
WO 2006/128251 PCT/AU2006/000759  MATRIX COMPRESSION
ARRANGEMENTS This invention relates to utilising image
compression and reconstruction 5 algorithms for
transmission and reception of data that can be
represented as a  numerical matrix or a sequence of
numerical matrices in bandwidth limited  channels. The
method and algorithms described herein may reduce data
size  to such an extent that data that was considered
too large to be practically  transmitted in a useful
time frame can be transmitted in real or near real
time. 10 The algorithms can be applied to data
communications for a variety of sensor,  electronic
and information systems.. BACKGROUND OF THE INVENTION
15 This specification describes an advance in the
compression and reconstruction  of data that can
typically be represented as a matrix or a sequence of
matrices.  Each matrix may then be represented
graphically. Such data is typically  analysed and
represented in one or more ways to assist in its
interpretation by  a human or a computer programmed to
provide assistance in such matters. 20 Such data could
relate to a multitude of matters. It is a truism that
the larger the amount of data collected by one or more
sensors the more accurate and useful the analysis of
that data into information  will be. Therefore, it is
one thing to collect data that once analysed could be
of 25 use, the challenge is often how the data
collected is going to be communicated  to where it can
be analysed and then used in the most appropriate
manner.  Low data communication bandwidths exist for
one or more reasons for many  communications systems
and the data to be transmitted can thus take 30
inordinate periods of time to transmit because of the
low data rate achievable WO 2006/128251
PCT/AU2006/000759  2 



on the channel. Even when communication channels of
adequate bandwidth  are available, the priority of the
data may be such that it is not of adequate  benefit
to devote that available bandwidth to the task of
communicating the  data to where it may be of greatest
value. 5 In this specification a potential solution to
this problem is. described that uses,  compression and
reconstruction algorithms to enable the transmission
of data  that can be represented as a numerical matrix
or a sequence of images, this is  true for any data
that can be represented as a numerical matrix or a
sequence  10 of matrices. The algorithms disclosed may
reduce data size for some applications to such an
extent that sensors or electronic systems that were
considered to provide so much data as to be
impractical for transmission on  available channels in
a useful time frame can now transmit their data in
real  time or within an acceptable time. 15 BRIEF
DESCRIPTION OF THE INVENTION In a broad aspect of the
invention a method of compression of digital data
representative of a first numerical matrix, said
representation containing  20 scalable data, the
method consisting of the steps of: a) creating a
representation of a scale associated with said first
numerical matrix, and b)  compressing said digital
data representative of said first numerical matrix and
associating a representation of said scale with said
compressed data. 25 In a broad aspect of the invention
a method of reconstructing digital data
representative of a first numerical matrix containing
scalable data, the method  consisting of the steps of:
c) receiving compressed data representative of said
first numerical matrix and receiving a representation
of a scale associated  with said first numerical
matrix representation, d) decompressing said data 



WO 2006/128251 PCT/AU2006/000759  3 representative of
said first numerical matrix: and e) mapping said
decompressed data with said representation of said
scale to reconstruct data  representative of said
first numerical matrix. 5 In a preferred aspect of the
invention the step of creating a representation of a
scale includes the step of determining the maximum and
minimum values of  said digital data representative of
said numerical matrix and creating a  representation
of those values, which are the values themselves or a
ratio of  those values. 10 In yet a further aspect of
the invention a method of reconstruction of the first
numerical matrix according to claim 2 includes the
further step of: applying said values themselves or
the ratio of those values to each  decompressed. data
value to provide data representative of a version of
said  15 first numerical matrix wherein N is a matrix
with real number entries, and x and y are the maximum
and minimum entries of N respectively which  represent
the first numerical matrix, A is a matrix of the same
size that  represents the compressed first numerical
matrix file of N and a and b are the  maximum and
minimum entries of A respectively, the matrix P, the
20 reconstruction of matrix N from the compressed
numerical matrix A, of the  same size can is
constructed so that its i-th row and j-th column entry
are:  PQ J)= (A(z>J) b) (xy) +y a-b  25 such that P
has the property of max(P(i, j), all i and j} = x,
min{P(i, j), all i and  j} = y to create a numerical
matrix substantially the same as the original. In a
further aspect of the invention a method according to
any preceding  



claim wherein said first matrix consists of a
plurality of data points the WO 2006/128251
PCT/AU2006/000759  4 method consists of the further
step of determining the quality of the  reconstructed
data measured by the mean error and standard deviation
in a  set of data points of the difference of an data
point from the first numerical  matrix compared with a
reconstructed data point. 5 In a further aspect of the
invention the method consists of the further step of
predetermining the quality factor for the compression
or compression ratio so  as to allow the transmission
of data through the available bandwidth and
determining the quality of the data reconstructed with
the chosen quality 10 factor. In a further aspect of
the invention the method consists of the further step
of  predetermining the quality factor for the
compression so as to allow the  transmission of data
through a predetermined data transmission bandwidth 15
and predetermining the quality of the data
reconstructed with the  predetermined quality factor.
In yet a further aspect of the invention the method
consists of the further step  of: determining the
largest quality factor for compression of the first 20
numerical matrix based on the largest data
transmission bandwidth available  for transmission of
data representing the compressed first numerical
matrix.  In a further aspect of the invention the
method consists of the further step of  determining
the largest or smallest quality factor for compression
of the first 25 numerical matrix based on
predetermined upper bounds of mean error and  standard
deviation of the value of a data point in a
reconstructed first  numerical matrix. 



WO 2006/128251 PCT/AU2006/000759  5 In a further
aspect of the invention the method consists of the
further step of:  determining the size of the
compressed data; and determining the bandwidth  of the
data transmission required for transmission of data
representing the  compressed first numerical matrix. 5
In a further aspect of the invention the data
compression algorithm is  JPEG2000. In yet a further
aspect of the invention the data consists of a
sequence of sub- 10 data sets, where each sub-data set
can be represented as a numerical matrix  and each
sub-data set is intended to be transmitted to a remote
user in real- time or near real-time. The methods
described herein can be used in conjunction with data
15 communications algorithms such as those utilising
short messages which are  the subject of a separate
patent application in the name of the same applicant
and filed on the same day under the title of Messaging
Method as this  specification and which is
incorporated herein by reference. 20 A specific
embodiment of the invention will now be described in
some further  detail with reference to and as
illustrated in the accompanying figures. This
embodiment is illustrative and it should not restrict
the scope of the invention  or its application in
other environments or applications. Suggestions and
descriptions of other embodiments may be included
within the scope of the 25 invention but they may not
be illustrated in the accompanying figures or
alternatively features of the invention may be shown
in the figures but not  described in the
specification. WO 2006/128251 PCT/AU2006/000759  



6 BRIEF DESCRIPTION OF THE FIGURES Fig 1 depicts steps
for the compression of a data matrix. 5 Fig 2 depicts
steps for the reconstruction of a data matrix. Fig3
depicts an embodiment of the flow diagram of the
method of the  invention. Fig 4 illustrates an example
of the original, compressed and reconstructed  data
sets using the method of the invention. 10 DETAILED
DESCRIPTION OF AN EMBODIMENT OF THE INVENTION  In this
specification, the disclosure describes a way to
reduce the quantity of  data sent from sensors or
electronic systems that can be distributed across to
15 and between the nodes of a network through use of
numerical matrix  compression and reconstruction steps
that use one or more compression and  reconstruction
algorithms. To enable less data than was originally
created by a sensor to be sent over a  20
communications link it is necessary to firstly
compress the available data at  the sending end of the
link and then finally once the compressed data is
received at the other receiving end of the link to
reconstruct the original data  from the compressed
received data and the quality of the reconstruction
can  be controlled between faithful reproduction of
the original data to useful 25 reproduction having
acceptable deficiencies referred to as a quality
control  factor that can be set by the user to suit
the purposes at hand. The link is left  to ensure that
all of the compressed data has been accurately
transmitted over  the link and in the event that the
quality of the link causes errors or omissions WO
2006/128251 PCT/AU2006/000759  7 



of data received then the quality of the
reconstruction may be further  reduced. A ratio of the
quantity of sent data over the quantity of original
data is  5 preferably as low as possible and when the
described methods and  algorithms are used, the low
ratios obtained are such that quantities of data  that
were considered to be too large to be practically
transmitted to other  users or systems in a useful
time frame can now be transmitted in real or near
real time while retaining the critical characteristics
of the original data. 10 The methods disclosed are
applicable to data communications applications  for a
variety of electronic and information systems.
Statistical analysis of the  methods and algorithms is
provided in this specification to quantify the
difference between the original data and the
reconstructed data that become 15 available at the
remote system or user (in the main the end user is
referred to  herein but this is not intended to limit
the scope of the description or the  claims appended
hereto when the end point could be a remote system).
Various values of quality control factor can be
applied in the compression 20 alogorithms described
herein so as to achieve various data size reductions,
keeping in mind that extreme quality control
reductions could affect the  usability of the
recovered data even though the smaller data sizes are
more  amenable to the available communication
bandwidths. 25 One feature of the methods and
algorithms presented in this specification is  that
the reconstruction process preserves predetermined
aspects of the  original data, which could in one
example be the maximum and minimum  signal reading
levels of a sensor. The preservation of this type or
characteristic  in a sensor data collection and
distribution process allows the end user to WO
2006/128251 PCT/AU2006/000759  



8 undertake the typical processing available at a
network node, so that even  though the data size of
communicated data is substantially lower than was  the
prior case, the user does not treat the data any
differently to provide the  same end result as if the
original digital representation of the original data
5 was available to them. The analysis provided in this
specification shows that when the data is a  numerical
matrix which has a plurality of data points wherein
the numerical  matrix represents an image, its
reconstructed numerical matrix representation 10 is
not substantially different to the original data
representation of the  numerical matrix so the
practical effect is that there is no significant
difference  to the outcome of the task preformed by
the remote system or user. Matrix Compression and
Reconstruction  15 Compression and reconstruction
algorithms for any data set that can be  represented,
as a matrix or a sequence of matrices is described.
Such data can  for example be represented as an image
or a sequence of images. Image  compression and
reconstruction algorithms are discussed to assist the
reader 20 but are not intended to limit the scope of
the claimed invention. A rigorous  statistical
analysis of the errors caused by the compression and
reconstruction  algorithms is also provided with
mathematical measures for the errors  provided and
again analysis is used to assist the reader to better
appreciate  the benefits of the methods and algorithms
described by way of example in 25 this specification.
The mathematical measures described are in no way
intended to limit the scope of the claimed invention.
WO 2006/128251 PCT/AU2006/000759  9 



Compression and Reconstruction of Data Matrices By way
of example, two types of data are considered: i)
single data set that  can be represented as a
numerical matrix; and ii) data that consists of a
sequence of sub-data sets, where each sub-data set can
be represented as a 5 numerical matrix; each sub-data
set is intended to be transmitted to a remote  user in
real-time or near real-time; wherein the received
sub-data set may or  may not be manipulated to
generate desired data forms. If one can transmit,
without any errors, a data set that can be represented
as a  10 numerical matrix produced by system A to a
remote end user B, then end user  B will have the same
information as that at system A. As a matter of fact,
B  will have the capacity to generate all the desired
data formats, exactly as the  information generator at
system A can do. Thus theoretically, after receiving
the error-free numerical matrices, the end user B has
exactly the same 15 information as the system that
generates the numerical matrices. This would  be the
ideal case when there is ample communication bandwidth
available for  this purpose between system A and end
user B. However, for many  applications, the
communication bandwidth is often limited, which
requires  exploration of the possibilities for
reducing the size of the data to be 20 transmitted so
as to cater for the available communication bandwidth,
at the  same time, maintaining the quality of the
received data to a level acceptable to  the end user.
In an example, a numerical matrix F can represent an
image in system A or  25 generated in system A. An
image compression algorithm can be applied to  reduce
the size of the data representing the image and thus a
smaller version  of the image can be transmitted
through the communication channel to the  end user.
Upon receipt of the compressed image data the end user
could then  convert the received data back into a
numerical matrix G. 



WO 2006/128251 PCT/AU2006/000759  10 However it is not
enough to merely compress the image by applying known
compression algorithms because this process is
typically a lossy  transformation which discards
information in the original data that is not 5
recoverable when the transformation is reversed by a
decompression and by  way of example it may be that
one or more signal levels contained in the  image are
lost or distorted. If a reconstruction process is to
be applied so as to  preserve such information then
the compression algorithm should ideally not  discard
the relevant information in the first place. Known
image compression 10 algorithms however do not
discriminate between one part of an image and  another
so there will be a possibility that signal reading
level will be affected  and become unrecoverable.
Furthermore although non-lossy compression techniques
exist they output  15 data files still too large for
transmission in the real or near real time periods
desirable. With appropriate selection of the
compression algorithm, the method of the  invention
includes applying the selected algorithm and its
associated quality  20 control factor and the
difference between F and G, after the reconstruction
(recompression) process, can be controlled to a level
that is acceptable to the  end user while preserving
critical signal level values. A number of compression
algorithms as described herein may be utilised to  25
compress digital data represented in image format,
Image compression algorithms utilising JPEG2000 (Joint
Photographic Experts  Group 2000) format have been
widely used in the compression of many types  of
images with great success. It employs the mathematical
tool wavelets WO 2006/128251 PCT/AU2006/000759  



11 instead of discrete cosine transforms. Wavelets
have been applied in a  number of areas taking
advantage of their inherent power of examining the
details of a signal at multiple levels. When
compressing an image using  JPEG2000 that is just a
numerical matrix, a parameter called Quality Factor 5
(QF) can be set. This QF will determine the
compression rate, and thus the  quality of the
recompressed image. QF can range between the values of
0 and  100. The recompressed image quality increases
with an increase of the QF  used when compressing the
original image. In accordance with this  invention, so
as to preserve critical signal levels, the compressed
image has 10 scaled signal-reading values ranging from
0 to 2P for any QF where p is the bit- depth selected.
There are many other usable image compression
algorithms some of which  are PNG (Portable Network
Graphics), GIF (Graphic Interchange Format),  15 TIFF
(tagged Image File Format), PDF (Portable Document
Format), BTPC (Binary Tree Predictive Coding), EPIC
(Efficient Pyramid Wavelet Coder),  Hcompress (wavelet
image compression) and DCT (Discrete Cosine
Transforms) algorithms. 20 Referring to the flow chart
of Fig.1 the steps for the compression of a data
matrix are illustrated. The first step, Step 2 is to
select the matrix N to be transmitted, where N
represents the original data set which contains data
points. 25 Step 4 is to find the maximum and minimum
entries x = max (N) and y = min  (N) of scalable data
in the matrix. WO 2006/128251 PCT/AU2006/000759  12 



Step 6 is to select the image compression algorithm
and associated quality  factor and if required the bit
depth. Step 8 is to compress N using a selected image
compression algorithm to  5 obtain a compressed image
file A. Step 10 is to transmit x, y and A to a
receiver being a remote user, node or  system. 10 The
invention deals with the potential loss of
predetermined essential  information. This leads to
the next phase, namely, image reconstruction,  which
involves the mapping of certain predetermined values
(such as for  example maximum and minimum signal level
readings) of the compressed  image back into the range
of those of the original data matrix. The following 15
is a generic procedure that can be applied to the
reconstruction process of any  compressed image
utilising an image compression algorithm. The Mapping
Procedure for the Reconstruction of a Compressed
Image: Let N be a matrix with real number entries, and
let x and y be the maximum  20 and minimum entries of
N respectively. Let A be the matrix of the same size
that represents the compressed image file of N and let
a and b be the  maximum and minimum entries of A
respectively.. The matrix P, the  reconstruction of
matrix N from the compressed image A, of the same size
can  then be constructed in such a way that its i-th
row and j-th column entry are  25 as follows: P(i>.7)
= (A(i,.1)-b) (x-y) +Y (1)  a-b WO 2006/128251
PCT/AU2006/000759  13 Where P will have such
properties as max{P(i, j), all i and j} = x, min{P(i,
j), all  i and j} = y and B = N - P the difference of
N and P contains only the errors  



introduced by the compression algorithm and the
quantisation process. 5 Equation (1) defines a linear
mapping which does not introduce any  additional
error. In the whole image compression and
reconstruction process,  there are only two stages
involved, namely, compression with quantisation  being
part of the process and reconstruction using equation
(1). Therefore,  non-zero entries of B are the result
of the errors caused by the compression 10 algorithm,
which is the loss of information due to the
compression algorithm  used to reduce the data size,
and the consequent quantisation of data in the
original matrix. If N is transmitted to an end user, B
may also contain errors caused by the  15
communication channel used for the transmission. The
flow chart of Fig. 2 illustrates steps for the
reconstruction of a data matrix.  The first step, Step
12 is to receive x, y and A (compressed image file)
where  20 [x, y] represents the scale in the original
data set N. Step 14 is where the receiver determines
the maximum and minimum entries  a = max (A) and b =
min (A). 25 Step 16 is where the receiver applies the
described mapping procedure of the  reconstruction of
a compressed numerical matrix to obtain a matrix P the
reconstruction of matrix N. WO 2006/128251
PCT/AU2006/000759  14 Mathematical Measures for
Quantifying the Difference The difference between the
reconstructed matrix and the original matrix  depends
upon the compression algorithm employed and the
quality control  factor chosen. Provided below are
mathematical measures to quantify the 5 difference.
Let C = abs(B) = abs(N - P) (2)  



that is, a matrix of the same size as B with each
entry being the absolute value  10 of the
corresponding entry of B. C gives absolute error of
the signal reading value for each pixel between the
original image and the reconstructed one.  Then it is
possible to calculate the mean and variance of the
entries of C that  are the mean and variance of the
errors in a pixel. If there are a number of  images of
the same type available, it is possible to go through
the compression 15 and reconstruction process for all
images available and then calculate mean  and variance
for all entries of all the images. Since the number of
samples is  much larger, the mean and variance are
expected to be more statistically  consistent. 20
Another way to examine the difference between the
original data set and the.  one obtained from the
reconstruction of the compressed data is to define a,
measure B=N-P. (3)  It is possible to evaluate the
mean and standard deviation of the entries of B  25
that represents the difference between the original
and the reconstructed data  sets. The statistical
distribution of the entries of B can be estimated. If
it is  approximately a normal distribution, the
probabilities that the error in a data WO 2006/128251
PCT/AU2006/000759  15 point (which for example using
an image as the source of the numerical  matrix
equates a pixel value to a data point value) falls
into various gates can  be obtained. For a normal
distribution N(g a), the probabilities of a data point
falling within the interval [u - ka, p + kal are
0.6827, 0.9543 and 0.9973 5 respectively for k = 1, 2
and 3. Let V be numerical value at a pixel in the
original data, then V' the numerical value at the same
pixel in the  



reconstructed data set satisfies V+,u-ka<-V'<-V+p+ka
(4)  with probability 0.6827, 0.9543 and 0.9973 for k
=1, 2 and 3 respectively.   10 ka,  + ka and the upper
bound that is defined as max{ I  - ka I +  ka I }for k
=1, 2 and 3 can be evaluated with the estimated  and
a. For a given data format, the compression and
reconstruction process can be  applied to the data set
or all the sub-data sets with a suitable range of QFs.
15 The compressed file sizes for all the QFs can be
recorded and used for the selection of appropriate QF
such that the compressed data can be transmitted
using a communications link with a particular
bandwidth. The data point  (pixel) error mean and
standard deviation between the original data set and
the one obtained from the reconstruction of the
compressed data may also be  20 derived. If the
communication bandwidth is known, one can find the
largest QF value  such that the file size of the
compressed data using JPEG2000 with that QF  value is
less than the known bandwidth. Then one can find the
mean error 25 and standard deviation in a pixel in the
reconstructed data for that QF value.  On the other
hand, one may set upper bounds that are appropriate
for a  particular application on the mean error and
standard deviation in a data  point (pixel) in the
reconstructed data. One may find the smallest QF value
WO 2006/128251 PCT/AU2006/000759  16 such that the
mean and standard deviation in a data point (pixel) in
reconstructed form is within the set bounds. One can
then find out the mean  compressed data size that can
be used to identify the communication  bandwidth
requirement for this application. That is, the
algorithms can be 5 customised for specific
applications. 



The flow chart of Fig. 3 illustrates the steps for the
compression and  reconstruction of a data matrix. 10
Step 18 is to select the matrix N to be transmitted,
and then find the maximum  and minimum entries x = max
(N) and y = min (N) of the scalable data in the
matrix. Step 20 is to select the image compression
algorithm and associated quality  15 factor and if
required the bit depth, etc. Step 22 is to compress N
using the image compression algorithm to obtain the
compressed image file A. 20 Step 24 is to transmit x,
y and A to a receiver being a remote user, node or
system. Step 26 is where the receiver determines the
maximum and minimum entries  a = max (A) and b = min
(A) and applies the described mapping procedure of  25
the reconstruction of a compressed numerical matrix,
which may be represented as a digital image, to obtain
a matrix P the reconstruction of  matrix N. WO
2006/128251 PCT/AU2006/000759  17 In an embodiment a
method of compression of digital data representative
of a  numerical matrix such as an image containing
scalable data is used and the  method consists of the
steps; a) creating a representation of a scale
associated  with the numerical matrix; b) compressing
the digital data representative of 5 the numerical
matrix; and c) associating a representation of the
scale with the  compressed data. In the above
embodiment the method of reconstructing digital data
representative of a numerical matrix containing
scalable data, consists of the  10 steps of a)
receiving compressed data representative of the
numerical matrix, 



b) receiving a representation of a scale associated
with the numerical matrix  representation, c)
decompressing the data representative of the numerical
matrix and d) mapping the data with the representation
of the scale to create a  version of the data
representative of the numerical matrix. 15 The step of
creating a representation of a scale includes the step
of  determining the maximum and minimum values of the
digital data  representative of said numerical matrix
and creating a representation of those  values, which
are the values themselves or a ratio of those values.
20 An example is provided below to illustrate the
effect of the matrix  compression algorithm on an
image which can be represented as a numerical  matrix
M having 90 rows and 160 columns. The entries of M are
all positive  real numbers with maximum and minimum
entries 49.76 and 91.05 25 respectively as determined
from the scale shown on the right hand side of the
top left plot in Fig. 4 (marked "original"), which is
a graphical presentation of  M. The top right plot of
Fig. 2 (marked "compressed") is the compressed  image
file of M using JPEG2000 with QF = 16 and bit-depth 8.
As indicated on  the scale on the right hand side of
the compressed image, the entries in the WO
2006/128251 PCT/AU2006/000759  18 compressed file
ranges from 0 to 256. The bottom plot in Fig. 4
(marked  "reconstructed") shows the reconstructed
matrix data that is essentially the.  same as the
original data matrix M since the mean, and standard of
the  difference are 0.21 and 0.27 respectively. The
file size of M is 118 Kbytes while 5 that of the
reconstructed data is only 2.66 Kbytes. That is the
compressed data  is approximately 1/50 of the size of
M requiring much less bandwidth to  



transmit but when reconstructed holds the essential
information that makes  the image usable by the
receiver. 10 These techniques can be applied to data
generated by a variety of sensor,  electronic and
information systems. Thus potential applications of
the  algorithms described herein include but are not
limited to, exchanging sensor,  electronic and
information systems data among the nodes of a network
connected through various communication means. The
various 15 communication channels may include optic
fibre or wire cables, RF links and  satellite up/ down
links with different availability, bandwidth and
reliability.  The compression and reconstruction
algorithms enable a useful reduction of  the size of
data to be transmitted and hence make it possible for
the exchange  of data generated by such systems in
real time or close to real time or at least  20 offer
an alternative, to current techniques. It will be
appreciated, by those skilled in the art that the
invention is not  restricted in its use to the
particular application described. Neither is the
present invention restricted in its preferred
embodiment with regard to the 25 particular elements
and/ or features described or depicted herein. It will
be  appreciated that various modifications can be made
without departing from  the principles of the
invention. Therefore, the invention should be
understood to include all such modifications within
its scope. 19  THE CLAIMS DEFINING THE INVENTION ARE
AS FOLLOWS: 1. A method of compression of digital data
representative of a first numerical matrix,  5 said
representation containing scalable data, the method
comprising of the steps of: a) creating a
representation of a scale associated with said first
numerical matrix,  and b) compressing said digital
data representative of said first numerical matrix and



associating a representation of said scale with said
compressed data. 10 2. A method of compressing digital
data representative of a first numerical matrix
according to claim I wherein creating a representation
of a scale includes determining the  maximum and
minimum values of said digital data representative of
said first numerical  matrix and creating a
representation of those values which are the values
themselves or a ratio  15 of those values. 3. A method
according to claim I wherein the method comprises of
the further step of:  predetermining the quality
factor for the compression so as to allow the
transmission  of data through a predetermined data
transmission bandwidth and predetermining the quality
20 of the data reconstructed with the predetermined
quality factor. 4. A method according to claim 1
wherein said first numerical matrix comprises of a
plurality of data points the method comprises of the
further steps of: 25 c) decompressing the compressed
data; d) mapping the decompressed data with the
representation of scale to reconstruct data
representative of the first numerical matrix; and e)
determining the quality of the reconstructed data
measured by the mean error and  standard deviation in
a set of data points of the difference of an data
point from the first 30 numerical matrix compared with
a reconstructed data point. 5. A method according to
claim I comprising of the further step of: determining
the largest quality factor for compression of the
first numerical matrix  35 based on the largest data
transmission bandwidth available for transmission of
data  representing the compressed first numerical
matrix. 20  6. A method according to claim I wherein
said first numerical matrix comprises of a  plurality
of data points the method comprising of the further
step of: determining the largest or smallest quality
factor for compression of the first  



numerical matrix based on predetermined upper bounds
of mean error and standard deviation  5 of the value
of a data point in a reconstructed first numerical
matrix. 7. A method according to claim 6 wherein the
method comprises of the further step of,  determining
the size of the compressed data; and determining the
bandwidth of the data transmission required for
transmission of data  10 representing the compressed
first numerical matrix. 8. A method according to any
preceding claim wherein JPEG2000 is used to compress
digital data. 15 9. A method according to any
preceding claim wherein data to be compressed
comprises  of a sequence of sub-data sets, where each
sub-data set can be represented as a numerical
matrix; each sub-data set is transmitted to a remote
system or user in real-time or near real- time. 20 10.
A method of reconstructing digital data representative
of a first numerical matrix  containing scalable data,
the method comprising of the steps of: a) receiving
compressed data representative of said first numerical
matrix; b) receiving a representation of a scale
associated with said first numerical matrix
representation before compression; 25 c) decompressing
said data representative of said first numerical
matrix; and  d) mapping said decompressed data with
said representation of said scale to  reconstruct data
representative of said first numerical matrix. 11. A
method according to claim 10 includes the further step
of. 30 applying said values themselves or the ratio of
those values to each decompressed  data value to
provide data representative of a version of said first
numerical matrix wherein N  is a matrix with real
number entries, and x and y are the maximum and
minimum entries of N  respectively which represent the
first numerical matrix, A is a matrix of the same size
that  represents the compressed first numerical matrix
file of N and a and b are the maximum and 35 minimum
entries of A respectively, the matrix P, the
reconstruction of matrix N from the  



compressed numerical matrix A, of the same size can is
constructed so that its i-th row andj- th column entry
are: 21  P(i,j) = (A(i,j)a b) (xy) +Y such that P has
the property of max {P(i, j), all i and j } = x, min
{P(i, j), all i and j} =y to  5 create a numerical
matrix substantially the same as the original. 12. A
method according to claim 11 wherein the digital data
representative of a first  numerical matrix consist of
successive matrices of a sensor or electronic system
that create  data sets representative of
characteristics detected by the sensors or electronic
systems. 10 13. A method according to claim 10
comprising of the further step of. determining the
quality of the reconstructed data measured by the mean
error and  standard deviation in a set of data points
in the first numerical matrix of the difference of an
original data point compared with a reconstructed data
point. 15 


