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ABSTRACT

In the article, a video system for detecting moving objects
in video sequences is presented. It consist of a multi-modal
background generation algorithm, a segmentation method
based on three parameters: lightness, colour and texture and
additional modules: communication with a high-speed, Cam-
era Link digital camera, Bayer transform, RGB to CIE Lab
colour conversion, DDR2 RAM and DVI interface. The sys-
tem is able to process, in real-time, a 640x480 video stream
with 60 fps using only one low-cost and low-power Xilinx
Spartan 6 FPGA device.

1. INTRODUCTION

Nowadays many algorithms that allow to automatically anal-
yse the video sequence from surveillance systems and de-
tect dangerous situations such as abandoned objects (poten-
tial bomb), intruding perimeter protection zone (eg. muse-
ums), theft (disappearance of protected object), fights, sud-
den gathering of people are being developed. This methods
are often complex and require much computational power.
Therefore, implementing them in low cost and low power
FPGA devices, such as Xilinx Spartan 6, is advisable. In
this paper a FPGA realization of moving object detection,
which is usually an important part of a surveillance system,
is presented.

2. SYSTEM OVERVIEW

The systems consist of a digital camera (SI 1920HD, Cam-
era Link interface), a Xilinx SP605 development board with
Spartan 6 (XC6SLX45T-3FGG484) FPGA device and a LCD
monitor. A diagram of the designed FPGA system is pre-
sented in Figure 1.

*The work presented in this paper was supported by the Ministry
of Science and Higher Education of the Republic of Poland, under the
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Fig. 1. Diagram of the FPGA system

3. IMPLEMENTED MODULES

3.1. Processing data from camera

To enable connecting the SI 1920HD camera directly to the
FPGA board a custom hardware module was designed (Cam-
era Link to FMC card expansion). Additionally, a FPGA
module (cl2vga), which received the video signal and con-
verted it to a format compatible with VGA standard was im-
plemented. It adjusted synchronisation signals, data posi-
tion and clock speed to meet 640x480 at 60 fps VGA stan-
dard. Due to constraints of the Camera Link bus (minimal
pixel rate 40 MHz) the video stream was captured with a
1280x480 resolution and then every second pixel was drop-
ped. Next a Bayer transform (bayer2rgb) to allow colour
restoration, was performed. Finally the input RGB colour
space was converted to CIE Lab (rgb2lab).

3.2. Background generation (bg)

The implemented background generation algorithm was based
on the clustering method [1], mainly because of simple com-
putations. Some changes to the original algorithm were in-
troduced. The most important one was picking the CIE Lab
colour space as better suited for shadow detection and re-
moval (according to [2]). Due to the maximum data width
of 128-bit of the SP605 board memory controller, the num-
ber of background models was set to K=4, with a represen-
tation for a single model of 9 bits for L (7 for integer part, 2
for fractional part), 2 times 8 bits for a and b and 6 bits for



model weight. Calculations for all models were performed
in parallel as shown in Figure 2.
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Fig. 2. Block diagram of background generation module

3.3. Moving object segmentation (seg)

The most commonly used method to detect moving objects
is based on thresholding the differential image between the
current frame and the background model. This approach
was also exploited in this work, however it was decided to
use not only information about lightness (L component from
CIE Lab) and colour (ab components), but also about tex-
ture (SILTP texture descriptor [3]). Moreover, the algorithm
was designed to minimise the shadows impact on the final
segmentation result. Scheme of the proposed module is pre-
sented in Figure 3.
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Fig. 3. Diagram of the segmentation module

3.4. External RAM operations, other modules

The proposed DDR2 RAM controller (memctrl) consisted
of the Spartan 6 hardware memory controller (single bidi-
rectional 128-bit port configuration), two additional FIFO
buffers (1025 words deep) and some control logic. Using
this module a constant data flow at the level of 590MB/s
was achieved, which allowed to run the background genera-
tion module with image resolution of 640x480 pixels at 60
frames per second.

Additionally a UART module (uart) was implemented
to allow runtime adjustments of the system parameters and
a DVI controller to display results on an LCD monitor (dvi).

4. RESULTS

All described modules were integrated according to the block
diagram presented in Figure 1. The project was synthesised

using Xilinx ISE 13.1 Design Suite. Simulations performed
in ModelSim 6.5c (behavioural and after place and route)
confirmed that the hardware modules were fully compliant
with software models described in Matlab 2009b. The re-
ported maximum operating frequency (after place and route
phase) was 119MHz, which is more than enough for pro-
cessing video stream (pixel clock rate of 25 MHz). Power
consumption reported by Xilinx XPower Analyzer for the
device (On-Chip) was about 0.9 W. Additionally two power
measurements, for the whole SP605 board, were performed:
without running logic (9W) and with running logic (10.2W).
Therefore the FPGA system (with external RAM) power
consumption was about 1.2 W.

5. CONCLUSION

The presented research indicates that a real time moving ob-
ject detection system, able to process 60 frames per second,
with resolution of 640x480 pixels can be implemented in a
low-cost and low-power FPGA. A sample segmentation re-
sult is presented in Figure 4.

Fig. 4. Working system (60 fps, 640x480 resolution)
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[2] C. Benedek and T. Szirányi, “Study on color space
selection for detecting cast shadows in video surveil-
lance: Articles,” Int. J. Imaging Syst. Technol.,
vol. 17, pp. 190–201, October 2007. [Online]. Available:
http://portal.acm.org/citation.cfm?id=1298395.1298400

[3] R. Qin, S. Liao, Z. Lei, and S. Li, “Moving cast shadow
removal based on local descriptors,” in Pattern Recognition
(ICPR), 2010 20th International Conference on, aug. 2010, pp.
1377 –1380.


