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VIDEO CODING 

TECHNICAL FIELD 

0001. The present invention is related to a methods and 
devices for compressing and coding digitally represented 
moving pictures, grey Scale as well as color, which are to be 
transmitted on a channel and in particular a channel which 
has a relatively Small capacity or bandwidth as well as a 
System for transferring moving pictures using compression 
of the pictures. 

BACKGROUND AND PRIOR ART 

0002. In many applications involving transmission of 
Video signals, the capacity of the channel used is limited. A 
digitalized Video image, however, consists of a very large 
number of bits. Hence, when transmitting Such an image, 
consisting of a very large number of bits, over a channel 
which has a limited bandwidth on which data traffic having 
a low or a very low bit rate can be transmitted, transmission 
times for most applications become unacceptably long, if 
every bit of the image has to be transmitted. This is espe 
cially true in the case of moving pictures, where Strict real 
time constraints exist. 

0003. Therefore, much research efforts in recent years 
have concerned coding methods and techniques for digi 
talized images, aiming at reducing the number of bits to be 
transmitted as much as possible. 
0004. These methods can be divided into two groups: 

0005 Lossless methods, i.e. methods exploiting the 
redundancy in the image in Such a manner that the 
image can be reconstructed by the receiver without 
any loSS of information, i.e. the reconstructed image 
coincides exactly with the original image. 

0006 Lossy methods, i.e. methods exploiting the 
fact that all bits are not equally important to the 
receiver. In these methods the received image is not 
identical to the original, but looks, e.g. for the human 
eye, Sufficiently alike the original image. 

0007. In the field of video coding for low and very low bit 
rate applications, many of the present approaches involve 
the use of the frequency domain, e.g. by means of the 
Discrete Cosine Transform (DCT). 
0008. These approaches led to different video coding 
standards: JPEG (Joint Photographic Experts Group) for still 
image compression; MPEG I/II (Moving Picture Experts 
Group) for storing and multimedia applications and for 
video coding at medium-high bit rates; CCITT Recom 
mendation H.261 (Px64) for real time video coding of video 
conferences, remote Surveillance, and Video telephone appli 
cations, CCITT Recommendation H.263, which is related to 
H.261, but is developed for lower bit rates (16-64 kilobits 
per Second kbps). 
0009. Other techniques are, for example, based on wave 
lets and Subband coding methods, fractal transformations, 
vector quantization, etc. These compression methods work 
quite well in many conditions. However, these methods have 
problems at very high compression ratios, Such as in the area 
of real-time transmission of moving pictures over channels 
having low capacities, Such as the public telephone lines. 
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0010 Although the efforts and improvements made, the 
compression of the images in relation to the achieved quality 
of the resulting image, the compression/quality ratio, Still 
remains quite low and not good enough for many applica 
tions, especially in the case of narrow band channels having 
capacities less then 64 kbps, Such as the public telephone 
lines. In particular problems remain in the introduction of 
low-pass effects, blocking effects and undesired frequencies. 

0011. Also, the existing coding methods are based on 
computationally complex and expensive Systems, compris 
ing frequency or fractal transformations, filtering Stages and 
vector quantization processes. In order to perform these 
algorithms in real time expensive processorS Such as DCT 
processors, ZigZag processors, blocking processors etc. are 
required. 

0012 Another possible approach is the bit plane coding 
technique. This method maps the pixels of a digitalized 
image into a number of binary bit planes the first one of 
which usually consists of the most significant bits of the 
pixels. Thus, the image which consists of pixels, which in 
turn consist of a number of bits, are mapped into a number 
of bit planes, where the number of bit planes is equal to the 
number of bits per pixel (bpp). 
0013 The purpose of mapping the bits into bit planes is 
to exploit the Spatial redundancy of the digitalized video 
image. When exploiting, by means of compression, these 
redundancies no information is lost, and thus the images 
compressed and transmitted using this technique can be 
recreated exactly bit by bit, i.e. the technique is lossless. This 
kind of techniques has been introduced and Successfully 
applied in cases of lossleSS coding of Still pictures, Such as 
X-ray medical images, Satellite and Space images and fac 
Simile images. 

0014. The method of bit plane coding is quite efficient 
compared to other loSSleSS existing coding methods for 
coding Still imageS. In the book "Digital Image Compression 
Techniques”, M. Rabbani, P. W. Jones, SPIE Optical Engi 
neering Press Washington, 1991, the bit plane coding tech 
nique is described. The book also deals with Gray code in 
the field of bit plane coding, for lossleSS coding of Still 
images. 

0015. Further, in U.S. Pat. No. 5,374,945 a method is 
disclosed for grey level printing, in which Several bit plane 
datasets comprise a bogus bit plane, most significant bit 
plane, next-to-most significant bit plane, least Significant bit 
plane, and next-to-least Significant bit plane and a signifi 
cance of each Said bit plane corresponds to a printing time 
length. 

0016 U.S. Pat. No. 5,142,619 patent discloses techniques 
using the XOR-operation. A device described in the docu 
ment has means provided for comparing the contents of two 
bit planes in order to compare the respective pixel locations 
and exclusive OR-ing each pair of corresponding pixels to 
Set a corresponding pixel location in a third bit plane to 
reflect Similarity or dissimilarity between the compared pair 
of pixels of two bit planes of the same image. 

0017 U.S. Pat. No. 4,653,112 concerns image data man 
agement, where image data are organized in bit planes. Data 
comprising the most to the least Significant bits are arranged 
in the first to the last bit planes respectively. 
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0018 U.S. Pat. No. 4,546,385 relates to data compression 
of graphic images. A graphic image has at least first (most 
Significant bit) and Second (least significant bit) bit planes. 
The most Significant bit of a pixel and the Successive pixel 
are compared using an exclusive OR-operation on a Spatial 
dimension, i.e. the XOR operation is performed between 
pixels of the same image. 
0019. The European patent application EP-Al 0547 528 
discloses coding of binary bit planes eliminating the need for 
forming a Gray code bit plane representation. The invention 
uses different significances for different bit planes. 

SUMMARY 

0020. It is an object of the present invention to overcome 
the disadvantages and problems associated with the methods 
described above, and to provide methods and devices by 
means of which moving pictures of a good quality can be 
compressed for transmission and Storage purposes. 
0021. This object is achieved by the present invention the 
characteristics of which are set out in the appended claims. 
0022. Thus, a method is provided for coding both grey 
Scale and color images, in particular moving pictures. This 
method is also based on bit plane coding, and can transmit 
moving pictures of relatively good quality only requiring bit 
rates of approximately 10 kbps. The method for achieving 
this can be divided into the following five substeps: 

0023 I. Representing the digitalized images by 
means of the bit plane representation, and skipping 
from the achieved result the planes corresponding to 
the bits that carry the least information, i.e. the least 
Significant planes (plane skipping). 

0024 II. Coding the remaining bit planes with the 
Gray code, and when doing this, in order to maxi 
mally exploit the redundancy of the bit planes and to 
reduce the dynamic of the resulting Signal, before 
making use of the Gray code, Shifting the bits of the 
remaining planes into the lowest positions and then 
padding the vacant positions with Zeroes. 

0025 III. Reduction the number of bits needed to be 
transmitted by means of Segmentation of the frames 
and by applying a motion estimation (ME) procedure 
to corresponding Segments, which makes it possible 
to obtain motion compensated (MC) predictions of 
the Segments of the frame in question and then by 
means of a transmit/not transmit mechanism (TX/ 
NT) reduce the number of regions to transmit. 

0026 IV. Exploitation of the temporal redundancy 
by means of an XOR-operation, which is carried out 
plane-by-plane on two corresponding bit planes of 
two Successive images or frames. 

0027 V. Coding the output sequence plane-by-plane 
by means of a specially developed mono dimen 
Sional run length encoding (extended RLEID) tech 
nique which is designed to exploit the fact that the 
binary Sequence to be coded consists of long runs of 
the Same Symbol and also has relatively many iso 
lated Symbols of the other kind, e.g. long runs of 
binary Zeroes are interrupted by isolated binary ones. 

0028. The coding techniques above has several advan 
tages compared to the techniques involving the use of the 
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frequency domain. The technique work directly in the Spatial 
domain. This avoids the problems of introduction of low 
pass effects, blocking effects, undesired frequencies, which 
commonly affect other techniques based on transformation. 
Furthermore, the method only comprises simple manipula 
tions of the bits of the digitalized image, and only elemen 
tary operations are involved. This makes the method easy to 
implement, and particularly suitable for VLSI implementa 
tions, and the realization of low-cost Systems. 
0029. The method above can also be simplified and made 
leSS computational expensive by means of introducing trans 
mit/not transmit (TX/NT) procedure to the different regions 
of the Segmented images before a possible application of 
ME/MC only to the transmitted regions. 
0030 Also, the technique as described above can be used 
for lossleSS compression of moving pictures. In that case all 
Substeps leading to a degradation of the image are not used, 
i.e. no plane skipping is performed and the TX/NT proce 
dure is also not applied. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0031) The invention will now be described by way of 
non-limiting embodiments and with reference to the accom 
panying drawings, in which: 
0032 FIG. 1 is a picture illustrating the bits of the pixels 
representing a digitally coded image, using the bit plane 
coding method. 
0033 FIGS.2a and 2b are pictures similar to that of FIG. 
1, and illustrating the bit planes before and after Some bit 
planes have been Skipped by means of the plane skipping 
process, respectively. 
0034 FIG. 3 is a picture illustrating a shift of the bits of 
one of the pixels in FIG. 2b, and the padding with Zeroes 
thereof. 

0035 FIG. 4 is a block diagram of a system for trans 
mitting Successive Video images, illustrating Some of the 
various procedural Steps made in the image compression. 
0036 FIG. 5 is a block diagram of a system similar to 
that of FIG. 4, which also has means for performing 
transmission/not transmission. 

0037 FIG. 6 is a block diagram similar to that of FIG. 
4 illustrating a System intended for a more advanced com 
pression. 

0038 FIG. 7a and 7b illustrate the use of a conventional 
RLEID technique and an extended RLEID technique for 
Sequences comprising many isolated binary ones. 

DETAILED DESCRIPTION OF EMBODIMENTS 

0039 When compressing a grey scale or color digitalized 
image, it is first coded using the conventional bit plane 
coding technique, but in order to reduce the number of bits 
which are to be transmitted the lower order bit planes, i.e. the 
planes consisting of the least Significant bits are skipped. 
This apriori reduction of the dynamics of the image of 
course results in a loSS of information, which in turn results 
in that the compression is no longer lossleSS. Still the bits 
lost are the ones carrying the least information, i.e. the lossy 
Step has been introduced in the least significant part of the 
information. 
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0040. The achieved lossy method relies on the experi 
mental fact that the human eye is relatively leSS Sensitive to 
the type of distortion introduced by the coarser quantization 
caused by the skipping of the least significant bit planes. 
Moreover, these bits are often corrupted by noise, in par 
ticular thermal noise introduced by the Sensors used for the 
image acquisition, cameras, CCDs, etc. These bits are there 
fore usually useleSS from a visual point of View. 
0041. Unfortunately, no completely good measures of the 
achieved quality exist in literature, which makes it possible 
to objectively compare this method to others. It is easily Seen 
that a skipping of planes as Suggested above results in a bad 
quality according to the most common measure, the Mean 
Square Error (MSE). 
0.042 Nevertheless, experiments show that images 
obtained with the method using bit plane coding and skip 
ping the least significant planes (the plane skipping method) 
are interpreted by the human eye as images having a 
reasonably good quality. In particular, for low plane skip 
ping factors, i.e. skipping of only one or a few bit plane(s), no 
distortion at all is perceived. 
0043. As known in literature, the lack of a good measure 
of how the human eye interprets the quality of an image 
compressed with a lossy technique results in that compari 
Sons between different coding Systems and coding tech 
niques in this aspect have to be based on experimental 
results. Experimental results regarding the bit plane skipping 
technique Show that usually Several of the least significant 
bit planes can be skipped without loosing much from the 
human eye's point of View. On the contrary, to a certain 
point, no distortion at all is perceived. 
0044) The method as described above does not only 
involve a reduction in the redundancy, because of the 
reduction of the planes to be coded. Most significant bit 
planes are also characterized by highly structured informa 
tion. By taking this into, account, this leads to the possibility 
of achieving very high compression ratioS through bit-plane 
coding techniques. 
0.045. After the steps of representing the digitalized 
image by means of the bit plane representation and skipping 
of the least Significant bit planes have been performed, an 
encoding of the remaining bit planes is performed. The 
encoding aims at maximally exploiting the redundancy of 
the bit planes. First of all, the Spatial redundancy is 
addressed. One conventional method to minimize the Spatial 
redundancy, in this type of application, i.e. the bit plane 
coding, is to use the Gray code instead of the conventional 
binary alphabet when mapping the pixels of an image. 

0046) The Gray code method is well known in literature. 
It was developed for and is used in applications involving 
lossleSS coding and absence of loSS of information. 
0047. In the method described herein the Gray code is 
applied in a method associated with loSS of information, i.e. 
the plane skipping mechanism. In this case, when the Gray 
code is applied in association with the plane skipping 
technique, experiments have revealed that on one hand when 
applying the Gray code before making use of the plane 
skipping technique, the compression achieved is Substantial 
but the Visual quality of the received images is reduced and 
poor. In particular, the experiments showed that this method 
results in a hard Visual loSS of details and in a poorer quality. 
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On the other hand, the experiments showed that when first 
applying the plane Skipping technique on the binary coded 
information and then applying the Gray code, this method 
results in a very good quality, i.e. the same as without the use 
of the Gray code. However, the compression achieved is no 
longer as high as when applying the Gray code before the 
plane skipping technique. 
0048. The reason for this phenomenon is that the Gray 
code operation has been originally developed for lossleSS 
conditions, whereas in this case it is applied in lossy 
conditions. The Gray code operation performed on the lossy 
plane skipped Signal causes an increase of the dynamic of 
the Signal of one bit, which of course reduces the achieved 
compression. 

0049. A solution to the problem with an increased 
dynamic range is to introduce a shifting mechanism to the bit 
planes. Thus, the Sequences forming binary words which 
correspond to different pixels and the values thereof and to 
which the plane skipping technique have been applied are 
shifted to the lowest positions of the Sequence, which have 
been left empty after the plane skipping Step of the method, 
before being mapped using the Gray code. Before making 
use of the Gray code the positions made vacant by the plane 
shifting Step are filled by means of padding the positions 
with Zeroes. It is simple to carry out this operation, only 
comprising a bit shift operation of a predetermined number 
of StepS and the normal Zero padding executed in a shifting 
operation. Thanks to this operation, the data dynamic is not 
increased during the Step involving the Gray code, and 
therefore the same compression as in the procedure of first 
Gray coding the binary plane and then applying the plane 
skipping technique is achieved, without affecting the quality 
of the compressed image. 
0050. Furthermore, it is to be noted that from a compu 
tational point of view, the Gray code operation can be 
carried out by means of a simple Look Up Table (LUT). 
0051. The method described sofar is also illustrated in 
FIGS 1-3. 

0.052 FIG. 1 illustrates the mapping of m by n (mxn) 
pixels of an image into k bit planes, where k is equal to the 
number of bits per pixel (bpp). The bit planes are arranged 
in Such a manner that the (k-1)-th bit plane consists of the 
most significant bit of each pixel of the image, the (k-2)-th 
bit plane consists of the next-to-most significant bits of the 
pixels, and So on until the last (0-th) bit plane, which consists 
of the least Significant bits of the pixels. 

0053 FIGS. 2a and 2b illustrate the use of the plane 
skipping technique. FIG.2a is a picture illustrating the same 
as FIG. 1, i.e. the mapping of an m by n pixel image into k 
bit planes, which are arranged in Such a manner that the 
number of a bit plane corresponds to the Significance its 
pixels. FIG.2b illustrates the same as FIG.2a, but including 
skipping of 1 bit planes holding the least Significant bits. 
Thus, the original image of FIG. 2a consisting of m by n 
pixels, where each pixel is built up of k bits, is reduced to 
the image illustrated in FIG.2b having m by n pixels, which 
are built up of only X-1 bits. 
0054 FIG. 3 illustrates by way of an example the com 
plete procedure of skipping the least Significant bits of a 
pixel, Shifting the remaining bits, and Zero padding the 
remaining bits of the pixel. Thus, in the example illustrated 
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in FIG. 3, the original image consists of pixels of length 
k=8. The bits of a pixel are then arranged as shown at 1. 
Thereafter the plane skipping mechanism is applied, and the 
1=3 least Significant planes are Skipped. The remaining 
image then consists of pixels built up of five (k=8 and 1=3 
in this example and k-1=8-3=5) bits. The bits of a pixel are 
then arranged as shown at 2. These five bits k-k- are shifted 
and then padded with Zeroes in the positions left vacant after 
the shift operation. The bits of a pixel are then arranged as 
shown at 3. The new Sequence formed in this manner is 
hence identical to the original pixel Sequence formed by the 
kbits in the respective bit planes in FIG.2b, except for the 
appended Zeroes in the beginning of the Sequence, i.e. the 
remaining most significant bits have been shifted to the 
positions originally occupied by the least Significant bits and 
the positions made vacant when doing this are padded with 
ZCOCS. 

0.055 This is made in order to maximally exploit the 
Spatial redundancy. A Suitable mechanism for exploitation of 
the temporal redundancy for moving pictures in connection 
with a bit plane coding technique is also provided. The 
mechanism has been proved to remarkably increase the 
achieved compression ratios. 
0056. This technique is based on a comparison of two 
corresponding bit planes of two Successive images. The 
comparison is in the preferred embodiment carried out by 
means of an XOR-operation involving the two correspond 
ing bit planes. The result of this XOR-operation is a third bit 
plane, consisting of binary Zeroes in every position where 
the bit value remains unchanged, and binary ones in the 
positions where the value of the bit has changed. That is, the 
third, new bit plane has binary Zeroes in every position 
where the two compared bit planes are equal and has binary 
ones in every position where the two compared bit planes 
have the same value. In other words, instead of coding all the 
elements in the new bit plane, only the elements that have 
changed from the previous bit plane are considered. These 
elements are termed variations. 

0057 This technique, in particular in the case where the 
number of bits that remained unchanged is large, which is 
usually the case for two Successive frames of moving 
pictures, increases the exploitation of the redundancy of the 
bit planes, and thus reduces the entropy factor of the bit 
planes. Experiments have proved that the mechanism highly 
increases the compression ratio in most cases. 
0058. The method differs from the normal methods 
applied to exploit the temporal redundancy, which are based 
on the difference between the pixels (pixel values) of Suc 
cessive frames. A plane-by-plane technique is applied 
instead by means of the XOR operation. The number of bit 
planes, i.e., the dynamic range is thereby preserved, which is 
advantageous for the compression obtained. 
0059. Using traditional techniques, the dynamic range is 
not preserved resulting in one more bit plane to code. For 
example, if Sequences having 8bits per pixel are considered, 
i.e. formed by pixels in the range 0, 255, the application of 
a traditional difference method would lead to a dynamic 
range of -255, 255), i.e. an increase of the number of bit 
planes to 9 bit planes. However, by instead using the XOR 
operation the dynamic remain in the range 0, 255, i.e. 8 bit 
planes. 
0060. In FIG. 4 the various procedural steps and corre 
sponding components of a System for transmitting video 
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coded images are illustrated, the System comprising means 
for carrying out the various StepS as described above. 
0061 First the image is captured and digitalized in a 
block 1, e.g. by a Video camera. Then the image is repre 
Sented by means of conventional bit plane representation in 
a block 2, and then the unwanted planes are skipped in a 
block 3. Thereafter the planes are shifted and padded with 
Zeroes in a block 4, and then coded by means of the 
conventional Gray code in a block 5. After that the temporal 
redundancy of the corresponding bit planes of Successive 
images is exploited by means of an XOR operation in a 
block 6. The images compressed in this manner are then 
coded by means of a conventional entropy coding technique 
in a block 7 and transmitted on a channel 8, which is usually 
corrupted by noise 9. The received information is decoded in 
a block 10, after which the compressed image is available 
for the intended user 11, for decompression, Visualization, 
digital signal processing, etc. 

0062) The images compressed in this manner still contain 
redundant information. In a System aiming at reducing the 
bit rate as much as possible while Still maintaining the visual 
quality above a certain level, it is of course desirable to 
exploit these redundancies as much as possible without 
decreasing the Visual quality too much. 
0063. In the case of moving pictures some parts of the 
image, e.g. the background, will change very little from one 
image to a Successive one. The transmission of these parts of 
the image will therefore have a very small effect from a 
visual point of view. One possible and a very common 
approach to reduce the information in Successive images of 
a moving picture is to apply a transmit/not transmit (TX/NT) 
procedure which reduces the amount of information by 
means of removing the information which is not effective or 
important for the final quality of a compressed Sequence. 

0064.) The transmit/not transmit (TX/NT) procedure 
exploits the redundant information in Such manner that the 
frames are divided into blockS or Segments. These blocks or 
Segments are in the Simplest and perhaps most common 
approaches Square blocks of RXR pixels, but the blocks or 
Segments can also have other proportions or have irregular 
shapes. This division or Segmentation of the frames into 
Smaller regions allows the System to identify and localize 
parts or regions inside the picture which are in Some aspect 
not of interest for the final result. Some of the redundancy 
of these parts or regions of the image will be properly 
exploited by the variation procedure (XOR-mechanism), as 
previously described, but that procedure will not be able to 
exploit redundancies which are visually redundant, e.g. a 
Small change in the tone of a large background area or the 
appearance/disappearance of a very Small object, which is 
normally not perceived anyway. The transmission/not trans 
mission (TX/NT) procedure avoids the transmission of this 
information. This type of procedures are well known and 
have been implemented in association with various com 
pression techniques, and integrated with other types of 
coding. 

0065. The transmission/not transmission (TX/NT) proce 
dure for two Successive frames basically consists of the 
following Steps. 

0066 A) Segmentation of the two frames into 
regions, also known as the Segmentation phase. The 
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regions can then have Structures Such as simple 
uniformly sized Square blocks of RXR pixels, e.g. 
16x16 pixels, differently sized blocks (also known as 
quad tree approach) or variously shaped regions. 

0067 B) A comparison is then performed between 
the corresponding regions of the two frames. The 
aim of this comparison is to obtain Some kind of 
Visual distance parameter value. The Visual distance 
parameter shall estimate the distance or difference 
between the two corresponding regions inside the 
two frames from a visual point of view. It is therefore 
desirable to get the visual distance parameter as 
correlated as possible to the visual interpretation of 
the two corresponding regions of the two frames, i.e. 
the more alike the two corresponding regions of the 
two frames look the Smaller, the value of the visual 
distance parameter adopts. For obtaining this visual 
distance parameter a large number of different qual 
ity measures have been Suggested in literature, which 
can be applied in this step of the procedure, these 
measures ranging from the Simple Mean Square 
Error (MSE) measure to the complex Human Visual 
System (HVS) based measures. 

0068 C) The value obtained by any of these well 
known quality measures is then compared to a preset 
threshold or distance threshold. Based on this com 
parison the System makes a decision whether it is 
necessary to transmit (TX) this particular region or if 
the region is not to be transmitted (NT), i.e. the 
region does not differ from the previously transmit 
ted corresponding region in Such a way, or So much 
that it is necessary to transmit the current region. 
That is, the old region can be used instead, without 
a heavy loSS of quality. This procedure is carried out 
for every region of the frames, and thus only the 
regions that have changed more than the preset 
threshold will be transmitted, thereby reducing the 
information which must be transmitted. 

0069. In the type of system described here, i.e. a system 
based on bit plane coding aiming at reducing the entropy as 
much as possible, this type of procedure is very efficient, due 
to the reduction of entropy which is introduced by the 
transmission/not transmission (TX/NT) mechanism. 
0070. In this system, which is based on bit plane coding 
and in which the dynamic has been reduced by the shifting 
proceSS as described above, the information content of the 
frames is different from the traditional compression Systems. 
The coding described Sofar avoids Small transitions between 
the pixel values, and the objects in the picture therefore 
become very well defined from the background. Hence, the 
dynamic reduction introduced by the shifting process, which 
is described in more detail below, does not only reduce the 
dynamic but it also allows to Separate the Visually important 
information from the not important information by means of 
a simple Mean Square Error (MSE) approach, which will be 
described below. The Mean Square Error (MSE) approach is 
usually not very efficient because of the low correlation 
between the MSE and the visual perception, but in the 
System described, due to the characteristics of the dynamic, 
the correlation between the visual perception and the MSE 
increases. 

0071. It is therefore possible to introduce the simple MSE 
mechanism in the transmit/not transmit (TX/NT) procedure, 
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in the case where it is applied to a compression System of the 
kind described herein without much loss of quality. 
0.072 The Mean Square Error (MSE) mechanism is per 
formed very simply. A first frame is Segmented, i.e. it is 
divided into regions of e.g. 16x16 pixels (other segmenta 
tions Such as e.g. the ones described above can of course also 
be used). The pixels inside one region are then compared to 
the corresponding pixels of the previous frame, where the 
comparison is carried out for determining the distance 
between the corresponding pixels, i.e. the following calcu 
lation is performed: 

Distance=(P P )? current previous 

0073. The operation is repeated for all the corresponding 
pixels within the two corresponding regions of the frames in 
order to compute the distances between them and their 
average distance is determined, i.e. a Mean Square Error 
operation is carried out for the corresponding pixels within 
all the regions of the frames. For two corresponding regions, 
consisting of N pixels each, the following calculation is 
performed: 

Distance=1/N2-(Pacurrent-Paprevious) 
0074 The value or average distance achieved by this 
operation is then compared to a threshold, which can be 
predetermined by a user or automatically adjusted. The 
outcome of this comparison then determines whether the 
region of the frame in question is to be transmitted (TX) or 
if the Similarities between the current region and the pre 
ceding one are Such that a transmission of the region is not 
necessary from a visual point of View and therefore the 
corresponding region of the preceding frame can be used 
instead and then it is determined not to transmit (NT) the 
region in question. 

0075. The regions of a frame, which are decided not to be 
transmitted by the algorithm described above, are not made 
Subject to any further Steps of compression, Since they must 
not be transmitted. The introduction of this non-transmission 
step will reduce the amount of information that has to be 
transmitted and thereby the bit rate required will be lowered. 
The regions that are decided to be transmitted are however 
Subject to additional compression Steps, i.e. the Gray code, 
XOR operation and the entropy coding, as described above. 

0076. It is also to be noted that, in the case where the 
transmitted/not transmitted procedure is decided to be intro 
duced into the compression System, this procedure is to be 
introduced between the shifting Step and the Gray code Step 
of the compression. This is of course made in order to make 
the MSE-algorithm work properly and to make the correla 
tion between the distance evaluated by the MSE-algorithm 
and the Visual perception high. At the Same time this reduces 
the computational cost. It is further to be noted that the 
compression system will work very well even without the 
introduction of the (TX/NT) procedure. 
0.077 FIG. 5 shows a block diagram of more advanced 
embodiment of the System, which also comprises the trans 
mitted/not transmitted (TX/NT) procedure described above 
and in addition a motion estimation/motion compensation 
procedure (ME/MC). 
0078 A motion estimation/motion compensation (ME/ 
MC) procedure is a method for increasing the exploitation of 
the temporal redundancy, which is well known in literature. 
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Such a procedure is used for reducing the information that 
must be transmitted, in particular in the case of a moving 
Sequence in which the frames contain moving objects. The 
application of a ME/MC procedure then allows transmitting 
only the motion vectors of the moving object inside a region 
or a block of the frame. The methods for performing the 
motion estimation and the motion compensation are numer 
ous and are well known. The object of the MC procedure is 
thus to reduce the information that has to be transmitted, in 
this case the number of variations. 

0079. In the case of the above described system, aiming 
at providing a low cost Video coding equipment and at 
reducing the entropy of the information, and thus in the end 
the necessary bit rate, the motion compensation procedure 
can advantageously be used in association with the trans 
mitted/not transmitted (TX/NT) procedure. 
0080 That is, first the TX/NT procedure is applied. This 
results in that Some of the regions of the Segmented frame 
are decided not to be transmitted (NT). Thereafter some 
known motion estimation procedure is applied to predict the 
motion of the regions or blocks of the frames, which by the 
comparison between the used quality factor and the used 
threshold have been decided to be transmitted. The regions 
which based on a motion estimation have been motion 
compensated (MC) will then be made subject to the further 
compression in the following Steps of the System, i.e. the 
XOR operation and the plane-by-plane entropy coding. The 
information associated with the motion will be transmitted 
as motion vectors according to Some Suitable known method 
described in the literature. 

0081. The introduction of motion compensation (MC) 
will only reduce the information to be transmitted. This is 
due to the lossleSS compression of the following Steps of the 
compression. Hence, this operation will not modify the 
Visual quality at all, i.e. the quality will be exactly the same 
as for the case including only the transmitted/not transmitted 
procedure. 

0082) The introduction of the ME/MC will however 
increase the computational load on the System, but Since the 
regions of the frames that are Subject to motion estimation 
are only the transmitted ones (TX), the computational load 
will not increase heavily. A low-cost approach to the 
ME/MC is then used. 

0.083. A system using all of the steps described above is 
hence illustrated in FIG. 5. That is, the bit plane represented 
frames that remain after the plane skipping procedures 
indicated in a block 51, are put into a block 52 where the 
shift operation as described in association with FIG. 3 is 
performed. The frames are then Segmented into Suitable 
blocks or regions in a block 53. Then the Gray code is 
applied in a block 54. The result of the operation in block 53 
is also fed both to a block 55 and to a motion estimation 
block 56. Then a transmit/not transmit (TX/NT) operation is 
performed in block 55, preferably by means of a MSE 
algorithm as a measure of the Visual distance. The decision 
is taken based on the Similarity between a corresponding 
region of a previously transmitted frame Stored in a memory 
59 and the current region as fed from the block 53. 
0084. After that, the remaining blocks or regions, i.e. the 
blocks determined to be transmitted (TX) are subjected to a 
motion estimation (ME), resulting in predicted motion com 
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pensated (MC) blocks. This is carried out in block 56 by 
means of feeding the a previously transmitted corresponding 
block to the ME/MC block 56 from the memory 59 which 
has been provided with a decoded shifted and Segmented 
version of the previously transmitted frame(s) from a 
decoder comprising of an XOR block 50, which performs an 
XOR operation between the output from a Gray code block 
49 connected to the motion compensation block 56, and the 
output from block 57 and a block 48 performing an inverse 
Gray coding, and thereby reconstructing the shifted and 
Segmented image as received by a receiver. Thereafter the 
XOR operation is performed in the block 57 between the 
current region and a motion compensated, and in block 49 
Gray coded region of a previously transmitted correspond 
ing region, and finally the information is coded by means of 
a plane-by-plane entropy coder in block 58. 
0085 For performing the motion estimation, for instance 
the block matching method, which is described in A. N. 
Netravali and B. G. Haskell, “Digital pictures”, 2nd ed. 
Plenum Press 1995 p. 340 and which is also employed and 
described in ITU-T Recommendation H261, Geneva, 
August 1990, can be used. 
0086 The compression method described above as illus 
trated in FIG. 4, in particular in the case where all of the 
Steps discussed with reference to this figure are used, gen 
erates highly compressed grey Scale or color images, which 
are well Suited to be transmitted on narrow band channels, 
having capacities around 25-30 kbps. The method can also 
incorporate more advanced procedures Such as a transmit/ 
not transmit (TX/NT) procedure and/or a motion compen 
sation (MC) procedure as illustrated in FIG. 5, which will 
increase the computational load and complexity Somewhat, 
but in return will greatly lower the necessary bit rate. 
0087. The various substeps of the method only comprise 
elementary operations Such as shifts, table look-up and 
XOR-operations, which makes the construction cost of a 
transmitting System using Some or all of the Substeps low. 
Moreover, the low complexity contributes to make the 
method very well Suited for real time applications. 
0088. However, if a high compression is the main object, 
and the cost for implementing the compression System is 
regarded as a matter of Secondary importance, the perfor 
mance of the System can be further improved. 
0089. This is achieved by means of the introduction of an 
exhaustive approach to the motion estimation/motion com 
pensation (ME/MC). Such a system will now be described 
with reference to the block diagram of FIG. 6. 
0090 The system consists of all the elements described 
above, but Some additional blocks have been added. Thus, 
the bit plane represented frames that have been Subject to the 
plane Skipping mechanism enter the System at 61. The 
frames are then shifted according to the procedure described 
in association with FIG. 3. in a block 62. Then the frames 
are divided into regions, also called blockS or Segments, in 
a block 63. 

0091. These blocks or segments are in the simplest and 
perhaps most common approaches Square blocks of RXR 
pixels, but the blockS or Segments can also have other 
proportions or have irregular shapes. This division or Seg 
mentation of the frames into Smaller regions allows the 
System to identify and localize parts or regions inside the 
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picture which in Some aspect are not of interest for the final 
result, or to exploit the redundancies in the Separate block 
more efficiently than the whole image, e.g. by means of 
motion compensation. 

0092. The segmented image is then subjected to further 
processing in the blocks 67 and 66. Next the segmented 
image is coded with the Gray code in a block 65 as described 
above. After this the whole picture is scanned block by block 
or Segment by Segment in order to perform a motion 
estimation (ME) of the objects inside the picture. This 
motion estimation is performed according to one of the 
many well known procedures described in literature and 
using the previous decoded picture, which has been Stored in 
the memory block 64. The decoding procedure is performed 
in the XOR and inverse Gray code blocks 72 and 70 
producing a reconstructed shifted and Segmentated version 
of the received image in the same manner as described above 
in conjunction with the blocks 48 and 50 in FIG. 5. 
0093 All blocks are now subjected to the ME in block 
66. From this point of view, the technique is much more 
computational expensive than the previously described tech 
nique. On the other side, it will be able to achieve higher 
compression ratioS. 

0094. The outcome of the motion estimation is used to 
form a predicted motion compensated picture, which 
reduces the number of blocks or Segments to be transmitted 
and the number of variations inside the blocks. Thus, regard 
ing the motion information, only the motion parameters 
(motion vectors) of these motion compensated blocks in 
relation to the previous blocks need to be transmitted. These 
motion estimations and motion compensations of the blockS 
or Segments are performed in blocks 66. 

0.095 The motion estimation method used, can for 
instance be the block matching method, described in A. N. 
Netravali and B. G. Haskell, “Digital pictures”, 2nd ed. 
Plenum Press 1995 p. 340 and which also is employed and 
described in ITU-T Recommendation H261, Geneva, 
August 1990. 
0096. A comparison is then performed of the correspond 
ing regions of the two frames, i.e. the current one and the 
previous. The decoded previous frame is, as mentioned 
above, available in the block 64. The aim of this comparison 
is to obtain Some kind of Visual distance parameter value. 
The visual distance parameter shall estimate the distance 
between the two corresponding regions inside the two 
frames from a visual point of View. AS mentioned above it 
is of interest to get the Visual distance parameter as much 
correlated as possible to the Visual perception of the two 
corresponding regions of the two frames, i.e. the more alike 
the two corresponding regions of the two frames look, the 
Smaller (or higher) the value of the visual distance parameter 
adopts. 

0097 Based on this segment by segment comparison the 
System then decides, for a particular Segment, whether all of 
the information of the region or Segment in question, i.e. 
motion parameters and variations, is to be transmitted (TX), 
or if it is Sufficient to only transmit the motion parameters of 
the motion compensated (MC) region, or if it is unnecessary 
to transmit the region at all, i.e. neither motion parameters 
nor variations, and thus not transmit (NT) the region. The 
comparison and the decision is made in block 67 between 
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the output from block 63 and the outputted motion compen 
Sated version of a previously transmitted Segment from 
block 66. The motion parameters of the Segments that are 
decided to be transmitted (TX) and motion compensated 
(MC) are then transmitted according to Some known tech 
nique. The frames that are decided to be transmitted (TX) are 
then subject to the above described XOR operation in block 
68 to which the current segment and a Grey coded version 
of the output from block 66 is fed. The Gray coding of the 
output segment from block 66 is performed in a block 71. 
The result of this operation is, as described in detail above, 
that bits that remain unchanged are coded as Zeroes and bits 
that have changed are coded as ones. In the case where few 
changes occur, a phenomena that is increased by the motion 
estimation procedure, the output binary Sequence will con 
sist of many binary Zeroes and Some, often isolated, binary 
OCS. 

0098. In order to exploit this bit pattern, a special type of 
mono-dimensional run length encoding (RLEID) has been 
developed for the plane-by-plane entropy coding Stage. The 
conventional RLEID encoding is illustrated in FIG. 7a. This 
method is well known and can in Short be described as a 
method for exploiting binary Sequences having relatively 
few transitions between binary ones and binary Zeroes, i.e. 
long runs. This is performed in Such manner that two 
Separate alphabets are used, one for the Zeroes and one for 
the ones, e.g. B (Black) for zeroes and W (White) for ones. 
The Sequence is then coded as runs of ones and Zeroes, e.g. 
Seven Zeroes are coded 7B and a following four ones are 
coded 4W, see also the example in FIG. 7a. It is easily seen 
that in the case of long runs of Successive ones and Zeroes 
this procedure reduces the number of symbols of the 
Sequence, which from a Statistic point of view will lead to an 
increase in the compression. 
0099 Nevertheless, as stated above, the output sequence 
of the XOR block 68, is expected to consist of a relatively 
large number of isolated ones. In order to exploit this type 
of bit pattern, an extension of the RLEID procedure has been 
developed, which is called extended RLEID. This developed 
procedure exploits the condition of isolated ones in Such a 
manner that, unlike the conventional RLEID procedure, 
each run of ones or Zeroes will include one transition at the 
end, i.e. that each run of ones will have one Zero as its last 
symbol and that this entire sequence will be coded with one 
Symbol and Vice versa. The technique is shown as an 
example in FIG. 7b, where the same sequence coded by 
means of the conventional RLEID in FIG. 7a is coded with 
the extended RLEID technique. Thus, for example, with the 
extended RLEID a run consisting of three binary zeroes 
followed by a binary one can be coded as 4B, i.e. a count of 
the length of the run and an indication of the first binary 
symbol in the run. In the examples of FIGS. 7a and 7b the 
number of isolated ones is relatively high and the number of 
runs needed to be coded have decreased from 20 in FIG. 7a 
to 11 in FIG. 7b. Thus, a Substantial reduction of informa 
tion has been achieved. It is also easily Seen that the use of 
the extended RLEID will always be Superior or at worst, in 
the case of no isolated ones or Zeroes at all, equal to the 
conventional RLE1D encoding technique. 
0100. The extended RLEID procedure is performed 
plane-by-plane in block 69, before the Sequence is transmit 
ted onto a channel. Experiments have shown that the 
described compression System is able to obtain moving 
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pictures of very good quality at 10-16 kbps, and under Some 
conditions bit rates down to 6-7 kbps have been obtained. 
0101 Finally, the method as described can easily be 
extended to lossleSS applications. In Such a case no planes 
are skipped, i.e. no bit planes are removed before the 
compression. Also, the threshold for the TX/NT operation is 
Set to Zero, i.e. all blocks which have changed are com 
pressed and transmitted. Thus, no distortions are introduced 
and the compression becomes lossleSS. 
0102) The same operation of the Gray code is used, since 
no planes are Skipped there is no need for a shift operation, 
i.e. the Gray code is applied directly in its proper lossleSS 
conditions. Then, the XOR operation and an entropy coding 
of all of the planes are applied. Different coding Schemes can 
be applied for different bit planes according to their different 
characteristics. For example, most significant bit planes have 
lower numbers of ones (isolated ones) and are more struc 
tured, whereas least significant bit planes have an almost 
equal number of ones and Zeroes, and this can be taken into 
account when choosing a proper coding Scheme. Also, as an 
option, an ME/MC scheme can be introduced. However, in 
most cases the improvement would be quite Small. 
0103) The lossless extension of the method is of interest 
for Some Specific applications. In the case of real-time lossy 
applications (video telephony, Video conference), the quality 
is good enough for the normal video communication, but is 
usually not good enough in Some specific cases, Such as the 
transmission of documents, or graphics and drawings. It is 
also not good enough for specific applications, Such as in the 
case when transmission is made for medical or legal reasons. 
In these cases a freeze of a particular image can be done and 
a lossleSS transmission can be set-up for that Specific image 
before Switching back to the normal conditions of real-time 
lossy communication, by means of only changing a few 
parameters in the compression algorithms, i.e. for the plane 
skipping and for the threshold for the transmit/not transmit 
(TX/NT) procedure. 
0104. Another field of application for the lossless coding 
is for Storage purposes. Huge amounts of memory is 
required for Storing Sequences, for example by television 
companies, multimedia producers, and network companies. 
MPEG I and iXPEG II standards are usually applied for 
reducing the memory occupation, but these techniques are 
lossy and introduce a degradation in the Sequences. In the 
case where no distortions are required and where Sequences 
need to be reproduced exactly with the same quality, lossleSS 
compression Systems are required. 
0105 Lossless still-image compression techniques can 
then be applied to each frame Separately, but no temporal 
redundancy, i.e. correlation between the frames, is taken into 
account in this case. The method and System as described 
herein provide a Solution to the problem, which not only is 
able to guarantee flexibility, including the possibility to 
introduce Smaller or larger amounts of distortion if higher 
compression ratioS are required, but which also is simple and 
which allows exploitation of temporal redundancy inside 
Sequences without an increase in the Signal to be processed. 

1. A method of lossy compression of a digitalized image, 
characterized by the Steps of 

representing the image with a bit plane representation, 
and 

Nov. 15, 2001 

reducing the information content in the image by remov 
ing at least the least Significant bit plane of the bit plane 
represented image. 

2. A method according to claim 1, characterized in 
that the remaining binary bit planes are shifted into the 

least significant positions and that the positions made 
vacant when the planes are shifted are padded with 
Zeroes, and 

that the pixels of the shifted bit planes are coded with a 
Gray code. 

3. A method according to claim 2, characterized in that an 
exclusive OR (XOR) operation is performed between the 
bits of two bit planes from the different images resulting in 
a third bit plane indicating the bits which are different 
between the two different bit planes. 

4. A method according to claim 3, characterized in that a 
binary output sequence from the XOR operation is divided 
into runs in Such a manner that there is one transition 
between the penultimate and the ultimate binary symbol in 
each run, and encoding each Such run by one code word. 

5. A device for compressing bit plane represented Video 
images, characterized by means for skipping the least Sig 
nificant bit plane or bit planes. 

6. A device according to claim 5, characterized by means 
connected to the skipping means for shifting the planes and 
for padding the positions made vacant when the planes are 
shifted with Zeroes, and by means for coding the pixels of 
the shifted bit planes with a Gray code. 

7. A device according to claim 6, characterized by means 
connected to the shifting and Zero padding means for 
performing an exclusive OR (XOR) operation between the 
bits of two bit planes from the different images resulting in 
a third bit plane indicating the bits which are different 
between the two different bit planes. 

8. A device according to claim 7, characterized by means 
connected to the Xor operation means for dividing a binary 
output Sequence from the XOR operation into runs in Such 
a manner that there is one transition between the penultimate 
and the ultimate binary Symbol in each run, and by means for 
encoding each Such run by one code word. 

9. A method of evaluating and/or exploiting the temporal 
redundancy of bit planes of two different bit plane repre 
Sented images, characterized in performing an exclusive OR 
(XOR) operation between the bits of two bit planes from the 
different images resulting in a third bit plane indicating the 
bits which are different between the two different bit planes. 

10. A method according to claim 9, characterized in that 
the exclusive OR (XOR) operation is performed on two 
corresponding bit planes having the same significance. 

11. A method according to one of claims 9-10, character 
ized in that the two images are two Successive images of a 
moving picture. 

12. A device for evaluating and/or exploiting the temporal 
redundancy of bit planes of two different bit plane repre 
Sented images, characterized by means for performing an 
exclusive OR (XOR) operation of the two different bit 
planes and for forming a third bit plane indicating the bits 
which are different between the two different bit planes. 

13. A device according to claim 12, characterized by 
means for performing the XOR operation on two Successive 
frames of a moving picture. 

14. A System for transmission of bit plane represented 
moving pictures comprising a transmitter and a receiver, 
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characterized in that the transmitter comprises means for 
skipping one or Several bit planes of an input bit plane 
represented moving picture, means connected to the skip 
ping means for shifting the pixels or the bit planes of Such 
a plane skipped image, means connected to the shifting 
means for padding the positions made vacant by the shifting 
of the pixels with Zeroes, means connected to the Zero 
padding means for coding and the pixels of the shifted bit 
planes with a Gray code, means connected to the Gray 
coding means for comparing two bit planes, of two different 
images using an exclusive OR (XOR) operation and for 
forming a third bit plane indicating the bits which are 
different between the two different bit planes, means con 
nected to the XOR operation means for coding and trans 
mitting an output Sequence from the XOR operation means 
with an entropy code and that the receiver comprises cor 
responding means for decoding and decompressing received 
pictures. 

15. A System according to claim 14, characterized by 
means connected to the Gray coding means for carrying out 
a Segmentation of a plane skipped image, and for performing 
a transmit/not transmit (TX/NT) operation on Such a seg 
mented image. 

16. A System according to claim 14, characterized by 
means connected to the Gray coding means for carrying out 
a Segmentation of a plane skipped image, means for per 
forming a motion estimation (ME), and means for perform 
ing a transmit/motion compensation/not transmit (TX/MC/ 
NT) operation on Such a segmented image. 
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17. A method of encoding a sequence of binary Symbols, 
characterized in that the binary Sequence is divided into runs 
in Such a manner that there is one transition between the 
penultimate and the ultimate binary Symbol in each run and 
encoding each Such run by one code word. 

18. A device for encoding a sequence of binary Symbols, 
characterized by means for dividing the binary Sequence into 
runs in Such a manner that there is one transition between the 
penultimate and the ultimate binary Symbol in each run and 
by means for encoding each Such run by one code word. 

19. A method of lossleSS compression of moving pictures 
comprising the Step of bit plane representing the frames of 
a moving picture, charactarized in that an XOR operation is 
performed between a first bit plane of a first frame of the 
moving picture and a corresponding bit plane of a Second 
frame resulting in a third bit plane, and that the third bit 
plane is used instead of the Second bit plane in further 
compression processing. 

20. A device for lossleSS compression of bit plane repre 
Sented moving pictures, characterized by means for per 
forming an XOR operation between a first bit plane of a first 
frame of the moving picture and a corresponding bit plane 
of a Second frame resulting in a third bit plane, and by means 
for outputting the third bit plane instead of the second bit 
plane to any other means arranged for further compression 
processing. 


