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1. Introduction

In order to realize intelligent vision systems, we have
proposed image processing models using nonlinear pixel-
parallel networks inspired by human brain [1}. Flexi-
ble image segmentation can be achieved by using the
resistive-fuse network that extracts coarse region ecgoes.
The object extraction following the segmentation process
can be achieved by using the nonlinear oscillator network.

We have also proposed a nonlinear oscillator network
circuit based on a merged analog-digital architecture us-
ing pulse modulation techniyues that implement arbi-
trary nonlinear discrete-time dynamics [2].

In this paper, we present image segmentation and ob-
ject extraction using nonlinear pixel-parallel networks.
Moreover, we propose an object extraction LSI based on a
merged /mixed analog-digital CMOS circuit architecture
and demonstrate a basic operation of object extraction
processing in an LSI fabricated using a 0.35 pm CMOS
technology.

2. Image segmentation and ohject extraction

Figure 1 shows a schematic circuit diagram of the
resistive-fuse network. In this model, each pixel node
consists of a voltage source I;, which corresponds to an
input image data at pixel , and resistor with conduc-
tance . Each pixel node is connected to the nearest
neighbors with the resistive-fuse elements.

Discrete-time dynamies of resistive-fuse networks is ex-
pressed as follows: O:(t+1) = O:(t] —v[X e, GO:1E) -
O () + o (0:(t) — I;)], where O;(t) represents an output
of pixel  at a time f: n; is the neighborhood of i: v is
constant.  (7{-) is a voltage-current characteristic of a
resistive-fuse, as shown in Fig. 1(b). By changing the
parameter 1, one can avoid reachicg local minima.

The nonlinear oscillator network model that we have
already proposed [2] is shown in Fig. 2. The dynam-
ics of an oscillator is expressed by wvariables z; and y;,
and includes cubic and hyperbolic-tangent functions of
x;. This dynamics produces synekronous/asynchronous
firing states between oscillators as shown in Fig. 2(c). A
synchronous firing state is extracted as an object region.

We confirmed image segmentation and object extrac-
tion of a real image by numerical simulation. Original
and segmented images are shown in Figs. 3(a) and (b}, re-
spectively. As shown in Fig. 3(b), regions corresponding
Lo recognition objects such as human faces arc smoothed,
and extracted as shown in Figs. 3(c) and (d), where the
image shown in Fig. 3(b) is an input of an oscillator net-
work,

3. An object extraction LSI using pulse modula-
tion techniques

We designed the proposed nonlinear oscillator network
circuit by using a 0,35 pm (2-Peoly 3 Metal) CMOS tech-
nology. The schematic block diagram of the designed
circuit and micro-photograph of the fabricated LSI are
shown in Figs. 4 and 5, respectively. The chip area and
number of pixels are 9x9 mm? and 50x 350, respectively,
and the power consumption is 300 mW at a power supply
voltage of 3.3 V.

The basic operation in the [abricated chip was con-
firmed with a clock frequency 12.5 MHz lower than a
maximum 100 MHz. The input image and schematic of
the pixel array area measured are shown in Figs. 6(a)
and (b), respectively. The measurement rasult for ob-
ject extraction is shown in Fig. 6(c), where all outputs
from the three columns in each row are superimposed.
First, at t—100us the oscillator belomging ‘o a pixel in
the 18th row fired and this firing state was propagated to
neighboring oscillators. Then, all the oscillators belong-
ing to region B were firing synchronously from {=200pus
to 670us. The oscillators belonging to region A were not
firing during this period. After all the oscillators belong-
ing to region B reached non-firing state, the oscillator
helonging to a pixel in the 8th row started to fire at
t=1.9ms. Then, all the oscillators belonging to region A
were firing synchronously from {=2.1ms to 2.6ms. As a
result, the first and second synchronous oscillating states
were extracted as the region B and A, respectively.

4. Conclusion

We proposed a nonlinear oscillator network LSI for
object extraction using a merged/mixed analog-digital
CMOS cirenit architecture with a 0.35 pm CMOS tech-
nology. We confirmed the basic region extraction op-
eration by measuring the LSI which can achieve sub-
millisecond operation with the maximum clock frequency.
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Figure 1: Resistive-fuse network model.
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Figure 3: Numerical simulation result.

Figure 6: Measurcment result.
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