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1. Introduction

Because of the constantly decreasing size and casiagki sensors and increasing
complexity of FPGA circuits, it has become feasibléniplement a compact streaming
video camera using these two components. Because déxiimlity and
reprogrammability of the FPGAs, additional functionatitgy be implemented, using the
streaming camera as a base. This document describesgteuction of a streaming
video camera using a Xilinx Spartan-1l FPGA and a NatiGeahiconductor LM9618
CMOS Image Sensor.

2. Problem Formulation

The goal of this project is to construct a small camsgstem capable of streaming live
video images from a CMOS image sensor to a PC througtatiadle! port interface
provided on the Xilinx XSA FPGA development board. Thggutas to serve as an
introduction to hardware design using VHDL, as well as proaidearting point for
future applications involving the camera. The cameraldhmicapable of handling up
to 30 frames per second of VGA resolution images fronsénsor, but due to the
constraints imposed by the parallel port may transfertdatee host PC at a much lower
rate.

3. Method of Solution
3.1 Image Sensor

The image sensor used is a National Semiconductor LM9618SCM@ge Sensor. Its
flexibility and ease of use makes it a good choice fostlséem. Its data bus can be
configured as 12, 10 or 8 bits wide, and it has a moveable sizdblke frame of view.

All functionality is controlled via internal regisgewhich are accessed via 46 bus.
National Semiconductor also provides a headboard fagethsor, which allows a lens to
be attached and provides easy access to the necessiaoy @nd data lines.

Figure 1: National LM 9618 headboard, with and without lens attachment
3.2 FPGA / Development Board



The XESS XSA development board is used to prototype antheedesign. The board is
built around a Xilinx Spartan-11 XC2S100 FPGA. The boasd @ontains 16 MB of
external RAM memory in the Hynix HY57V281620A chip, as vesli256 KB of flash
memory. The on-board CPLD and parallel port interfaeg&es it easy to load new
designs into the FPGA. The board also provides seusedlll components for
input/debugging such as a pushbutton, dip switches, etc.

3.3VHDL Implementation

The software placed in the FPGA is implemented in VHIYHDL provides strong type
checking and allows us to build the design up from smaitetules. The program
loaded onto the FPGA has three main tasks: to cohedCMOS image sensor, to read
and store pixel data from the CMOS image sensor, aridetans the pixel data to the host
software through the parallel port. The software isdéi@iinto several modules, each
performing a specific function. Below is a block diagranthe data flow within the
system.
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Figure 2: System dataflow block diagram



3.3.1 1?C Interface

The FC interface is made up of two modules. The lowest-lmaule is the
“simple_i2c” component. This component is a bare-bdf@snterface available from
http://www.opencores.com. Build on top of that modulhés“Im9628_i2c_interface”
module, which is based on a Dallas 1621 interface writteRitlyard Herveille, also
available from opencores.com. The module provides ansgjdiata, and several
control lines for reading and writing values to registéasthe fC bus. The top-level
module (thest r eam caner a_t op component) utilizes this interface in order to
initialize the CMOS sensor with the correct sesingits control registers.

3.3.2 Storing Pixel Data

The first step in storing images from the camera igteive two eight bit pixels and
store them in a single sixteen bit word. This is aquamed in thepi xel _packer
component. Once two pixels are received from the seti®@yrare passed to a FIFO
buffer in the form of a single word, with the firsikel received stored in the lower 8 bits
and the second pixel in the upper 8 bits. The output des ¢if the FIFO are connected
to the input data lines of the memory interface, and-tR@© status signals are fed to the
memory arbitration unit. The memory arbitration urtie¢tr af fi c_control | er
component) controls access to the memory interface.

3.3.3 Streaming Pixel Data

The camera utilizes the parallel port to communicatk thi¢ host PC. Because of the
way the interface CPLD is programmed on the XSA devetyg board, there are seven
bits available for data from the PC to the FGPA (condsanand four status bits
available for data from the FPGA to the PC (image dat&gpp_i nt er f ace module
controls the movement of data in and out of the paizdig at the lowest level. The Isb
of the seven bit data bus is debounced bywttgnal _debounce component and used
as the clock for the synchronous transfer of imaga filatn the FPGA to the PC.
Because only one nibble (4 bits) can be sent from the FRt@@Aime, a second clock is
generated that transitions with a rising edge every t@éransfer of one sixteen bit
word is complete. This allows the remaining layersadfware to be unaware of the four
bit limitation and transfer one full word at a timéhepp_cont r ol | er module is one
layer above thep_i nt er f ace module. Its main function is to read incoming
commands from the PC and initiate frame transferswelppropriate. It provides a status
signal to the memory arbitration unit as well to indécathen a frame is being transferred
and pixel data from memory is needed.

3.34 Memory Arbitration / Control Logic



Because the modules responsible for both outgoing and ingafata need access to the
memory, some sort of arbitration is needed. The imegm@and outgoing transfer rates are
very different and not synchronized in any way, so in otalguarantee that we have a
complete image to transfer at any given time, we newes tseparate image buffers. We
need one buffer to hold the incoming pixel data, one btdféwold the pixel data of the
outgoing image, and one buffer to hold the last comfiatee. These details are
handled by théraf fi c_control | er module. The module transfers data two pixels
(one 16-bit word) at a time to both the input and output FIF@’so frame is currently
being outputted through the parallel port and there is ddia tead in the incoming
FIFO, that data is read and stored in memory. |&tler frame currently being output
through the parallel port, the module writes data to tligang FIFO until it asserts its
“almost full” status flag. Because the speed of the amgns very fast in comparison to
the speed at which data can be transferred over théepacat, the system has no
problem keeping up. Finally, if the outgoing FIFO is suintly full and the incoming
FIFO contains new data, it is read and stored in memgagh of the three frame buffers
in memory has a unique address offset, making it simplgéor

traffic_controll er module to switch between them. When a request fowa ne
frame is received from the host, the offsets fordise complete frame and outgoing
frame are swapped, so that the latest frame is traedfto the host. When the start of a
new frame is received from the camera, the incomingastdcomplete frame offsets are
swapped. On the rare occasion that the two events dacing the same clock cycle, the
outgoing and incoming buffer offsets are swapped. Usinddgis, we guarantee that
incoming and outgoing images are never corrupted withfdataother frames.

3.4 External Connections

Below is a wiring diagram of the external connectiogsisveen the XSA development
board and the CMOS sensor headboard. Note thatGhgins SDA and SCLK must be
tied to +3.3V with a pull-up resistor. Also, because thglémentation uses only 8 bits
per pixel, data lines DO, D1, D2, and D3 are unconnected.
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Figure 3: External Connections

3.5 Host Software

The host software’s main function is to retrievega data from the sensor and display
the data in the form of a streaming video. The front endhe system is written in the
Java programming language because of the ease with whthiagiauser interfaces can
be programmed in it. Unfortunately, a satisfactory ferpbrt interface could not be
obtained, so that portion of the system is writte@ imand interfaced to the Java front end
via the Java Native Interface (JNI). The main ¢l&s eanCaner aApp, simply
instantiates the VideoStreamGUI class, which is aerskbn of thel Fr anme class. To
store the image data, tMenor yl mageSour ce class is used, allowing direct access to
the raw image data and easy updating of the display.ViTheoSt r eantGUl class
provides a frame for the image to be shown, and createstarts an instance of the

Fr anmeUpdat eThr ead class. This is where the GUI interfaces with thiavescode



and pixel data is retrieved. The process of readingrianae is encapsulated in the

r eadFr ame() native function. This involves a “start transfer” coand being issued
over the parallel port, followed by the reading in of fitaene width, height, and pixel
data. The pixel data is read one word at a timd twib 8-bit pixel values stored per 16-
bit word, so it must be unpacked and stored in the appropagédestructure for display.
In this case, one 32 bit word is used per pixel, with 8 bdsaed each to the alpha, red,
green, and blue components. The grayscale intensity isadti@red in each of the red,
green, and blue components, along with an alpha value of 26§.(f®nce the new data
is storedMenor yl mageSour ce. newPi xel s() is called and the display is
automatically updated.

Figure4: A screenshot of the host interface



4. Resultsand Discussion

Because the inherent bandwidth issues that come witbféraing streaming video over
the parallel port, the system is limited to small insag&h relatively low frame rates.
For example, using a frame size of 200x150, a frame ratleoaft 3 fps can be achieved.
This equates roughly to a bit rate of 720 kilobits per second.iniiges themselves,
although made small to achieve a somewhat reasonable rfiatenare of relatively good
quality. For single image acquisition, or if the imadesot need to be streamed over
the parallel port, the full 640x480 resolution of the sewsorbe used.

5. Conclusion and Further Work

One of the goals of this project was to create an FB&#&d camera system that future
projects could serve as a starting point for future prejeBossibly the simplest
improvement that could be made to this design would bdaw &r the display of color
images. Because National Semiconductor produces an id€&@MES sensor with a
Bayer Pattern color mosaic (LM9628), the RGB image lao@ld be produced within
the host software and a color image could be displapechore advanced improvement
would be the implementation of some image processing #igwiwithin the FPGA. In
the current system the pixels are simply read fronsémsor and stored to memory, but it
is easy to imagine a similar system in which some tfgeocessing is performed on the
image data before (or after) it is written to memofe parallel nature of the FPGA
allows algorithms to be run in real time, providing a hudyaatage over CPU-based
systems, where this might not be possible.



