognition aratking in
real time by using Multi Thread technique. It ispossible to
recognize object using SURF because of inaccuestalution
when the object in image is moving fast, howewds, racking
object exactly by LK.

V.CONCLUSIONS ANDFUTURE WORK

We have proposed method of object recognition eaeking
in real-time using Multi-Thread with SURF and LK.&\Man
recognize and track moving object in real time bing parallel
processing of SURF and LK. The disadvantage of SitH
slowness of processing speed of object recognhias been
solved with using Multi Thread and LK together ke speed of
recognition object got faster and the accuracy basn
improved.

For future work, we will further investigate genlésaof the
proposed system. We plan
environment like moving camera with background.
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