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An image processor based on an arrayed structure was implemented.
(1) memory unit separation into a picture memory for

five design features:

images and a control data memory for programs,
into a parallel processing part and a serial processing part,
(4) use of a special micro-processor for

processing by an arrayed structure,

an array's processing element, and (5) direct control
It deals with images consisting of 256 x 256 pixels and

by programming,

processes them by sixteen processing elements.
The processed images are outputted to CRT display equipments.

by a TV camera,

It has

(2) processing unit separation
(3) parallel

of parallel processing

The original images are given

The basic operations in the array are data conversions, local operations,
sequential processings, manipulations between two images and so on.
using those operations, many kinds of image processing cau be done in this

processor.

1. INTRODUCTION

Many proposals for pattern processing
have been made to date, and some have
been practically implemented, especially
for certain industrial and medical
applications, in which special processors
such as image analyzers are in practical
use, Howewver, most image processors cam
only deal with binary images.[1]

On the otherhamd, recently large-scale
pattern processors have been studies

in some research laboratories. [2] However
there are still problems in developing
image processors for multi-leveled images.
For example, processors tend to become

too big and expensive.

However, recent developments in
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commercially awailable IC's have had a
profound effect on the size, speed, and
cost of hardware. In addition, the need
for general purpose image processors is
getting stronger. Thus, the image
processor presented here was experimental-
ly developed. The outstanding feature

in our image processor IP is parallel
processing ability.

This paper described the principles and
basic operation in this IP.

2. DESIGH PLINCIPLES

The main points considered in establish-
ing our IP are discussed below.

Information imcluded im images depemds
on the two-dimensiomal arrangement of
pixsl's walues, So two-dimensional
memory access is employed for data
utilization. Therefore, the memory was
separated into two distinct parts, one
for images and the other for comntrol
data. The former has useful functions for
parallel processing of images.,



In image processing, the same operations
are repeated many times. In these cases,
increasing proces:ing speed by ordinary
computer architectures is not efficient.
Therefore, the execution unit in our IP
was separated imto a conventional mini-
computer?s central processing unit and

a parallel processing part, The former
mainly deals with control data and
sometimes processes pixels one by one,
while the latter usually processes pixels
by the parallel processing.

In the parallel processing part,
arrayed structure was adopted, mainly
to increase processing speed. In pre-
processing of feature-extraction of images
the same operator is executed at every
sampling point. IYor such position-
invariant processes, an arrayed structure
is very useful, Many sampling data are
inputted to many processing elements at

a time, Then all processing elements
execute the same operation simultaniously.
Increasing the mumber of processing
elements by a certain factor should cause
the processing time to decrease by the
same factor,

an

One cause reducing the etfect of an
arrayed structure is the occurrance of
irregular flow such as conditional jump,
In such cases, all processing elements can
not be controlled by one sequence., Some
PEs will have to be in a halt state, To
avoid this problem and
increase efficlency of

3.  SYSTEM QUTLINE

A block diagram of our IP is shown in Fig,
1. It consists of.a parallel processing
part and the other part, The former
comprises a processing element array(PE
Array), a picture memory(PM), local
registers(LR), a micro-instruction
control(MC) and input/output control(IOC).

Image data are inputted through the IOC
and stored in the PM. They are originally
obtained 6 bits in the IOC, The image
data are then transmitted to the PE Array
through the LR, The LR can store a 4 x 4
local-image or an 8 x 8 one, The PE Array
processes it parallelly, and the results
are stored again in the PM,

The PM is a memory for images consisting
of three banks of 256 x 256 pixels, The
access to the PM is comntrolled by micro-
instructions in a program. The accessing
unit is a 4 x 4 square with the upper-
left corner address (4n,4m), or one pixel.
The letters n and m stand for integer
from O to 63.

The PE Array comsists of sixteen process-
ing element(PE). Each PE is a special
micro-processor comprising a controller,
which interprets commands and controls
calculations in synchronization with an
external clock. The commands comprise
addition, subtraction, multiplication,
summing products, logical operationm,
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table look up and so on, Each PE has a 256
words 16 bits scratch pad memory. The
scratch pad memory can store a sequence of
PE commands. Therefore each PE can execute
its own program, The depth of calculations
is twelve bits long. The execution time

is 0.35 4 S and the cycle time of the PM

is 0.7 mS,

The LR has shift functions in an 8 x 8
local image. The PE Array can obtain
the free 4 x 4 square pixels from the PM
by these functions. Also, PEs can
comunicate each other through the LR,

L, BASIC OPERATIOMNS

In order to describe functions in the PE
Array, several notational defimnitions are
given as follows;

D(x,y); a value of pixel(x,y) in the
original image.
DIX,¥)y wue DEx8h,¥7)
D(x,y)= : Dil :

D(x'y*l'l')’ e .D(X+‘+.)'+‘+)
R(x,y); a result by a certain operation
in a PE of the PE Array.

F(),6(); functions exécuted by a
combination of PE's commands.

In the PE Array, sixteen PEs process local
images in the Lﬁ simultaneously. Therefore
sixteen results R(x,y);

R(x,¥),

SJR(x+3,y)
R(x,y)= : 414 s
R(X.y+3). cee ,K(!'*3.7+5)
are obtained simultaméously.

The representative basic operations im the
PE Array are as follows.

(a) Data conversion.

R(x,y)=F(D(x,y))

This is used for thresholding, contrast
stretching and so on., Im a thresholding
of a 256 x 256 image, it takes about 11,5
msS,

(b) Local operation,
R(X,Y)=F(D(X,Y))
For example, in a case of two-dimentional
filterings the results are as follows.
L 4
R(x+m,y+n)= 3% ZX £(1i,J)xD(x+i+m,y+j+m)
i=0 j=0
0€£ms3; 0<Sn<3
where f(4,])s are weight
coefficients,

In all PEs, twenty-five times' executions
of the PE command "SUM OF PRODUCT" are
done, 1t takes 34.4 mS in a 256 x 256
igage. By this local operation, spacial
differentiation, noise elimination.
template mgtching, and so on are available.

(c) Sequential processing.
k(x,y)=F@(x,y) Q(x-5,y-t))
Q(x,y)=6M(x,y) ,Q(x-5,y-t))
Where @ is PE's internal states
specified by secveral flags and contents
of the scratch pad memory. 'The point
(x-s,y-t) shows a preceding processing
point to point (x,y). Values of letter
s and t depend on a scanning in the PM.
This calculation is used for histogram's
calculation, area counting and so on. For
example, the processing speed of obtaining
pixel value's distributions is 28 mS.

(d) Manipulation between two images,
R(x,y)=F(®, (x,¥),D,(x,y))

where D, (x,y) and D (x,y) show values
of different 1magese pixels,
For example, it takes about 18 mS to get
an add-image or exclusive OR-image from
two images.

5. CONCLUSION

An image processor based on an arrayed
structure was implemented. It deals with
images consisting of 256 x 256 pixels and
processes them by a 4 x 4 processing
elements' array. It was constructed

in 1977 and used to study processor's
architecture for the object recognition.
By these studies, it has been established
that the array of our IP is useful for
high speed processing.

The basic operations in the array are data
conversions, local operations, sequential
processings, manipulations between two
images.and so on. By them, many kinds of
image processing can be done in this arraye.
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