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Image Segmentation using a Spiking Pixel Architecture
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Abstract

This paper describes a spiking pixel architec-
ture that can be used in a locally interconnected
network in order to perform image capture as
well as image segmentation. In this network,
interaction between pixels can be locally obtained
and is mediated via the discharge speed of each
spiking pixel. The paper studies three different
architecture of locally coupled pixels and shows
that synchronisation of two coupled pixels can
be obtained using only local excitation schemes.
A theoretical condition for synchronisation was
also deduced and which confirms the obtained
simulation results. The proposed schemes were
also successfully tested for a set of noisy gray
scale images.

keywords: Image Segmentation, Spiking
Pixel, VLSI.

1 Introduction

Image processing such as object segmentation and
extraction are very important processing steps of
next generation vision systems. The hardware im-
plementation of such systems implies implement-
ing photodetectors together with complex image
processing circuitry. In order to design such sys-
tems at low cost and low power consumption,
CMOS based architecture appears to be the most
appropriate alternative. It has been extensively
reported in the literature that CMOS technology
is very suitable when it comes to implementing
image processing together with the image capture
device [1]. The standard approach to realize seg-
mentation, in digital technology, is to scan the im-
age sequentially into a digital memory, and then
process the data sequentially using a digital pro-
cessor. The processing also takes into account a

mask of neighboring pixels. As a result, a very
large amount of data needs to be stored and pro-
cessed at a very high speed. Special and novel
CMOS architecture are therefore required in order
to cope with real-time requirement and increasing
imager resolutions.

Integrate and fire neurons are biologically in-
spired networks that have been extensively stud-
ied in the literature and have been successfully
used for a number of applications including im-
age segmentation [2]. Despite their ability to cope
with real-time requirement and increasing resolu-
tion, most of the work related to integrate and
fire neurons is limited to software implementation
and simulation and very little work was reported
on hardware implementation [3, 4].

In this paper, we first describe a pixel architec-
ture referred to as ”spiking Pixel”. This pixel ar-
chitecture is then used in a locally interconnected
network in order to perform image capture as well
as image segmentation. In this network, interac-
tion between pixels can be locally obtained and
is mediated via the discharge speed of each spik-
ing pixel. This model is very close to the be-
haviour of integrate-and-fire oscillators which can
be used for image segmentation when arranged in
a Locally Excitatory Globally Inhibitory Oscilla-
tor Network (LEGION) [2]. In this paper we study
different types of interaction between locally in-
terconnected pixels and investigate if local excita-
tion can lead to synchronization of adjacent pixels.
The behaviour of a single pixel as well as a locally
coupled array of pixel is presented in this paper.
Section 2 presents the spiking pixel architecture.
Section 3 describes a locally interconnected spik-
ing pixels network used for segmentation. Three
different architecture are presented and their abil-
ity to perform segmentation is simulated and com-
pared. Section 4 provides a conclusion and dis-
cusses the results.



2 Spiking Pixel

The principle behind the spiking pixel as proposed
in [5] is shown in the block diagram of Figure 1.
A single pixel consists of a photodiode Py with its
internal capacitor Cy, a reset transistor, a clocked
comparator, a digital counter and a feedback cir-
cuit. The light falling onto the photodiode Py is
responsible for discharging the internal capacitor
of the photodiode C;. This results in a decreas-
ing voltage V; across the node of the photodiode
as shown in Figure 2. This voltage is compared
to a reference voltage V;..r using a clock triggered
comparator. When the voltage Vj reaches the ref-
erence voltage V., the output of the comparator
Vout is switched high for half a clock cycle. This
impulse is used to reset the photodiode and incre-
ment the value of the counter. Figure 2 shows the
output voltage Vyq¢ of the comparator

Vdd
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Figure 1: Block diagram of the spiking pixel.

Figure 2: Voltages of the different nodes of the cir-
cuit. Vg is the voltage across the photodiode and Vot
the output voltage of the comparator.

On Figure 2, Ty represents the discharge time
of the capacitor which can be expressed by:
(Vad = Vres) - Cu

Ty = i (1)

Assuming that the clock frequency of the com-

parator is much higher compared to the inverse of
the discharge time T, we can write that the fre-
quency f of the voltage across the photodiode Vy
is inversely proportional to Ty and therefore can
be expressed as:

f

o1 id
T Ty (Vag— Vier) - Cq

The photocurrent i4 is directly proportional to
the illumination level I1 and can be expressed as:
_Il-A-wpl
= Tph .

id n-q

11 is expressed in lux, A is the area of the diode
and wpl is the ’watts per lumen’ constant which
depends, together with the energy of one photon
Epp, on the wavelength. Finally, n is the quantum
efficiency of the diode and ¢ is the charge of an
electron. The following assumptions are made for
further calculations:

e The light falling onto the photodiode has an
average wavelength of 555nm so wpl and Epp,
become constants.

e The value of the capacitance Cy is indepen-
dent of the momentary value of V;. Simula-
tions show that the discharge time Ty of the
photodiode would vary by only 0.5% when
taking Vj into consideration. For our case
the value of Cj is approximated at 277fF.

3 Segmentation using locally
interconnected SPA

In order to achieve image segmentation a locally
interconnected spiking pixel network is used. In
this network interaction from one pixel to a mask
of neighboring pixels is mediated via the discharge
speed of each spiking pixel. Figure 3 shows a block
diagram of a pair of coupled spiking pixels: If the
potential of one pixel drops below the reference
voltage it will generate a pulse at the comparator
output and will reset the pixel. This is referred
to as firing state. An instantaneous excitation im-
pulse is sent to the adjacent pixel which is forced
by a current impulse 4p,s. to increase its slope
for half a clock cycle. This corresponds to a cer-
tain voltage drop AV which is independent of the
actual potential of that pixel since the discharge
function is linear.

i Ise
AV = P 2
2-Ca- few @)
If this voltage drop decreases the potential of the
excited pixel below the reference voltage, the ex-
cited pixel will fire as well. The effect of coupling
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Figure 3: block diagram of a pair of spiking pixels

two pixels using a controlled current source as rep-
resented in Figure 3 has been simulated for differ-
ent levels of illuminations and for different cou-
pling strength. Figure 4 shows the synchroniza-
tion ability of two pixels at different illuminations
and excitation strengths. On the top of Fig. 4,
the z-axis displays the number of unsynchronized
cycles, thus the lower the value the faster the syn-
chronization will occur. In these simulations 200
cycles were simulated for each pair of parameters.
Pixel 1 received a constant illumination of 550 1x
while the illumination of pixel 2 is varied between
450 1x and 650 Ix. Area A corresponds to the
case where the pixels synchronize, but only after
a high number of cycles. Area B corresponds to
the case where the pixels are synchronized within
a couple of cycles. Finally, Area C corresponds to
the case where the pixels do not synchronize at all
because the excitation strength is too weak. This
happens in the case where the voltage drop AV
due to excitation is less than the diode with the
higher illumination is able to catch up in one dis-
charging period of the slower diode. Using Eq.(2)
we derive:

o I,
Vid — Veer  Vaa— Vref — AV

Thus, in order to achieve synchronization, the ex-
citation pulse must cause a minimal voltage drop
of:
1y
AV = (Vaa— Vref) - (1 - F) 3)
1
This theoretical model is represented on Figure 5
which matches perfectly with the simulation re-
sults of Figure 4.

An interesting fact about this way of synchro-
nization is that it takes longer the closer the il-
luminations of the pixels are because the slopes
differ only slightly and hence it takes more time
for the synchronization to occur.

number of unsynchronized cycles

impulse strength in Volt

Illumination of pixel 2in Ix

Figure 4: The top figure shows synchronization abil-
ity of two pixels at different illuminations and excitation
strengths. The x-axis, y-axis and z-axis represent illumi-
nation of diode 2, excitation strength and the number of
unsynchronized cycles respectively. Bottom figure shows
a top view of the 3D-plot
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Figure 5: Theoretical results for the synchronization region

derived from Eq. (3).
theoretical results match perfectly the simulation.

As it can be seen from this figure the



Although it is possible to synchronize a pair
of pixels using the architecture shown in Figure
3, the procedure is not satisfying because (i) syn-
chronization takes longer the closer the illumina-
tions are and the synchronized state is very un-
stable against variations in the illumination and
supply voltage. Our proposed strategy for cou-
pling two adjacent pixels has fundamental differ-
ences with integrate-and fire oscillators justifying
the poor segmentation performance. The Wang’s
model of integrate-and-fire oscillators presents an
infinite propagation speed. Thus an oscillator that
is induced to fire is reset at the very same moment
so it is not able to re-affect the inducing oscilla-
tor. In this model one oscillator could start a chain
reaction to synchronize an entire network in just
one cycle if all oscillators are close enough to the
threshold. Unfortunately in our real-time model
an excited pixel can only fire at the next clock cy-
cle and therefore excite the inducing pixel again.
We could get rid of this problem by holding a pixel
at Vyq for one more clock cycle after firing before
releasing it to discharge again. An immediate re-
excitation is no longer possible which leads to the
simulation results shown in Figure 6. A pair of
pixels synchronizes either immediately if the exci-
tation is strong enough or it never does. Figure
6 shows the obtained results for such a system.
In this new architecture, two coupled pixels ei-
ther synchronize within one cycle (area B) or they
never synchronize (area C). Area B corresponds
now to the areas A and B of Figure 4.

il
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Figure 6: Synchronisation ability of two coupled pix-
els using the procedure of holding the pixel at V4 after
firing for one more clock cycle.

It must be noted that in Wang’s LEGION
model the discharge curve follows an exponential
trajectory instead of the linear discharge function
of our spiking pixel. This exponential behavior
has an additional synchronizing effect since the
excitation impulse causes a stronger impact on a

pixel that is close to the threshold than on a pixel
that is still far away from V,.r. We can take this
important aspect into consideration in our spiking
pixel by adapting the excitation strength accord-
ing to the actual potential of the excited pixel as
shown in Fig. 7. The adaptive excitation strength
was also simulated for two coupled pixels and the
results were very similar to these obtained in Fig.
6.
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Figure 7: Adaptive excitation strength process. No
re-excitation occur in this system since the potential
of the pixel is set to V4 after firing which has a null
excitation effect on the neighboring pixel.
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Figure 8: Synchronization of a pair of pixels by
changing the reference voltage during excitation.

A fully different way of carrying out the ex-
citation is to change the reference voltage of an
excited pixel instead of sending a current pulse to
the neighboring pixel. The reference voltage of an
excited pixel is increased by a voltage correspond-
ing to Eq.(3). A pixel that is close enough to the
threshold will therefore fire at the following clock
cycle but the excitation will not have any effect on
a pixel that is far away from the threshold. Figure
8 shows the principle behind such a system. The
synchronization by changing the reference voltage
was also simulated for two coupled pixels and the
results were very similar to these shown in Fig. 6.



4 Conclusions and discus-

sions

In this paper a spiking pixel architecture used for
image segmentation is presented. We first describe
the pixel and we propose a scheme for locally in-
terconnected network of pixels. In this network,
interaction between pixels can be locally obtained
and is mediated via the discharge speed of each
spiking pixel. Simulation results for locally cou-
pled pixels are presented. Three improvement
of the current mode architecture were proposed
and simulated. Results showed that it is possi-
ble to tune the segmentation ability by varying
the excitation strength which corresponds to ei-
ther a discharge current or to the reference volt-
age. We have also deduced a theoretical condition
for obtaining the synchronization of two pixels and
which confirms very strongly the obtained simula-
tion results. We also simulated the synchroniza-
tion ability of an array of pixels using all the pro-
posed schemes. It was found that an entire array
of pixels can be synchronized by choosing an exci-
tation strength according to the theoretical model
proposed in Eq. (3). The proposed schemes were
also tested for a set of noisy gray scale images and
it was found that the method of adapting the ex-
citation strength and the method of changing the
reference voltage both give very good results. The
proposed schemes presents the advantage of sim-
ple VLSI implementation which make them very
suitable for future smart vision systems applica-
tion.
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