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ABSTRACT

The paper describes the architecture of a smart camera based
on Spartan 6 FPGA. The FPGA controls the image acquisi-
tion process performed in CMOS image sensors. Process-
ing elements, implemented in the reprogrammable system,
makes image processing and analysis in real-time. Algo-
rithms are executed in a pipelined system, with a fine - grained
and coarse-grained parallelization as well as providing the
possibility of fully parallel processing of image parts. The
system allows any way of implementing buses to transfer
data between eight banks of video memory. Each memory
bank can store 2 million pixels. The system is completed by
a replaceable communication module (i.e. USB, Ethernet)
and control devices for servo elements.

1. INTRODUCTION

Systematic growth in the requirements of image recogni-
tion quality increases the expectations of capabilities vision
systems. It uses a camera equipped with sensors for high-
resolution image acquisition. In some applications it is nec-
essary to analyse hundreds or even thousands of frames per
second. This causes an increase in video bit rate and com-
putational and memory complexity. Transmission a picture,
particularly uncompressed, require the use of high band-
width digital standards. Digital buses normally have a limit
on the distance at which one can make video transmission.
Collection of uncompressed image requires the use of high-
speed high-capacity memory. As a result, many high-resolution
speed cameras offers the possibility of collecting samples of
limited number of image frames.

It is very important therefore seems to be finding ways
to limit the amount of data transmitted between the camera
and image processing system. A properly conducted pro-
cess of image analysis leads to a significant reduction in the
amount of data while preserving the information necessary
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to perform image recognition. Thus, it is highly preferred
to analyse the image as close as possible the image sensor.
Such a possibility makes use of smart cameras. Smart cam-
era usually consists of an image sensor and a embedded im-
age processing system. Some smart cameras also make im-
age analysis. Rarely, the camera can be fully autonomous
control system and even to be able to switch actuators.

Image processing and analysis tasks require the imple-
mentation of a large number of operations per second in par-
allel manner. Therefore, for many years, the increasing pop-
ularity of using FPGAs for image processing tasks. FPGAs
are widely used among others in smart cameras [1].

2. THE SMART CAMERA ARCHITECTURE

The paper presents an innovative architectural concept of the
vision system based on FPGA. The system performs the fol-
lowing tasks: controls the operation of one or two image
sensors, performs image processing and analysis in real-
time and allows to send the results of the analysis to a re-
mote system, or directly controls the supervised device. The
overall structure of the system is shown in 1.

Image acquisition is controlled by the FPGA. It is possi-
ble to easily connect two CMOS image sensors with digital
interface, so that they can directly transmit the image data
to the FPGA. You can quite easily adapt the system for con-
necting devices with different types of interfaces.

The use of the FPGA allows accelerate the image pro-
cessing by the possibility to configure the various forms of
parallelism. In the literature can be identify at least three
major trends of FPGA-based image architecture: data stream
processing in pipelined architecture, the division of the im-
age into fragments and make parallel processing, as well
as splitting the algorithm into stages and make a run-time-
reconfiguration between successive steps. Another classifi-
cation can be done based on comparisons processed amount
of data. There are so processing of the following ways: fine-
grain (pixel level parallelism), medium-grain (a group of
pixels or a macroblock level parallelism) and coarse-grain
(picture frame level parallelism).
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Fig. 1. Architecture of embedded camera based on Spartan 6

The presented architecture can implement any of the above
methods, however, was constructed primarily to the imple-
mentation of pipelined processing of data - both on a fine-
grain and coarse-grain levels. The fine-grain parallelism is
possible almost exclusively on a FPGA or dedicated ASICs.
Imaging operations are performed in real-time and data do
not require saving to external SRAM memory banks be-
tween successive operation. Delay lines, implemented in
the BlockRAM, are used while performing neighbourhood
operations.

To store image frames external SRAM memory banks
are used in the coarse-grained applications. The basic premise,
taken in the design of the camera, it was to provide a large
number of memory banks, while maintaining a compact con-
struction and low manufacturing costs. A small number of
memory banks substantially reduces the possibilities of im-
plementation of complex image analysis. A typical com-
mercial solutions that offer virtual memory banks consist of
high capacity dynamic memory may reduce speed of paral-
lel access to the content at specified address.

In the presented architecture, in contrast to conventional
solutions, it was decided to connect to the FPGA up to eight
independently operated banks of static memory. Previous
experience of implementation image analysis algorithms, in
particular the differential algorithms, generation of the back-
ground Connected Component Labeling algorithm and the
like, justify such a construction of the card. By reprogram-
ming of the FPGA one can change the configuration of the
system, appropriately to the needs of a particular computa-
tional task.

In the presented system one can integrate both fine-grain
and coarse-grain subsystems. The stream of pixels from the
image sensor goes straight to the reconfigurable processing

elements (IP Cores), performing image processing opera-
tions in the pipeline manner. (There is no need to write
any data to the SRAM.) After the last fine-grain operation
is executed, the processed data are stored in one of SRAM
memory banks. Further processing and analysis of image
frames requires saving each stage of processing in subse-
quent SRAM banks therefore this part of algorithm works at
the coarse-grain manner. It is absolutely essential to ensure
proper synchronization of the two parts of the system.

The entire system is divided into the physical implemen-
tation into two parts. The first consists of a board with FPGA
and peripherals. This is a 6-layer PCB, measuring 81x97
mm. It includes a Xilinx Spartan six, eight static RAM
memories with a capacity of 2 MB each, and three clock
generators and memory for configuring the FPGA.

The second board is a base plate, measuring 106x97mm.
The dimensions are selected so as to allow its buildings in a
housing together with connectors and actuators (motors and
gears). On the board are also included: power systems, and
peripherals, which are the physical coupling with the im-
age sensors and display (changing between different voltage
buffers and appropriate connectors), communication mod-
ules (for standard USB, RS485 and Ethernet) and regula-
tions systems (dedicated connector for the motor controller
stepper). There would also be a microprocessor interface
module, for tasks not directly linked to image processing.

Making division of computing resources from the inter-
faces is convenient, since FPGA logic is inherently recon-
figurable, thus placing the remaining resources on the same
board as the FPGA would be a major hurdle in the evolution
of the project.

3. SUMMARY

The presented embedded camera is a flexible platform for
implementation of image processing and analysis algorithms.
The heart of the system is the Spartan 6 device. A vari-
ety of parallel structures for image processing can be gen-
erated in reprogrammable logic i.e. a fine-grain pipeline, a
coarse-grain pipeline and a parallel architecture. The FPGA
controls eight SRAM banks, each of which allows to store
image containing 2 million pixels. In addition, integrated
power supply, communication and control actuators are placed
on a separate circuit board.
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