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The  objective  of  this  paper  is to design  a model  which  can  integrate  a range  sensor  with  real  time  image
processing.  An  FPGA  provides  physical  solutions  for most  image  processing  problems  and  offers  a  new
hardware  acceleration  opportunity.  In this paper  we implemented  image  normalization  along  with  edge
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detection  on  real  time  images  and  then  integrated  the  range  sensor.  The  model  is  validated  using  Spartan-
3  FPGA.

© 2015  Elsevier  GmbH.  All  rights  reserved.
. Introduction

Real-time image processing has been used for variety of appli-
ations, e.g., video surveillance systems, authentication systems,
nd traffic surveillance systems. A very high computation power is
ypically required to perform these operations [9]. For such appli-
ations, normally application specific hardware implementation is
equired which offers much greater speed than software imple-
entation [10]. Due to advances in VLSI technology, hardware

mplementation has become an attractive solution for real-time
pplications [2,6].

To design hardware using VLSI, two types of technologies are
vailable:

Full custom hardware design also called Application Specific Inte-
grated Circuits (ASICs)
Semi custom hardware design, these are programable devices like
Field Programable Gate Arrays (FPGAs)

Full custom ASIC design offers high performance, but the asso-
iated design cost and complexity is very high. On the other hand,

emi custom hardware designs, like FPGAs, are ideal in many
mbedded system applications [6], as they have several desirable
eatures like low power consumption, a large number of I/O ports,
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small size, and a large number of computational logic blocks. The
use of FPGAs has increased as an implementation platform for
image processing applications, particularly real-time image/video
processing, as they have grown in size and functionality [12].

FPGA programming is significantly different from conventual
single-processor programming. In FPGA-based designs, one needs
to not only design the algorithm but also the architecture on which
it is implemented. FPGA-based designs generally contain a large
number of simple processors for parallel processing. Tradition-
ally, FPGAs have been configured by hardware engineers using a
Hardware Description Language (HDL). There are two principal lan-
guages in use, Verilog HDL (Verilog) and Very High Speed Integrated
Circuits (VHSIC) HDL (VHDL), which allows design at various levels
of abstraction.

In real-time image processing, finding the accurate distance
between objects and the camera has many applications. For exam-
ple it can be used for real time face recognition where we can define
a region in which a face can accurately be recognized, specifically it
can be used for iris recognition where an accurate image can only
be scanned if the eye location from camera is in the defined region.
Given the importance of range finding in real-time image/video
processing and their significance in embedded systems, this work
presents real-time edge detection and range sensing of objects. To
get better results for edge detection, image normalization is done
before edge detection. This is done because of the fact that the

input image obtained from the sensor may  have imperfections or
poor quality due to non-uniformity [8]. In the literature, different
techniques have been used to cope with this problem. These tech-
niques are broadly categorized into two types: global normalization
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ethods, and local normalization methods. Global normalization
ay  contain gamma  intensity correction, histogram equalization,

istogram matching and normal distribution. The local normaliza-
ion methods are: local histogram equalization, local histogram

atching, and local normal distribution. Global methods, while
sually efficient to implement in hardware, often have difficulty
ith variation in illumination or contrast across the image. Local
ormalization techniques are quite efficient under different sce-
arios but their hardware implementation is expensive. In order
o cope with this problem, in this paper, a new local normalization
echnique is presented which is well suited for hardware imple-

entation. For edge detection, the Sobel edge detector is used as its
orizontal and vertical filters are separable and can be decomposed,
hich makes its hardware implementation efficient. The overall

ystem is composed of the following blocks:

 Image normalization: This module is used to normalize the input
image stream. The input images are obtained from sensors may
have imperfections due to non-uniformity. If we  reduce these
imperfections before edge detection we can get a more detailed
gradient image than without image normalization.

 Sobel Edge Detector: This module detects the edges of the video
by convolving a sliding window using the Sobel operator to get
an edge detected image.

 Range sensor: The purpose of this module is to send a trigger
out to the SRF05-ultra-sonic ranger and read the echo from it.
The measure of the echo would give us the distance of the object
detected by the sensor.

 Number displayer: The distance in cm measured by the SRF05-
ultra-sonic ranger must be converted to BCD. This would make
it easy to show it on screen as well as on the FPGA. A module
segment display is thus created within the range sensor to show
the value of the converted number on the FPGA board.

The rest of the paper is organized as follows. Section 2 details the
roposed method for image normalization. In Section 3, hardware
tructure for overall system is described. Experimental results are
resented in Section 4. Section 5 is about the concluding remarks.

. Image normalization

The input images which are obtained from sensors may  have
mperfections or poor quality due to non-uniformity. To cope with
his problem, a local normalization algorithm based on the local
roperty of the given image is proposed. The block diagram of the

roposed algorithm is shown in Fig. 1.

A Gaussian filter of size 6 × � is used, where the chosen � = 4.2
orresponds with the width of the dominating structure present
n the input image. The application of the filter results in blend-

Fig. 1. Block diagram of proposed local normalization algorithm.
Fig. 2. (a)Input image and (b) normalized image.

ing the dominating structure with the background and provides a
blurred image that contains the slowly varying illumination pat-
tern. The filtered image is then subtracted from input image to
result in a constant-background image. The background subtrac-
tion process can also be thought of as a high-pass filter which
allows the structure of interest to pass. Though, the filter provides
us with uniform background image, its contrast can vary signifi-
cantly throughout the image. Therefore, contrast enhancement has
to be performed next to boost object intensities in relation to the
background. For this, we  save the sign of the pixels to be used at the
later stages. The magnitude obtained by applying absolute operator
on the image pixels will be used to estimate the local contrast. The
power-law-transformation with � = 0.75 is employed here to com-
press the high contrast pixels relative to those with low contrast.
Then another Gaussian filter, with � = 4.2, is applied on the power-
law-transformed image to average that locally. The resultant image
is clipped in between 50 and 255 to avoid over enhancing noise and
to retain the relative strength of already high contrast regions. This
provides a measure of the local contrast within the image. We  recall
the absolute-operated image and divide it by this local contrast. The
result of this division is multiplied with the sign image and a fac-
tor of 150. A constant 128 is added to enable negative values to be
elevated for accommodation in the dynamic range of the monitor.
In the end, the image is clipped to the allowed pixel range 0–255
to come up with the output normalized image. Fig. 2 depicts the
results of proposed normalization on a real-time image.

3. Proposed hardware

The aim of this work is to integrate a range sensor with real time
image processing application. For this purpose a new method for
image normalization is proposed which is efficiently implemented
on hardware and then the Sobel edge detector is used for the gradi-
ent image. Fig. 3 show the block diagram of the proposed scheme.
In this paper, only three main blocks are explained as the detail of
remaining blocks is already given by Ref. [2].

3.1. Image normalization hardware structure

In the image normalization block, the 2D Gaussian filter is imple-

mented as a cascade of one dimensional Gaussian filters (1 × 25
and 25 × 1). The details of Gaussian filter implementation are given
in next subsection. For power law transformation, a look up table
is created. The remaining operations for image normalization are

Fig. 3. Block diagram of the proposed hardware.



T.M. Khan et al. / Optik 126 (2015) 1545–1550 1547

Fig. 4. Block diagram of proposed local normalization algorithm for hardware
implementation.
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ig. 5. Hardware implementation of a (1 × 25 and 25 × 1) Gaussian filter with � = 4.2.
he Gx are filter coefficients. For the vertical filter, the boxes represent row buffers.

uite simple. Fig. 4 shows the block diagram of the proposed local
ormalization algorithm hardware.

.1.1. Gaussian filter implementation
A Gaussian filter is used for image blurring and removing noise

r high frequency components of the image. In two dimensions, the
aussian function is:

(x, y) = 1
2��2

e
− x2+y2

2�2 (1)

or large �, the size of filter increases significantly which makes
he hardware implementation too expensive. For hardware imple-

entation, a size of � = 4.2 is used which gives a 25 × 25 mask. As
he Gaussian is separable, this allows the 25 × 25 filter to be imple-

ented as cascade of one dimensional Gaussian filters (1 × 25 and
5 × 1). The implementation of this cascade filter is shown in Fig. 6.
or large windows, several decompositions can be used, for exam-
le [7] approximates a large circularly symmetric filter by octagons.
ig. 5 shows the implementation of (1 × 25 and 25 × 1) Gaussian fil-
er with � = 4.2. Although the filter can be decomposed to only use
dders [2], the need of such decomposition is less important on

odern FPGAs where high speed pipelined multipliers are plenti-

ul. The optimized hardware multipliers are hard to out-perform
ith relatively slow adder logic of the FPGA fabric [13].

Fig. 6. Block diagram of Gaussian filter implementation.
Fig. 7. Sobel filter implementation: (a) filter decomposition and (b) implementation
using Eq. (4)

3.2. Edge detection

The edges of an image are considered to be the most impor-
tant image attributes that provide valuable information for human
image perception [5,3]. Image edge detection is a process of locat-
ing the edges of objects within an image. In edge detection, the
approximate gradient magnitude at each point of an input image is
determined. The problem of getting an appropriate magnitude for
edges lies in the method used. In the Sobel operator, a 2-D spatial
gradient measurement on images is performed. A pair of 3 × 3 con-
volution masks is used, one estimating gradient in the horizontal
direction and the other estimating gradient in vertical direction.
Let H be the horizontal gradient and V be the vertical gradient. The
magnitude of the two-dimensional gradient is ideally given by:

S =
√

H2 + V2 (2)

If only edge strength is required then Eq. (2) is quite expensive.
For this purpose, two simpler alternatives are commonly used [1]:

S = max(|H|, |V |) (3)

or

S = |H| + |V | (4)

One example of a Sobel filter implementation is given by Ref. [4];
which directly implements the two linear filters and combines the
result. However, a simpler implementation can be used to reduce
the number of calculations by exploiting separability. Both the hor-
izontal and vertical filters are separable and may be decomposed
as shown in Fig. 7(b). The two  filters are combined using Eq. (4)
to reduce the complexity. Fig. 7(a) shows the hardware structure
implementation using Eq. (4). As the orientation is also required in

our application, for this purpose a CORDIC unit using the vectoring
mode [2] calculates both the arctangent and Eq. (2). Fig. 8 shows
the block diagram of the unrolled CORDIC iteration.
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Fig. 8. Block diagram of the unrolled CORDIC iteration.

.3. Range sensing

For sensing the range of objects SRF05-ultra-sonic ranger is
sed. It has two modes. Mode1 uses echo and trigger on separate
ins. Mode2 uses echo and trigger on the same pin. We use mode1.

 trigger of atleast 10 �s is provided to the ultra-sonic ranger. This
ctivates the sensor and sends an echo. When the echo hits any
bject it stops. The farthest object that this sensor can detect is
pproximately 4 m.  To get the distance of the object the time for
hich echo remained high is measured. The schematic diagram of

ange sensing is shown in Fig. 9.

.4. Process trigger

A trigger of 15 �s is provided to the ultra-sonic ranger. As
he Spartan-3 FPGA development board runs at 50 MHz, the time
or each clock cycle is 20 ns. So a counter is created that count
5 �s/20 ns = 750 clock cycles. During this time the trigger remains
igh. After every 35 ms  the trigger is applied. Therefore, for reset-

ing the counter to zero 35 ms/20 ns = 1,750,000 clock cycles are
equired. So in 1 s approximately 28 triggers are created.

Fig. 9. Range sensor schematic.
 (2015) 1545–1550

3.5. Process echo

In this process the width of the echo pulse is measured and the
distance is calculated. A clock counter is made that increments one
per clock cycle till echo is high. The clock cycle is divided by 50 to
convert the delay to microseconds.’

1 clk cycle = 1
50

(�s) (5)

so ‘x’ clk cycles are

x clk cycle = x

50
(�s) (6)

The round trip distance is given by 2d = tc where c is the speed of
sound in air (343 m/s, or 0.0343 cm/ms). To get the answer in cm the
echo pulse width need to be divided by 2/0.0343 = 58. Therefore,

x clk cycle = x

2900
(cm) (7)

Division is complex in any hardware. It needs to be avoided because
division leads to hardware implementation that is expensive in
both hardware resources and system delay. To approximate the
division by a power of 2 would inevitably create large calculation
errors because 2900 is not close to a power of 2. A much closer
approximation (about 5% error) is

3x

8192
= 3x

213
(8)

The count of clock cycles the echo is high for is multiplied by 3
and the 13 LSBs are truncated giving 9 bits for the distance. When
the echo turns low, the clock counter is stopped and reset to zero.
Finally, the last calculation is taken and passed as the signal dis-
tance.

3.6. Process BCD

To convert the 9 bit number coming in from the range sensor
the “double dabble” algorithm is used [11]. In this algorithm, the 9
bit number is saved in the lower bits of a signal that is 20 bits long.
The rest bits are initialized to zero. The signal is left-shifted and
iterated for 8 times. On every iteration it checks bits 20–17, 16–13
and 12–9. If any one of these bit combinations is greater than or
equal to 5 three is added and the bits are over written. Otherwise
all the bits are shifted to left for 8 iterations. At the end of 8 iterations
we have 100s in bits 20–17, tens in bits 16–13 and ones in bits 12–9.

4. Results and discussion

In this work the distance of the object from the camera is accu-
rately found and this range finder is successfully integrated with
the famous Sobel edge detector. The aim of this work was to inte-
grate the range finder with a real-time image processing algorithm,
which can be used for other applications like real-time iris recogni-
tion, or face recognition. Fig. 10 shows the comparison of Sobel edge
detector with image normalization and without image normaliza-
tion. It can be seen that if we use image normalization before edge
detection we  can get more detailed edge image than without image
normalization. Figs. 11(a), 12(a) and 13(a) are three examples of
poor illumination images. We  can see that the gradient images
after normalization contain more details than without normaliza-
tion. Especially, if we compare Fig. 13(c) with (d) we can see some
of the text information is not visible in Fig. 13(c), because of poor
illumination, but if we  use normalization along with gradient we

can recover some information, as shown in Fig. 13(d). Fig. 14 shows
the integration of range sensor with the edge detector. In Fig. 14,
the digital number represents the distance of object from the range
sensor and graph at the bottom is the histogram of the image.
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Fig. 10. Experimental results: (a) gradient image without normalization and
(b)gradient image with normalization.

Fig. 11. Experimental results: (a) noisy low contrast image, (b) normalized image,
(c) gradient image without normalization and (d) gradient image with normaliza-
tion.

Fig. 12. Experimental results: (a) noisy low contrast image, (b) normalized image,
(c) gradient image without normalization and (d) gradient image with normaliza-
tion.

Fig. 13. Experimental results: (a) noisy low contrast image, (b) normalized image,
(c) gradient image without normalization and (d) gradient image with normaliza-
tion.
Fig. 14. Experimental results: (a) screen shot 1 and (b) screen shot 2.

5. Conclusion

The main aim of this work is to integrate a range finder with
real-time image/video processing. Image normalization along with
edge detection is successfully executed for video. The range sensor
is successfully integrated on FPGA to find the distance from the
lens of the camera to the object. From the experimental results, it
is found the using image normalization before the edge detection
can give more detailed gradient as compare to the one without
using image normalization.
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