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Abstract: In this paper, we describe new vision chip architecture, which enables simultaneous
output of multi-target positions. This architecture selects targets that don’t overlap at each other
in the direction of the column and extracts the target positions simultaneously. Thanks to this
simultaneous output, the vision chip based on the architecture can obtain many target positions
at high-speed. On that point, this vision chip will be useful in wide field of applications in the
future.
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1. Introduction

Information of a target position in an image has played
an important role in the field of application. However,
the conventional operation obtaining target positions
have had room for improvement in its speed, number of
targets and the frame rate. If it can make real-time re-
sponse to considerable number of targets at high frame
rate such as 1kHz, it is expected that new applications
can be realized. For example, we think following appli-
cations.

• Real-time motion and fluid measurement with high
precision1).

• Particle measurement at high frame rate in the
fields such as chemical analysis.

• Examination under a microscope, which has not
been realized because the targets under a micro-
scope move very quickly.

• Real-time count processing for number of targets
in an image.

• Image recognition for robot control.

In this paper, we propose new vision chip architec-
ture for such real-time acquisition of target positions.
This architecture can extract multiple target positions
simultaneously at a time. The vision chip based on this
architecture can achieve the high-speed acquisition of
target positions, even though the number of targets is
very large, since the processing time for obtaining target
positions becomes short by using simultaneous output.
And, this chip will realize those applications mentioned
above.

2. Background

The acquisition of target positions on conventional vi-
sual systems has limited the field of application mainly
because of its low frame rate. And PSD, which is main-
stream as high-speed position detector, responds only
one target.
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Fig. 1: Model of Vision Chip

On the other hand, vision chips have good possibili-
ties in terms of high frame rate and high-speed image
processing. Fig.1 shows a model of a vision chip. Inte-
gration of photosensors and parallel processing elements
on a single chip enables such features. Especially, the vi-
sion chip specified for target tracking2) can obtain target
positions at high-speed. However, this chip has a prob-
lem that the time for extraction of target positions is
proportional to number of targets, because this extracts
position for one target at single processing. Therefore,
the number of target positions, which can be obtained
within limited time, is very small in this chip.



3. Basic Concept

In this paper, a target position means a centroid of a
target. A centroid of a target is calculated from sum-
mation and moments of the target in an image. For
this calculation, the moments extraction architecture
for digital vision chip has been proposed3).

3.1 Simultaneous Output
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Fig. 2: Simultaneous Output

Fig.2 shows basic concept of simultaneous output. In
Fig.2, summation and moments are calculated in the
direction of the column. As shown in Fig.2, the calcu-
lations are not interfered at each other, if the targets
don’t overlap in the direction of the column. In ad-
dition, the each calculation result can be separated by
a blank arising between the targets. Therefore, target
positions under this condition can be calculated in that
direction and obtained simultaneously. We call this ex-
traction of target positions simultaneous output.

Based on this idea, the PEs of the proposed chip ex-
tracts target positions by a single summation calcula-
tion and a single moment calculation for the row, which
are made in the direction of the column. As Fig.2, mo-
ment for the column can be calculated by adding the
values, which are given by multiplying the summation
of each column by the column-coordinate.

On the other hand, the proposed method for simul-
taneous output can be applied similarly in the direction
of the row. Therefore, we can think the other method
that extracts target positions by a single summation in
the directions of the row and column, which don’t over-
lap in those directions. However, the implementation
of this method is difficult, because it needs to take a
correspondence of results in the row and column as the
same targets.

3.2 Asynchronous Operation

Conventional digital vision chips have taken a long time
to the processing between pixels located distantly such
as information transfer in a certain type of image pro-
cessing. This is a crucial problem for vision chips ex-
pected real-time processing. The major cause of the
problem is thought that the chips have been always syn-
chronized with a clock.

Therefore, the proposed vision chip realizes high-
speed processing by using repetitive operation that
doesn’t require synchronization with a clock. The repet-
itive operation means an operation that is guaranteed
the convergence for the result of iteration. In this paper,
the repetitive operation is called asynchronous opera-
tion. Thanks to this asynchronous operation, extension
of the processing time caused by distance between pixels
is thought to be slight.

4. Algorithm for Simultaneous

Output

This section shows the algorithm that extracts targets
for simultaneous output. In this algorithm, an input
image is a binary image. 8-neighborhood pixels are seen
as pixels in a same target. An isolated point that area
is 1 is seen as a noise, and removed.
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Fig. 3: Preprocessing for Simultaneous Output



Fig.3 shows the preprocessing for simultaneous out-
put.

First, we define a concave form and a convex form.
In this paper, a concave form means a form that is con-
cave in the direction of the column. And a convex form
means not to be a concave form. This algorithm stan-
dardizes forms by changing a concave form into a convex
form at the beginning. This standardization is made by
filling in caves of the concave form. The standardiza-
tion prevents crucial errors caused by difference in tar-
get forms at the detection of overlapping targets. 1pixel
dilation rightward is made for ensuring blanks between
targets. By dilation downward, overlapping targets are
detected and targets for simultaneous output are ex-
tracted.

Synchronization with a clock is not needed in a series
of this processing from image input to targets extrac-
tion for simultaneous output. Details are shown below.
f(x, y) is an input image at (x, y). Indexes (k, h) are
number of times in the repetitive operation. Charac-
ters without indexes are convergence value. And, the
value is zero when the x or y is negative.

1. Removal of isolated points
f ′(x, y) = f(x, y) ∩ {f(x − 1, y) ∪ f(x + 1, y)

∪f(x, y − 1) ∪ f(x, y + 1)}
2. Filling in caves


g0(x, y) = f ′(x, y)
gk+1(x, y) = gk(x, y) ∪ ik(x, y) (k ≥ 1)
hn+1

k (x, y) = gk(x, y) ∩ {gk(x, y − 1) ∪ hn
k (x, y − 1)}

∩{gk(x − 1, y) ∪ gk(x + 1, y)}
in+1
k (x, y) = {gk(x, y) ∩ ink (x, y + 1)}

∪{gk(x, y + 1) ∩ hk(x, y)}
3. 1pixel dilation rightward
Dr(g(x, y)) = g(x, y) ∪ g(x − 1, y)
4. Dilation downward
ek+1(x, y) = ek(x, y − 1)

∪{Dr(g(x, y − 1)) ∩ Dr(g(x, y))}
5. Extraction of overlapping targets


j0(x, y) = e(x, y) ∩ Dr(g(x, y))
j1(x, y) = f ′(x, y) ∩ {j0(x, y) ∪ j0(x + 1, y)

∪j0(x, y − 1) ∪ j0(x, y + 1)}
jk+1(x, y) = f ′(x, y) ∩ {jk(x, y) ∪ jk(x − 1, y)

∪jk(x + 1, y) ∪ jk(x, y − 1) ∪ jk(x, y + 1)}
6. Targets extraction for simultaneous output
k(x, y) = f ′(x, y) ∩ j(x, y)
7. Input image update
f ′(x, y) = j(x, y)
8. Repetition
–Operations from 2 to 7 are repeated necessary times.

The standization of target forms causes a few ex-
ceptions to segmentation for targets located adjacently.
One case is that two targets, which are a concave target
and a target overlapping in its cave, are seen as a same
target. However, the exception is made to the strict
segmentation and has little problem.

5. Evaluation for Simultaneous

Output

Fig. 4: Example of Simultaneous Output
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Fig. 5: Result of Simulation for Simultaneous Output



This section shows the evaluation for simultaneous
output by a simulation. The simulation counted simul-
taneous output times required for obtaining all target
positions in an image. The image size was 256 × 256
pixels. The patterns were made by setting circles within
radius 10 randomly.

Fig.4 shows an example of simultaneous output to
89 targets. In Fig.4, black targets are simultaneously
outputted. By using simultaneous output, 89 target
positions can be obtained at only 10 times, which have
required 89 times conventionally because only one tar-
get position has been outputted at single processing of
position extraction. Fig.5 shows T simultaneous output
times required for obtaining n target positions in an im-
age. Fig.5 is the result of simulation applied to the 240
patterns. The approximated curve is M = 0.43n0.73.
As shown in Fig.5, this architecture can obtain many
target positions far faster than the conventional vision
chip architecture. In addition, this simultaneous out-
put can be improved its efficiency by givining a target
a priority based on the feature such as the area size.

6. Basic Architecture
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Fig. 6: Basic Architecture

Fig.6 shows a basic architecture of whole chip and
the PE. PE consists of a circuit for targets extraction
for simultaneous output and a position-calculation part

in the direction of the column. The circuit for targets
extraction is connected with neighborhoods and don’t
require synchronization with a clock by using asyn-
chronous operation.

7. Conclusion

This paper proposed new architecture for simultaneous
output. The architecture can be expected to achieve the
target position acquisition that answers at high-speed
even to a huge number of targets.

We are going to develop the vision chip on this archi-
tecture. And, we want to show usefulness of this chip
by developing various applications in the future.
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