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ABSTRACT 

Basically, this report gives guidelines for picture coding within 
the framework of GOP. Two general methods are suggested, exploiting 
the structures of this general, versatile and elegant operator. The 
first one is based on the convolutional aspects (sub band coding) 
whereas the seeond uses contour and texture description. Alternatives 
of these two techniques are al~o indicated. Because GOP has close 
similarities with the human visual system, super compression in 
picture coding can be expected. Obtainable efficiencies are indica
ted in a rather speculative way. 
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l. PRELIMINARY REMARKS 

Although GOP [l] is originally not conceived for picture coding, 
there is no doubt that with small modification it can be used for 
campressing pictures. Several methods of picture coding can be con-, 
sidered, bearing in mind the general structure of GOP. Two of them 
will be described with some detail in this report and some others will 
be indicated for future investigation. One general method will be 
based on the convolutional aspect (sub band coding) whereas the seeond 
will use contour and texture description. For the principles and 
architecture of GOP, see [3]- [4]. 
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2. SUB BAND GODING 

By an appropriate choice of the masks, we can have the frequency 
description of a digital picture in, say 4 frequency bands in 4 
directions of the upper-half frequency plane. The original picture 
being real, the lower halfis obtained by camplex conjugation. If 
we exclude the path of GOP going through the maximum finder unit 
[2], we can view the original picture as represented in 4x4 = 16 
frequency bands. The sum of the inverse transforms of these band~ 
should give a fairly good replica of the original image. Some in

formation can be lost because of the overlapping character of mask' s 
frequency responses. Without any simulation, it is hard, right now, 
to guess the relevance of this loss. If ever this loss happens to 
be important, masks can be redesigned to provide a better repre
sentation of the picture in these bands. Figure l shows a top view 
of the frequency domain and the frequency bands. 
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This sub band representation is equivalent to the decomposition 
of the original image into 16 band-pass images. Pictures corre
sponding to one given band can be undersampled in the following way . 
Let B; be the bandwidth of the i:th band and fil and fi 2 its lower 
and upper cut-off frequencies respectively . If we modulate the corre
sponding band-pass picture by cos(2nf; 1x), rotated in the parti
cular direction x, we obtain a low-pass picture of bandwidth B; 
that can be undersampledat 281. This procedure can be applied for 
all i, i =l , . . . ,4 . 

It is clear that if the sub band representation covers exactly the 
entire frequency domain, nothing can be gained by this approach. It 
is, however~ not necessary to have an exact representation. A slight 
approximation can lead to a substantial sample reduction. Let see 
this with an example. 

Ex ample 

Let us assume that the sampling periods in x and y are 6X = AY = l . 
The frequency plane is therefore restricted to 

-l/2 ~ fl ~ l/2 

-l/2 ~ f2 ~ 1/2 

If the bandwidths are B1 = 1/8, 82 = 1/12, 83 = 1/1~ and 84 = l/20, 
they cover 64,2% of the frequency plane in a given di rection. The 
decimation factors for each band are 

Thus, in one direction we have 4 images having 

l ) 128xl28 = 16384 
2) 85x85 = 7225 
3) 64x64 = 4096 
4) 51x51 = 2601 sample s 

30306 samples/ direction 
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Since we have 4 directions, we need 121224 samples. Assuming 8 bits 
for each sample, with respect to the original image of size 
512x512, we have a sample saving of 

512 x 512 
121 224 

= 2.162 

But .each band-pass image can be coarsely quantized. If we use 3 bits 
for the first two band-pass images and 2 bits for the last two (high 
frequency), we have a compression ratio of about 

No. of directions No. of bits 
16384 x 4 x 3 

7225 x 4 x 3 

4096 x 4 x 2 
2601 x 4 x 2 

336 884 bits 
512x512x8 = 2 097 152 

=P c= 6.2 

This figure changes to C = 8.52, if we use s1 = l/9, s2 = 1/14, 
s3 = 1/17 and B4 = 1/21 (58% covera~e) and 3 bits for the first 
band and 2 bits for the others. 

Observations 

At this point, it is hard to speculate about the quality of the 
decoded image. However, an appropriate choice of the bands and 
parsimonious bit allocation can yield a compression between 5 and 
lO with, it is hoped, a satisfactory picture quality. 

In this method, if we keep squeezing the bounds Bi and allocating 
fewer and fewer bits, the quality of the decoded pictures will be 
poorer and poorer. The quality can be kept high if we discard un
important frequency regions while using satisfactory bandwidt~s 
and bits per sample. 'For example, if in each radial frequency 
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interval B;, we can use contributions in one direction only, 
we will have an additional compression by a factor of 4. This 
factor is to be multiplied with the preceding one to have the 
final compression. The use of one direction for each B; may not 
be enough. In this case we have sufficient flexibility to combine 
directions or to indicate the principal direction with more pre
cision. 

It should be understood that the right selection of B; and of 
directions is the key for what we can call super compression. Based 
on the actual state of the operator, we have considered so far 4 
bandwidths and 4 directions in the frequency plane. For some heavily 
detailed pictures, this might be too coarse. The possibility to in
crease these numbers while selecting one B; in one direction should 
be investigated. 

In cases where the selection of one B; in one direction does not 
give satisfactory results, appropriate combinations of B; and di
rections should be considered to improve the quality of decoded 
pictures at the price of less compression. This combination can be 
made in a number of ways, like vectorial resultant over a finite 
number of contributions or a linear combination of them. 

If pictures coded with one B; in one direction are of sufficiently 
good quality at decoding, this will be an extremely strong argument 
validating the fundamental hypothesis that image information can be 
described as locally one-dimensional structures. 
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3. AN ALTERNATIVE VIEW OF SUB BAND CODING 

The GOP can be viewed as a parallel convolver. The original picture 
is convolved with a number of masks (point spread functions or 
2-D impulse respanses of 2-0 band-pass filters). For a given pel 
(picture element) position in the original picture, the maximum 
output of the convolvers at the same position is selected. If we 
discard the maximum output selection and keep all the output pic
tures, the GOP can be interpreted as a decomposition into band-pass 
pictures. This view offers new ways for coding that will be discus
sed briefly here. Notice that if each of these output pictures is 
multiplied by a cos(2nfi 1x) in the direction corresponding to that 
of the filter, we obtain the situation of the preceding section, i.e. 
undersampling and requantizing. 

In each of the band-pass pictures, what one needs to code is the 
set of 11 important 11 picture points. For example, we can put thresh
olds on gray levels of each such picture and code only those points 
which are above the thresholds and discard the others. Thus, logical 
ORing of the decoded pictures on a pel by pel basis could give a 
fairly good replica of the original image. In contrast with the 
preceding seetian where we exploit frequency characteristics of 
the redundancy, in this case we exploit spatial characteristics of 
the same redundancy. Variations of this method can be obtained by 
threshold selection, bit allocation and zonal coding. If the local 
one dimensionality of the pictorial information is a valid hypothesis, 

. l 

then in each of the band-pass pictures only a few points need to be 
coded. 

A good way of gaining some insight into this approach is to observe 
carefully these band-pass pictures obtained with, say 3, pictures 
(simple portrait, average detail, heavy detail) and their histograms. 
Adaptive or non adaptive thresholding, zonal coding of the retained 
pels and bit allocation can then be devised. Let us illustrate this 
with a numerical example. The original picture being 5'12x512 requires 
2 097 152 bits. Assuming as before 4 directions and 4 bands B1, we 
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have 16 output pictures (band-pass) to be coded. We can have a 
compression by 10, if in average each of these pictu res can be 
coded with 13 000 bits. The co~pressidn can be by a factor of 20, 
if in average we use 6500 bits per band-pass picture . The linear 
relationship between compression factor and bits per band-pass 
picture can be used to monitor the investigation . If the band
pass images required in average more than 15 000 bits, it is not 
worth coding with this method. The problem is now how to estimate 
the number of bits required for each band-pass picture. Let M be 
the average number of pels retained in one band-pass picture after 
thresholding. Unless these M pels are distributed quite randomly 
in the picture, we can reasonably assume that we can design a sta
tistical coder using in average l to 2 bits per pel . Thus, the 
efficiency of such a procedure can be quickly determined. 
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4. CONTOUR AND TEXTURE CODING 

Pictures can be described in a very general way in terms of 
contour and texture. The GOP has the advantage of providing both 
contour and texture in a very elegant manner. 

Contours can be coded quite efficiently. Let us assume for the time 
being that contours are one pel thick and follow 8-connectivity. 
Each contour point is a vector defined either by its magnitude and 
direction or its x and y components. Furthermore. contour point 
location is perpendicular to the contour vector. Accordingly. variab
les to be coded are either magnitude and phase or x and y components. 
Because contours tend to be smooth curves. it is more efficient to 
code contour vector variations rather than each contour vector . 
Statistical coding (short code words for likely values and longer 
code words for less likely values) can be used for this purpose. 

Texture. inside the contours, can also be coded very efficiently. 
at least in principle. Here the problem is to synthesise texture 
using the analysis information provided by the GOP transforms. The 

values of the first transform, within a contour. give information 
about the local direction and importance of the texture whereas the 
seeond transform. in the same area, tells us about the variations 
of the l ocal text u re. 

4.1 General Method 

Contours and textures can be coded and decoded either separately and 
then combined or tagether in a kind of 11 0ne pass 11 procedure. Let us 
illustrate this in a simple one dimensional sketch. Let x(k) be an 
image seetian over a small local area, and f~l)(k) and f~2 )(k) · be 
the first and the seeond level transforms of x(k). Assuming that 
we have three different textures. labeled A,B and C, we have a situa
tion depicted in Figure 2. In the given direction (sketched as hori
zontal in our case), the first transform f~l)(k) takes on three values 
a.b, and c for the corresponding textures A.B and C. The seeond trans~ 
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form f~ 2 )(k) shows two peaks indicating transitions from a to b 
and from b to c. We will assume that a,b and c are eonstant as 
a first level local approximation. 

B c 
. l 

x( k)~. III l 11~111111~1 l ~l 1~1 l l ~l l l 1~1 l ~) k 

f( l ) (k) 
x a.._ ____ """ 

c------------

b 
k 

k 

Figure 2. 

The description of x{k) in terms of transform values is now completed. 
The variablP.s to be coded are the direction k, a,b,c and the peaks 
P1 and P2• For the reconstruction of x(k) we need additional initial 

conditions. These will serve to obtain the correct phase. 

starting from an initial point or an initial small area of pori.nts we 
can use the direction and "a" to synthesise the text.ure A along k. 
At k1 the peak P1 tells us how much and how "fast., we should change 
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11 a11 to 11 b11
, and similarly at k2, the change from 11b11 to 11 C 11

• 

It should be noted here that, in principle, we can obtain 11b11 

if we know 11 a11 andP 1, thus avoiding to code 11 b11 and 11
C

11
• This 

can be however on ly an est i mate 11 B" of "b" because of the 
various averagings invalved in f~ 1 )(k.) and i~ 2 ) (k).· Getting "~" 
for "c" from ueu and p2 can be subject to an accumulated error. 
It is hard to speculate on the importance of such errors. That 
is why it may be worth investigating both approaches, namely the 

one using "b" and 11 C11 and the one using estimates "B" and "e 11
• 

If the estimates can produce a fairly good replica of the original 
image, we can have an additional compression by a factor 2 (to 
multiply the initial compression) . 

If the estimates are not used, what is done can be viewed as inte
grati ng "a" over the peak P1 and f o re i ng the resu l t to be "b". 
Vectorially speaking, the peak P1 which represents the difference 
vector between "a" and "b" may not have the exact magnitude and 
phase to produce "b". By forcing it to join "b", we reset to zero 
errors possibly integrated over P1: 

u a" 

Fi gure 3. 

forced 
res u l t 

In order to apply the above described method, the range over which 
the first transform is constant, or can be considered as constant, 
should be determined. This can be done by setting a threshold E (see 
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fig. 2) on the seeond transform which indicates how much the 
first transform varies. We shall consider only those peaks in 
f~ 2 )(k) which are above the threshold. The distance between two 
such peaks will givetherange where f~l) is constant . The value 
of the threshold is of course very important. If it is kept to 
high, the decoded pictures will be highly stylized and will look 
like painted by numbers. If it is kept too low, the compression 
ratio will be low too. With the lack of a theoretical method, a 
reasonable value for it can be obtained by a trial and error 
procedure, guided by common sense. For example € can be a% of the 
dynamic range of f~2 )(k) with a = 5 or 10 . 

4.2 Implementation 

This method can be implemented on a line by line basis as described 
above. However, its efficiency will be very low if the two-dimensio
nal nature of the transforms is not exploited. Consequently, the 
pictures (original and the transformed ones) should be processed in 
two dimensions. With reference to figure 2, texture intervals A,B and 
C \t.' i 11 be rep l aced by t ex tu re a reas A ,B and C, a pr i ory of a ny shape. 
They will be separated by contours of various importance given by 
the seeond order transform f~2 )(k,l) . 

The implementation algorithm can be summarized as follows. The first 
and the seeond transforms f~l)(k,l) a~d f~ 2 )(k,l) of an original 
picture x(k,l) should be computed first . Then, the seeond transform 
f~ 2 )(k,l) should be thresholded with a threshold €, say at 5% of its 
maximum magnitude. All the points of f~2 )(k,l) which ~re below this 
threshold are set to zero. The borders of the remaining contours with 
the zeroed areas should be followed and labeled. The border follo
wing can be done with one of the well established techniques. The 
labels which should be used are texture values given by f~l)(k,l) 
on the texture side of the actual border . This is illustrated in 
figure 4. 
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Figure 4. 

Labels a,b,c corresponding to texturevalues of f~l)(k,l} are 
indicated on the texture side of borders in f( 2)(k,l). x 

Picture information is ~ow in the labeled borders and in the 
contours between these borders. This information can be represen
ted efficiently by coding, not the individual contour magnitude 
and direction from one point to the next. To increase the efficiency 
and to decrease the camplexity of such a coding, the 11 highest 11 con
tour points between borders can be detected . The corresponding pic
ture may look like the one depicted in figure 5. 

F i gure 5. 
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In this case, we can code only the variations of the highest 
contour points and of the labeled barders. To complete the 
ensemble of coded information we need, for each eonstant texture 
area {A,B and C of the previous example) a frequency information. 
As a first approximation this can be the number or the center 
frequency of the frequency band giving the texture vector (a,b 
and c in our case). This approximation may be too crude. If this 
is the case, we can then refine the frequency labeling to have 
a more precise frequency value. Furthermore, in each eonstant 
texture area a phase information, for example in the form of 
initial conditions, should be extracted and coded. This is very 
important to synchronize textures properly because of the well known 
phase sensitivity of the eye. 

4.3 Decoding 

The decoding of a coded picture requires contour and texture synthesis. 

If the borders and highest contour linesare used, contours can be 
obtained by interpolation between borders through the highest con
tour line, after having properly decoded borders and highest con-
tour lines. The interpolation should be carried out in a direction 
perpendicular to that of the contour. A gaussian shaped curve, for 
example, can be used as an interpolating function. If during the 
coding the contours are not reduced to borders and highest contour 
lines, the decoding will provide complete contour information. 

lexture synthesis, although less obvious than contour synthesis, 
can be done in a number of ways. It should be reminded here that the 
texture we are trying to synthesize is restricted to a small area, 
a priori of any shape of the picture and that, over this area, the 
texture is eonstant (regular). The first transfqrm f~l){k,l) after 
decoding, provides the information about the magnitude and direction 
of the texture in a given eonstant te~ture area in the form of a 
texture vector (a,b and c in the above example). The spatial frequency 
of the te~ture in that particular direction and its phase, in the 
form of initial condition, are also available. With these four para-
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meters in hand, namely magnitude, direction, frequency and phase 
or initial value, we can generate a eonstant texture pattern 
within a small two dimensional window. We can then propagate 
this pattern to fill the area labeled and coded as eonstant 
texture . When the borders of this area are reached, the texture 
pattern should be integrated over the contour perpendicularly 
to its direction. During the integration, the four parameters of 
the texture should be forced to take on the new values of next 
texture area where its border is reached. The values of these 
four parameters of the texture synthesizer are, sort of, updated 
at the borders. 

4.4 Gompression examples 

With the lack of complete simulation results and/or theoretical 
models, it is not possible to give an accurate compression factor 
for the above described method. We can, however, formulate some 
hypothesis and estimate compression ratios. Let us consider three 
original digital pictures represented by 512x512x8 bits and assume 
that the first is a simple picture, the seeond moderately detailed 
and the third highly detailed. Let K and L, respectively, be the 
number of different eonstant texture areas and of contours (not 
necessarily closed) in each picture . Reasonably, we can have the 
following figures 

Pi c ture No. l Pi c ture No. 2 Picture No. 3 

Kl = 130 K2 = 260 K3 = 
L l = 150 L2 = 300 L3 = 
N l = 70 N2 = 60 N3 = 

where N; is the average number of points per contour in the 
pi c ture No. i . 

For each eonstant texture area, we need, say 

and 

8 bits for the phase (initial conditions) 
4 bits for the frequency 
3 bits for the direction 
4 bits for the magnitude 

19 bit s 

430 
500 
50 
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It is also reasonable to assume that each contour point can be 
coded, with its two barder, with 6 bits in average. The total 
number of bits for each picture is then 

No. l 

19xl30 = 2 470 
6x70xl50 = 63 000 

65 470 

No. 2 

19x260 = 4 940 
6x300x60 = 108 000 

112 940 

The compression ratios are: 

c, = 32.0 c2 = ·18. 5 

No. 3 

19x430 = 8 170 
6x500x50 = 150 000 

158 170 

These compressions are quite remarkable. They can be obtained if 
the hypotheses are valid. 

This example illustrates another aspect of this method. We mentioned 
previously that by integrating a texture vector "a" over a contour 
peak P1 we can obtain an estimate "S" of the next texture field 
vector "b". To be more precise, we can force the integration to ob
tain exactly b. If we use the estimates instead of texture vectors, 
we can save 7 bits per texture area. Because texture areas are much 
more efficiently coded than contours, this saving has no appreciable 
influence on the compression ratio. The new figures will be: 

c, = 32 .48 c2 = 18.87 c3 = 13.51 

The improvement is only on the third digit in each case. According
ly, if this little improvement is not really requested, it is not 
worth using estimate texture vectors. 

4.5 Alternatives in contour and texture coding 

The key in this general method is the efficient coding of contours. 
They account for more than 90% of the compression obtainable . A 
statistical coding is indicated to code contour vector variations 
by followi ng them. This is a straight-forward tech~ique which first 



16 

comes to mind. It is also possible to devise two-dimensional 
coding techniques, based on a 2-D Markavian model and/or 2-D 
prediction to code efficiently contour points locations. Con-
tour vector direction is being perpendicular to that of the 
contour, it is unnecessary to code it. Contour vector magnitude 
needs, however, to be coded. As we force the integration over 
the contour to fit the value of the next texture vector, there 
is no need for high precision on the contour magnitude. Same 
precious bits can be saved by coarsely quantizing the contour 
magnitude. Further savings can be realized in border labeling. 
It is certainly not necessary to carry all the precision of the 
texture vector as label along the barders. Another important point 
isthat of thresholding the seeond transform f~2 )(k,l) to obtain 
contours. So far, we mentioned a unique threshold for .the entire 
picture. Since the number of contours and contour points depend 
strongly on the threshold value, as the compression ratio does, 
an adaptive thresholding can also be investigated. For example 

in the high spatial frequency areas of the picture we can use a 
high threshold because of the law sensitivity of the eye in these 
areas. Thiswill eliminate small curly contours and increase the 
compression. 

The quality of the decoded texture has a great importance for the 
visual system. Texture synthesis methods using direction, magnitude, 
frequency and phase information should be extensively investigated 
to produce good quality and natural looking textures. Texture synthe
sis part of this method is fooling the eye. As long as eonstant 
texture areas can be represented with four parameters and be synthesize1 
satisfactorily, large areas of the original picture are very efficient
ly compressed. 

It should be noted that the above discussion emphasizes the fact that t 
in a picture, the information content (in the sense of information 
theory) of texture is much less than that of the contours . The sub
jective quality of the picture, however, depends on both contours 

and texture more or less equally. 
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5. CONCLUDING REMARKS 

Picture coding possibilities within the framework of the general 
operator processor are outlined. Two methods are suggested based 
respectively on the convolutional and contour-texture description 
aspects of GOP. Although it is wrong to think that coding abilities 
of GOP are limited to these two methods, they are believed to be 
feasible and efficient. Compression ratios indicated in a rather 
speculative manner should by no means be considered as real. They 
are given to provide some insights in picture coding with GOP. 

All the coding techniques mentioned should obviously be uniquely 
decodable. Statistical coding is indicated without any detail and 
underlying theory because it is described abundantly in the litte
rature. 

Because of the close similarities between GOP and the human visual 
system, super compression ratios can be expected. If these are rea
lized, general coding methods indicated here will both provide very 
strong arguments to validate the fundamental hypothesis of GOP that 
the image information is locally a one dimensional structure . 

Each of the coding methods described here can be developed and in
vestigated as a Ph.D thesis. For example ene can be carried out at 
Linköping University under the supervision of Professor G.H. Granlund 
and the other at Lausanne in the Signal Processing Laboratory of 
EPFL, enlarging thus the fruitful and mutually beneficial cellabcra
tion established between these two groups. 
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