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METHOD AND APPARATUS FOR RECOVERY OF ENCODED DATA USING

CENTRAL VALUE

BACKGROUND OF THE INVENTION
1. Field of the Invention

The present invention relates to encoding of data to provide for robust
error recovery due to data losses typically incurred during transmission or

storage of signals.

2. Art Background

A number of techniques exist for reconstructing lost/damaged data due
to random errors that may occur during signal transmission or storage.
However, these techniques are limited at handling the loss of consecutive
packets of data. Consecutive loss of packets of data is described in the art as
burst error. Burst errors may result in a reconstructed signal with such a
degraded quality that it is easily apparent to the end user.

Additionally, compression methodologies used to facilitate high speed
communications compound the signal degradation caused by burst errors, thus
adding to the degradation of the reconstructed signal. Examples of burst error
loss affecting transmitted and/or stored signals is seen in high definition
television ("HDTV") signals, mobile telecommunication applications, as well as
video storage technologies including compact disc (CD), video disk (e.g.,
DVD), and video cassette recorders (VCRs).

In one application, the advent of HDTV has led to television systems
with a much higher resolution than the current standards proposed by the
National Television Systems Committee ("NTSC"). Proposed HDTV signals are
predominantly digital. Accordingly, when a color television signal is
converted for digital use the luminance and chrominance signals can be
digitized using eight bits. Digital transmission of NTSC color television so
encoded requires a nominal bit rate of about two hundred and sixteen megabits

per second. The transmission rate is greater for HDTV which would nominally
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require about 1200 megabits per second. Such high transmission rates are well
beyond the bandwidths supported by current wireless standards. Accordingly,
an efficient compression methodology is required.

Compression methodologies also play an important role in mobile
telecommunication applications. Typically, packets of data are communicated
between remote terminals in mobile telecommunication applications. The
limited number of transmission channels in mobile communications requires
an effective compression methodology prior to the transmission of packets. A
number of compression techniques are available to facilitate high transmission
rates.

Adaptive Dynamic Range Coding ("ADRC") and Discrete Cosine
Transform ("DCT") coding provide image compression techniques known in
the art. Both techniques take advantage of the local correlation within an
image to achieve a high compression ratio. However, an efficient compression
algorithm can result in compounded error propagation because errors in an
encoded signal are more prominent when subsequently decoded. This error
multiplication can result in a degraded video image that is readily apparent to

the user.

SUMMARY OF THE INVENTION

The present invention provides a method for compressing data by
determining a central value that is greater than the minimum value and less
than the maximum value of the range of data. In one embodiment, the central
value is chosen to be a value that substantially reduces a decoding error in the
event that the range of values is subsequently estimated. In one embodiment,
the central value is the value that minimizes the expected mean square error
during reconstruction when there is an error. In one embodiment, the
maximum and minimum values represent intensity data for pixels of an image.
In another embodiment, the compression process is Adaptive Dynamic Range
Coding, and the central value is a value within the dynamic range, excluding

the maximum and minimum values.
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BRIEF DESCRIPTION OF THE DRAWINGS

The objects, features and advantages of the present invention will be
apparent from the following detailed description in which:

Figure 1A shows an embodiment of the signal encoding, transmission,
and subsequent decoding processes.

Figures 1B and 1C show embodiments of the present invention
implemented as software executed by a processor.

Figures 1D and 1E show embodiments of the present invention
implemented as hardware logic.

Figure 2 illustrates an embodiment of a packet structure.

Figures 3A and 3B show the difference between the actual and
recovered Qcode levels when the dynamic range (DR) is overestimated

according to one embodiment.

DETAILED DESCRIPTION

The present invention provides a method for coding and arranging a
signal stream to provide for a robust error recovery and methods for
performing error recovery. In the following description, for purposes of
explanation, numerous details are set forth, in order to provide a thorough
understanding of the present invention. However, it will be apparent to one
skilled in the art that these specific details are not required in order to practice
the present invention. In other instances, well known electrical structures and
circuits are shown in block diagram form in order not to obscure the present
invention unnecessarily.

The following is described in the context of Adaptive Dynamic Range
Coding (ADRC) encoded video images, and more particularly the recovery of
lost or damaged (lost/damaged) compression parameters such as dynamic
range (DR). However, it is contemplated that the present invention is not
limited to video, not limited to ADRC encoding, and not limited to the

particular compression parameters generated. Rather, it will be apparent that
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the present invention is applicable to different compression technologies, and
different types of correlated data, including, but not limited to, two-
dimensional static images, hologram images, three-dimensional static images,
video, two-dimensional moving images, three dimensional moving images,
monaural sound, and N-channel sound. The present invention is also
applicable to different compression parameters including, but not limited to,
the central value (CEN) which may be used in ADRC processes. In addition,
the present invention is applicable to different types of ADRC processes
including edge-matching and non edge-matching ADRC. For further
information regarding ADRC, see “Adaptive Dynamic Range Coding Scheme
for Future HDTV Digital VTR”, Kondo, Fujimori, Nakaya, Fourth International
Workshop on HDTV and Beyond, September 4-6, 1991, Turin, Italy.

The signal encoding, transmission, and subsequent decoding processes
are generally illustrated in Figure 1A. Signal 100 is a data stream input to
Encoder 110. Encoder 110 can follow the Adaptive Dynamic Range Coding
(“ADRC”) compression algorithm and generate Packets 1, ...N for transmission
along transmission Media 135. Decoder 120 receives Packets 1, ...N from
Transmission Media 135 and generates Signal 130. Signal 130 is a
reconstruction of Signal 100.

Encoder 110 and Decoder 120 can be implemented a variety of ways to
perform the functionality described herein. In one embodiment, Encoder 110
and/or Decoder 120 are embodied as software stored on media and executed
by a general purpose or specifically configured computer or data processing
system, typically including a central processing unit, memory and one or more
input/output devices and co-processors, as shown in Figures 1B and 1C.
Alternately, the Encoder 110 and/or Decoder 120 may be implemented as logic
to perform the functionality described herein, as shown in Figures 1D and 1E.
In addition, Encoder 110 and/or Decoder 120 can be implemented as a
combination of hardware, software or firmware.

Embodiments of circuits for encoding and recovering lost/damaged

compression parameters are shown in Figures 1B and 1C. The methods
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described herein can be implemented on a specially configured or general
purpose processor system 170. Instructions are stored in the memory 190 and
accessed by the processor 175 to perform many of the steps described herein.
An input 180 receives the input bitstream and forwards the data to the
processor 175. The output 185 outputs the data. In Figure 1B, the output may
consist of the encoded data. In Figure 1C, the output may consist of the
decoded data, such as image data decoded once the compression parameter is
recovered, sufficient to drive an external device such as display 195.

In another embodiment, the output 185 outputs the recovered
compression parameter. The recovered compression parameter is then input to
other circuitry to generate the decoded data.

An alternate embodiment of the circuits for encoding compression
parameters and recovering lost/damaged compression parameters are shown
in Figures 1D and 1E. The methods described herein may be implemented in
specially configured logic, such as Application Specific Integrated Circuits
(ASIC), large scale integration (LSI) logic, a programmable gate array, or one or
Iore processors.

Figure 2 illustrates one embodiment of data structure or packet structure
300 used for the transmission of the data across point-to-point connections as
well as networks. Packet structure 300 is generated by encoder 110 and is
transmitted across transmission/storage media 135. For one embodiment,
packet structure 300 comprises five bytes of header information, eight DR bits,
eight CEN bits, a motion flag bit, a five bit threshold index, and 354 bits of Q
codes. The packet structure described herein is illustrative and may typically
be implemented for transmission in an asynchronous transfer mode ("ATM")
network. However, the present invention is not limited to the packet structure
described and a variety of packet structures that are used in a variety of
networks can be utilized.

In one embodiment, data structure 300 is stored in a computer readable
memory, so that data structure 300 can be accessed by a program being

executed on a data processing system. The data structure 300 stored in the
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memory includes a dynamic range data object (DR) and a central value data
object (CEN) associated with the dynamic range data object. The central value
data object has a value that is greater than a minimum value of the dynamic
range data object, and less than a maximum value of the dynamic range data
object. The central value data object substantially reduces a decoding error in
the event that the dynamic range data object is estimated. Each data structure
300 may be a packet structure.

As noted above, the exemplary system and apparatus described above
may be used to encode images, such as video or moving images, using ADRC.
ADRC has been established as a feasible real-time technique for coding and
compressing images in preparation for constant bit-rate transmission.

The discrete data points that make up a digital image are known as
pixels. Each pixel may be represented independently using 8 bits, but other
representations can also be used for the purposes of compression or analysis.
Many representations begin by dividing this raw data into disjoint sets. For
historical reasons, these sets, which may be composed of one or more pieces of
data or pixels, are referred to as "blocks", even though they may not have a
traditional block shape. The data may then be characterized by compression
parameters. In one embodiment, these compression parameters include block
parameters and bitstream parameters.

A block parameter includes data that describes how an image looks.
The block parameter therefore may be used to define one or more attributes of
a block. For example, in ADRC, block-wide information can include the
minimum pixel value (MIN), the maximum pixel value (MAX), the central
pixel value (CEN), the dynamic range of the pixel values (DR), or any
combination of these values.

A bitstream parameter may include data that describes how an image is
encoded. In one embodiment, a bitstream parameter may indicate the number
of bits used to encode data. For example, in ADRC, the bitstream parameters
may include Qbit and motion flag (MF) values. In this embodiment, the

bitstream parameter therefore can indicate how the data is encoded that
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represents where a pixel value lies within the range specified by the global
information.

In one example in which ADRC encoding is used, the block data is
comprised of the MIN, DR and Qbit number (defined below), and the pixel
data is comprised of Qcodes. DR may be defined as MAX-MIN or MAX-
MIN+1. In the present embodiment, as will be explained below, CEN may be
defined as a value between MIN and MAX. For example, CEN may be equal to
MIN + DR/2.

A Q code is an integer in the range [0,2Q-1] that identifies one value in
the set {MIN, MIN+1, ..., CEN, ..., MAX}. Since the Qbit number, Q, is
generally small and the DR value may be relatively large, it is generally not
possible to represent all pixel values exactly. Therefore, some quantization

error is introduced when pixel values are reduced to Qcode values. For

instance, if the Qbit number is 3, then it is generally possible to represent 23 =
8 values from the set {MIN, MIN+1, ..., CEN, ..., MAX} without any error.
Pixels with other values are rounded to one of these eight values. This
rounding introduces quantization error.

Temporal compression is feasible for a sequence of like images spanning
more than one instance in time. An image frame is defined as the 2-
dimensional collection of pixels arising within a given time period. Itis well
known that data from corresponding locations of temporally close image
frames is likely to contain similar values. When this is true, compression is
improved by encoding each of these like values only once.

In a second example, multiple image frames are encoded by adding a
motion flag (MF) to the block information of the first example. This MF
indicates whether or not data from each frame is encoded using separate
Qcodes. If no motion is indicated, the same Qcodes are used to represent each
frame of data. If motion is indicated, then separate Qcodes are used to encode
each frame.

Two methods of ADRC coding can be used: non-edge-matching ADRC,
and edge matching ADRC. These methods differ in the precise formula used to
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generate the quantization code (Qcode) value. On the other hand, the methods
have much in common. Both methods begin by segmenting the image into
blocks, and then determining the maximum (MAX) and minimum (MIN) pixel
value for each block. In 2D ADRC, one quantization code (Qcode) value is
determined for each pixel. In 3D ADRC, a motion flag (MF) value (1 if motion,
0 otherwise) is determined for each block. When the motion flag is 1, a unique
Qcode can be determined for each block. When the motion flag is 0, then
corresponding pixel values can be averaged for each block, the block parameter
values are updated accordingly, and a single Qcode can be determined that
will represent the corresponding pixels from each frame.

Non-edge-matching ADRC can define the DR value as

DR = MAX - MIN + 1 Q)

and a quantization code as

)

_|2°(x~MIN +%)
7 DR

where Q is the number of quantization bits, and x: is the original pixel value
(or averaged pixel value, in the case of non-motion blocks in 3D ADRC). Pixel

values can be reconstructed or recovered according to the following formula:

Xi= [MIN + %;%)J 3)

where MAX represents the maximum level of a block, MIN represents the
minimum level of a block, Q represents the number of quantization bits, g
represents the quantization code (encoded data), x': represents the decoded
level of each sample, and where it is expected that x'i = x..

Edge-matching ADRC can define the DR value as

8
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DR = MAX - MIN 4

and a quantization code as

2 _ 1Yy —

- [ @ -tx-mm) J -
DR

where Q is the number of quantization bits, and x: is the original pixel value

(or averaged pixel value, in the case of non-motion blocks in 3D ADRC). Pixel

values can be reconstructed or recovered according to the following formula:

x'i=[MIN+ 12)§(q,~)+1/2J (6)
where MAX represents the maximum level of a block, MIN represents the
minimum level of a block, Q represents the number of quantization bits, g:
represents the quantization code (encoded data), x'i represents the decoded
level of each sample, and where it is expected that x'i = x.

Although the exemplary quantization code and reconstruction formulae
above for ADRC uses the MIN value, any value greater than or equal to MIN,
and less than or equal to MAX, may be used, along with DR, to encode and
decode pixel values. For both edge matching and non-edge matching ADRC,
the DR value may be lost during transmission. If DR is lost, then pixel values
are reconstructed using an estimate for DR.

The maximum decoding error when DR is overestimated (or
underestimated) is related to the value, e.g., block parameter, that is used to
encode and decode the pixel values. Figures 3A and 3B illustrate the difference
between the actual and recovered Qcode levels when the DR is overestimated
by 20%.
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For example, Figure 3A shows the maximum decoding error when DR is
overestimated by 20% and the MIN value is used to encode and decode.

Figure 3B shows the maximum decoding error when DR is overestimated by
20%, and the CEN value is used. The maximum decoding error for Figure 3B,
which uses CEN, is much less than the maximum decoding error shown in
Figure 3A, which uses MIN.

The axis 210 on the left of Figure 3A illustrates the proper recovery of
Qcodes in a 2-bit ADRC block, using non-edge-matching ADRC. The right axis
220 shows the Qcodes which are recovered if the DR is overestimated by 20%.
As indicated, the maximum decoding error is realized for the largest Qcode
value. (A similar result occurs when the DR is underestimated.)

The performance illustrated in Figure 3A may be compared to that
illustrated in Figure 3B which uses a Central Value in place of MIN. Assuming
the same DR estimation error is realized, the maximum recovery error has been
halved using CEN. Furthermore, the expected mean-square error has also been
reduced, providing a corresponding increase in the signal-to-noise ratio (SNR)
of the recovered signal. Thus, by using CEN, the recovery of Qcodes for the
encoding, transmission, and decoding of image data can be enhanced and both
the mean square decoding error and the maximum decoding error in the event
of DR estimation error can be substantially reduced, and even minimized.

The central value may be selected as a value that substantially reduces, and
even minimizes, the expected mean square error for reconstruction when DR is
estimated, and has a constant DR estimation error. This value may be determined
by the following process.

A general form of the ADRC decoding equation without truncation error is:

DRz,

x, = MIN + +K @)

10
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where values for z;, M and K are provided in Table 1. The general form of Eq. (7)

both simplifies the ADRC notation and allows for simultaneous derivation of

formulas for non-edge-matching and edge-matching ADRC.

Table 1: Values of the terms used in the generalized decoding equation

Term | Non-edge-matching ADRC | Edge-matching ADRC

<; g, +%2 q;
M 2¢ 22 -1
K 0 1

If instead of transmitting the MIN value, some other value is transmitted

and the DR value is strictly positive, the other value may be expressed as:
VAL = MIN + aDR (8)
where « is a constant. The ADRC decoding equation may therefore be:

DR?

x, =VAL-0oDR + M"+K 9)

Let DR, represent erroneous estimate of the dynamic range. The erroneous
decoding may be represented as:

. DR z

x =VAL—aDRe+T“+K (10)

error(i)

11
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where x, represents an erroneous decoding, and so the decoding error

error (i)

error, = x, - x,,.,. can be written:
error. = (DR - DR, )[—;7 - a] (11)

Therefore, the mean square error (MSE) may be expressed as a function of o

MSE(a)= —Z(error) (12)

1 2 il Z; _ 2
~ JX [—A; a} (13)

(DR—DRC)Z(i) i 2-2:Ma+M20?] (4)

i=1

where error, represents the decoding error, N represents the number of

erroneously decoded pixels, and @ is a non-negative real number.
The expected mean square error may be expressed as a function of o to

optimize over o

E(MSE(ax))= ;,(DR DR,) [ )Z[E( 2)_2E(z, Mo+ M|

(15)

=(DR-DR, )Tﬁ)z E(z?)-2E(z, WMo + M 2a?]

(16)

12
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where MSE () represents the mean square error expressed as a function of o,
and E represents the expected mean square error.

The conditions for minimization can be checked by computing the first

and second
derivatives:
E'(MSE(c))= (DR - DR, ){%) [ 2E(z, M +2M %
(17)
E"(MSE(cx))= (DR - DR, )2[%) 2m?]
(18)

From Eq. (18), the second derivative is strictly positive whenever DR, # DR ;

therefore the point at which E'(MSE(a))=0 is the global minimum. This may
be achieved if:

2M’a=2E(z,M (19)
Eq. (19) therefore implies that:
o= E) (20)
M

Assuming a uniform distribution of Qcode values, the expected values may be:

E(Qi) = Z P (21)

224 _l_ _ 22 _1
prd W0 2

Thus, in the case of non-edge-matching ADRC Eq. (20) may become:
13
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2Q
1
E(qi+‘/2) 2 6

o= = =1/2

(22)

Similarly for edge-matching ADRC, Eq. (20) may become:

(23)
Substituting a=%: back into Eq. (8), the optimal value to transmit may be:

VAL = MIN + DR/2 = CEN
(24)

for either non-edge-matching ADRC or edge-matching ADRC.

Although this derivation assumed a uniform distribution of Qcode
values, a non-uniform distribution which favors Qcode values near the middle
of the region also supports the use of the CEN value.

The benefit of transmitting the CEN value can be quantified using Eq.
(16) and substituting a=0 so that VAL = MIN and o=% so that VAL = CEN.

Assuming a uniform distribution of Qcode values, E (q,.z) may be

calculated as:

2 Qo _ o+ _
E(g?)= E(ga)q S aas
q=0

(25)

14
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The ratio of the mean square errors for CEN value decoding to the mean
square errors for MIN value decoding is tabulated in Table 2 for various Qbit

values Q:

E(MSE for CEN decoding) _ E(z?)- E(z, M +%M? 26)
E(MSE for MIN decoding) E(z?)

1

MSE reduction ratio =

Table 2: The ratio of the E(MSE) for CEN value decoding to the E(MSE) for
MIN value decoding versus the Qbit value Q.

MSE reduction ratio
Q
Non-edge-matching ADRC | Edge-matching ADRC

1 0.200 0.500
2 0.238 0.357
3 0.247 0.300
4 0.249 0.274
4 0.250 0.262
6 0.250 0.256
7 0.250 0.253

The reduction in mean square error for DR recovery assuming some
common types of ADRC encoding is therefore quantified. Thus, the CEN value is
the mean square optimal counterpart of DR in ADRC transmission subject to DR
loss. This type of encoding is referred to herein as Central Value ADRC.

In Central Value ADRC, the central value (CEN) can be transmitted in
place of the MIN value. In one embodiment, as discussed above, the CEN

value may be defined as

15
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DRJ 27

CEN = MIN + |_T

In this embodiment, the reconstruction formulas for x’; may be found by
substituting MIN=CEN-DR/2 in Egs. (3) and (6). That is, for non-edge-
matching ADRC:

. DR .
X' =[CEN+-£Q—(q.~+‘/z-2Q1 )} (28)

and in the case of edge-matching ADRC:

2Q

Xi= [CEN +1/z+DR( g 1—%” (29)

In the error-free case, the performance of Central Value ADRC using
CEN is similar to ADRC using a MIN value. However, in the presence of DR
loss, Central Value ADRC may provide better lost/damaged data recovery
performance compared with the MIN value ADRC.

The invention has been described in conjunction with a preferred
embodiment. It is evident that numerous alternatives, modifications,
variations and uses will be apparent to those skilled in the art in light of the

foregoing description.
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CLAIMS
What is claimed is:
1. A method for encoding data comprising 140 determining a

central value for a range of values by selecting a value that is greater than a
minimum value of a range of data and less than a maximum value of the range
of data and substantially reduces a decoding error in the event that the range of

values is subsequently estimated.

2. The method of claim 1, wherein the maximum and minimum
values represent information selected from the group comprising two-
dimensional static images, hologram images, three-dimensional static images,
video, two-dimensional moving images, three dimensional moving images,

monaural sound, and N-channel sound.

3. The method of claim 1, wherein encoding is performed using
Adaptive Dynamic Range Coding (ADRC), and the central value is a value

within a dynamic range of data, excluding the maximum and minimum values.

4. The method of claim 1, wherein encoding is performed using
Adaptive Dynamic Range Coding (ADRC) and the central value is the value
that substantially reduces the expected mean square decoding error and the

maximum decoding error during recovery.

5. The method of claim 1, wherein the data comprises pixel data,
encoding is performed on pixel data using Adaptive Dynamic Range Coding
(ADRC), and encoded data includes a quantization code (Qcode) defined
according to an equation selected from the group comprising;:

q':[(zg —1)(x,-—c151\1)+1/2J;and
DR

17
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gi=

2%(xi—CEN +Y2)
DR

where g,represents a Qcode, Qrepresents a number of quantization bits, x,

represents the unencoded pixel data, DRrepresents a dynamic range of data

and CEN represents a central value.

6. The method of claim 1, wherein the data comprises pixel data,
encoding is performed on pixel data using Adaptive Dynamic Range Coding
(ADRC) and recovered data is reconstructed from the encoded data according

to an equation selected from the group comprising:

x'i=| CEN +1/2+DR(2qu —%)J;and

Xi= CEN+%(¢1,-+1/2-2Q'1 )J

where the x, represents the recovered data, CEN represents a central value,
DRrepresents a dynamic range of data, g, represents a Qcode, and

Qrepresents a number of quantization bits.

7. The method of claim 1, wherein encoding is performed using

Adaptive Dynamic Range Coding (ADRC) and the central value is defined as:
CEN = MIN + {%J

where CEN represents the central value, MIN represents a minimum value, and
DRrepresents a dynamic range of data.

18
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8. The method of claim 1, wherein the central value minimizes the
expected mean square decoding error of the estimated range of values when

the estimate for the range of values has a constant error.

9. A memory for storing data for access by a program being
executed on a processing system, comprising:
a data structure stored in said memory, said data structure used by said
application program and including:
a dynamic range data object 140, and
a central value data object 140 associated with the dynamic range
data object having a value that is greater than a minimum value of the
dynamic range data object and less than a maximum value of the
dynamic range data object and substantially reduces a decoding error in

the event that the dynamic range data object is estimated.

10. A method for decoding a bitstream of encoded data comprising
recovering a parameter used to encode the encoded data, said parameter
recovered using a central value that is greater than a minimum value of a range
of data and less than a maximum value of the range of data and substantially

reduces a decoding error in the event that the range of values is estimated.

11.  The method of claiﬁl 10, wherein the maximum and minimum
values represent information selected from the group comprising two-
dimensional static images, hologram images, three-dimensional static images,
video, two-dimensional moving images, three dimensional moving images,

monaural sound, and N-channel sound.

12.  The method of claim 10, wherein decoding is performed using
Adaptive Dynamic Range Coding (ADRC), and the central value is a value

within a dynamic range of data, excluding the maximum and minimum values.
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13.  The method of claim 10, wherein encoding is performed using
Adaptive Dynamic Range Coding (ADRC) and the central value is the value
that substantially reduces the expected mean square decoding error and the

maximum decoding error during recovery.

14.  The method of claim 10, wherein the data comprises pixel data,
decoding is performed on pixel data using Adaptive Dynamic Range Coding
(ADRC) and recovered data is reconstructed from the encoded data according

to an equation selected from the group comprising:

x'i=| CEN +‘/2+DR(2qu —’/2) J; and

¥i=| CEN +%(q.-+1/2- 2% )J

where the x, represents the recovered data, CEN represents a central value,
DRrepresents a dynamic range of data, g, represents a Qcode, and

Qrepresents a number of quantization bits.

15.  The method of claim 10, wherein decoding is performed using

Adaptive Dynamic Range Coding (ADRC) and the central value is defined as:

CEN = MIN + [%J

where CEN represents the central value, MIN represents a minimum value, and

DRrepresents a dynamic range of data.
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16. The method of claim 10, wherein the central value minimizes the

expected mean square decoding error of the estimated range of values.

17. A method of encoding, comprising:

determining 140 a central value of a series of correlated data points, such
that said central value substantially reduces errors when recovering
lost/damaged data points; and

preparing 144 a compressed representation of the data points, the

compressed representation including the central value.

18. A method of decoding, comprising:

receiving 120 a compressed representation of lost/damaged data points,
the compressed representation including a central value that substantially
reduces errors when recovering the lost/damaged data points, and

recovering 154 the lost/damaged data points using the central value.

19. A computer readable medium comprising instructions, which
when executed by a processing system performs a method for encoding data
comprising determining 140 a central value for a range of values by selecting a
value that is greater than a minimum value of a range of data and less than a
maximum value of the range of data and substantially reduces a decoding error

in the event that the range of values is subsequently estimated.

20.  The computer readable medium of claim 19, wherein the
maximum and minimum values represent information selected from the group
comprising two-dimensional static images, hologram images, three-
dimensional static images, video, two-dimensional moving images, three

dimensional moving images, monaural sound, and N-channel sound.

21. The computer readable medium of claim 19, wherein encoding is

performed using Adaptive Dynamic Range Coding (ADRC), and the central
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value is a value within a dynamic range of data, excluding the maximum and

minimum values.

22.  The computer readable medium of claim 19, wherein encoding is
performed using Adaptive Dynamic Range Coding (ADRC) and the central
value is the value that substantially reduces the expected mean square

decoding error and the maximum decoding error during recovery.

23.  The computer readable medium of claim 19, wherein the data
comprises pixel data, encoding is performed on pixel data using Adaptive
Dynamic Range Coding (ADRC), and encoded data includes a quantization
code (Qcode) defined according to an equation selected from the group

comprising:

Q_ -
qizl(z 1)~ CEN) J;and
DR

| 2%(xi—-CEN +%)
= DR

where g;represents a Qcode, Qrepresents a number of quantization bits, x,

represents the unencoded pixel data, DR represents a dynamic range of data

and CEN represents a central value.

24.  The computer readable medium of claim 19, wherein the data
comprises pixel data, encoding is performed on pixel data using Adaptive
Dynamic Range Coding (ADRC) and recovered data is reconstructed from the

encoded data according to an equation selected from the group comprising:

2Q

x'f=[CEN +‘/2+DR( L l—Vz)J;and
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Xi= [CEN +—§FR(qi+l/z -2 )J

where the x, represents the recovered data, CEN represents a central value,
DRrepresents a dynamic range of data, g, represents a Qcode, and

Qrepresents a number of quantization bits.

25.  The computer readable medium of claim 19, wherein encoding is
performed using Adaptive Dynamic Range Coding (ADRC) and the central

value is defined as:
CEN = MIN + \‘%EJ

where CEN represents the central value, MIN represents a minimum value, and

DRrepresents a dynamic range of data.

26.  The computer readable medium of claim 19, wherein the central
value minimizes the expected mean square decoding error of the estimated

range of values.

27. A computer readable medium comprising instructions, which
when executed by a processing system perform a method for decoding 154 a
bitstream of encoded data comprising recovering a parameter used to encode
the encoded data, said parameter recovered using a central value that is greater
than a minimum value of a range of data and less than a maximum value of the
range of data and substantially reduces a decoding error in the event that the

range of values is estimated.

28.  The computer readable medium of claim 27, wherein decoding is

performed using Adaptive Dynamic Range Coding (ADRC), and the central
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value is a value within a dynamic range of data, excluding the maximum and

minimum values.

29.  The computer readable medium of claim 27, wherein encoding is
performed using Adaptive Dynamic Range Coding (ADRC) and the central
value is the value that substantially reduces the expected mean square

decoding error and the maximum decoding error during recovery.

30.  The computer readable medium of claim 27, wherein the central
value minimizes the expected mean square decoding error of the estimated

range of values.

31. A computer readable medium comprising instructions, which
when executed by a processing system perform a method of encoding,
comprising;:

determining 140 a central value of a series of correlated data points, such
that said central value substantially reduces errors when recovering
lost/damaged data points; and

preparing 144 a compressed representation of the data points, the

compressed representation including the central value.

32. A computer readable medium comprising instructions, which
when executed by a processing system, perform a method for decoding,
comprising:

receiving 120 a compressed representation of lost/damaged data points,
the compressed representation including a central value that substantially
reduces errors when recovering the lost/damaged data points, and

recovering 154 the lost/damaged data points using the central value.

33. A system configured to encode data determining 140 a central

value for a range of values that is greater than a minimum value of a range of
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data and less than a maximum value of the range of data and substantially
reduces a decoding error in the event that the range of values is subsequently

estimated.

34.  The system of claim 33, wherein the maximum and minimum
values represent information selected from the group comprising two-
dimensional static images, hologram images, three-dimensional static images,
video, two-dimensional moving images, three dimensional moving images,

monaural sound, and N-channel sound.

35.  The system of claim 33, wherein encoding is performed using
Adaptive Dynamic Range Coding (ADRC), and the central value is a value

within a dynamic range of data, excluding the maximum and minimum values.

36.  The system of claim 33, wherein encoding is performed using
Adaptive Dynamic Range Coding (ADRC) and the central value is the value
that substantially reduces the expected mean square decoding error and the

maximum decoding error during recovery.

37.  The system of claim 33, wherein the data comprises pixel data,
encoding is performed on pixel data using Adaptive Dynamic Range Coding
(ADRC), and encoded data includes a quantization code (Qcode) defined

according to an equation selected from the group comprising:

q,-=[(2Q‘1 xi— CEN)

+¥ |;and
DR

_|2°(x—CEN+%)
7 DR
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where g,represents a Qcode, Qrepresents a number of quantization bits, x;

represents the unencoded pixel data, DRrepresents a dynamic range of data

and CEN represents a central value.

38.  The system of claim 33, wherein the data comprises pixel data,
encoding is performed on pixel data using Adaptive Dynamic Range Coding
(ADRC) and recovered data is reconstructed from the encoded data according

to an equation selected from the group comprising:

x'i=[CEN +1/2+DR(2qu —‘/z)J;and

Xi= {CEN +%(qi+1/2 2% )J

where the x, represents the recovered data, CEN represents a central value,
DRrepresents a dynamic range of data, g, represents a Qcode, and

Qrepresents a number of quantization bits.

39.  The system of claim 33, wherein encoding is performed using

Adaptive Dynamic Range Coding (ADRC) and the central value is defined as:

CEN = MIN + LDTRJ

where CEN represents the central value, MIN represents a minimum value, and

DRrepresents a dynamic range of data.

40.  The system of claim 33, wherein the central value minimizes the

expected mean square decoding error of the estimated range of values.
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41. A system configured to decode 120 a bitstream of encoded data
comprising a decoder configured to recover a parameter used to encode the
encoded data, said parameter recovered using a central value that is greater
than a minimum value of a range of data and less than a maximum value of the
range of data and substantially reduces a decoding error in the event that the

range of values is estimated.

42.  The system of claim 41, wherein the maximum and minimum
values represent information selected from the group comprising two-
dimensional static images, hologram images, three-dimensional static images,
video, two-dimensional moving images, three dimensional moving images,

monaural sound, and N-channel sound.

43. The system of claim 41, wherein the decoder is further configured
to decode using Adaptive Dynamic Range Coding (ADRC), and the central
value is a value within a dynamic range of data, excluding the maximum and

minimum values.

44.  The system of claim 41, wherein encoding is performed using
Adaptive Dynamic Range Coding (ADRC) and the central value is the value
that substantially reduces the expected mean square decoding error and the

maximum decoding error during recovery.

45.  The system of claim 41, wherein the data comprises pixel data,
the decoder is further configured to decode pixel data using Adaptive Dynamic
Range Coding (ADRC) and recovered data is reconstructed from the encoded

data according to an equation selected from the group comprising:

2Q

x',-=[CEN+Vz+DR( el l—Vz)J;and
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x'i= [CEN +—;%R(qi+‘/z-2Q'l )J

where the x,f represents the recovered data, CEN represents a central value,
DRrepresents a dynamic range of data, g, represents a Qcode, and

Qrepresents a number of quantization bits.

46.  The system of claim 41, wherein the decoder is further configured
to decode using Adaptive Dynamic Range Coding (ADRC) and the central

value is defined as:

CEN = MIN + [%J

where CEN represents the central value, MIN represents a minimum value, and

DRrepresents a dynamic range of data.

47.  The system of claim 41, wherein the central value minimizes the

expected mean square decoding error of the estimated range of values.

48. A system configure to encode data points, comprising:

a central value of a series of correlated data points that substantially
reduces errors when recovering lost/damaged data points; and

an encoder 110 configured to prepare a compressed representation of

the data points, the compressed representation including the central value.

49. A system configured to decode data points, comprising a decoder
120 configured to receive a compressed representation of lost/damaged data
points, the compressed representation including a central value that

substantially reduces errors when recovering the lost/damaged data points,
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said decoder further configured to recover the lost/damaged data points using

the central value.

50.  The system as set forth in claim 33, wherein the system is selected
from the group comprising at least one processor, at least one large scale

intergration (LSI) component and at least one ASIC.

51.  The system as set forth in claim 41, wherein the system is selected
from the group comprising at least one processor, at least one large scale

intergration (LSI) component and at least one ASIC.

52.  An apparatus configured to encode data comprising a means for
determining a central value for a range of values by selecting a value that is
greater than a minimum value of a range of data and less than a maximum
value of the range of data and substantially reduces a decoding error in the

event that the range of values is subsequently estimated.

53.  The apparatus of claim 52, wherein the maximum and minimum
values represent information selected from the group comprising two-
dimensional static images, hologram images, three-dimensional static images,
video, two-dimensional moving images, three dimensional moving images,

monaural sound, and N-channel sound.

54.  The apparatus of claim 52, wherein encoding is performed using
Adaptive Dynamic Range Coding (ADRC), and the central value is a value

within a dynamic range of data, excluding the maximum and minimum values.

55.  The apparatus of claim 52, wherein encoding is performed using
Adaptive Dynamic Range Coding (ADRC) and the central value is the value
that substantially reduces the expected mean square decoding error and the

maximum decoding error during recovery.
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56.  The apparatus of claim 52, wherein the central value minimizes

the expected mean square decoding error of the estimated range of values.

57.  Anapparatus configured to decode a bitstream of encoded data
comprising means for recovering 120 a parameter used to encode the encoded
data, said parameter recovered using a central value that is greater than a
minimum value of a range of data and less than a maximum value of the range
of data and substantially reduces a decoding error in the event that the range of

values is estimated.

58.  The apparatus of claim 57, wherein decoding is performed using
Adaptive Dynamic Range Coding (ADRC), and the central value is a value

within a dynamic range of data, excluding the maximum and minimum values.

59.  The apparatus of claim 57, wherein encoding is performed using
Adaptive Dynamic Range Coding (ADRC) and the central value is the value
that substantially reduces the expected mean square decoding error and the

maximum decoding error during recovery.

60.  The apparatus of claim 57, wherein the central value minimizes

the expected mean square decoding error of the estimated range of values.

61.  Anapparatus configured to encode data points comprising:

means for determining a central value of a series of correlated data
points, such that said central value substantially reduces errors when
recovering lost/damaged data points; and

means for preparing a compressed representation of the data points, the

compressed representation including the central value.

62.  Anapparatus configured to decode data points comprising:
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means for receiving 120 a compressed representation of lost/damaged
data points, the compressed representation including a central value that
substantially reduces errors when recovering the lost/damaged data points,
and

means for recovering 154 the lost/damaged data points using the central

value.
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