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Abstract— Accurate object detection in large images (aerial
images) is extremely time consuming when carried out by
sequential methods and in some cases needs to be performed
close to real time. In this paper, we study the Phase Correlation
method with Log-Polar Transform and the Normalized
correlation method to detect objects in parallel in an image using
a PC Cluster. In order to carry out the detection process
efficiently and rapidly, the large image is broken into grid blocks
of different sizes of 256 x 256 bits to 4096 x 4096 bit sizes and
Correlations are performed. As the smaller image blocks cause
greater communication time in their transmission from and to
the master node, the computation times are reduced at the
worker nodes. The main problem is when an object image is
spilled over into 2 or more neighbor blocks. This scenario
produces multiple PC peaks and neighbor blocks are checked
and then stitched together to form a larger block and verification
is carried out again.
Keywords-Phase Correlation; PC Cluster; Fast Fourier
Transform;

I.

INTRODUCTION

Detecting objects in a cluttered environment is a
challenging task. Normal image processing methods do not
work properly for large images and may break down. First,
large images require high capacity memory to store them.
Second, large images can cause problems to process. In order
to remedy these problems, the large images may be processed
incrementally or by using parallel distributed methods [1],[2].
On PC clusters the large image problems may occur in
communications and as well in computations [3]-[5].
Transmission of large communications would require large
bandwidths. The image is divided into blocks of specified size
and the blocks distributed to the worker nodes. The frequent
transmission of images becomes communication intensive [5].
On the other hand, the computational problem would be in
reading an image, processing an image, and third writing the
results to the hard disk [4].
The objective of this paper is to use a PC Cluster for super
fast computations at an affordable costs.
The main
contribution of this paper is to use the PC Cluster in
conjunction with parallel phase correlation method and logpolar transform and normalized correlation method to detect
and recognize an object in a large image. The large image is
first broken into grids and experiments were carried on grids
of size 256 x 256 and 512 x 512 bits, respectively.

The paper is organized as follows, in Section II, the
methods are presented. In Section III, the results and
discussions are presented and in Section IV, conclusion and
future directions are given.
II.

METHODS

In order to devise efficient algorithms, one has to look at
factors which may affect performance. These factors are many
and related to both hardware (e.g. CPU clock speed, memory
size), network (e.g. cable type, switches, routers), and software
(operating system, types of MPI routines, efficiency of
algorithms) [5]. Therefore the performance depends on the
execution time which in turn is a function of both hardware and
software.
The transmission of large images require
communication time which cannot be ignored in evaluating
performance.
Therefore, the communication times and
computation times are important factors to be considered in
performance analysis. The computational complexity of
algorithms have to be checked and also taken into
consideration.
The time taken to send an image from one node A to
another node B in terms of computation times and
communication time can be written as,
[5],[7],
(1)
T = t compA + t comm + t compB ,
where t comp time is given as,

t com p = I ⋅ C / f .

(2)

where I is instructions per program, C is clock cycles per
instruction and f is CPU frequency measured in Hertz. The
time involves the message’s route from the transmitting
computer, through the transmission media, and then to the
receiver computer.
In applications where the topology is of one master node
and many slaves nodes, MPI collective operations are useful
such as broadcast, scatter, and gather routines [5]. The MPI
collective operation's time would depend on the size of each
message, number of messages, interconnection structure, and
network contention.
The communication time can be written as [5],[7],
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t comm = t s + m ⋅ t t + t c .

(3)

where t s is the message latency and takes into consideration
the overhead time at the source and destination; t t is the
transmission time computed as 1/Bw where Bw is link
bandwidth given in U bits/sec; and m represents message to
send. The time t c represents contention time and is burst
dependent. The time complexity is O (k ) for k data items. In
the case, a master node transmits messages to multiple
destination nodes, the 1-to-N fan-out broadcast is defined as
the transmission of the same message to N destination nodes
sequentially. The communication time in this case is defined
as,
(4)
t comm =N (t s + m ⋅ t t ) ,
and for the gather and scatter communication models is
defined as,

t comm =N (t s + m ⋅ t t / n) .

(5)

The scatter routine is used to send a unique message from the
source to every other destination and in the gather routine a
unique message is received from every other node.
The time complexity is O(Nm) for one source transmitting
to N destination nodes. Note, in (5), n represents the total
number of nodes and N = n-1.
The communication time for an Ethernet LAN network can
be defined as:

t comm = t m + mE ⋅ t t + t q + t p + t E

(6)

where all terms depend on message size and message time at
Media Access Control (MAC); t m is dependent on message
size and would be same for a homogeneous network and
would be some factor multiplied by message size, α ⋅ m size ;

m E represents the number of bits in an Ethernet packet; t q is
the queuing delay; t p is the propagation delay defined as d/c,
where d is the length of the link and c is speed of light in
8
medium having a value less than 3x10 m/sec; t E is the
Ethernet interframe gap which is 12 bytes (96 bits) [7].
A. PC Cluster
Now a day PC Clusters are much more affordable than a
super computer. PC Clusters offer fast computation speeds at
very affordable price. PC Cluster can be built using off the
shelf computers networked together using fast Ethernet
switches. Our testbed consists of a PC cluster of 20 Lenovo
machines with the following specifications: Intel Core™ 2
Duo CPU, E4400 2.00GHz, 1.00 GB of RAM. Network Card:
Broadcom Netlink, Gigabit Ethernet. The PC are connected to
a Gigabit Ethernet switch. RedHat Enterprise AS Linux

operating system is installed on each machine, and use LAM
7.0.6/MPI 2.
B. MPI Collective Communication Routines
The Message Passing Interface (MPI) is a message passing
library standard interface that is broadly used for writing
message passing programs on PC platforms. The main MPI
collective communication functions are: All-to-all: every node
sends a message to every other node. Broadcast: one node
sends one message to every other node. Gather: all nodes send
a different message to a single node. Scatter: a single node
sends a different message to every other node. Point-to-Point: a
single message is sent/received between 2 specific nodes.
C. Correlation Methods
In signal processing, correlation filters are used to detect
how similar two signals are. In image processing, correlation
methods are used in object detection and recognition
problems. These correlation filters are found in many
applications such as medical imaging, voice recognition,
biometrics iris, face recognition and many more.
In image processing, phase correlation is a method used to
for object tracking, motion estimation, and image registration
[9]. Phase correlation may be used to check the similarity of
two images of equal pixel size. Recognition of a scaled,
rotated, and translated image can be performed using phase
correlation with Log-polar Transform [7],[8].
Given two images of size P x Q, f(x,y) and h(x,y), their
2D Discrete Fourier Transforms (2D DFTs) are denoted by
F(u,v) and H(u,v). The cross spectrum

RFH (u, v)

F (u, v) and H (u, v) is given by
RGH (l , m) = F (l , m) H * (l , m)

of

(10)

where * is used to denote the complex conjugate. Cross-phase
N

spectrum R FH (l , m) is defined by

F (l , m) H (l , m) *
| F (l , m) H (l , m)* |
= e jθ (l ,m)
(11)
N
Phase correlation function rFH ( p, q) is the 2D inverse
N
RFH
(l , m) =

DFT of (11) and is given by

r fhN ( p, q ) =

1
∑∑ RFHN (l , m)WP−lpWQ−mq
P⋅Q

(12)

In the case f(x, y) and h(x, y) are the same image then the
Phase Correlation function is given by

r ffN ( p, q ) =

1
∑∑WP−lpWQ−mq
P⋅Q

= δ ( p, q )
(13)
where δ ( p, q) is the Dirac delta function. The peak point
location is given by
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δ ( x, y )

N
= max { r }
(14)
( x, y )
In the case where the two images are same their Phase
Correlation function gives a distinct sharp peak. The peak
height is used to measure the similarity between two images.
The Phase Correlation function has the following properties,
shift invariance, amplitude invariance, and immunity against
additive noise. The properties can be verified directly from
the Fourier Transform’s properties [4].
In case one image is a translated version of the same image
then the images are related by

g ( x, y) = f ( x − x0 , y − y0 ) ,
(15)
that is g(x, y) is translated by an offset ( x 0 , y 0 ) . From the
Fourier transform shift property the images are related by

F (u, v) = H (u, v) e − j (u x0 +v y0 )

.
(16)
From the normalized cross-power spectrum the
exponential phase shift factor can be obtained as,

H (u, v) F * (u, v)
P(u, v) =
| H (u, v) F * (u, v) |
.
(17)
The inverse Fourier transform gives the Dirac delta function at
the offset ( x 0 , y 0 ) ,
(18)

Let f(x, y) be a scaled, rotated, and translated version of h(x,
y), defined as,

f ( x, y) = h(s ⋅ x cosθ − s ⋅ y sinθ − x0 ,

s ⋅ x sinθ + s ⋅ y cosθ − y0 )

Phase Correlation Algorithm with Log-polar Transform:
Given two images f(x,y) and h(x,y), where f(x,y) is the
reference image and h(x,y) is the image to register or match.
The parallel phase correlation and log-polar transforms
(PPCLT) are computed in parallel as shown below:

Algorithm PPCLT
In each steps 1 to 6 and then in steps 9 to 11 perform
the indicated operations in parallel:

= e j (u x0 +v y0 )

p( x, y) = δ ( x − x0 , y − y0 ).

where r ′ = r / s and log r ′ = log r − log s . From the Fourier
properties, a positional shift produces a phase shift and linear
scaling of a spatial variable x,y produces an inverse scaling of
spatial frequencies u,v. The phase-correlation method can be
used to obtain the translation in log-polar coordinate system.
The algorithm to perform distributed Phase Correlation can be
used to check if two images match or not. Figures 2 and 3
show the block diagram of the Phase Correlation steps
involved.

(19)

Then the Fourier transform would be

1
F (u, v) = 2 H (u′ cosθ − v′ sinθ , u′ sinθ + v′ cosθ ) ⋅
|s |

Step 1. Read the images f(x,y) and h(x,y)
Step 2. Take the FFT of the images g(x,y) and h(x,y),
shift to center zero frequency.
Step 3. Convolve magnitude of F(u,v) and H(u,v) each
with a high pass filter.
Step 4. Use log-polar transform to transform in log polar
space.
Step 5. Take the FFT of each.
Step 6. Computer phase correlation of the two in step 5.
Step 7. Find the peak location (x,y).
Step 8. Compute angle and scale factor.

(20)
where u’ = u/s and v’= v/s. The magnitude of above (20) is

Step 9. Rotate image by angle and another by angle + 180
degree.
Step 10. Take the FFT of both rotated images.
Step 11. Compute phase correlation of both with
reference image.

(21)
where w is a weighting factor. Using polar coordinates
(r , φ ) and letting u = r cosφ and v = r sin φ . Inserting
in (21) above results in,

Step 12. Find the peak locations in each.
Step 13. Compare the two peaks and obtain the translation

e− j (u x0 +vy0 )

MF (u, v) = w⋅ MH (u′ cosθ − v′ sinθ, u′ cosθ + v′ sinθ ))

M F (u, v) = w ⋅ M H (r ′ cos φ cos θ − r ′ sin φ sin θ ,
r ′ cosφ sinθ + r ′ sinφ cosθ ) ⋅

(22)

and using trigonometric identities results in

M F (u, v) = w ⋅ M H (r ′ cos(φ + θ ) − r ′ sin(φ + θ ))

In parallel computing, speedup is one of the metric used to
measure performance and is given as,

(23)

Sp =

which can be represented as,

M F (r , φ ) = w ⋅ M H (r ′, φ + θ ) .

(24)
Converting to log-polar form, by taking the logarithm results
in
(25)
M F (log r , φ ) = w ⋅ M H (log r ′, φ + θ )

where

Ts
Ts
=
T p Tcomp + Tcomm

(22)

Ts is the sequential execution time on one node, and

T p is the execution time on P nodes consisting of
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computation and communication time. Note in parallel
processing one would prefer the computation time to be higher
than communication time.
Parallel distributed algorithm:
Master Node:
Step 1: Given a Large Image Partition into M blocks.
Step 2: Given a template image to search. Note:
template is smaller than partitioned image blocks.
Step 3: Scatter the M/N blocks to N workers.
Step 4. Broadcast the template to N workers.
Worker Nodes:
Step 1:
For i = 1 to M/N blocks
Use Phase Correlation method or Normalized
Correlation Method to check if a match occurs.
Step 2: Send Phase Correlation Peaks back to Master
node.

III.

RESULTS AND DISCUSSION

A large image shown in Fig 1 was partitioned as in Fig 2
below. The partitioned blocks are MPI scattered to the worker
nodes by the master node. The template to be searched and
matched is MPI broadcast to all the participating worker
nodes. The worker nodes use the Phase correlation method to
check if a match occurs. Each worker node has a block of an
image and a template. A match occurs if the Phase correlation
peak is greater than a threshold otherwise it is considered no
match. All the workers transmit back their Phase correlation
peak value. The master node than makes the judgment of
whether there is a match or not.
Case A: Number of image blocks are larger than the
number of worker nodes. In this case a worker when it
finishes working on one block of image and sends the result
back to the master will receive another block of image to work
on. The sending of blocks and receiving of results is done by
the master node till all the blocks of image are worked on by
the worker nodes. In a homogenous PC cluster environment
the communication times and computing times are fairly load
balanced. In a heterogeneous PC cluster the fast worker nodes
would be having a higher work load.
Another issue is the image block sizes, the smaller the
image blocks the greater the number of blocks to work on and
the greater the communication overhead. However the smaller
blocks will be computed faster. In experiments carried out, the
block image sizes were 256 x 256 bit size and 128 x 128 bit
size. The template (patch) image size was less than the block
sizes. They were then zero padded to the block size in order to
carry out the Fast Fourier Transforms. The threshold value was
chosen as 0.8 and produced results with high accuracy of 99.
When the template image does not match the PC peaks are

spurious and have very low values in range of .001 to .2. In
other words the mismatch produces PC peaks like white noise.
Another issue that may arise is if the object being detected
is split across 2 or more blocks of images. In this case,
multiple workers will produce a match. Then the blocks are
checked if they are in a neighborhood of each other. If they are
then the object is considered to be partially in multiple image
blocks. Further processing techniques can be used to verify the
matching using stitching techniques. Once the blocks are
stitched together forming a larger block of image. Again PC
method can now be applied on this larger image block to check
if the whole object matches or not.
Case B. Detecting multiple objects. In this case multiple
templates are sent to worker nodes. Suppose K objects are to
be detected in the large image. The K templates are then
scattered to worker nodes. Each worker node will have one
object template and multiple image blocks to search in and
check for a match.
Figures 8 and 9 show the communication time for a scatter
routine for image sizes of size 512 x 512, 1024 x 1024, 2048 x
2048, and 4096 x 4096 and for PC cluster of sizes 2, 4, 8, 16
computers, respectively.
The speed up obtained is shown Table 1. The speedup is
shown for a image of size 2048 x 2048 and PC cluster of
different sizes of 2, 4, 8, and 16.
It is shown the
communication time increases with PC cluster size. The
speedup is fairly increasing with PC cluster size.

Figure 1. Large image of a Crane.
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Figure 4. Patches p3 and p4 to be detected in the large image.

Figure 2. Partition the image into grids of size 256 x 256.

Figure 5. Patches p5 and p6 to be detected in the large image.

Figure 3. Patches p1 and p2 to be detected in the large image.

Figure 6. Phase correlation method shows a match with a distinct sharp peak.
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PC
Image Size of 2048 x 2048 Ts = 740 msec
l t
Computation time
Communication time
Speedup
(msec)
(msec)
16

3.1

49.3

14.2
)

IV.

Figure 7. Peak showing there is a match using Normalized Correlation.

CONCLUSION AND FUTURE WORK

In this paper, an efficient parallel algorithm is presented to
detect objects in large images. The algorithm uses parallel
methods to distribute the blocks of images using MPI scatter
routines to worker nodes and broadcasts template of object to
the worker nodes. The workers perform the task of detecting
the object in its block. A match is considered if the phase
correlation peak is above a defined threshold value otherwise
it is considered a mismatch. If the object image spills into
neighbor blocks, then the image is split again but with larger
grid size and the algorithm repeated. In this scenario, the
neighbor blocks are stitched together forming a larger block
image. In this situation the blocks are stitched and again
verified for a further match. Furthermore, it is seen the
speedup increases with increasing PC cluster size.
Automatically detecting of partial images of objects is the
subject of future research.
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Figure 8. MPI Scatter communication time for different sizes of images and
for a PC cluster of sizes 2, 4, 8, and 16.
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