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Figure 5: Color discrimination in the self shadow and
diffuse reflection cases.

5 Discussion

By observing the demosaicing performance from the
Bayer pattern, we find that although the division op-
erations causes some time delay and requires updating
the output pixel strength for every two pixel clocks,
the interpolation algorithm with simple averaging can
still provide satisfactory performance to smooth the saw-
toothed distortion. Better demosaicing performance can
be achieved by improving the time delay effect by using
a higher speed circuitry.

Secondly, when proper values for the tolerance g
and tuning parameter t, have been chosen, the multi-
threshold algorithm can track the desired color with a
smaller effect of shadow and reflection on the object’s
surface. In addition, the real-time noise filter is designed
and implemented by a shift register in the FPGA struc-
ture. These will improve the surveillance quality, i.e. to
remove the random green pixels from the undesired color
area in our case study.

Thirdly, the color discrimination with the proposed
multi-threshold algorithm is shown to be capable of ef-
ficiently detecting in real time the desired color under
different light illumination conditions. For the real-time
image processing requirement, the multiplication opera-
tion given in equation 5 is replaced by addition and sub-
traction operations, which can be implemented in small
and parallel computation units without an additional de-
lay, compared to using a finite state machine approach
in general. Hence, the color discrimination performed
can be realized in every pixel clock period. Notably, this
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Figure 6: Color discrimination for specular reflection and
cast shadow tests.

design helps to avoid additional power dissipation from
high speed transient signals.

Finally, it is indicated through the observation of the
overlapped images between green and white marked pix-
els mentioned above that by using the dynamic threshold
algorithm, the pixels of a particular color can be accu-
rately detected by following the ROI pixels unless the
region is not for the desired color or shifted too much
from an intrinsic color.

6 Conclusion

In this paper, we have proposed an FPGA based image
processing design for demosaicing, color discrimination
using a multi-threshold algorithm with dynamic tuning
and noise filtering. With traditional methodologies, the
real-time reflection and shadow removal with high pixel
resolution camera and picture frame rate usually rely on
the high speed computing system. In the proposed em-
bedded system with a limited computing ability, com-
parable performance can be achieved with satisfactory
real-time requirements, particularly for ambient intelli-



gence systems, where low power consumption is a con-
straint. The test results have demonstrated feasibility
of the proposed technique for color discrimination with
promising application to ubiquitous robots in the future.
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