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Parallelizing the Hough Transform Computation
R. K. Satzoda, S. Suchitra, and T. Srikanthan, Senior Member, IEEE

Abstract—The Hough transform, a widely used operation in
image processing, suffers from being computationally intensive. In
this letter, we propose a method called additive Hough transform
(AHT) to accelerate Hough transform computation. It is based
on parallel processing of 2 points, obtained by dividing the edge
map into uniform blocks using a
grid. It has been shown
that AHT on verification gives the same Hough profile as the
conventional Hough transform. Further, AHT reduces the total
computation time by at least 2 times as compared to existing
Hough transform architectures.
Index Terms—Hough transform, image processing, parallelism.

Fig. 1. Straight line Hough transform. (a) Collinear points in image plane. (b)
Intersecting sinusoids in Hough space. (c) Implementation as a two-dimensional
array of accumulators.

I. INTRODUCTION

T

HE Hough transform (HT) [1] is commonly used in image
processing for shape detection and feature extraction. The
Hough transform computation is based on the parametric representation of lines passing through a point in the image plane indexed by
coordinates. A point
in the image plane
is defined by a set of intersecting lines at
. Each line
passing through
can be represented by its parametric
representation using
(1)
where
is the pixel coordinate in the image plane, is the
length of the perpendicular from the origin to the line, and
is the angle made by the perpendicular with the -axis. Every
line that passes through
is represented by a unique
combination. These
values are used to create a twodimensional parametric space called Hough space where a point
in image space is represented by a sinusoidal curve.
The Hough transform can be used to detect collinear points by
studying the Hough space as shown in Fig. 1. Points
,
, and
, lying on the same line, share the same
combination,
, which implies that the sinusoidal
curves of the collinear points intersect in the Hough space.
The Hough transform is generally applied on an edge map to
detect straight lines [1]. It is implemented using a two-dimensional
accumulator array as shown in Fig. 1(c). For every
edge pixel coordinate, the values are computed for angles from
to
, and the bins corresponding to these
combinations are incremented. After processing the entire edge map, the
array is scanned for accumulators that give high values or peaks.
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A peak in the array represents intersection in the parametric
space and hence a straight line in the edge map. References
[2]–[6] describe various methods to implement the Hough transform. References [2]–[5] employ a CORDIC engine [7] to compute (1) because CORDIC computes trigonometric functions efficiently in hardware and the outputs of CORDIC can be directly
mapped to (1). In [6], an adder-based Hough transform computation architecture is proposed wherein precomputed
and
values are added to the previous value as and increase
serially. In all the architectures in [2]–[6], pixels from the edge
map are read serially, resulting in a minimum computation time
of at least
clock cycles for an
sized edge map. In
addition, every edge pixel in the edge map would incur an additional latency for Hough transform computation. The edge map
is serially read in these architectures either due to the inherent
nature of the approach itself [5], [6] or because of high area costs
that could be incurred due to parallel computations [3], [4]. For
example, in [6], the value of coordinate
depends on of
, thereby making a serial-read of edge map inevitable.
Similarly, in [5], CORDIC is employed to compute the Hough
transform, and the scale factor in CORDIC operation [7] for coordinate
depends on the scale factor for
. In the
pipelined CORDIC-based architectures in [3] and [4], the area
cost increases drastically if they were to be employed in a parallel Hough transform computation architecture.
In this letter, we propose a novel parallel Hough transform
computation method which reduces the total computation time
by orders of magnitude as compared to existing methods. In
Section II, the Hough transform is explored to derive an additive property. The additive property is illustrated on a sample
image, and it is further exploited to develop a parallel grid-based
Hough transform computation method called additive Hough
transform (AHT). In Section III-B, we discuss the inherent parallelism of AHT for hardware realization, and the hardware
costs are analyzed. The proposed AHT is compared against existing Hough transform computation methods for total computation time using one of the benchmark images before concluding
in Section IV.
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This means that the Hough transform of a point with respect
to a global origin can be broken into two parts—the HT of that
point with regards to a local origin and the HT of the local origin
with respect to the global origin. This property can be also be
proven using coordinate geometry and trigonometric relations,
using equations similar to (1).
B. Illustration on an Image

Fig. 2. Deriving the additive property of Hough transform.

II. PROPOSED PARALLEL HOUGH TRANSFORM
COMPUTATION TECHNIQUE
In this section, we first identify and prove the additive property of Hough transform, which forms the basis of the proposed
AHT. After explaining the computational steps of AHT, we
show how AHT can be used to speed up the Hough transform
computation of an edge map through parallelism.
A. Additive Property of Hough Transform
Theorem 1: The HT of point with respect to the image
origin “O” is equal to the sum of the HT of with respect to
another point and HT of with respect to , i.e.,
(2)
represents the Hough transform of point
where
with respect to point .
Proof: Let us refer to Fig. 2. Considering a line passing
onto is
through a point , the perpendicular from origin
, where is the angle made by the perpendicular with
the -axis.
Now, let us consider another point in the image. The perpendicular projection onto from is
, as shown in
passing through such
Fig. 2. Also, if we consider a line
, then
is the perpendicular projection onto
that
from . Using the properties of parallel lines, it can be seen
that the angle remains the same for all the three projections, i.e.,
,
, and
.
is the HT of
If is considered as a local origin,
with respect to for a given angle , i.e.,
(3)
is the HT of with respect to the origin
same angle as shown by the following equation:

for the
(4)

In Section II-A, the additive property of Hough transform
was mathematically verified. We will now illustrate the additive property discussed in Section II-A on a test image. In order
to apply this property on an image, we first divide the edge map
into
blocks using a
grid, each block
of size
comprising
pixels. In this letter, we consider to be divisible by , but the proposed method can be extended for other
cases also. The origin of the edge map is taken to be the leftmost
and the bottommost pixel. Similarly, in every block, the leftmost
and the bottommost pixel is taken as the local block origin. We
refer to the Hough transforms of pixel positions with respect to
local block centers as “local HT” and those with respect to the
origin of the edge map as “global HT.”
Let us consider an 8 8 edge map in Fig. 3(a). Pixel , with
coordinate position (0, 0), is taken to be the global origin of
the image. The shaded pixels refer to the edge pixels:
,
,
,
,
, and
with respect to
. The Hough transform of this edge map, as computed using
the standard equation in (1), is shown in Fig. 3(a). The angles are
. It can be seen from Fig. 3(a)
taken from 0 to in steps of
that the sinusoids intersect at two points in the Hough space at
and
or 0. These intersections represent the
straight lines—
and
, respectively.
Now, let us consider a 2 2 grid symmetrically dividing the
edge map into four blocks of 4 4 pixels each, as indicated by
the bold lines in Fig. 3(a). The local origins of each of these
blocks are given by the leftmost and bottommost pixels at (0,0),
(4,0), (0,4), and (4,4). For every edge pixel, we now compute the
local HT based on their positions relative to the local origins. For
example, has a coordinate position of (1,3) with respect to its
local origin, (4,0), and its local HT is calculated based on this.
In Fig. 3(b), we illustrate the Hough space generated using
the additive property. The first column in Fig. 3(b) shows the
local HTs of each of the edge pixels. The second column shows
the plot of the global HT of the local origins corresponding to
each edge pixel. The curves in the third column are obtained by
adding the plots in the first and second columns, i.e., the summation of the local HT of edge pixel and global HT of local
origins. These resultant plots of every edge pixel are combined
together to obtain the Hough transform of the entire edge map.
It can be seen from the combined plot that it matches with the
reference Hough transform plot in Fig. 3(a), illustrating the validity of this approach. Intersections at
and are seen
which represent the same straight lines—
and
.

From Fig. 2, we see that
(5)
In (5),
is the HT of with respect to
. Using (3) and (4), (5) can be rewritten as

for the angle
(6)

C. Grid-Based Additive Hough Transform
We employ the additive property of Hough transform to
propose a grid-based computation technique—additive Hough
transform (AHT). We first divide the input edge map into
smaller images, referred to as “blocks,” using a grid and then
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Fig. 3. (a) Input edge map and Hough transform computed using standard equation. (b) Illustration of additive property of Hough transform.

III. HARDWARE REALIZATION
A. Inherent Parallelism

2

Fig. 4. The 8 8 edge map divided into four blocks, showing points with same
positions with respect to local origins.

process each of these blocks independently in parallel by
computing the local and global HTs as shown below.
1) Computing Local HT: Consider a 2 2 grid to divide an
8 8 sized edge map into four blocks, as shown in Fig. 4. Blocks
and
have their local block origins as
and
, respectively. Let us take a point in block
and anin block
with the same relative positions
other point
with respect to their local origins. Due to the same relative pois the same as the HT
sitions, the HT of with respect to
with respect to
. Similar arguments can be extended
of
to any other pair of points with the same relative position, like
in
and
in
. This means that for computing
the local HT of points in all the blocks of the grid, it is enough
block.
to process just a single
2) Computing Global HT: With the local HTs computed, the
global HTs of these points can be computed using the additive
property in Theorem 1. In other words, the local HTs of the
points that were just obtained can be added to the global HTs
of their corresponding local origins resulting in the global HTs
of the points. The global HTs of the local block origins can
be precomputed as the coordinates are known beforehand. To
summarize, for any pixel position in the edge map lying in
, we can say that
block
(7)
where

is the local origin of block

.

AHT allows for parallel computation of Hough transform in
hardware. As explained earlier, the edge map is divided into
blocks. The global HTs of the local origins of these blocks
are precomputed. The local HTs of
pixel locations in
a single block are also precomputed and stored. An array of
processing elements (PEs) is designed where each PE comprises a simple two-operand adder for each of the
blocks.
Let
be a coordinate with respect to the local block origin
, where and are used to index the blocks in the grid
and
. The range of and is limited by the
size of the block resulting in
.
pixels,
one from each block, located at the same coordinate position
with respect to their local origins are accessed from the
edge map in parallel. As shown previously for the same relative
position
, all the
pixels have the same local HT value,
. This value is accessed from the memory
and added to
precomputed global HTs of the local origins
of the
blocks, i.e.,
, using the two-operand
adders in the PE array. Thus, at the end of each cycle, the Hough
transform of
pixels is computed simultaneously. The following expression summarizes parallel AHT computation:

(8)
B. Hardware Cost Analysis
Here, we describe the acceleration in total computation time
achieved by AHT and briefly discuss the tradeoffs in area cost
also. The total computation time of existing architectures, , in
[3]–[6] can be generalized to the following expression:
(9)
where is the ratio of number of edge pixels to size of edge map
and refers to the additional time required for computation if a
pixel happens to be an edge pixel. From (9), for an image with
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TABLE I
TOTAL COMPUTATION TIME FOR 128

2 128 IMAGE

Fig. 5. (a) Edge map of benchmark image “house.png.” (b) Hough transform
using conventional method. (c) Hough transform using AHT.

no edge content at all,
is equal to
. This minimum value
of
is necessary for reading the edge map serially. Moreover,
increases as the edge content increases.
varies proportionally with and , where depends on the processing element used in the computation. For example, in the case of a
pipelined CORDIC-based implementation in [3]–[5], depends
on the number of angles in Hough space. In the case of an iterative CORDIC-based implementation [3], [4], in addition to the
number of angles in Hough space, depends on the number of
CORDIC iterations. In the repeated addition-based architecture
in [6], is equal to 1. In all these architectures, in addition to
cycles for reading the image,
has an additional component for computing the Hough transform of the edge pixels.
The total computation time of the proposed AHT technique
in hardware is given by
(10)
where is the grid size. The local HTs of points in a block and
global HTs of local block origins are precomputed offline, and
hence, they do not contribute any additional delay. Also, reading
them from the memory can be pipelined without incuring any
additional latency cycles. The computational delay of each processing element is equal to the delay of a two-operand -bit
adder where is the wordlength local and global HTs.
From (9) and (10), we see that AHT shows a speedup,
given by
, of at least
against existing methods.
This speedup is possible due to the inherent parallelism of the
proposed AHT method. Increase in means more number of
blocks are being processed in parallel, thereby reducing
.
However, also determines the area cost of the implementation.
A higher value of results in more number of adders in the
computation array discussed in Section II-C. Also, the space
for storing global HT of local origins increases. On the other
hand, space for storing precomputed local HT of points within a
block reduces because the block size is given by
pixels.
Thus, determines the area-time complexity of the proposed
method. We demonstrate the proposed AHT technique on a
128 128 sized real image in Fig. 5(a) with an edge content of
5.19%, i.e.,
. From Fig. 5(b) and (c), it can be seen
that the Hough space obtained using the proposed AHT is identical to the one obtained by the conventional method. Table I
lists the total computation time (in cycles) for Hough transform
computation using AHT and existing methods for the edge

cycles
map in Fig. 5(a). The existing techniques require
to read the edge map. In addition, every edge pixel requires
additional cycles as shown in (9). For all CORDIC-based
architectures in [3]–[5], depends on the number of iterations,
, and the number of angles in Hough space, . is equal
to
for the iterative CORDIC-based architecture [3],
[4],
for pipelined CORDIC-based methods in [3]–[5],
and one for adder-based Hough transform computation in [6].
To compute in Table I,
and
are taken as 16 and 180,
respectively. It can be seen from the table that the proposed
AHT outperforms the existing techniques by at least 67 times.
This speedup is because of the inherent parallelism of additive
Hough transform. The speedup increases further as the parallelism indicated by increases (10).
IV. CONCLUSION
In this letter, we proposed a new Hough transform computation method called AHT in order to achieve parallel computation
for high performance. The identified additive property of Hough
transform was applied to a test image and compared with the
conventional approach to show that the same Hough space is obtained. Unlike existing architectures, which read the edge map
serially, AHT computes the Hough transform in parallel using a
grid-based architecture. It was shown that for a 128 128 image
with 5% edge content, AHT results in a speedup of at least 67
times against existing methods, when an 8 8 grid was used. It
was also shown that the area-time complexity can be managed
by appropriate selection of the grid size.
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