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REDUNDANT COMPRESSION TECHNIQUES 
FOR TRANSMITTING DATA OVER 

DEGRADED COMMUNICATION LINKS 
AND/OR STORING DATA ON MEDIA 

SUBJECT TO DEGRADATION 

This Application is based upon my Provisional Patent 
Application ?led on Jan. 26, 2001 and assigned Serial No. 
60/264,494. 

NOTICE OF MATERIAL SUBJECT TO 
COPYRIGHT PROTECTION 

Material in this patent document may be subject to 
copyright protection under the copyright laWs of the United 
States and other countries. The oWner of the copyright has 
no right to exclude facsimile reproduction of the patent 
speci?cation as it appears in ?les or records Which are 
available to members of the general public from the United 
States Patent and Trademark Office, but oWner otherWise 
reserves any and all copyright rights therein. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates generally to data communications 
and, more speci?cally, to techniques for implementing 
redundant data compression in communication or storage 
systems Which are vulnerable to errors. Such systems may 
be used to compress signals such as speech, audio, and/or 
video. 

2. Description of Prior Art 
Many communication systems, such as cellular 

telephones, personal communications systems, voice-over 
Internet protocol (VoIP), as Well as audio or video over 
packet-based netWorks, rely on electromagnetic or Wired 
communications links to convey information from one place 
to another. These communications links generally operate in 
less than ideal environments With the result that fading, 
attenuation, multipath distortion, interference, netWork 
congestion, netWork delay, and other adverse propagational 
effects may occur. Similarly, such less than ideal environ 
ments may also occur in storage systems. In cases Where 
information is represented digitally as a series of bits, such 
propagational effect may cause the loss or corruption of one 
or more bits. Oftentimes, the bits are organiZed into frames, 
such that predetermined ?xed number of bits comprises a 
frame. A frame erasure refers to the loss or substantial 
corruption of a bit or a set of bits communicated to the 
receiver. 

To provide for an ef?cient utiliZation of a given bandWidth 
(or storage space), communication (or storage) systems 
directed to signal communications (or storage) often use 
signal coding techniques. Such signal can be for example 
speech, audio, or video. Many existing signal coding tech 
niques are executed on a frame-by frame basis. For speech 
coding, such frame is about 10—80 milliseconds in length. 
The signal coder extracts parameters that are representative 
of the signal. These parameters are then quantiZed and 
transmitted (or stored) via the communications channel (or 
storage medium). 

If a frame of bits is lost, then the receiver has no bits to 
interpret during a given time interval. Under such 
circumstances, the receiver may produce a meaningless or 
distorted result. Although it is possible to replace the lost 
frame With a neW frame, estimated from the previous or the 
next frame, this introduces inaccuracies Which may not be 
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2 
tolerated or desirable in the context of many real-World 
applications. In predictive coding systems, such errors Will 
then propagate to all the future frames. The result is a 
poorly-reconstructed and distorted signal. 

The problem of packet loss in packet-sWitch netWorks 
employing speech, audio, or video coding techniques, is 
very similar to the problem of frame erasure in the context 
of Internet, or Wireless communication links. Due to packet 
loss, a signal decoder may either fail to receive a frame or 
receive a frame having a signi?cant number of missing bits. 
In either case, the signal decoder is presented With essen 
tially the same problem: the need to reconstruct a signal, 
despite the loss of compressed signal information. Both 
frame erasure and packet loss concern a communication 
channel (or storage medium) problem Which results in the 
loss of transmitted (or stored) bits. Therefore, for purposes 
of the present disclosure, the term “frame erasure” may be 
deemed synonymous With “packet loss”. 

SUMMARY OF THE INVENTION 

An improved signal coding technique encodes signal 
parameters into a plurality of overlapped super-frames, each 
super-frame having a predetermined number of bits. These 
encoded signal parameters may be decoded into plurality of 
non-overlapping frames. Redundant information derived 
from an overlapping portion of the super-frames is used to 
reconstruct frames Which have been subjected to frame 
erasure. This technique reduces or eliminates the need for 
prior art error concealment schemes, Which are commonly 
based on interpolation or extrapolation (or both), to recon 
struct an approximation of the signal Within the erased frame 
or frames. The invention can also be utiliZed as an enhance 
ment layer added to standard or other prior art coding 
systems. In such cases, an existing, possibly standard, cod 
ing scheme may operate as a base layer, and the present 
invention can be used as enhancement layer for less than 
ideal communication (or storage) environments. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a hardWare block diagram setting forth a signal 
coding system in accordance With a present embodiment 
disclosed herein; 

FIG. 2 is a hardWare block diagram setting forth a signal 
coding system in accordance With a present embodiment 
disclosed herein; 

FIG. 3 is a hardWare block diagram setting forth a speech 
coding system in accordance With a present embodiment 
disclosed herein; 

FIG. 4 is a prior art data structure diagram for use With a 
prior art signal compression method that could be employed 
in conjunction With the systems described in FIG. 1—FIG. 3, 
in Which the encoder encodes exactly one frame at a time, 
such that, Whenever frame erasure occurs, the decoder 
applies error concealment techniques, based on interpolation 
or extrapolation (or both), to reconstruct approximation of a 
Whole erased frame (n+1); 

FIG. 5 is a data structure diagram for use With the signal 
compression methods disclosed herein, and Which may be 
utiliZed in conjunction With the systems and methods of 
FIGS. 1—3, 11, and/or 12, in Which the encoder encodes a 
super-frame including a frame and some look-ahead 
information, such that the super-frame is longer than one 
frame but shorter than tWo frames, and Whenever frame 
erasure occurs, the decoder decodes a previous super-frame 
and applies error concealment techniques, Which can be 
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based on interpolation or extrapolation (or both), to recon 
struct an approximation of a portion of the erased frame 

(n+1); 
FIG. 6 is a data structure diagram for use With the signal 

compression methods disclosed herein, and Which may be 
utiliZed in conjunction With the systems and methods of 
FIGS. 1—3, 11, and/or 12, in Which the encoder encodes a 
super-frame, consists of a frame and some look-ahead, such 
that it is tWo times longer than one frame, and Whenever 
frame erasure occurs the decoder decodes a previous super 
frame and does not require any error concealment tech 
niques for the reconstruction of the erased frame (n+1); 

FIG. 7 is a data structure diagram for use With the signal 
compression methods disclosed herein, and Which may be 
utiliZed in conjunction With the systems and methods of 
FIGS. 1—3, 11, and/or 12, in Which the encoder encodes a 
super-frame, consists of a frame and some look-ahead, such 
that it is k times longer than one frame, and Whenever frame 
erasure occurs the decoder decodes a previous super-frame 
and does not require any error concealment techniques for 
the reconstruction of k erased frames; 

FIG. 8 is a data structure diagram for use With the signal 
compression methods disclosed herein, and Which may be 
utiliZed in conjunction With the systems and methods of 
FIGS. 1—3, 11, and/or 12, in Which the encoder encodes a 
super-frame, that consists of a frame and some look-back 
and look-ahead, such that it is longer than one frame but 
shorter than tWo frames, and Whenever frame erasure occurs 
the decoder decodes a previous super-frame and applies 
error concealment techniques, Which are commonly based 
on interpolation or extrapolation (or both), to reconstruct 
approximation of a portion of the erased frame (n+1); 

FIG. 9 is a data structure diagram for use With the signal 
compression methods disclosed herein, and Which may be 
utiliZed in conjunction With the systems and methods of 
FIGS. 1—3, 11, and/or 12, in Which the encoder encodes a 
super-frame, consists of a frame and some look-back and 
look-ahead, such that it is tWo times longer than one frame, 
and Whenever frame erasure occurs the decoder decodes a 
previous super-frame and does not require any error con 
cealment techniques for the reconstruction of the erased 
frame (n+1); 

FIG. 10 is a data structure diagram for use With the signal 
compression methods disclosed herein, and Which may be 
utiliZed in conjunction With the systems and methods of 
FIGS. 1—3, 11, and/or 12, in Which the encoder encodes a 
super-frame, consists of a frame and some look-back and 
look-ahead, such that it is k times longer than one frame, and 
Whenever frame erasure occurs the decoder decodes a pre 
vious super-frame and does not require any error conceal 
ment techniques for the reconstruction of k erased frames; 

FIG. 11 is a softWare ?oWchart setting forth a speech 
encoding method performed in accordance With a preferred 
embodiment disclosed herein; 

FIG. 12 is a softWare ?oWchart setting forth a speech 
decoding method performed in accordance With a preferred 
embodiment disclosed herein; 

FIG. 13 is a data structure diagram of a tWo-dimensional 
signal compression method in accordance With a preferred 
embodiment disclosed herein for use in conjunction With the 
systems and methods of FIGS. 1—3, 11, and/or 12, in Which 
super-frames have overlap Ax along the X axis and overlap 
Ay along the Y axis. The encoder encodes a super-frame 
including a frame and some X axis look-ahead information, 
as Well as some Y axis look-ahead information. This encod 
ing is accomplished such that, along the X axis, as Well as 
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4 
the Y axis, the super-frame is longer than one frame, but 
shorter than tWo frames. Whenever frame erasure occurs, the 
decoder decodes a previous super-frame and provides error 
concealment techniques, Which can be based upon interpo 
lation or extrapolation (or both), to reconstruct an approxi 
mation of a portion of the erased frame along each axis; 

FIG. 14 is a data structure diagram of a three-dimensional 
signal compression method in accordance With a preferred 
embodiment disclosed herein for use in conjunction With the 
systems and methods of FIGS. 1, 3, 11, and/or 12, in Which 
super-frames have overlap Ax along the X axis. The encoder 
encodes a super-frame including a frame and some X axis 
look-ahead information, such that along the X axis the 
super-frame is longer than one frame but shorter than tWo 
frames, and Whenever frame erasure occurs, the decoder 
decodes a previous super-frame and applies error conceal 
ment techniques, Which can be based on interpolation or 
extrapolation (or both), to reconstruct an approximation of a 
portion of the erased frame along the X axis; 

FIG. 15 is a data structure diagram of a three-dimensional 
signal compression method in accordance With a preferred 
embodiment disclosed herein for use in conjunction With the 
systems and methods of FIGS. 1, 3, 11, and/or 12, in Which 
super-frames have overlap Ay along the Y axis. The encoder 
encodes a super-frame including a frame and some Y axis 
look-ahead information, such that along the Y axis the 
super-frame is longer than one frame but shorter than tWo 
frames, and Whenever frame erasure occurs, the decoder 
decodes a previous super-frame and applies error conceal 
ment techniques, Which can be based on interpolation or 
extrapolation (or both), to reconstruct an approximation of a 
portion of the erased frame along the Y axis; and 

FIG. 16 is a data structure diagram of a three-dimensional 
signal compression method in accordance With a preferred 
embodiment disclosed herein for use in conjunction With the 
systems and methods of FIGS. 1, 3, 11, and/or 12, in Which 
super-frames have overlap AZ along the Z axis. The encoder 
encodes a super-frame including a frame and some Z axis 
look-ahead information, such that along the Z axis the 
super-frame is longer than one frame but shorter than tWo 
frames, and Whenever frame erasure occurs, the decoder 
decodes a previous super-frame and applies error conceal 
ment techniques, Which can be based on interpolation or 
extrapolation (or both), to reconstruct an approximation of a 
portion of the erased frame along the Z axis. 

DETAILED DESCRIPTION OF THE PRESENT 
EMBODIMENT 

Refer to FIG. 1, Which is a is a hardWare block diagram 
setting forth a signal coding system in accordance With a 
preferred embodiment of the invention to be described 
hereinafter. A signal, represented as x(i), is coupled to a 
conventional signal encoder 50. Signal encoder may include 
elements such as an analog-to-digital converter, one or more 
frequency-selective ?lters, digital sampling circuitry, and/or 
an input transformation (denoted by 

Irrespective of the speci?c internal structure of the signal 
encoder 50, this encoder produces an output in the form of 
a digital bit stream D. The form of a digital bit stream D, is 
the encoded data of x(i), and hence, includes “parameters” 
(denoted by D={T, I31, . . . ,FM} Which correspond to one or 
more characteristics of Since is a function Which 
changes With time, the output signal of the signal decoder is 
periodically updated at regular time intervals. Therefore, 
during a ?rst time interval T1, the output signal comprises a 
set of values corresponding to parameters D={T, I31, . . . 
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,FM}, during time interval T1. During a ?rst time interval T2, 
the value of parameters D={T, I51, . . . ,FM}, may change, 
taking on values differing from those of the ?rst interval. 
Parameters collected during time interval T1 are represented 
by a plurality of bits (denoted as D1) comprising a ?rst 
frame, and parameters collected during time interval T2 are 
represented by a plurality of bits D2 comprising a second 
frame. Therefore Dn refers to a set of bits representing all 
parameters collected during the n-th time interval. 

The output signal encoder 50 is coupled to MUX 10 and 
may or may not be coupled to logic circuitry 51. MUX 10 
is a conventional digital multiplexer device Which in the 
present context, combines the plurality of bits representing 
a given Dn onto single signal line. D” is multiplexed onto 
this signal line together With or Without a series of bits 
denoted as D”, produced by logic circuitry 51. 

The output of multiplexer 10, including a multiplexed 
version of D” and D”, is conveyed to another location over 
a communications channel (or is stored on a storage 
medium) 11. At the receiving end of the channel, the 
received (or read from storage medium) signal, is fed to the 
demultiplexer DEMUX 13, that processes it to retrieve D” 
and D‘n. The D” and D” are then processed by signal 
decoder 60 to reconstruct the output signal Suitable 
devices for implementation of decoders for signals such as 
speech, audio or video decoder are Well knoWn to those 
skilled in the art. Signal decoder 60 is con?gured to decode 
signal Which Was encoded by the signal encoder 50. 

FIG. 2 is a hardWare block diagram setting forth a signal 
coding system in accordance With a present embodiment 
disclosed herein. A signal is fed to input 01 of an input 
(analysis) transformation 02. The transformation 02 may or 
may not be derived from the input signal. The transforma 
tion 02 may or may not be quantiZed. If the transformation 
02 is quantized, then its parameters are placed in signal line 
04. The transformation’s output is the input transformed 
signal 03 (denoted by y(i)). The selection and operation of 
a suitable transformation decoder for signals such as speech, 
audio or video, or other types of signals, is a matter Within 
the knoWledge of those skilled in the art. 

The input transformed signal on line 03 is input to a 
transformed signal encoder 05. The transformed signal 
encoder 05 consists of parameter extraction device 06, and 
may or may not consist of parameter extraction memory 07. 
Parameter extraction device 06 is equipped to isolate and 
remove one or more parameters from the input transformed 
signal. The parameter extraction device 06 may be imple 
mented using a parameter extraction memory 07 for storing 
the extracted values of one or more parameters. In the 
example in FIG. 2, several parameters are extracted from the 
transformed signal, denoted by P1(n) 08, . . . , PM(n) 09. Note 
that the parameter extraction device 105 could extract a 
feWer number of parameters or a greater number of param 
eters than that shoWn in FIG. 2. 

All parameters are processed by channel encoder and 
MUX 10, Where all or some of the parameters are processed 
by its logic circuitry 51. All original and processed param 
eters are multiplexed together using a conventional multi 
plexer device, MUX 52. The multiplexer signal is sent out 
over a conventional communications channel (or stored to 

storage medium) 11. 
The communications channel (or storage device) 11 con 

veys the output of the channel encoder and MUX 10 to a 
frame erasure/error detector 12. The frame erasure/error 
detector 12 is equipped to detect bit errors and/or erased 
frames. Such errors and erasures typically arise in the 
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6 
context of practical, real-World communications channels 
Which may employ Wired and/or Wireless electromagnetic 
communications links (as Well as in the context of storage 
media Which utiliZe optical, magnetic, or semiconductor 
devices) in less-than-ideal operational environments. These 
communications links and/or storage media are represented 
schematically in FIG. 2 as communications channel 11. 
Frame erasure/error detector 12 is coupled to a DEMUX 

and channel decoder 13. Frame erasure/error detector 12 
conveys the demodulated bitstream retrieved from the com 
munications channel (or storage medium) 11 to the DEMUX 
and channel decoder 13, along With an indication as to 
Whether or not a frame erasure has occurred. DEMUX and 
channel decoder 13 processes the demodulated bitstream to 
retrieve parameters T(n) 22, and P1(n) 14, . . . , PM(n) 15. In 
addition, the DEMUX and channel decoder 13, or the error 
concealment device 25, may be employed to relay the 
presence or absence of a frame erasure, as determined by 
frame erasure/error detector 12, to a transformed signal 
decoder 16, and/or to an output inverse (synthesis) transfor 
mation 23. Alternatively, a signal line may be provided, 
coupling frame erasure/error detector 12 directly to trans 
formed signal decoder 16 and/or to an output inverse 
(synthesis) transformation 23, for the purpose of conveying 
the existence or non-existence of a frame erasure to the 
transformed signal decoder 16 and/or to an output inverse 
(synthesis) transformation 23. 
The physical structure of the transformed signal decoder 

16, for decoding of signals such as speech, audio, video or 
other types of signals, is a matter Well knoWn to those skilled 
in the art. Functionally, the transformed signal decoder 16, 
examines a plurality of parameters T(n) 22, and P1(n) 14, . 
. . , PM(n) 15 and fetches one or more entries from codebook 

tables 17 stored in transformed signal decoder 16 to locate 
a table that is associated With, or that most closely corre 
sponds With, the speci?c values of input parameters input 
into the transformed signal decoder 16. The table entries in 
the codebook table 17 may be updated and augmented after 
parameters for each neW frame are received. In such case, 
neW and/or amended table entries are calculated by trans 
formed signal decoder 16 as the output inverse (synthesis) 
transformation 23 produces reconstructed signal output. 
These calculations are mathematical functions based upon 
the values of a given set of parameters, the values retrieved 
from the codebook tables, and the resulting output signal at 
the reconstructed signal output 24. The use of accurate 
codebook table entries 17 results in the generation of recon 
structed signal for future frames, Which most closely 
approximates the original input signal. The reconstructed 
signal is produced at the reconstructed signal output 24. If 
incorrect or garbled parameters are received at transformed 
signal decoder 16, incorrect table parameters Will be calcu 
lated and placed into the codebook tables 17. As discussed 
previously, these parameters can be garbled and/or corrupted 
due to the occurrence of frame erasure or bit errors. These 
frame erasures or bit errors Will degrade the integrity of the 
codebook tables 17. A codebook table 17 having incorrect 
table entry values Will cause the generation of distorted, 
garbled reconstructed signal output 24 in subsequent frames. 

Transformed signal decoder 16 is equipped With memory 
used to store parameters from present frame 20, and from Q 
frames 19 that proceed frame n. If no frame erasure has been 
detected by frame erasure/error detector 12, then the 
extracted code vectors are computed by transformed signal 
decoder 16 on line 21. If a frame erasure is detected by frame 
erasure/error detector 12, then the transformed signal 
decoder 16 can be used to compensate for the missing frame. 
















