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Abstract: Image edge detection is an important technique in the area of image processing with wide applications
in Medicine, Remote sensing, military to mention a few. There are conventional as well as improvised edge
detection algorithms depending on the application. The choice of the technique in most cases depends on the
application and image in question rather a image segmentation. According to the result of moving object
detection research on video sequences, this paper proposes a new method to detect moving object based on
background subtraction. First of all, we establish a reliable background updating model based on statistical and
use a dynamic optimization threshold method to obtain a more complete moving object. Image segmentation
is a technique and process which divide the image into different feature of region and extract out the interested
target. To illustrate the level of the image segmentation in image processing, we have introduced "image
engineering" concept ", it bring the involved theory, methods, algorithms, tools, equipment of image
segmentation into an overall framework. With the improvement of computer processing capabilities and the
increased application of color image, the image segmentation are more and more concerned. This article
proposes a image segmentation method based on the traditional seed region growing algorithm.
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INTRODUCTION growth in this area and this in turn tends to be dominated

Real-time computer vision has an expressive general FPGA based solutions tend to solve
importance mainly due to the possible applications such hardware/configware/software partitioning problems,
as mobile robotics, multimedia, autonomous navigation, which are typical issues of embedded systems [2].
computer vision, among others. Most computer vision Recently, Graphic Processor Units (GPUs) have  been
algorithms have been implemented in conventional used for graphics applications taking advantage of the
processors, based on the von Neumann model. parallel floating-point units and increasing the throughput
Commonly,  some  von Neumann-based architectures of the algorithm [3], [4]. Although, the GPU-based
such as the single instruction and multiple data (SIMD) implementations achieve a noticeable speed-up there exist
approach has been applied to computer vision, which the following aspects: (a) the GPU-based solution
speed up for processing vector-oriented algorithms by presents also bandwidth bottlenecks whenever all the
performing the same operation over several data, source data are accessed from global memory or when
generating  in  this  way  multiple  independent results. simultaneous accesses from different threads to memory
The main drawback of these architectures is the low have to be addressed, (b) GPUs are not tailored for some
performance for implementing real time embedded systems kind of applications in which some operations need to be
in terms of power consumption and cost (related to adjusted and (c) these integrated circuits operate at high
hardware resources). On the other hand, typical von frequencies leading to large power consumption. These
Neumann approaches, which involve complex systems aspects represent a drawback for embedded system
such as SIMD machines, have serious problems for applications [5]. Computationally, real-time computer
embedded systems, which generally need to deal with a vision is an expensive task due to the fact that even small
lack of computational resources (e.g. memory and power images need to be submitted to many processes. These
supply).Nowadays, about 90% of all software is operations require high processing speed that most of the
implemented for embedded systems, indicating a dramatic conventional computational systems cannot achieve,

by FPGA usage in the near future [1]. Additionally,
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generating failures and delays that produce loss of is applied in order to eliminate the noise of the last stage.
performance. The ordinary cameras acquire images or Finally, the object’s gravity center is calculated and the
videos at a rate of 30 fps (frames per second). However, it same is sent to a PC via an RS-232 interface. The RS-232
is not difficult to find industrial applications using interface was chosen due to the fact that data traffic is
cameras that get over 150 fps. A common approach for only related to object’s position and, therefore, the
dealing with this large information is by storing the performance is not affected. Although the system is
images and afterward processing them in a non-real time capable to extract information about object’s shape in the
approach. However, in embedded systems for real-time motion detection image, in this work measurements about
applications (which commonly present restrictions in shape are not being performed, given that the system
memory, performance and portability) the presence of does not have a recognizing stage (however, this
bottlenecks makes impossible the real-time processing [6]. information can be easily measured). The physical system
Additionally, motion detection is an essential processing was developed in an Altera platform, based on a Cyclone
component for many video applications such as video II device. The main contribution of this paper is the
surveillance, military reconnaissance, mobile robot implementation of a pipelined low-cost motion detection
navigation, collision avoidance, video compression, path system with a realtime flow, based on the background
planning, among others. Most of these applications subtraction algorithm. Additionally, the system is capable
demand a low ower consumption, compact and to extract the moving objects taking into account the
lightweight design and high speed computation platform object’s shape and position, allowing to develop both
for processing image data in real time [7]. In this context, posterior recognizing and tracking tasks. The motion
there are three ways for detecting motion in image detection system has a initial latency time due to the
sequences: (a) background subtraction, (b) temporal background storage, the extraction of the first
difference and (c) optical flow. The most used algorithm neighborhood for the spatial convolution and the erosion
is the background subtraction, due to the fact that it is processes. After this time, the system is capable to
not a computationally expensive algorithm and also provide one processed pixel per FPGA’s clock cycle,
presents high performance. It consists of subtracting each allowing for processing videos until 60 fps. Additionally,
frame from a reference background image (previously the implemented architecture speed-up the execution time
stored in memory). Itimplies that, for an M × N image, the of the same algorithm running in a real time xPC Target
system has to performM × N operations and keeping a OS in a factor of 32. The system is sensitive to
processing speed of 25 or30 fps. illumination changes, however, in this approach ideal

The direct execution of hardware algorithms in an conditions (e.g. controlled illumination) have been
FPGA provides speed-up factors typically between 10 and considered, avoiding the use of algorithms for
100 times in comparison with the same algorithm compensation of illumination. In the other hand,
implemented in software, using conventional algorithms for compensation (such as background
microprocessors [8]. This fact has attracted many actualization) can be easily used for dealing with real
researches in digital signal processing for applying conditions. The remainder of this paper is organized as
reconfigurable computing for image processing. FPGAs follow. Section 2 briefly describes the background
also offer other advantages over the generic subtraction algorithm, Section 3 presents the related
microprocessors and DSPs (Digital Signal Processors) works, Section 4 describes the algorithm implementations,
given its flexibility, high performance and high degree of Section 5 shows both the synthesis and test results;
parallelism, particularly in applications that make use of a finally, Section 6 presents some conclusions.
specific bit width [9]. In this paper, a background
subtraction algorithm for motion detection has been Theoretical Concepts: Moving object motion detection in
implemented in FPGA based board. To accomplish this, a image sequences is very important in order to have
gray level background image is stored in an external success in future stages of a computer vision system,
SRAM memory  (allocated  in the FPGA based board). such as object tracking, recognition, path planning,
The system performs a post-processing by filtering both among others. The main target of motion detection
the current frame and the background, using spatial process is to segment the foreground pixels that belong
convolution before the subtraction. After the subtraction to the moving objects [10]. To achieve this, there are
has been performed, the resulting image is segmented several approaches for moving detection task, namely a)
using a threshold and afterward a morphological filtering the  background  subtraction, (b) the temporal difference
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of  two  successive frames and (c) the optical flow [11].
The background subtraction approach detects the moving
egions by subtracting the current frame (pix el by pixel)
from a reference image called background that, usually, is
found bymeans of an image selection process, which is
executed duringa initialization period [12]. On the other
hand, the secondapproach (the temporal difference of two
success sive frames) has the same principle of the Fig. 1: The background subtraction algorithm for moving
background subtraction method(subtraction of the object detection
current frame from a reference image),but in this case the
reference image is the previous frame (in contrast with the the reference image (or background). In the dynamic
background method, in which the reference image is image analysis, all pixels in the motion image d(x, y, t) with
fixed). In the third approach (the optical flow) the input to value “1” are considered as moving objects in the scene
the method (a dynamic scene analysis system) is an image [11]. d(x, y, t) = _ 1 if |f(x, y, t) - B(x, y)| > Td 0 otherwise
or frame stream, E(x, y, t), where x and y are the spatial (1):
coordinates  of  the  stream  in a time t. The value of the
E(x,  y,  t) function represents the brightness of the pixel Related Works: There are several works in moving object
(x, y) in the image at time t. Therefore, the optical flow detection using reconfigurable computing in order to
method is based on the fact that the object motion implement  hardware  accelerators.  In this direction
information is contained in the brightness changes of the Appiah  et  al.  [16] have demonstrated the use of a
image. Its main advantage is that it generates a complete single-chip FPGA for the segmentation of moving objects
vectorial field, with a motion vector for each pixel, which in a video sequence, where the system maintains highly
is very useful in some applications [13]. The three accurate background models and integrates the detection
described methods have good performance for motion of foreground pixels with the labeling of objects using a
detection problem, however, optical flow is a very complex connected components algorithm [10-12]. In this case, the
algorithm (it is necessary to store more than one image), background models are based on 8-bit gray scale intensity
requiring high memory resources. On the other hand, the values and a multimodal background differencing
background subtraction and the temporal difference are algorithm is done, using a single FPGA chip and four
lowcost algorithms; however, temporal difference has blocks of AM. On the other hand, Yin-Hao Yu et al. [17],
problemsfor detecting the object’s shape, generally, [18] present the development of a digital camera
making difficult a posterior recognition stage [14]. surveillance system that can track color tags of moving

Therefore, in this paper a background subtraction robots in an indoor environment. The system comprises
based motion detection system is presented due to his image demosaicking, color detection, relative distance
computational low cost, high performance and expressive estimation and moving object tracking and it is designed
potential for other applications such as shape detection. for controlling a number of miniature robots, by using
In this context, the moving object detection algorithm by system-on-programmable-chip technology. Saad et al. [7]
background  subtraction  can be described as shown in describe an FPGA-based implementation of a fast and
Fig. 1. Firstly, each image of sequence is subtracted from synthesizable proposed motion detection algorithm in
background. At the same time, the current frame can be order to extract the moving objects from image sequence.
used for background actualization (using a control bit). The image’s size is 768×576 pixels and runs at a to the fact
Afterward, the resulting image from the subtraction is that the system does not implement a recognizing stage.
segmented in order to Fig. 1. The background subtraction Given the characteristics of the chosen algorithm the
algorithm for moving object detection [15]. produce a related hardware implementation minimizes the memory
binary image that highlights the moving regions on the use  in  the  FPGA  without  reducing a  pixel resolution
image that belongs to the moving objects [14]. (as occurs in [17] and [18]). The latency time of this
Mathematically, the background subtraction algorithm approach is basically defined by (a) the background
can be defined by (1) [11], where Td is a predetermined storage, (b) extracting the first neighborhood for the
threshold, f(x, y, t) is an image taken at time t and B(x, y) is spatial  convolution  process  and  (c)    extracting the first
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Fig. 2: The overall architecture clock signal coming from the camera. In this work, the

neighborhood for the erosion processes. Finally, due to cycle. To achieve this, the arithmetic mean is calculated
the system structure, the approach in this work has the by multiplying the sum of the three channels (R, G, B) by
following performance characteristics (after the latency a constant and dividing this product by a power of two.
time): (a) to process one pixel per FPGA’s clock cycle and This reduces the problem of division to a simple shift
(b) to process videos until 60 fps (being 32 times faster register (avoiding, in this way, the use of a divisor circuit).
than the same algorithm implemented in software, see In this work the three channels were multiplied by 170 and
section IV). divided per 512 (by shifting right 9 positions).

General Architecture: The physical system was The Background Storage: The images of 8-bit 800×480
developed using the E2 development kit over an Altera are captured by the camera, which also provides one pixel
platform based on a Cyclone II EP2C35 device. The image per clock cycle. The background image is stored in an
capture was done using a digital camera with 5 mega external SRAM memory of the DE2 development kit,
pixels of real resolution connected to the DE2 kit. The which is a ISSI IS61LV25616AL (with 512 Kbyte), with
image visualization was done with an 800×480 RGB color high-speed and organized as 262,144 words by 16 bits.
display. Additionally, the EDA Quartus II Altera’s tool Due to the word size (in the memory) the data have been
was used for the system design. The overall architecture stored using two pixel per memory position. Therefore, the
is shown in Fig. 2. The general capture system was system stores one pixel per clock cycle, but the memory
provided by the board manufacturer and it includes the position is updated every two clock cycles. Taking into
CMOS sensor controller and configuration tool, the RAW account that camera provides the image with one pixel per
to RGB conversion and LCD synchronization (using the each FPGA clock cycle (23.03 MHz or 43.43 ns including
Multi-port  SDRAM  controller)  and  the LCD controller. the memory access, see Table 1), the latency for
In this work the color reduction algorithm, the background background storage is 16.68 ms.
storage, the motion detection architecture as well as the
RS- 232 communication module have been developed. The Motion Detection Architecture: In this architecture

The Color Reduction: The focus of this paper is only the implemented  after  the  filtering  stage. The filter Fig. 3.
gray-scale image processing and, in this case, the camera The motion detection architecture is applied to both
provides three color channels of 12 bits. However, the current frame and background images and consists of a
capture control system implemented by the manufacturer low-pass  filter  (based on spatial convolution process).
allows only 8 bits. Given this restriction and the reduced For this stage the low pass filter has been defined as a
memory available in the FPGA based board (for the image mean filter using a 3 × 3 mask. After the filtered current
storage)  the overall processing system was implemented frame is subtracted from the filtered background, the
using only 8-bits per color channel. Additionally, a absolute value of resulting pixels is calculated. fterward,
module for transforming the 3-color channels into an 8- its the output image is segmented in order to generate a
channel (gray-scale) has been used. There are several binary image, where pixels tagged with “1” belong to the
methods for determining the appropriate value and in this moving object and pixels tagged with “0” belong to
work, the transformation block calculates the average of background. After that, the erosion operation is
the color channels (R, G, B), addressing to subsequent performed in order to eliminate noise generated by the
blocks only one pixel. The circuit is synchronized with the segmentation  operation  and  the   resulting   image of

Table 1: Synthesis Results of Motion Detection

Architecture (Chip EP2C35F672C6)

calculations for color reduction are made in a single clock

(Fig. 3) the background subtraction algorithm is

this  stage  is  displayed   on   an    LCD   for  visualization.
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Fig. 3: The motion detection architecyure Fig. 4: Sturcturing element used for erosin operation

Additionally, the object’s center is calculated using a
gravity center equation and sent to PC, using an RS-232
interface.

The Convolution Filter: The convolution operation is
done in one clock cycle, where the rising edge is used to
multiply the mask with the neighborhood and the falling
edge for yielding the sum of the products, after a initial
latency period of 1603 clock cycles (69.62 µs). The Fig. 5: The Test: (a) movement of an object overa
convolution architecture used in this work is the same horizontal platform. (b) a simple pendulum
shown in [6].

The Background Subtraction and Segmentation Process: moving object detection is performed and, to accomplish
Once the filter is performed, the subtraction between the this, the equation (4) is used in order to calculate the
current frame and background one is done, providing one object’s gravity center C(x, y):
output pixel per clock cycle. Afterward, the absolute value
of each pixel is calculated using the Altera’s MegaWizard C(x, y) = M-1
Plug- In Manager. Finally, the segmentation operation is i=0
performed by a simple thresholding operation in one clock _
cycle. N-1

The Erosion Operation: The erosion operation is based _
on logic operations between the pixel of a binary image M-1
and a structuring element as shown in (2) and (3). In this i=0
work, the architecture provides nine pixels of the _
neighborhood. The erosion block receives the nine pixels N-1
of the neighborhood fi as well as the structuring element j=0 B(i, j)
ki (in this work, a square was used like structuring
element as shown in Fig. 4). Therefore, ei values are where B(i, j) is a binary image, i and j are the positions of
calculated in the first step and they are used in the next pixels on the image. The object’s gravity center is
step in order to perform a complete erosion operation. calculated very frame because of the algorithm has to
Both steps are performed in one clock cycle (the first step explore the overall image.
in rising edge and second one in falling edge of the
camera clock). The RS-232 Communication: In an 800×480 image, the

ei = ¯Ki. ¯ fi + ¯Ki.fi + Ki.fi (2) bits for x and y, respectively. Then, data have to be sent
Erosion = e1.e2.e3.e4.e5.e6.e7.e8.e9 (3) to the PC using three 8-bit words.

Fig. 4. Structuring element used for erosion operation The Tests and Results: In this work, two basic tests were
Fig. 5. The Tests: (a) movement of an object over a done (Fig. 5). In the first test, a moving object was
horizontal platform. (b) a simple pendulum. disposed  over  a horizontal platform as shown in Fig. 5(a).

The Gravity Center Calculation: In this work, only one

j=0 (i, j).B(i, j)

gravity center values must be represented using 10 and 9
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Fig. 6: The first test: graphic of object trajectory (33.50 ms), making possible to process 800 × 480 images

Fig. 7: Second test: simple pendulum trajectory a software implementation running on a common desktop

Fig. 8: The second test: i vs. t possible to process 800 × 480 images in a rate of 60 fps

In this test, the acquisition system takes the information demonstrated a speed up factor of 32 (in comparison with
of the object movement along 100 frames. In this case, the a software implementation running on a common desktop

trajectory shown in Fig. 6 was followed by the object’s
center. Here, the motion detection system sends to PC the
information about object’s gravity center via RS-232
interface. In the second test, a simple pendulum was
disposed as shown in Fig. 5(b). For this test, the
acquisition system takes the information of 50 frames and
the results are shown in Fig. 7 and Fig. 8. In Fig. 7 the
trajectory followed by the object is shown that, clearly,
corresponds to. Second test: simple pendulum trajectory.
Fig. 8. The second test: x vs. t behavior is well taken by
the motion detection. The system works on a real-time
pipelined  flow,  providing  one  pixel  per clock cycle
(23.03  MHz)  after  the   initialization   latency  period

in a rate of 60 fps (one processed pixel each 43.43 ns).
This  fact  have  demonstrated  a  speed  up  factor  of 32
(in comparison with a software implementation running on
a common desktop platform). Additionally, the system is
capable to detect an object by extracting its shape and
calculating the gravity center. The object position is send
to a PC or another platform via RS-232 interface. On the
other hand, synthesis results show that area consumption
is low, using just 10% of logics elements of FPGA for the
overall moving object The system works on a real-time
pipelined flow, providing one pixel per clock cycle (23.03
MHz) after the initialization latency period (33.50 ms),
making possible to process 800 × 480 images in a rate of
60 fps (one processed pixel each 43.43 ns). This fact have
demonstrated a speed up factor of 32 (in comparison with

platform). Additionally, the system is capable to detect an
object by extracting its shape and calculating the gravity
µs. Therefore, the proposed hardware architecture
achieves a speedup factor of 32 in comparison with the
real-time software solution.

The Pendulum Trajectory:

CONCLUSION

In this work a moving object motion detection system
based on background subtraction algorithm was
developed. The system works on a real-time pipelined
flow,  providing  one  pixel per clock cycle (23.03 MHz)
after the initialization latency period (33.50 ms), making

(one processed pixel each 43.43 ns). This fact have
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platform). Additionally, the system is capable to detect an 6. Mori, J.Y., C. S´anchez-Ferreira, D. Mu˜noz, C. Llanos
object by extracting its shape and calculating the gravity and P. Berger, 2011. An Unified Approach for
center. The object position is send to a PC or another Convolution-Based Image Filtering on
platform via RS-232 interface. On the other hand, Reconfigurable Systems, Proc. IEEE VII Southern
synthesis results show that area consumption is low, Conference on Programmable Logic (SPL), pp: 63-68,
using just 10% of logics elements of FPGA for the overall C´ordoba, Argentina.
moving object detection system, allowing the 7. Saad, E.M., A. Hamdy and M.M. Abutaleb, 2008.
implementation  of  this  system over   low-cost  FPGAs. FPGA-Based Implementation of a Low Cost and Area
In comparison with another works, the system presents a Real-Time Motion Detection, 15  International
low-cost architecture that high resources, like memory, are Conference of Mixed Design MIXDES, pp: 249-254,
not needed. This fact shown that the implementation of Pozna´n, Poland.
this system on low-cost FPGAs is possible and it presents 8. Torres-Huitzil, C.M., 2004. Arias-Estrada, Real-time
good results. As future works, the integration of the image processing with a compact FPGA-based
system in a multiagent mobile robotic environment for systolic architecture, Real-Time Imaging, 10: 177-187.
developing localization, mapping, planning and control 9. Gokhale, M. and P.S. Graham, 2005. Reconfigurable
tasks is proposed. computing – accelerating computation with field-
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