


2.2 Window mapping

An SPA using window mapping divides the image in scans
with a size of VP*P (sce Figure 1d). Although every window
can be processed individually, hardware or - if there are no such
facilities - software should provide the values of the neighbours
which are across the window borders.

Several methods exist to solve this “edge-problem’ [2][8]. In
the experiments described in Section 3, the Edge Store Scanning
(ESS) method is used. With ESS, every window is processed
only after an edge around the PA is filled with the values of the
pixels which are neighbouring the window (see Figure 2). Not
many PAs arc equipped with edge hardware to do this [8].
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Figure 2 Edge store scanning.

The neighbourhood size used for window scanning opera-
tions willbe assumed - for convenience - not to be larger than the
neighbourhood size available from the Processor Array which is
used. There is scanning overhead of at lcast 2.5 to 4 duc to the
number of times a window is processed [12].

Window mapping is cspecially suited for SPAs which allow
parallel neighbour access e.g. CLIP4 [5], BASE [15], GAPP [4].

2.3 Crinkle wise mapping

An SPA using crinkle mapping stores sampled versions of
the image in the image memory. An example of crinkle mapping
is shown in Figure le. The sampled versions are created using
identical sampling frequencies. However, cach time the sampling
start positions differ.

In acrinkle wise stored image, ncighbours in the memory are
not neighbours in the image because sampled versions of the im-
age are stored in the memory (sce Figure 1c¢). Executing a neigh-
bourhood operation on a crinkle wise stored image can not be
done by using ncighbourhood connections in an SPA.

The overhead with regard to processing a crinkle wise stored
image depends on the number of neighbours that is used, because
neighbour values have to be gathered one by one.

If arrays are used which allow parallel neighbour access, this
facility is of hardly any use with crinkle mapping. Arrays which
are designed for serial neighbour access are more natural to this
mapping strategy e.g. MPP [1]. The GRID processor array is spe-
cifically designed for crinkle mapping [14).

2.4 Pyramid mapping

Pyramidal mapping is based on the pyramidal structure. A
processing clement in the interior of this pyramid has a local
neighbourhood which consists of a father in the level above,
eight neighbours at the same level, and four sons in the level be-
low. This is shown in Figure 3. The original image is in the base
of the pyramid. The other levels contain images derived from the
base. A pyramid supports multi-resolution image analysis [3].
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Figure 3 Typical pyramid architecture
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With pyramidal mapping, a pyramidal data structure is
mapped into the image memory of a small SPA. The upper levels
of the pyramid have dimensions which are smaller than or equal
to the dimensions of the SPA. Therefore they can be stored in
(the upper left part of) a single memory plane in image memory.
Processing them in the SPA is straight forward. The other levels
are stored crinkle wise in image memory, in such a way that a fa-
ther and his sons are stored in the memory of the same processing
element. This allows a more natural up- and downwards process-
ing in the pyramid. In the upper levels, shifts and masks have 1o
be used Lo process up- and downwards in the pyramid.

The images which have to be processed with a pyramid are
squarc in size. The dimensions have to be powers of two.

3 PROCESSOR MAPPINGS ON CLIP4

In this section we will describe how mapping methods can
be implemented on a specific SPA: the CLIP (Cellular Logic Im-
age Processor). This Processor Array was developed at the Uni-
versity College of London. For a full description of it we refer to
|5]. The Delft CLIP4 has 64*32 PEs, 2048 additional memory
planes, and does not posses hardware scanning facilitics.

3.1 Window mapping on the CLIP4

A software scanning version of ESS has been programmed
into the Dellt CLIP4 using C4VM (CLIP4 Virtual Machine: a
derivative of C; [7]). Programs which are written for the full-size
image, can be run on the CLIP4 using ESS afier recompilation,

While processing every window with the SPA, a special
software edge storage is created by or-ring the pixels which are
on the edges of the neighbouring windows (Figure 2a). These
edges have 1o be ransporied from one side of the array to the oth-
cr, This is done by a local neighbourhood operation followed by
a global propagation operation.

3.2 Crinkle mapping on the CLIP4

Images which are 128*128 or 256*256 pixcls in size have
been crinkle wise stored in the Delflt CLIP4 image memory. A
function has been implemented to process these images.

An image of 128*128 pixels in size, for example, is stored
in cight 64*32 memory planes. For reasons of symmetry, blocks
of 2*2 (instcad of 2*4) adjacent image pixels were stored in the
memory of the same processing element. Therefore, 8 sampled
versions of the image are actually stored (4 of the upper and 4 of
the lower half). In fact the image is divided into two parts which
arc both crinkle wise stored.

The function for processing these images solves the prob-
lems which are described in Section 1.3. However, special atten-
tion has 10 be given 1o the artificial edge in the middle of the im-
ages, which is a result of the fact that the Delft CLIP4 processor
array is nol square.

The authors measured a worst case overhead (the average
processing time per scan divided by the exccution time for a sin-
gle scan image) 1o be 28.8 (22.8) for processing a crinkle wise
stored image of 128*128 (256*256) pixels [17].

3.3 Pyramid mapping on the CLIP4

A pyramidal data structure was implemented in the image
memory of the Delft CLIP4 processor array. The pyramid con-
sists of nine levels, the top level being 1*1, the base level being
256*256 pixels in size. The levels 0 (= top) through 5 (= 32%32
pixels) are stored in the upper left part of a 64 by 32 Delfi CLIP4
memory plane. Level 6 (= 64*64 pixels) is stored window wise
in two memory planes. The levels 7 (= 128%128 pixels) and 8 (=
base) are stored crinkle wise. All the pixels of level 7, having the
same father in level 6 are stored in the memory of the same PE.
In total, level 7 occupies cight memory planes. The first four of
these planes contain successively the upper left, upper right, low-
er left, and lower right sons of the pixels in the upper half of the
image at level 6 of the pyramid. The last four planes of level 7
contain the sons of the pixels in the lower half of the level 6 im-
age. The same relation as the one that exists between the levels 6



and 7 of the pyramid, holds for the levels 7 and 8 of the pyramid.
The image of level 8 is stored in thirty-two memory planes. The
pixels in the first four memory planes of level 8 represent the four
sons of the pixels in the first memory plane in which level 7 is
stored, and so on.

To store a binary pyramid in the Delft CLIP4's image mem-
ory, forty-cight memory planes are used. To store a grey value
pyramid, cight times as many memory planes are needed.

4 ALGORITHMS

4.1 Edge detection in noisy binary images

The problem of detecting an edge in a noisy binary image is
illustrated in Figure 4. Given the binary image as shown in Figure
4a, the original contour of the hand has to be recovered. The re-
sult of the algorithms is shown in Figure 4b.

Figure 4 Edge detection in noisy binary image: (a) original
256*256 image, (b) result image.

The window and crinkle mapping version is as follows.

make three copies of the image

edge detection in the first copy

erosion, dilation, edge detection, and a dilation in the second
dilation, erosion, edge detection, and a dilation in the third
result is the logical AND of the three obtained images

The edge detection algorithm using pyramid mapping is as
below [9]. Note that in this algorithm, the function cleanf...) re-
moves Lthe noise pixels which is in- or outside the object (see Fig-
urc 4).

put image in base of pyramid-1

clean (pyramid-1)

put negation of image in base of pyramid-2

clean (pyramid-2)

dilate base of pyramid-2

result is the AND of the images in the bases of both pyramids

The pseudo code for the cleany...) subroutine is given below.
For the results which appear in Table 2, the variable higherlevel
was chosen equal to the number of the level which is just above
the base. Changing higherlevel alters the size of the noise that is
removed. The base of the pyramid has the highest number, the
top (= level 0) has the lowest number.

for level = base-1 to higherlevel do
pixels get value which is the AND of their four sons

od
edge detection in base and in higherlevel, result is saved
dilation higherlevel
Jor level = higherlevel+1 (o base do
pixels get value which is equal to their father value

erosion base image
logical AND of the base image with the saved edges

4.2 Finding the maximum grey value in an image

The problem of finding the maximum grey value in an image
is illustrated in Figure 5. Given the grey value image as shown in
Figure 5a, a binary image has to be constructed showing the po-
sitions of the image points with maximum grey value. The result
of our algorithm is shown in Figure 5b.
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Figure 5 Max grey value example: (a) original 256*256*8 bit
image, (b) result image with positions of max greyvalue.
An algorithm suited for a window or crinkle mapped image
is described below. After execution, maxirmum contains the max-
imum grey value and the result-image shows its position.

all pixels in the result-image are set to one (1)
maximum =0

factor = 2-}
stop = false
JSor all bitplanes of source image do
most significant bitplane of source (not yet treated) is|
ANDed with result and result is put into help-image |
count = number of pixels set in the help image
if count != 0 then
result-image = help-image
maximum = maximum + factor
fi
factor = factor / 2
od

The pyramid mapping version is as follows.

for level = base-1 to 10p do
pixels get value which is maximum of their four sons

maximum = value in the top of the pyramid
Jor level = wp+1 to base do
pixels get value which is equal to their father value

EXOR all bitplanes of base with bitplanes of original image
invert all bitplanes base
result-image = logical AND of all the bitplanes in the base

In both algorithms, a test image completely filled with the
maximum possible 8-bit number has been used.

4.3 Counting the fingers on a hand

An image of a hand has to be processed in such a way, that
the fingers of the hand become separate objects. These are then
to be counted. Given the binary image as shown in Figure 6a, the
resulting finger images are shown in Figure 6b.
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Figure 6 Counting the fingers: (a) original 256*256 image, (b)
resulting fingers to be counted.

The window or crinkle mapping version:

erode the image 15 times [using all 9 points in a 3*3 nbhood )
dilate the image 16 times [ same structuring element)
negation image

and image with the original image [now only fingers are left)
count the number of objects in the image









