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8f GNAL—FRANSM -SS-ON-SYSTEM The present invention relates to a Sragnisf (
transrqhsssgh%an St haV| ng particul ar, Qutdiediteraiasspmsn #pplication to the
transm *ded anal ogue Si gnql s ovE@EPigaGiHmannel Y The invention -

al so _re l nsmtter and receiver “fOr-use Tn € systemand to

encodi n arrangenents enbodied ih that transm t P&k 33APEP

recei ver. WWen anal ogue signals are to be transmtted or stored in a

~digital format theypeafy be converted by an analysis neans to a

representation conprising a number of digital parameters. Exanples of such
anal ysis nmeans are well known-and include vocoders, the G oup Speciale

Mobil e (GSM speech coder and cg)ﬂmAgxmANgqlxsjsuaengs-pmwdl ction (CELP)
systems. At |east sone of the paraneters provided by these systems can be
regarded as digital

The present invention relates to a signal transmission

system having particular, but not exclusive application to the
transmission of digitised analogue signals over a channel. The
invention also relates to a transmitter and receiver for use in
the system and to encoding and decoding arrangem®nts embodied in

-

0 that transmitter and receiver.
~ When analogue signals are to be transmitted or stored in a
digital format they can be converted by an analysis means to a
representation comprising a ﬁumber of digital parameters.
" Examples of such analysis means are well known and include
vocoders, the Group Speciale Mobile (GSM) speech coder and code
excited linear prediction (CELP) systems. At least some of the
parameters provided by these systems can be regarded as digital
representations of time varying analogue signals, for example the
20 spectral coefficients of a vocoder or the gain parameter of a
CELP system. Parameters of this type generally comprise a number
of binary bits of which the most significant bit (MSB) carries

ke the largest weighting and the least significant bit (LSB) carries

“war ¢

the smallest weighting. Consequently when the analogue signals
2% are resynthesised from their digital representations an error for
example, in the MSB of a parameter has a much greater subjective
effect upon the perceived signal quality than an error in the LSB
of that parameter. For example the least important or
significant bits may only slightly reduce the quality of the
30 signals, for example speech, as reproduced when subject to an

error rate of say 5% while the most sensitive or significant bits

will introduce serious distortion when subject to an error rate

of say 1%.

In circumstances where errors are likely to be introduced

35 in the transmission or storage of digitised analogue signals,
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error rate parameters together, unrelated binary sequences are represented
]

by a stream of output bits from a coder and this can mean that
potential flexibility in the decoding process is lost.
Additionally, simple block codes have traditionally been used for
this purpose but these provide an equal amount of* protection for

-

0 all of the binary bits which they are used to protect and, in

view of the widely differing subjective effects of errors in

different bits of the parameters this approach is not regarded as

being the most cost effective. United Kingdom Patent Application

GB 2 182 529 A describes a method of encoding speech whereby

15 block codes, which are designed to provide greater protection for
the MSBs than the LSBs of the parameters, are used to encode one
parameter at a time. This Patent Application also discloses a
method of recreating the analogue signals from digital
representations which contain errors by the use of a number of

20 different techniques, including the use of known characteristics
of each parameter, the previously received values of each
parameter and soft decision information. Block codes which are
suitable for use with this method are, however, difficult to
derive and separate block encoding means must be provided for

25 every different length of binary bit sequence to be protected.

It is a first object of the present invention to provide a
signal transmission system including a simpler means for coding
analogue signals.

30 According to a first aspect of the present invention there
is provided a signal transmission system comprising means for
digitising an analogue signal to provide a plurality of digitised
parameters, coding means for encoding at least the most
significant bit of at least one parameter using a tree code to

35 provide an encoded sequence, means for resetting the coding means




2 some nean ection, such-as redundancy, is added to the

di gi tal repr the paraneters. This protection usually enables
the correction o up to a given nunber of transm ssion errorspPHB 3¥6Q3EP
receiver. By protecting a nunber of paraneters together, unrelated binary

sequences ar e 1 R £S6BLEbotNe %S Lr EHTHE' 1.4 PorD ddchLP T SAdCEnANd Lhi s

can nean that

/,a{/;;y 1% In circunms mhere errors areﬁmgﬁﬁégEgg n%roduced in the
transmi ssi mswetﬁt‘iﬁiﬁ'ﬁ di giti sed anal odue si 8f REPLACEMENT SHEET

parameter is encoded, means for combining the encoded bit(s) from
the encoding system with the remaining bit(s) of the at least one
parameter to provide a digitised signal, means for transmitting
the digitised signal, means for receiving the digitised signal
and supplying the signal to a probability determining means,
means for generating a plurality of possible encoded sequences
and for supplying the generated sequences to the probability
determining means, the probability determining fheans being
operable to prqvide a measure of the probability that each of.Ehe

10 plurality of possible encoded sequences resulted in the encoded
sequence and means for deriving from these measures of
probability an estimated value of the parameter.

This system employs separate tree coding for each of the
parameters which permits a less complex coder to be used than in

" a system, for example, where all of the parameters are coded

together. The separate coding also enables greater flexibility

in decoding since each coded parameter can be isolated from the
others.

20 By further providing the coding means with the means to
perform trellis coding, the error performance of the system may
be improved. Trellis coding is known per se and is disclosed in
a paper "Channel Coding with Multilevel/Phase Signals" by
Gottfried Ungerboeck, IEEE Transactions on Information Theory,

5  Vol. IT-28, No. 1, January 1982,

One means of performing tree coding is by convolutional
coding, which may be performed by a shift register and
combinational logic.

Where the number of bits produced by the encoding means, in
30 other words the coding efficiency, is critical it may be

desirable to encode only the most significant bits of certain

parameters. The least significant bits of many parameters have a

smaller subjective effect upon a resynthesised replica of the

analogue signals than do-the most significant bits. The least

35 significant bits of those parameters will thus be without
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each parameter which are coded may be fixed for that parameter or

it may be variable, for example to compensate for levels of noise
in a radio channel. An advantage of not tree or trellis coding
all the data bits is that a receiver does not need to carry out
the decoding over the whole bit stream. If for kample it is
0 assumed that the decoding is the dominant element in the

receiver's power consumption, then by not coding all of the data
bits, a power reduction of up to 60% can be obtained.

Several methods are available for digitising the analogue
signals to be encoded, including vocoding, Code Excited Linear

Prediction and the use of a Group Speciale Mobile speech coder.

15
The present invention also relates to the signal

| transmission and acquisition arrangements within the system.
It is a further object of the present invention to provide a
simpler system for the encoding of digitised analogue signals.
; 20 According to a second aspect of the present invention there
is provided an encoding system for encoding a digitised analogue
signal comprising a plurality of parameters, the system
comprising tree coding means, means for applying at least one
most significant bit of at least one of the parameters to the
25 tree coding means for supplying an encoded signal, and means for
resetting the tree coding means to a known point in its coding
tree before another at least one parameter is encoded.
By resetting the tree coding means before the next parameter
is coded, the output of the tree coding means depends upon the

value of that parameter alone and not upon any previous

30

parameters. The resetting of the coding means will take
different forms depending upon its realisation. For example, if
the coding means is a convolutional coder comprising a shift
register and a number of exclusive OR gates, then the resetting

will comprise placing known values, typically zeroes, in the




of each parameter, the previously received values of each parameter and

soft decision information. Bl ock codes which are prefar sith this
nmet hod are, however, difficult to derive and sepaf‘g%&e%gﬁfi‘g\ﬁ%‘éne“ﬁi g nmeans
nmust be provided for every different |ength of bi-.nap-y-—-‘bi‘—tm =) to be

protected. It is a first object of the present §nvention to pram 9¢s@&ep
signal transm ssion systemincluding a sinpler neans for codi ng anal ogue
signals. According to a first aspect of the present invention there is

provi ded a si gnat®™PFEREBeYnthy Shift C8&HH5eing neans for digitising an
anal ogue signal to pAbudrdetiveplutial ttee @bdiliggméarsetlapdear@ihased agodi ng

et o crvod! Sl G850 AT Lysl L Deaatt b B R B
resetting the codienglédrp@msmeter value from the inputs to the look-up table and
applying a new value.

Where memory or transmission rate requirements are
stringent only one or two most significant bits of a parameter
are encoded and so a combining means is provided after the tree
coding means to form an encoding system in which not all of the
0 - bits of each parameter are tree coded. The means for applyiné—
the parameters to the tree coding means may be provided with a
first output at which one or more most significant bits are
provided and a second output at which the least significant bits
are provided. The first output is coupled to the input of the
5 tree coding means and the combining means combines the output of

the encoding system with the second output of the analysis means
to give a composite output signal.
The number of bits supplied by the means for applying the
parameters at its two outputs for a given parameter may be fixed
20 or it may be variable, subject to the total number of bits in
each parameter remaining constant.
If desired the tree coding means may be arranged to provide
trellis coding.'
It is a further object of the present invention to provide a
25 corresponding system for estimating a parameter which has been
encoded in accordance with the second aspect of the invention.
According to a third aspect of the present invention there
is provided a system for estimating the value of a digitised
parameter, at least the more significant bits of which have been

tree coded to provide an encoded sequence, the system comprising

" means for supplying the encoded sequence to a probability
determining means, means for generating a plurality of possible
encoded sequences and for supplying the generated sequences to
the probability determining means, the probability determining

35 means being operable to_provide a measure of the probability that
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3 to a known point in a coding tree before another at |east one paraneter
I s encoded, neans for conbining the encoded bit(s) fromthe enco
wi.th the remaining bit(s) of the at |east one paf gigé SREXOHRS GEENE
digitised signal, neans for transmitting the digitisedspignal, nmeaps for
receiving the digitised signal and supplying {hestgmar~t0 "apfk o3absid t y
det er m ni ng ge?ns rreans for generating a plurality of possible encoded
sequences an or. suppl yi ng the generated sequences.to the probahilit
det er ni ni ng ne&A AEhERHPIBEItY 13 dBe é%"ﬁ?ht?]r%g osRd SROPRY p§?%1"§1t8d >
provi de a neasuhetinf ehdiedr OdaaRhEd ! ¥nd hRbne ol ddrivineg from these

measures of probability an estimated value of the parameter.

This system for estimating a parameter value, for example
from a bit stream received over a radio channel, may be extended
to exploit the individual tree or trellis coding of each of the
parameters by also using the probability of occurrence of each of
the possible encoded sequences during the codlng to influence the
estimating process. This probability will depend upon the type
of analogue signals which have been encoded. By using this
probability a received bit stream that corresponds closely to two
or more parameter values may be estimated to be due to that

_ parameter value which is most common.

At least two techniques are available to process the

15 probability values derived from the first or the extended

: method. Firstly that parameter value having the highest
probability of having been originally coded is selected, and
secondly a weighted average of the probabilities of the
occurrences of all possible parameter values may be taken.

Where only the most significant bit or bits are coded the
estimating system will only be applied to these bits, a composite
? parameter value being provided by appending uncoded least
: significant bits to the estimated most significant bits.

The number of bits to be coded and hence subsequently
2 estimated may be fixed or variable.

' One method of deriving a measure of the probability of
occurrence of each value of a given parameter is to measure the
Hamming Distance of an encoded sequence from each of the possible
values of that parameter and combining these Hamming Distances

30 with a probability density function of the occurrence of these

SR

parameter values. This probability density function may be fixed
L or variable.
: Additionally the encoded sequence may be used to provide

soft decision information and/or channel state data such as bit

3 error rate to adjust probabilities during the decoding process.
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plurality of possible encoded sequences resulted in the encoded sequence
and neang for deriving fromthese neasures of pr et ed
val ue off{the paraneter. This system enpl oys separﬁiéiﬂﬁﬁ'fﬁﬁhﬁﬂﬁ‘for each
of the ppraneters which permts a | ess conplex d in a

system for exanple, where all of the paranmetess are coded tqggt b%gngThe
separ at ef codi ng al so enables greater flexibility in decoding since each
coded pafraneter can be isolated fromthe others. By further providing the
codi ng ans with the neans to performtrellis coding, the error

nce of the Tyspeasenyiipeenitiipr o ell.no¥rld [desciddiingdy sakmedwn per se
RS B e AR Y M otbil ) L B4 B onal
Figure 1 shows a diagram of an arbitrary coding tree,
Figure 2 shows a convolutional coder realised by a shift
register and two exclusive-~OR gates,
Figure 3 shows a coding tree for the coder shown in
Figure 2,
Figure 4 is a graph illustrating the bit erfor rate
10 performance of a convolutional coder,
Pigure 5 is a block schematic diagram of a system for
digitising analogue signals in accordance with the present
_invention,
Figure 6 is a block schematic diagram of a system for
15 recreating analogue signals in accordance with the present
' invention,
Figure 7 is a block schematic diagram of another system for
digitising analogue signals,
Figure 8 is a block schematic diagram of another system for
20 recreating analogue signals,
Figure 9 shows a coding tree together with a graph of the
probability density function for a given parameter,

Figure 10 is a block schematic diagram of an addition to the

system shown in Figure'S to modify the probability density

|25 function for a given parameter,

Figure 11 shows a coding tree together with a graph of

i another probability density function for a different parameter,
Figure 12 is a block schematic diagram of a trellis coder

for 8-PSK, and

30 Figure 13 is a block schematic diagram of a decoder for use

with the coder shown in Figure 12.
In the figures the same reference numerals are used to

identify corresponding features.

35 Figure 1 shows a diagram of an arbitrary coding tree for a
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Vol . IT 28 No. 1, January 1982. One neans of perforn1ng tree coding is by
convol uti onal codlng whi ch may be perfornmed by_a el and

conbi nati onal |ogic. Were the nunber of bits “enc¢odi ng
means, in other words the coding efficiency, isS be
desirable to encode only the nost significant

I'ts of certa| — BLST S
The | east significant bits of many paraneters have a snallern% ?ectlve
ef fect upon a resynthesised replica of the anallgue signals than do the
nost si gni fi carfigditel sigpelq egQtussi gt trequmepfaldovy a Rade theeusheitrs wil |

thus be W thoutfrom 1eft to right and at each junction where a path splits into

two, the path chosen is determined by the current input bit to

the coder. Starting at the point §, if the incoming bit to be
coded is a zero, the upper branch at each junction is followed
and if the bit is a one the lower branch is followed. The
outputs of the coder are shown on the branches of the tree. As
each bit is fed to the coder a decision is made as to which
branch to follow at the junctions and the coding.progresses from
left to right. For example, if the incoming bit stream is 100f;
the path taken is shown by the dotted line in the figure and the
output of the coder is 11010000b. It is important to realise

that the coder output generated in response to an input bit is a

function of that bit and previous input bits.

15 A tree coder can be realised as a look~up table or as a
state machine. Generally the tree will repeat itself after a
certain number of branches and the number of branches between
repetitions determines the complexity of the coder.

A special type of tree coder is the convolutional coder

20 which may be less complex to realise. Convolutional coding and
decoding are described at page 680 et al. of '"Modern Digital and
Analogue Communications Systems' by B. P. Lathi, published by
Holt and Saunders, 1983. A brief description of convolutional
coding now follows with reference to Figure 2. A digital signal

25 comprising a serial stream of bits is fed via an input terminal
32 to a shift register 34 comprising three stages S1, S2, S3.
The shift register 34 is clocked by a clock (not shown) at the
same rate as the incoming serial data. The stage Sl contains the
most recent bit fed to the shift register and this bit is fed

30 simultaneously to a first input of an exclusive-OR gate 36 and to
a first input of an exclusive-OR gate 38. The output of the
stage S2 is the second most recent bit fed to the shift register
and is coupled to a second input of the exclusive~OR gate 36.
The output of the stage S3 is the third most recent bit fed to

35 the shift register and is fed to a third input of the gate 36

—————
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transm ssi on bandw dth nay be reduced mhchﬂgggkgThggdnmm
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ane. The nunber of bits of each paranet erwhteh—are-toded may be
that paraneter or it may be variable®, for exanpl e traBcImepPeEEsat e
s of noise in a radio channel. An advantage of not tree or trellis

the ﬂé‘t@o Q' ond L:{}3L & rtﬁge%a\{:gr éjoef é"%tﬁl&egft&ecéﬂe\’ jgut the

over e mhole |t stream I's assuned that the
is théSdﬁfﬁlﬁah%e 8t efrderminal H wc@we?t@tpmecm%t%n, t hen

pdi ng akhinbieher datérmihhs 422 m\&ﬁrtmdﬂcﬁéwomwt bpe tie BPocean be
Severgl (RhISMS 5378 AV AR N0k: dLeh ) $h0g (g Jnal ogue
available at the terminals 40,42 and these are generally sampled
alternately to provide a convolutionally coded output.

The convolutional coding process may be shown as a coding
tree as shown in Figure 3. The tree is used in the same way as
that of Figure 1 and each branch is marked with the binary digits
which are supplied at the coder output terminals 40,42 as each

10

bit to be coded is fed to the input. For example the input bit

sequence 0l110b provides a series of output bits 00110101b by
After the
third set of nodes as one proceeds from left to right the tree

following the path marked in dotted lines on the tree.

begins to repeat itself which is not surprising since only three
The

coder output is thus defined by the previous three input bits

15
stages are provided in the shift register 34 (Figure 2).

only. The construction of a convolutional coder has the effect
that a stream of zero input bits will result in a stream of zero
20 output bits, whereas in a more general tree coder this need not
be the case.
Figure 4 is a graph which illustrates the error correcting

performance of a convolutional code in terms of the bit error

rate (BER) of convolutionally coded signals subjected to random

transmission errors. The horizontal axis represents the bits

“ being coded with the first one on the left and the vertical axis
represents the bit error rate. The convolutional coder is
assumed to have been reset to a known state at the beginning of

the coding so that the first few coded bits have a low but

increasing BER. By point A after approximately 10 to 12 coded

30
bits the BER curve levels off and remains substantially constant
for successive bits. Since the decoding of a convolutional code

relies upon subsequently received bits to reduce the BER of any

given bit, for the last approximately 10 to 12 bits shown after

35

the point B in the dotted curve the BER increases dramatically.
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signals to be encoded, including vocoding, CodE-hxstet AnBaEN Ar edi ction
and the use of a Goup Special e Mbile speech foder.rgPh&CED esentj i nventi on
also relates to the signal transm ssion and aclursition arrangenents wthin
the system It is a further object of the present invention to provide a
sinpler systemfor the encoding of digitised m@nal ogue signal HBAEIEIBHEP Ng t O
a second aspect of the present invention there is provided an encodi ng
system f or e“%db&&t%rdhgi'tkﬁ@‘ing{??BQgHﬂgg‘w%' £ § VIR b He9: & ARG ULAN tY Of
paranmeters, the system conprisin nmeans, neans for applying at

| east one nost? SHBAT PEdMowpi digdks aaqupb ey tb?lé‘“@‘l’e!t Ré ﬁﬁﬂaﬁe‘tfbltéet o the

tree coding ma&fﬁgxgemplaﬁag t&é ﬁ@eqﬁe;dtsnﬁne&dedaa@h RaASEddoin ) eset ti ng
t he tree.codlgﬁ%neans known poi nt its, coding tree before another at

| east one par Pe?rqvg %%@05%‘3"“ state of the coder at the end of the coding
process and causes the BER performance to follow the solid line

-5 shown in Figure 4. The number of bits which have been coded at
points A and B are approximate and will vary from coder to coder.

To encode an analogue signal in accordance with the present
invenﬁion the signal is first digitised to provid® a number of
510 digital parameters which represent a section in time of the
signal. These parameters are then tree coded individually to
produce a coded section of bits within whicﬁ each coded parameter
is wholly separable from the others. The coded section of bits
may then be transmitted or stored.

i Figure 5 shows a transmission system for channel coding
digitised signals in which the parameters are encoded
individually and transmitted over a radio link. A source of

: incoming analogue signals, in this case a microphone 10, is

| coupled to an input to a Group Speciale Mobile (GSM) coder 12

20 which is operable to provide a set of parameters successively in
time on a bus 1l4. In addition the GSM coder 12 provides a signal
on a reset line 23 which signal is active at a point in time
after each parameter has been made available on the bus 14. The
bus 14 is coupled to a tree coder 22 to which the reset line 23

2% is also coupled. An output 24 from the coder is fed to a
modulator 28 which supplies a modulated signal to a transmitter
30. The system dperates to tree code and transmit each parameter
generated by the GSM coder. Where, for example, the tree coder
is a convolutional coder of the type shown in Figure 2 the reset

30 line 23 will be connected to the shift register to set the

" contents of §1,52,53 to known valués — typically zeroes.

The coding means 22 (Figure 5) can be realised as a look—up
table when the number of bits to be coded together is relatively
small. The coding tree shown in Figure 3 may be implemented as a

35 look~up table comprising a read only memory (ROM). In order to
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B'y resetfing the tree coding neans before the ne ' pded, the
output of the tree coding neans depends upon thg T al%??;g & ramet er
al one and§l not upon any previous paranmeters. Thelreset$5thg the-codi ng

means w
exanpl e,
regi ster
conpri se
of the s

as a

| take different forns depending upon its realisation. For
I f the coding neans is a convol utionaljjcoder conpri si pgs a38bigpt
and a nunber of exclusive OR gates, then the resetting wll
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address lines and eight data lines, in other words a memory with

sixteen, eight bit locations. The look-up table contains all the

possible permutations of the coding tree, for example location

address 0110b contains 00110101b. When this look—up table is

used to code fewer than four bits the most significant address

lines are supplied with the reduced number of bits and the output

is taken from the most significant bits of the data lines.

Alternatively, the system shown in Figure 5 may be used as a

0 trellis coder. Trellis coding is known per se and is disclosea--
in a paper "Channel Coding with Multilevel/Phase Signals" by
Gottfried Ungerboeck, IEEE Transactions on Information Theory,
Vol. IT-28, No. 1, January 1982. Such coding is applicable to 8
PSK and 16 QAM modulation systems and is described in detail

15 subsequently.

While the digitising system shown in Figure 5 includes a
transmitter it will be understood that the output of the coder
22 could be fed to a wide variety of circuitry, for example a
storage device, an optical fibre transmission means or a modem

20 and telephone line.

Any parameter—based analogue signal analysis means could be
substituted for the GSM coder 12, for example a vocoder or a Code
Excited Linear Prediction coding system.

A method of recreating analogue signals which have been tree

25 encoded in accordance with the above encoding method will now be
described. An incoming bit stream is assumed to be a garbled
version of the encoded signal and this bit stream is subdivided
into sections which correspond to the encoded bits of each
parameter., Each of these sections is then compared with all of

30 the possible sequences which could have been produced for that
parameter by the encoder. A measure, for example binary Hamming
Distance or Euclidean Distance, is thus created of the likelihood
that each of these possible sequences resulted in the section of
‘the encoded signal and the most likely sequence chosen.

k13 Knowledge of the behaviour of the particular parameter being

This Sheet Has Been Replaced




| ook-up |[table in which case the resetting will| cPhpRd SREFEARY pREN (e ol d
paraneter value fromthe inputs to the | ook-up table agg appbyi ng new
val ue. \Were nenory or transm ssion rate requirel | t only .

one or ttwo nost significant bits of a parameter are encoded and so a
conbinipg neans is provided after the tree cotd ng neans to f ciHh akpBBEOdi ng
systemiin which not all of the bits of each paraneter are tree coded. The

means f or applystaaaemmazra@etﬂ Qsk@ ttohﬁeélrd%ewtﬁ.‘éﬂ'mtﬂgaﬂ&sm be provi ded
with a first output at one Qr nore nost Si i cant bits are provided

and a s¢cond otRPERCSt 1%?%“‘??1% likelt TR W‘B’&%i‘g‘bf“f‘% Ge HhodPHed. The
first optput ief oppdtetiildeyt klenéirtpufuxmftzartmab:ce@htﬂd|cngtaman\samd t he
conbi ni hg Meansy GRTBLARR, | 1° AU Aloch S SEGRTLRG BESLRR ¥ et e second

out put of the anal
possible sequences. Thus two measures are now available of the

5 likelihood of occurrence of each of the possible parameter

values, the first dependent solely upon the section of the

encoded signal which has, for example, been received over a radio
link, and the second based upon parameter behaviowr which depends
upon the nature of the signal which has been encoded. These two“'.

10 .
measures of likelihood are then combined to provide an overall

measure of likelihood for each possible encoded sequence. If
these measures are probabilities then they can be combined by

simple multiplication. These overall measures can then be used

in at least two alternative ways, firstly the parameter value
* corresponding to the greatest likelihood value can be chosen or,
secondly a weighted average parameter value can be calculated
which is based upon all of the likelihood values. The following
equation may be used to calculate the weighted average parameter
value:
20
N-1
I xPe(x) PO
-
Pe(Xx) P(X)
25 n=0
i is the weighted average parameter value,
X is a value of the parameter which can vary between 0
and N-1,
Pt(x) is the probability that the codeword corresponding
3 to a parameter value of x was transmitted, given the
particular sequence of bits which has been received,
P(X) is the global probability that the codeword
corresponding to a parameter value of x was
transmitted, based upon known characteristics, or
3 previous behaviour of the parameter.
ect Has Been Replaced
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to givefa conposite output signal. The nunber of bits supplied by the nmeans
for appllying the paraneters at its two out put s fee=e=trVETK RRkx

fixed orf it may be variable, subject to the tof T Cg%ﬁfs, i n each
paranmetgr remaining constant. If desired the tgg H e may be
arrangeq to provide trellis coding. It is a fi¥ther Obj ect ofPIiBhé3f19r3@§ent

I nventi¢n to provide a correspondi ng systemfor estimting a paraneter

whi ch h@s been encoded in accordance with the second aspect of the

i nventi ¢n. According to a third aspect of the present invention there is

pr ovi dem a syst em f ¥*r&st i Hathageermwapsinge dGFW’é‘galﬂT"E"Fs%(fyﬁé?'%ufﬁfer at

| east the norer«dirghtingCanildgub Ssighaldivailcauee heen treecernaded #n0 provide an
encoded sequeng cor&gr?cesklrft %e argc))ve encgd:mg method described with

reference to Figure 5 and then transmitted over a radio link. A

radio receiver 52 having an antenna 50 is coupled to a
demodulator 54 which subdivides an incoming bit stream into
sections corresponding to encoded parameters. An output of the
demodulator 54, which output comprises an encodede®parameter, is
coupled to one input to a comparison means 62 which has a second”
input coupled to a look—up table 64. The look-up table 64
contains all of the possible encoded sequences for the parameter
being received. The comparator 62 may include a Hamming Distance
measuring means and is operable to provide a measure of the

" probabilities that the encoded section of bits which has been
received was caused by each of the possible encoded sequences.
The output of the comparator 62 is fed to a selection means 70
which is operable to select the most likely parameter value from
the plurality of probability values. The output of the selection
20 means is fed to a resynthesiser 74 which is coupled to an audio
output transducer 76. The resynthesiser stores successive
parameters supplied to it by the means 70 and when a complete set
has been received it provides a synthetic replica of the analogue
signal originally coded to the audio output transducer 76. The
2% means 70 may be replaced by means for calculating a weighted mean
and this means may operate in a manner analogous to the equation
described above.

The comparator 62 may be arranged to exploit the tree
structure of the coding process to almost halve its computational
30 load. Instead of calculating the Hamming Distance in its

entirety for each of the possible coder output sequences, the

distance of the first two bits of the received section of coded
bits from the two bits in each of the first two branches of the
coding tree is measured. This process is repeated every time a

35 codebook tree branch splits into two until a pair of bits
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means fq@r supplying the encoded sequence to a probability deternping
nmeans, ans for generating a plurality of possi eNICodad Sgepeices and
for supplying the generated sequences to the pro aB ?{@Eﬁ ©r m ni{ng neans,
the probability determ ning neans bei ng operabl el 1« asure of
the prolpability that 6 each of the pluraliig of the possi ke erenged
sequences resulted in the encoded sequence, and neans for deriving from

t hese npasures_of praohability.an esti ed val u f_the aneter. This
system {or estTeﬁéf%)%tgtlggp%r}eaé%%é“rm\?a‘? u ,ef_rc?rcele‘&egrr% e ? 1r'((’)"%%g{ebclc’tdegtream
recei vefl over eutpatlitdtshahrevery rrpndie ofxtlendeee is obtained. All of the

possible distances are then calculable by simple addition of all

the distances at each branch of the tree.
Where the number of bits required to transmit or store the
digitised analogue signals is important, the efficiency of the
tree or trellis coding needs to be considered. Using a tree code
which outputs two bits for every one bit supplied to its input'
the coding efficiency can never exceed 50%. Usingea trellis
10 coder which provides three bits for every two bits supplied to ~—
its input the coding efficiency can never exceed 67%. Since the
digital parameter values comprise most significant bits which are
more critical to the resynthesis of the analogue signals than
their least significant bits it is possible to improve the coding
15 efficiency per parameter by only encoding the most significant
bit or bits of each parameter.
Figure 7 shows a system for digitising analogue signals at a
lower bit-rate than that of Figure 5 and for transmitting the
digitised signals via a radio link. A source of incoming
20 analogue signals 10 is coupled to an input to a GSM coder 12
which is operable to provide a set of parameters successively in
time on a bus 14. The bus 14 is coupled to a demultiplexer 16
which has two parallel digital output busses 18,20. The first of
the digital outputs on the bus 18 comprises at least one most

25 significant bit of each parameter and is fed to a tree coding
means 22 which may be realised as a sequential circuit or as a
look-up table. An output from the coding means 22 is fed via a
bus 24 to a multiplexer 26. The multiplexer 26 is also fed with
the remainder of the bits of each parameter from the output 20 of

30 the demultiplexer 16. The demultiplexer 16 may simply comprise
the separation of a multibit bus into two sets of digital bits
and the multiplexer 24 may comprise the combination of two sets
of digital bits to give a composite signal. An output of the
multiplexer 26 is fed to a modem 28 whose output is fed to =z

35 transmitter (Tx) 30.
-
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to explpit the individual tree or trellis coding of each of the paraneters
by alsoiusing the probability of occurrence of s 4 shplie encoded
sequences during the coding to influence the estfi WA . ¥his
probabijity will depend upon the type of anal og j ve been
encoded{ By using this probability a receivedidit stream thatpugossespends
closelyjto two or nore paraneter values nay be estimated to be due to that
par anetfer val ue whi IS omon. At | east. t t I,gu I vai | abl e
to procgss the pr o%’g&hlei ?@g%%él %e°§m & FvEY S ?ogrﬁetﬁ%qfclggs 1grg’ts%vee%d%ﬁended
met hod.} Fi r st |8ett phtdigirahwecamergksovhiigiarg stremhbejiowstogatbpmpitht y of

havi ng een oryyiipal digthOHEBitS 28! Gfel possi8Nd Ag6ondby SrvehghumBeaver age

of the jprobabiljties of the occurrences of all possi%lelparaneter val ues
may be f aken. of bits of each which are fed to the coder 22 by the

_ demultiplexer 16. In the table, LAR stands for Log Area Ratio
° and LTP stands for Long Term Predictor. LAR1 to LARS are
reflection coefficients transformed to Log Area Ratios. The long
term predictor, ofteh referred to as the pitch predictor,
computes optimum values of a loop gain and delay for minimising
0 the residual signals within the GSM coder. -
GSM parameter No. of bits No. of bits coded
LAR 1 6 5
LAR 2 6 4
" LAR 3 5 3
LAR 4 5 3
LAR 5 4 3
LAR 6 4 2
LAR 7 3 2
20 LAR 8 3 1
LTP lag 7
LTP gain
Block Amplitude 6
25
Each of the parameters is coded separately and the coder 22
(Figure 7) is reinitialised to a known point in the tree before
the most significant bits to be coded are fed to it. This
reinitialisation is performed upon all of the stages of the shift
30 register at once aﬂd no outputs are taken from the terminals
40,42 (Figure 2). The most significant bit of each parameter is
coded first, followed by the second most significant bit,
followed by the third most significant bit and so on. Referring

to the BER graph shown in Figure 4, coding the bits in this order

gives the most significant bit the most protection and decreasing

— —_—
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It IR HNg system
w Il onlly be applied to these bits, a conposite "g ﬁ;g,§E§%ﬁ§ﬁb I ng
provi ded@ by appendi ng uncoded | east significant lbits cffﬁc est+i-rat ed nost
signifigant bits. The nunber of bits to be coded and hence subsequently
estimat ¢d may be fixed or variable. One nethodgof deriving a pgasiNeg:gd the
probabillity of occurrence of each value of a given paraneter is to neasure
‘the Hamfn ng Di Stance of an encoded sequence fromeach of the possible
val ues ¢f that P LEPEOTECEIAEIRN He t 178§ S 1RAA GG P it ancHEchi the a
% obabi ibt% Flemfakémmf umaﬁe_:czoafoﬁittsh@o&agwr][ aﬂﬁgmefpztﬂmseerloasa:motlgerpdmtmas.
I's prebabilit ensi t uncti on y be fixed or varjable. Additiqnally
the encfded se SRc enﬁi/{ap&es QY 1nga'1§}16?/i4dés never reac{xecp and so in this

case the BER remains below its maximum value.

Where only the nost significant bit or bits are '§ﬁ
p t

Figure 8 shows a system for recreating a synthetic version
of an analogue signal which has heen digitised and channel coded
by a system such as that shown in Figure 7. A radio signal
received at an antenna 50 is fed to a receiver (Rx) 52 having an
output which is coupled to a demodulator 54. Thefoutput of the
10 demodulator 54 is a serial stream of binary digits which is fed
to a demultiplexer 56. The demultiplexer comprises a shift
register to convert the serial binary data to a parallel format
and to feed the tree coded section of each parameter on an output
bus 58 to a comparator 62. The least significant bit or bits of
15 each parameter which have not been tree coded are fed by the
demultiplexer 56 on an output bus 60 to a multiplexer 72. The
comparator 62 is also coupled to a coding means 64, which may
comprise a look~up table. The purpose of the means 64 is to
regenerate all the possible bit streams generated by the coding
20 means 22 (Figure 7). The comparator 62 is operable to measure
the Hamming Distance, that is the number of bits which differ,
between the received section of convolutionally coded bits and
every possible sequence which the convolutional coder 22 (Figure
7) could have produced. The Hamming Distances between the

25 received section of coded bits and the coder sequences can be
converted to a set of probabilities that each possible sequence
is the one that was transmitted and this conversion to a
probability may make the subsequent processing easier. Each of
the possible sequences has a corresponding binary data value

30 which is a possible value of the coded relevant section of a

parameter. These Hamming Distances or their respective

probabilities are then multiplied in a multiplier 66 by a value

corresponding to the probability of the occurrence of that binary

data value to which the coded sequence supplied by the means 64

35 corresponds. These probability values are held in a look—~up
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sbft degi si on

to adjudt probabilities during the decoding

i nventidgn will

acconpanyi ng drawi ngs, wherein: Figure 1 shows
coding tlree, Figure 2 shows a convol utional coder

I nformati on and/or channel state _data such as bit error rate

r sent
éﬁgggii@ﬁ ASrREET pnce to the
angarbitrary

real i sed by shéd3EP

now be descri bed, by way of e

regi stef and two exclusive-OR gates, Figure 3 shows a coding tree for the

coder shown i ncfbl 13Y68 w%bsg ret 4is| ?e@&grt%hm&iéig§{gragkng E)h?ecﬁce fite’ OF
&rt :

rate penf or mance of a convo

10

15

20

25

30

35

I onal
computation requlred at this stage those parameter values having

Hamming Distances of greater than a given value need not be fed
to the multiplier 66. The output of the multiplier is fed to a
selection means 70 which selects the lowest product of Hamming
Distance and the probability of the occurrence of the binary data
value.

The selection means 70 could, for example, comprise a store
means and a comparison means, for example a subtrfctor. The
store means initially stores the first output of the multiplier ~
66 for a particular parameter. The output value held in the
store means is then compared in the subtractor with the next
output from the multiplier 66 and if this next value is lower
than the one held in the store means then this next value is
placed in the store means. This process is repeated until all
the possible sequences have been compared. The binary data
sequence which corresponds to the lowest Hamming Distance or
greatest probability product is fed to the multiplexer 72. The
multiplexer 72 is also supplied with the non-tree coded bits on a
bus 60 and the output of the multiplexer is fed to a
resynthesiser 74. The resynthesiser is also supplied with
further parameters received and decoded by the system and
provides a synthetic output signal to an output device such as a
loudspeaker 76. '

Figure 9 shows a coding tree together with a graph of a
probability density function (PDF) for the most significant bits
of a parameter which have been coded using the tree. While the
graph is shown as a smooth curve it will be understood that the
PDF will be stored by the look—up table 68 (Figure 8) as a set of
discrete values. From the graph it can be seen that a value of
the coded parameter of around 100lb is comparatively likely while
a value of around 111lb is comparatively unlikely. This has the
effect that when a received section of bits has a Hamming
distance of, for example, three from a coding tree sequence which

corresponds to a parameter value of 1001b it may have a lower

/ .
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Figure 5/is a block schematic diagramof a systemfordigiti-si-ng—anal ogue
signals | n accordance with the present inventior, THS@H—@TE}M%BB‘:‘{J ock
schemat.i £ diagram of a systemfor recreating and| oque REPIARHD i n dccor dance
wi th thel present invention, Figure 7 is a block schematic diagram of

anot her pystem for digitising anal ogue signal 3g Figure 8 i s aphk a3lé93EP
schematic diagram of another systemfor recreating anal ogue signals, Figure
9 shows @ codi et her wit bll t Lty
function for ar;%fm%/{e B’ésr%rrr‘ﬁfer nd Pf‘ghfﬁég’fé'p?mducg:‘%@ scﬁé“renla 3%8%&;3 am of
an addi t§ on toﬁh@@b@mgshd\mmnm miigtareegof gnepfifioftya tdeding divadi ity
density

sequence corresponds to a parameter value of 11llb.

The probability density function stored in the look-up table

68 (Figure 8) can be derived in at least two different ways. It

could be a permanent read only memory (ROM) look-up table which

contains values appropriate to the particular parameter of the
analogue signals currently being recreated by the system.

Alternatively the look-up table 68 could be an adaptive look—up

0 table whose contents are altered during the operation of the

system. Figure 10 shows a portion of the system shown in

Figure 8 in which an adaptive means 78 has been coupled between

an output of the selection means 70 and the look-up table 68.

The means 78 is operable to aléer the contents of the look-up

5 table 68 based upon the current, and perhaps also previous,

outputs from the selection means. The degree of the alteration

may be varied from a slight change, for example a sharpening of

the peak in the PDF graph, to a more drastic change in which a

sharp peak is placed in the PDF graph centred upon the previous

20 6utput of the means 70. Figure 11 gives an example of such a
sharp peak in the PDF curve, centred upon a parameter value of
0101b. It is important not to allow the PDF curve to have a zero
value anywhere because this may prevent a perfectly matched (zero

Hamming Distance) sequence of received bits from being selected

25 by the means 70. This sharp PDF curve may be particularly
appropriate for recreating speech because it reduces the
probability of the received parameter values from making wild
excursions due to corrupted bits. The use of probability density
functions in this manner can also be applied to the recreating

30 system shown in Figure 6.

Figure 12 shows a system for applying trellis coded
modulation using 8 phase shift keying (TCA-8PSK) to the most
significant bits of parameters provided by a speech coder.

' In the Figure, the transmitter includes a microphone 10 which is

35 commected to a speech coder 12 for example a GSM speech coder.

e
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functign for a given pararreter, Figure 11 shows_a coding tree together with

a graph of another probability density function fms @r@irfgpgrm ar anet er,
Figure {12 is a block schematic diagramof a trql lis Rggtgsrcgbor ISK, and
Figure |13 is a block schematic di agram of a decoder the coder

shown ijn Figure 12. In the figures the sane ri&ference nuneralPBa3®»aiged to
i dentifly corresponding features. Figure 1 shows a diagramof an arbitrary.

tcﬁ(rjioﬂgrt Irtee f OfheBdigi tdb8d lsdbedtt QR uppIPed'SR 4 NRriSLE PG £6!d QWSe&h PALh

80 which is activated on a bit by bit basis to connect those bits

which are to be protected to a serial to parallel converter 82

and those bits which are to be left unprotected to a serial to

parallel converter 84. The output of the converter 82 is taken 2

bits at a time and applied to a trellis encoder 22 which may be

implemented as a DSP (digital signal processor), microprocessor

or a dedicated gate array. The three bit parallel output of the

"trellis encoder 22 together with a three bit paraliel output from

10 the converter 84 are multiplexed in a multiplexer 26. The output-
from the multiplexer 26 is supplied to an 8PSK modulator 88,
optionally by way of an interleaver 86. The output 90 of the
modulator 88 is applied to a radio channel. 1In the case of a
TDMA system the output comprises a codeword having appended

15 synchronisation and address bits, which codeword occupies a

particular time slot or physical channel in a TDMA frame.

The trellis encoder 22 is also provided with a reset line 92
which resets the encoder to the beginning of the next parameter
to be encoded. TCM-8PSK uses a 2/3 rate code applied to the
20 basic 8PSK modulation. Thus the corresponding net data ratio are

2 bits per symbol for the encoded bits and 3 bits per symbol for
the uncoded bits.

Optionally the modulator may be a 16QAM modulator in which
case it will be necessary to have a 3/4 rate code applied to the

2% 16QAM modulation. Thus the corresponding net data rates are 3
bits per symbol for the encoded bits and 4 bits per symbol for
the uncoded bits. This means that there will be 3 parallel
output bits from the converter 82 and 4 parallel output bits from
the converter 84. _

30 Figure 13 shows a receiver which in essence is the
reciprocal of the transmitter shown in Figure 12. A recovered
codeword on an input 92 is applied to either an 8PSK or a 16QAM
demodulator 94, the parallel outputs from which are applied to a
demultiplexer 56, if necessary, by way of a deinterleaver 96.

The trellis encoded bits are supplied to a trellis decoder 98
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fromlefit to right and at each junction where a path spli i fwo, the
path chgsen is determ ned by the current input J
at the goint-'S, if the incoming bit to be coded
at eachjjunction is followed and if the bit is aleretT branch S
foll owed. The outputs of the coder are shown eo the branches piiB Bhe93BEPee.
%Aslfaach bithis fed to the coder a decision is made as to which branch to
ol l ow at the tions, and th ht. For
example, if th Hl‘%’cmﬁ?'nmcﬁr % Feaagd Qgr fob%oq‘?ﬁﬁ? aé{lﬁeaggr?d%g 1;s t%Wn by the
dot t ed lil ne matémesubpgwdetami nahellwltmtseoiest Iqem@e’ae:r 5j0§. 1 Mre0ddGY. It is
| nportant to r | d d F5ikan 0 an

i nput biit is a?%n%?f%)g oftwﬁsa%(gba{e g%lgﬁg%e(\%?gﬁéslam ?Jl'té}albts Agfratee coder
can be rfeal i se@arrllgl| toleeniak gonverger gP2, The outputs of the converters

100,102 are applied to respective poles of a change—over switch

5
104 which is capable of being operated on a bit by bit basis.

The switch 104 is so controlled that the more and less

significant bits are assembled correctly for speech decoding in a

speech decoder 74 to form an analogue signal which is applied to

10 an audio output transducer 76.

By encoding only the more significant bits of the digitised
speech, the receiver need only decode those symbols
representative of the trellis encoded digitised speech wh1ch
saves an appreciable amount of power, up to 60%.

15 Soft decision information may also be used in the signal
recreating systems shown in Figures 6, 8 and 13. This well known
technique involves the making of a weighted decision on each
received bit at the demodulator. The output from the demodulator

§ will then be a probability value for each bit rather than a one

20 or a zero as it would be in a so called hard decision. One way

of handling this information allows the Hamming Distance from the
received section of coded bits to take a non—-integer value. The
multiplier 66 and the selection means 70 of Figure 8 must
therefore be capable of working with non—integer values.

25 Otherwise the system behaves exactly as previously described and
the parameter value can either be selected or made equal to a
weighted average. There may also be an advantage in making a
soft decision on the uncoded least significant bits of any
parameter if extra information such as a probability density

30 function for them is available.

Alternative means for the decoding of the convolutionally
coded bits could be used, for example Viterbi minimum distance
decoding, but in the first system described above the parameters
from the analysis of the incoming analogue signal are all encoded

35 separately and will seldom comprise more than 10 bits which
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state nmachine. Generally the tree will repeat Itself after a certain nunber
of branches and the number of branches bet\ ;-J kﬁsqﬂgNd;ternrnes t he
conplexity of the coder. A special type of ‘%CEbS the;convolutronal
coder which may be | ess conplex to reali se. otra ptli ng and
decodi ng are descri bed at page 680 et al. oleNbdern Di gi t al pEEVG389EHPOgQUeE
Communiicati ons Systens" by B. P. Lathi, published by Holt and Saunders,

1983. A brief  desgr h@témuprweoswa%ytamﬁé AN rBOWyf Bld AusndVzbh
reference to Fi nprisirng a Serial streamof bits

gna
is fedivia an(FgﬁUB{TF ?Er‘r‘h H%\gpe§§°’f"l‘}daq‘é‘ﬁ?‘%¥ réﬁra:’:’fiermﬂ%dr?pfir%qlﬁﬁw hr ee
st ages iS1, S2to S&keThmwhtfdf begtasatefty?,éemﬁtql figicedorizy wherC uetikg (Nnot shown)
at the ;sane r%&?r%g {1 %dﬁ ?? 3L A3t dTQ%eSbol%%Es %Jf Bo&t ghns-the

nost rdgcent b regrs er and
; which each bit has an equal weighting.

From reading the present disclosure, other modifications

will be apparent to persons skilled in the art. Such

modifications may involve other features which are already known
in the design, manufacture and use of signal transmission

systems, and component parts thereof and which may be used

o e

0 instead of or in addition to features already described herein.
§ Although claims have been formulated in this application to
: particular combinations of features, it should be understood that
the scope of the disclosure of the present application also
15 includes any novel feature or any novel combination of features
disclosed herein either explicitly or implicitly or any
generalisation thereof, whether or not it relates to the same
invention as presently claimed in any claim and whether or not it
mitigates any or all of the same technical problems as does the
20 present invention. The applicants hereby give notice that new
claims may be formulated to such features and/or combinations of
such features during the prosecution of the present application
or of any further application derived therefrom.
25
30
35 )
-
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sinul taneously to a first input of an excl usijvenoR s to a first @
i nput of an exclusive-OR gate 38. The output jof thgg I § the second

nost recent bit fed to the shift register and—TSs—coupted econd i nput

of the exclusive-OR gate 36. The output of the stage S3 is the third nost

recent bit fed to the shift register and is fe&d to a third i npst 39d93Ehe

gate 36; 9 and to a second input of the gate 38. The output of the gate

36 is avallablglléA a termnal 40 and the output of the gate 38 is avail able

at a term nal Each time a newinput bit is fed to the termnal 32 a

pai r of convol uti ohal | $ gtahed trangmigsdon system comprising means for

digitising an analogue signal to provide a plurality of digitised

parameters, coding means for encoding at least the most
significant bit of at least one parameter using a tree code to

provide an encoded sequence, means for resetting the coding means

b et v

to a known point in a coding tree before another at least one
parameter is encoded, means for combining the encoded bit(s) from
the encoding system with the remaining bit(s) of the at least one
10 parameter to provide a digitised signal, means for transmitting ™
the digitised signal, means for receiving the digitised signal
and supplying the signal to a probability determining means,
means for generating a plurality of possible encoded sequénces
and for supplying the generated sequences to the probability
15 determining means, the probability determining means being
operable to provide a measure of the probability that each of the
plurality of possible encoded sequences resulted in the encoded
i sequence and means for deriving from these measures of
probability an estimated value of the parameter.
[ 2. A system is claimed in Claim 1, characterised by coding
! means to provide a trellis encoded sequence for combination with
. the remaining bit(s) of the at least one parameter.

3. A system as claimed in Claim 1 or Claim 2, further
comprising a probability density function means for providing a
measure of the probability of occurrence of each of the plurality
of possible encoded sequences during the tree coding and a

" probability combining means for combining a measure of
probability from both the probability determining means and the
probability density function means, and for supplying a signal to

30 the parameter deriving means.

4, A signal transmission arrangement for use with a system
as claimed in Claim 1, characterised by means for digitising an
analogue signal to provide a plurality of digitised parameters,
coding means for encoding at least the most significant bit of at

35 least one parameter using a tree code to provide an encoded

—_
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avai l able at the term nals 40,42 and these g ed
alternately to provide a convolutionally codee 5T HAShBERO Vol ut i onal
codi ng iprocess may be shown as a coding tre as_sREBWGER Fi gulfle 3. The tree
is used in the same way as that of Figure 1 and each branch 1s marked with
the binary digits which are supplied at the @3der output ter PHRaIIS93EE 42 as
each biit to be coded is fed to the input. For exanple the input bit
sequence 011b sqgeydéiesm@aréefaﬁ%eﬁéuq&{gpeﬁe ?Aéiﬂg%wl&la proJrPH)ﬂW ng the
path marked in dotted Iines on the tree. After the third set of nodes as
one proceeds fiflof JAERE ttFee hpfiore anothere apelfags M PRfATRLeT tiel f which is
not sulprisi N@ngbdeer, MAEMns EHF QRmMBLAALSLIR EndYded i Kiedsh NEroherishiehéodiagi St er

34 (Figure 2). The cqder output, is thus defined by the previous three input
U TR AL Rl el s LB At S P A -

provide a digitised signal and means for transmitting the

5
digitised signal.

5. A signal acquisition arrangement for use with a system

i as claimed in Claim 1, characterised by means for receiving a
digitised signal and supplying the signal to a probability

? 10 determining means, means for generating a plurality of possible
f encoded sequences and for supplying the generated sequences to
j the probability determining means, the probability determining
means being operable to provide a measure of the probability that
.each of the plurality of possible encoded sequences resulted in
5 the encoded sequence and means for deriving from these measures

of probability an estimated value of the parameter.

6. An encoding system for encoding a digitised analogue
signal comprising a plurality of parameters, the system
comprising tree coding means, means for applying at least one

most significant bit of at least one of the parameters to the

20
§ tree coding means for supplying an encoded signal, and means for

resetting the tree coding means to a known point in its coding
tree before another at least one parameter is encoded.
! 7. A system as claimed in Claim 6, characterised in that
25 the means for applying the at least one parameter to the tree
coding means comprise means for receiving the plurality of
digitised parameters and for supplying at least one most
significant bit of at least one parameter to the tree coding
means, and in that means are provided for combining the encoded
20 signal with the remaining bits of the at least one parameter to
form a digitised signal.
8. A system as claimed in Claim 6 or Claim 7,
characterised in that the means for applying the parameters
comprises means to apply at least one most significant bit of all

35 of the digitised parameters to the tree coding means.
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determining means, means for generating a plurality of possible

encoded sequences and for supplying the generated sequences to

the probability determining means, the probability determining

means being operable to provide a measure of the probability that

each of the plurality of the possible encoded seq&%nces resulted

in the encoded sequence, and means for deriving from these

measures of probability an estimated value of the parameter.

10. A system as claimed in Claim 9, further comprising

van

- probability density function means for providing a measure of the

probability of occurrence of each of the plurality of possible

encoded sequences during the tree coding and a probability

combining means for combining a measure of probability from both

the probability determining means and the probability density

function means, and for providing a signal to the parameter

deriving means.
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reI i es upon subsequently received bits to reduce the BER of any given bit,

for the last approximately 10 to 12 bits shown aﬁhg fit in the
dotted curve the BER increases dranatically. ! ‘FH%EFE@quFNh s the
i nput 32. (Figure 2) to the coder is fed with a fgits equal

to the number of stages in the shift register ter the | ast

coded has been fed in. This provides a known s%{ate of the codgigat’g?%? nd
of the coding process and causes the BER perfornmance to follow the solid
line shown in FPYURECH. The nunber of bits which have been coded at points
A and B are approximate and will vary from coder to coder.

SIGNAL TRANSMISSION SYSTEM

An analogue signal source (10) is coupled to an analysis
means (12) to provide a plurality of parameters on albus (14).
The analysis means also provides a reset signal on a separate
line (23) and both the bus (l4) and the line (23) are fed to a
tree coder (22). The reset signal is applied to°®tnhe tree coder
10 (22) before each parameter is applied on the bus (l4) so that fﬂe.
: coder commences from a known position in a coding tree for each
parameter. The coded signals are supplied on a bus (24) to a
modulator (28) having an output which is coupled to a transmitter
(30). A system for recreating analogue signals coded in this way
15 is also described which estimates partial values of parameters
using the probability that each of the possible encoded sequences
resulted in the signal from which the analogue signals are to be
recreated. The recreating system may also use the probability of
occurrence of each of the possible encoded sequences during the
20 tree coding. This latter probability may be derived from the
probability density function of the parameters. The tree coder
may optionally be arranged to provide trellis coding, for

example, for 8-PSK or 16QAM modulation.
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To encode an anal ogue signal in accordance with the present invention thej\ ¢
signal is first digitised to provide, a nunber of digital paraneters which
represent a section in time of the signal. These-paraneters are then tree
coded individually to produce a coded section df THIStSHEBI tHasnepen ¢h each

coded paraneter is wholly separable fgﬁt he ot{hers. RE¥aaepded section of

bits may then be transmtted or stored.’ Yigure 5 shows a t(ransmssion

system for channel coding digitised signals in which the paraneters are

encoded individually and transmtted over a ragdio_li k.. A source of
I ncom ng anal ogue signals, in this case rr n 0, is coupled to an
I nput to a G oup Speciale Mbile (GS EHE operable to

provide a set of paraneters successivgly in ti@;@s 14. In addition
the GSM coder 12 provides a signaDQ
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6r_1 a reset line 23 which signal is active at a poi ln tine after each

paranmeter has been made available on the bus 14. TheTHISSHEAT iGsGRRRd to a
tree coder 22 to which the reset line 23 is al so coupl eRepLABEgUL DUt 24
fromthe coder is fed to a nodul ator 28 which supplies a "gnal

to atransmtter 30. The system operazﬁsl;to tree code and transmt each
paraneter generated by the GSM coder. elFe, for exanple, the tree coder is
a convolutional coder of the type shown in Figure 2 the reset line 23 will
be connected to the BE& egi ster to set the contenls of S1,S2,S3 to known
values - typically z | The coding neans 22 (Figlite 5) can be realised
as a | ook-up table when the nu L.of pitsto-beefoddd together is
relatively small. The codijn ree shown in Figure y be inplenented as a
| ook-up table conprising ead only menory (ROM). order to

A 8 FIG.4
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11 realise the coding al gorithm shown in Figure 3 requires four address
|l ines and eight data lines, in other words a nmenory with sixteen, eight bit

| ocati ons.

The | ook-up table contains all the possi bl e permutations of the

coding tree, for exanple |ocation address 0110b onng@nggeﬂxsaﬁﬁkb’ When

this | ook-up table is used to code fegq t han foyr bitsEHACEDDSt
significant address lines are supplie

t he out put

th the duced nunber of bits and

is taken fromthe nqg significant bits of the data |ines. :
Al ternatively, e 5[}ten1sh 5 may be used as a trellis coder.
Trellis coding¥Ys known per Jse and ils dis
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in a paper "Channel Coding with Miltilevel /Phase Signals" by Gottfried
Unger boeck, | EEE Transactions on Information Theory, Vol. |T-28, No. 1,
January 1982. Such coding is applicable to 8 PSK ang ‘? oAV '
systens and is described in detail subsequently. W ??% ' H
system shown in Figure 5 includes a trgﬁ? tter it wll t hat
the output of the coder 22 could be fe a wde variety of circuitry, for
exanpl e a storage device, an optical fibre transm ssion neans or a nodem
and tel ephone line. Any pa ogue sijgnal anal ysis means

coul d be substituted 78 vocoder or a Code
Excited Linear Predictionjcoding 5 recreating anal ogue
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encoded in accordance with the above encodi ng method will now be described.’
An incomng bit streamis assuned to be a garbled version of the encoded
signal and this bit streamis subdivided into sections which correspond to
the encoded bits of each paraneter. Each of these sections is then conpared

with all of the possible sequences V\/nsjn coul d h@ve-been—producs Lor that
paraneter by the encoder. A neasure 5exarrp| el BiarEER ﬁ‘ﬁfﬁﬁ?@EDl it ance or
Eucl idean Distance, is thus created of the I|ikel lhood ! Er‘Uﬂ‘\Cé’éch of ¥t hese

possi bl e sequences resulted in the section of the encoded signal and the
nost |ikely sequence chosen. j(ﬁ]oy edge of the behaviour of the particular

par anet er bei ng _ - - -
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GLo7 -3 1res

12 estlnated may al so be used to decide which of the possible sequences is

the nost likely. Thi's know edge nay take the fg;nlof a probablllty denS|ty
function tpbl e i GIC &0M:atmss val ugs corr espory e tketi-hood—of-
occurrencerqu~N“ng; edpngbglgﬂsgqggnces 'T :ﬁéhT%o §E§ noﬁ%%
avai | abl e 59 Lﬁeijlm ]é 09d:0f accurnende of eac 'po bl ethafEeter
val ues, thé % ghpe fept sq %&y upon |t he sect 0 ;hek@ndb ed}$%@WhH
whi ch has, RV e P e re éfvéﬁ"ﬁ'er & nadio Ko pignd 72
based upon ghranerbr b%ﬁé%lOuﬁ“ﬁh%ch”dé'ends T Phevnatufﬂyéﬁgﬁhbpsgﬁmal
whi ch has beéhZeREoBEHE M These twas- neasiures of |Ike|lh00d are then

conbined to provide an overall neasure of

encoded sequence.
conbi ned by

| f these neasures are probabllltles Then [Hey canbe
SIGNAL TRANSMISSION SYSTEM

The present invention relates to a signal transmission
system having particular, but not exclusive application to the

transmission of digitised analogue signals over a channel. The

gnvention also relates to a transmitter and receiver for use in

the system and to encoding and decoding arrangem®nts embodied in

that transmitter and receiver.

When analogue signals are to be transmitted or stored in a
digital format they can be converted by an analysis means to a
representation comprising a number of digital parameters.
Examples of such analysis means are well known and include
vocoders, the Group Speciale Mobile (GSM) speech coder and code
excited linear prediction (CELP) systems. At least some of the
parameters provided by these systems can be regarded as digital
representations of time varying analégue signals, for example the
spectral coefficients of a vocoder or the gain parameter of a _
CELP system. -Parameters of this type generally comprise a number
of binary bits of which the most significant bit (MSB) carries
the largest weighting and the least significant bit (LSB) carries
the smallest weighting. Consequently when the analogue signals
are resyntheéised from their digital representations an error for
example, in the MSB of a parameter has a much greater subjective
effect upon the perceived signal quality than an error in the LSB
of that pargmeter. For example the least important or
significant bits may only slightly reduce the quality of the
signals, for example speech, as reproduced when subject to an
error rate of say 5% while the most sensitive or significant bits

will introduce serious distortion when subject to an error rate

of say 1%.

In circumstances where errors are likely to be i

in the transmission or storage of digitised analogue »si 212, FEB 1997

REPLACEMENT SHEET

nc




4

sinmple multiplication. These overall neasures can the

greatest |ikelihood value can be chosen or, secondly 4
par anet ér val ue can be cal cul ated which is based upon
val ues. The follow ng equation may be used to cal cul af
average paraneter value: N1 [err] X Is the we
par anmet er val ue, X is a val ue of the_paraneter

UB chu 1 f uu.

two alternative ways, firstly the paraneter val ue correBﬁEﬁ&ﬁHﬂiNﬂbSHEg;

e

q I gm et-avet

aII 202 Fbgh@g}xel

raWdaVal

grtea
whi ch

averagre
can vary

ge

Hood

between 0 and N1, P[err](x) is the probéblllty that the
corresponding to a paraneter value of [err] was transmtted, given the

codewortd

some means of error protection, such as redundancy, is added to
the digital representations of the parameters. This protection
usually enables the correction of up to a given number of
‘transmission errors at the receiver. By protecting a number of
parameters together, unrelated binary sequences are represented
by a stream of output bits from a coder and this can mean that
potential flexibility in the decoding process is lost.
-Adaitionally, simple block codes have traditionally been used for
this purpose but these provide an equal amount of protection for
all of the binary bits which they are used to protect and, in
view of the widely differing subjective effects of errors in
different bits of the parameters this approach is not regarded as
being the most cost effective. United Kingdom Patent Application
GB 2 182 529 A describes a method of encoding speech whereby
block codes, which are designed to provide greater protection for
the MSBs than the LSBs of the parameters, are used to encode one
parameter at a time. This Patent Application also discloses a
method of recreating the analogue signals from digital .
representations which contain errors by the use of a number of
different techniques, including the use of known characteristics
of each paraméter, the previously received values of éach
parameter and soft decision information. Block codes which are
suitable for use with this method are, however, difficult to.
derive and separate block encoding means must be provided for

every different length of binary bit sequence to be protected.

It is a first object of the present invention to provide a
signal tramsmission system including a simpler means for coding
analogue signals.

According to a first aspect of the present invention there
is provided a signal transmission system comprising means for
digitising an analogue signal to provide a pluraiity of digitised
parameters, coding means for encoding at least the most
significant bit of at least one parameter using a tree code to

provide an encoded sequence, means for resetting the coding means



particul ar sequence of bits which has been received, P(LeLLl) | s _the

gl obal probability that the codeword corresponding to a ﬁﬁﬁ@ﬂggﬁﬁﬁyaéﬁgtﬁﬂ
[err] was transmitted, based upon known characteristics} QL .previQus

behavi odr of the paraneter. 13 Figure 6 of the acconpahyj : S
shows a s recreating anal ogue signals which have been tye 22%33%@%%&?
accordance with the above encoding nmethod described wt : .
Figure 5 and then transmitted over a radio Ilpk. A radijo receiver 52 havihg

an antenna 50 is coupled to a

to a known point in a coding tree before another at least one
parameter is encoded, means for combining the encoded bit(s) from
the encoding system with the remaining bit(s) of the at least one
parameter to provide a digitised signal, means for transmitting
the digitised signal, means for receiving the digitised signal
and supplying the signal to a probability determining means,
means for generating a plurality of possible encoded sequences

. @nd for supplying the generated sequences to the probability
determining means, the probability determining theans being
operable to provide a ﬁeasure of the probability that each of-zhe
plurality of possible encoded sequences resulted in the encoded
sequence and means for deriving from these measures of
probability an estimated value of the parameter.

This system employs separate tree coding for each of the
parameters which permits a less complex coder to be used than in
a system, for example, where all of the parameters are coded
together. The separate coding -also enables greater flekibility
in decoding since each coded parameter can be isolated from the
others.

By further providing the coding means with the means to
perform trellis coding, the error performance of the system may
be improved. Trellis coding is known per se and is disclosed in
a paper "Channel Coding with Multilevel/Phase Signals" by
Gottfried Ungerboeck, IEEE Transactions on Information Theory,
Vol. IT-28, No. 1, January 1982.

One means of performing tree coding is by convolutional
.coding, which may be performed by a shift register and
combinatignal logic.

Where the number of bits produced by the encoding means, in
other words the coding efficiency, is critical it may be
desirable to encode only the most significant bits of certain
Parameters. The least significant bits of many parameters have a
Smaller subjective effect upon a resynthesised replica of the
analogue signals than do the most significant bits. The least

Significant bits of those parameters will thus be without



denodul at or 54 whi ch subdivides an incomng bit stf USI MO _SETTT OIS
correspondi ng to encoded paraneters. An output of ﬁ% G8BMENTSHEE 4] whi ch
out put conprises an encoded parameter, is coupled fofone THpUT TO
conmpari son neans 62 which has a second- input coupl ed2t®d RER ¢8% up tabl e
64. The | ook-up table 64 contains all of the possipl g encoded sequenges for
t he paraneter being received. The conparator 62 I ncl ude a Hanm nf
Di stance neasuring means and is operable tq, provide a measure of thej
probabilities that the encoded section of bits which has been recerved was
caused by each of the possible encoded sequences. The output of the '
conpar at or pEtdosipecbuto aarediasst sprbateanse M lhhbe tpchdevpr aBtedt o sel ect
the most | pkely dailaa{?eee&hxa-iﬁ%sﬁwﬁotfnggan?&mehlfﬁay ok Peahall Lhioh val ues:

The out put "of the selecti.on neans Is 0 a resynthesiser 74 which is
coupl ed tocewlddgrd to increasing the number of time slots in a Time

Division Multiple Access (TDMA) frame. The number of bits of
each parameter which are coded may be fixed for that parameter or
it may be variable, for example to compensate for levels of noise.
in a radio channel. An advantage of noﬁ tree or trellis coding
alTl the data bits is that a receiver does not need to carry out
the decoding over the whole bit stream. If for é&kample it is
assumed that the decoding is the dominant element in the
receiver's power consumption, then by not coding all of the data
bits, a power reduction of up to 60% can be obtained.

Several methods are available for digitising the analogue
signals to be encoded, including vocoding, Code Excited Linear
Prediction and the use of a Group Speciale Mobile speech coder.

The present invention also relates to the signal
transmission and acquisition arrangements within the system.

It is a further object of the present invention to provide a
simpler system for thé encoding of digitised analogue signals.

According to a second aspect of the present invention there
is provided an encoding system for encoding a digitised analogue
signal comprising a plurality of parameters, the system
comprising tree coding means, means for applying at least one
most significant bit of at least one of the parameters to the
tree coding means for supplying an encoded signal, and means for
resetting the tree coding means to 2 known point in its coding
tree before another at least one parameter is encoded.

By resetting the tree coding means before the next parameter
is coded, the output of the tree coding means depends upon the
value of that parameter alone and not upon any previous
parameters. The fesetting of the coding means will take
different forms depending upon its realisation. For example, if
the coding means is a convolutional coder comprising a shift
register and a number of exclusive OR gates, then the resetting

will comprise placing known values, typically zeroes, in the



out put transducer 76. The resynthesiser stores successive_paraneters
supplied to it by the means 70 and when a conplete set Ha eﬁﬁEmh\Ikyﬁng
provides a synthetic replica of the anal ogue signal ori g_Ly_ggﬁggnLQ,
audio out put transducer 76. The neans 70 may be repl ace E ﬂ&ﬁﬂ g%
calculating a weighted nmean and this nmeans may operate iin w97
anal ogous to the equation described above. The conparatdr B2._.nay he
arranged to exploit the tree structure of the coding pracess to al nost
hal ve its conputational |oad. Instead of calculating th M0g—Di-st

inits entirety for each of the possible coder output sequences, the

di stance of memRory; stageswofpthe sbift megieterved section of coded bits from -

the two bits in @ach-0ftiLBLy fdreS Er&%oﬁiﬂ?%@ﬁs%ﬁ Be FOAINQqlLSG 1S
measured. This process Is repeated every
look-up table in which case the resetting w111 comprise removing

the old parameter value from the inputs to the look-up table and
applying a new value.

Where memory or transmission rate requirements are
stringent only one or two most significant bits of a parameter
s dre ehcoded and so a combining means is provided after the tree
coding means to form an encoding system in whicll not all of the
bits of each parameter are tree co&ed. The means for applyiné_

the parameters to the tree coding means may be provided with a

first output at which one or more most significant bits are

provided and a second output at which the least significant bits

are provided. The first output is coupled to the input of the

tree coding means and the combining means combines the output of

the encoding system with the second output of the analysis means
" to give a composite output signal.

The number of bits supplied by the means for applying the
parameters at its two outputé for a given parameter may be fixed
or it may be variable, subject to the total number of bits in
each parameter remaining constant. _

If desired the tree coding means may be arranged to provide
trellis coding. |

It is a further object of the present invention to provide a
corresponding system for estimating a parameter which has been
encoded in accordance with the second aspect of the invention.

According to a third aspect of the present invention there
is provided a system for estimating the value of a digitised _
parameter, at least the more significant bits of which have been
tree coded to provide an encoded sequence, the system comprising
means for supplying the encoded sequence to a proﬁability

. determining means, means for generating a plurality of possible
encoded sequences and for supplying the generated sequences to
the probability determining means, the probability determining

means being operable to provide a measure of the probability that



codebook tree branch splits into two until a pair

T-I'T 4
representing the distance of the received bits fronﬁ#éAgéﬁfgmoﬁHﬁﬁ]'t bits

(D

at every branch of the tree is obtained. Al of th
then cal'cul abl e. by sinple addition of all the disth
the tree. Wiere the nunber of bits required to trah
digitised anal ogue signals is inportant, the effic

OSSI BIre—girstanceés are
ngeg AatfFmEmainpr Angh of
sint or store the
ency of the tree or
code whi ch out pufs two

trellis coding needs to be considered. Using a treke
bits for every one bit supplied to its input the co
never exceed 50% _ Using a trellis

ding efficrency can

each of the plurality of the possible encoded sequences resulted
in the encoded sequence, and means for deriving from these
measures of probability an estimated value of the parameter.

This system for estimating a parameter value, for example
from a bit stream received over a radio channel, may be extended
to exploit the individual tree or trellis coding of each of the
parameters by also using the probability of occurrence of each of
. tHe possible encoded sequences during the coding to influence the
estimating process. This probability will depen& upon the type
of analogue signals which have been encoded. By using this
probability a received bit stream that corresponds closely to two
or more parameter values may be estimated to be due to that
~ parameter value which is most common.

At least two techniques are available to process the
probability values derived from the first or the extended
method. Firstly that parameter value having the highest
probability of having been originally coded is selected, and
secondly a weighted average of the probabilities of the
occurrences of all possible parameter values may be taken.

Where only the most significant bit or bits are coded the
estimatiné system will only be applied to these bits, a composite
parameter value being provided by appending uncoded least
significant bits to the estimated most significant bits.

The number of bits to be coded and hence subsequently
estimated may be fixed or variable.

One method of deriving a measure of the probability of
occurrence of each value of a given parameter is to measure the
Hamming Di#tance of an encoded sequence from each of the possiblé
values of that parameter and combining these Hamming Distances
with a probability density function of the occurrence of these
parameter values. This probability density function may be fixed
or variable.

Additionally the encoded sequence may be used to provide
soft decision information and/or channel state data such as bit

error rate to adjust probabilities during the decoding process.



coder which provides three bits for every two bits _su
the coding efficiency can never exceed 67% Since
val ues. conpri se nost significant bits which are nofe Cri
resyht hesi s of the anal ogue signals than their |eakt
possible to inmprove the coding efficiency per par

e dyFRmliggen o i ng
the nost significant bit or bits of each paraneter] ure 7 showsj aj system
for digitising anal ogue signals at a lower hit-ratfe than tha g
I ncom ng anal ogue signals 10 is coupled to an input to a GSM co
I's operable to provide a set of paraneters successively in tinme on a bus

14. The bus 14 irhe GfHeBbRE {rvedrdeWiti PieXBe désaMibed, as wapooparal l el
digital outgut busses 18, 20. The first of

i

S|gn||

xample, with reference to the accompanying drawings, wherein:

Figure 1 shows a diagram of an arbitrary coding tree,

Figure 2 shows a convolutional coder realised by a shift
register and two exclusive-OR gates,

"Figure 3 shows a coding tree for the coder shown in
Figure 2,

Figure 4 is a graph illustrating the bit erfor rate
performance of a convolutional coder,

Figure 5 is a block schematic diagram of a system for
digitising analogue signals in accordance with the present
_ invention, '

Figure 6 is a block schematic diagram of a system for
recreating analogue signals in accordance with the present
invention,

Figure 7 is a block schematic diagram of another system for
digitising analogue signals, _

Figure 8 is a block schematic diagram of another system for
recreating analogue signals,

Figure 9 shows a codiﬁg tree together with a graph of the
probability density function for a given parameter,

Figure 10 is a block schematic diagram of an addition to the
system shown in Figure.s to modify the probability density
function for a given parameter,

Figure 11 shows a coding tree together with a graph of
another probability density function for a different parameter,

Figur®e 12 is a block schematic diagram of a trellis coder
for 8-PSK, and |

Figure 13 is a block schematic diagram of a decoder for use
with the coder shown in Figure 12.

In the figures the same reference numerals are used to

identify corresponding features.

Figure 1 shows a diagram of an arbitrary coding tree for a

lied to its input



the digital outputs on the bus 18 conprises at RE@$&H@p@gn§§kh Fgni f i cant
bit of each paraneter and is fed to a tree codg cli may be
real i sed as a sequential circuit or as a | ook}u zgfg%&iAn ouf pit fromthe
codi'ng nmeans 22 is fed via a bus 24 to a nult p e tiplexer 26
Is also fed with the remainder of the bits of frpmthe

out put 20 of the denultiplexer 16. The denultlplexer |y conprise
the separation of a multibit bus into two sgt nd t he

mul ti pl exer 24 may conprise the combination of tmo sets of digital bits to
gi ve a conposite signal. An output of the nultiplexer 26 is fed to a nodem
28 whose owWtgita} $igealt oTe usertdhei tree qnexfoB@ws a path through it

from left to right and at each junction where a path splits into
two, the path chosen is determined by the current input bit to
the coder. Starting at the point S, if the incoming bit to be
coded is a zero, the upper branch at each junction is followed
and if the bit is a one the lower branch is followed. The
outputs of the coder are shown on the branches of the tree. As
each bit is fed to the coder a decision is made as to which
branch to follow at the junctions and the coding'progresses from
left to right. For example, if the incoming bit stream is 100£;
the path taken is shown by the dotted line in the figure and the

- output of the coder is 11010000b. It is important to realise
that the coder output generated in response to an input bit iS a
function of that bit and previous input bits.

A tree coder can be realised as a look—up table or as a
state machine. Generally the tree will repeat itself after a
certain number of branches and the number of branches between
repetitions determines the complexity of the coder.

A special type of tree coder is the convolutional coder
which may be less complex to realise. Convolutional coding and
decoding are described at page 680 et él. of '"Modern Digital and
Analogue Communications Systems" by B. P. Lathi, published by
Heolt and Saunders, 1983. A brief description of convolutional
coding now follows with reference to Figure 2. A digital signal
comprising a serial stream of bits is fed via an input terminal
32 to a shift register 34 comprising three stages S, S2, S3.
The shift register 34 is clocked by a clock (not shown) at the
same rate 4s the incoming serial data. The stage Sl contains the
most recent bit fed to the shift register and this bit is fed
simultaneously to a first input of an exclusive—OR gate 36 and to
a first input of an exclusive—-QR gate 38. The output of the
stage S2 is the second most recent bit fed to the shift register
and is coupled to a second input of the exclusive—-OR gate 36.
The output of the stage S3 is the third most recent bit fed to
the shift register and is fed to a third input of the gate 36
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is available at a terminal 40 and the output of the gate 38 is .
available at a terminal 42. Each time a new input bit is fed to

the terminal 32 a pair of convolutionally coded bits are

évailable at the terminals 40,42 and these are generally sampled
alternately to provide a convolutionally coded output.

The convolutional coding process may be shown as a coding

tree as shown in Figure 3. The tree is used in the same way as

that of Figure 1 and each branch is marked with the binary digits
which are supplied at the coder output terminals 40,42 as each ~
bit to be coded is fed to the input. For example the input bit
sequence 0110b provides a series of output bits 0011010lb by
following the path marked in dotted lines on the tree. After the
third set of nodes as one proceeds from left to right the tree
begins to repeat itself which is not surprising since only three
stages are providéd in the shift register 34 (Figure 2). The
coder output is thus defined by the previous three input bits
only. The construction of a convolutional coder has the effect
that a stream of zero input bits wili result in a stream of zero
output bits, whereas in a more general tree coder this need not
be the case.

Figure 4 is a graph which illustrates the error correcting
performance of a convélutional code in terms of the bit error
rate (BER) of convolutionally coded signals subjected to random
transmiésion errors. The horizontal axis represents the bits
being coded with the first one on the left and the vertical axis
represents the bit error rate. The convolutional coder is
assumed toghave been reset to a ‘known state at the beginning of
the coding so that the first few coded bits have a low but
increasing BER. By point A after approximately 10 to 12 coded
bits the BER curve levels off and remains substantially constant
for successive bits. Since the decoding of a convolutional code
relies upon subsequently received bits to reduce the BER of any
given bit, for the last approximately 10 to 12 bits shown after

the point B in the dotted curve the BER increases dramatically.
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Each of the paraneters is coded separatelyi@nd the coder 22 (Figure 7) is
reinitialised to a known point in the tree before the nost significant bits
to be coded are fed n all of

the stagesfFCYHeRTs ﬁf"??? I'%tl@g;gé‘z‘i' r3§![ ?I%’%égle:a% ttlr?g%lﬁts‘b%@g g% géeet%al%gﬁ‘ fromthe
termnal s a number of known digits equal to the number of stages in the .

shift register after the last bit to be coded has been fed in.

This provides a known state of the coder at the end of the coding

process and causes the BER performance to follow the solid line

shown in Figure 4. The number of bits which have been coded at

points A and B are approximate and will vary from coder to coder.

. * To encode an analogue signal in accordance with the present

invention the signal is first digitised to provid® a number of

digital parameters which represent a section in time of the

signal. These parameters are then tree coded individually to

produce a coded section of bits within which each coded parameter

is wholly sepgrable from the others. The coded section of bits

may then be transmitted or stored.

Figure 5 shows a transmission system for channel coding
digitised signals in which the parameters are encoded
individually and transmitted over a radio link. A source of
incoming analogue signals, in this case a microphone 10, is
coupled to an input to a Group Speciaie Mobile (GSM) coder 12
which is operable to provide a set of parameters successively in
time on a bus l4. In addition the GSM coder 12 provides a signal
on a reset line 23 which signal is active at a point in time
after each parameter has been made available on the bus 14, The
bus 14 is coupled to a tree coder 22 to which the reset line 23
is also coupled. An output 24 from the coder is fed to a
modulator 28 which supplies a modulated signal to a transmitter
30. The system operates to tree code and transmit each parameter
generated by the GSM coder. Where, for example, the tree coder
is a convolutional coder of the type shown in Figure 2 the reset
line 23 will be connected to the shift register to set the
contents of S1,S2,S3 to known values - typically zeroes.

The coding means 22 (Figure 5) can be realised as a look-up
table when the number of bits to be coded together is relatively
small. The coding tree shown in Figure 3 may be implemented as a

look-up table comprising a read only memory (ROM). In order to



40,42 (Figure 2). The nost significant bit of each{paraiElgt.

first, followed by the second nost significant bit,pﬁg?igkgﬁﬁgisﬁgéﬁthird
nmost significant bit and so on. Referring to the BRER graph shown_in F| gure
4, coding the bits in this order gives the nost sidnifig2gntrBB #9%7hel nbst
protection and decreasing 16 anounts of protectijonjfor the |less
significant bits. Since the maxi num nunber of bits ftoded tor any onggi
paraneter is 7 the point A on the graph shownjin Figure 4 is pnever_tgached
and so in this case the BER remains below its maxi mum val ue. Figure 8 shows

a systemfor recreatjn synt hetic version
y realise thegéagin algorithm shown in Figure 3 requires four

address lines and eight data lines, in other words a memory with
sixteen, eight bit locations. The look-up table contains all the
possible permutations of the coding tree, for example location
address 0110b contains 0011010lb. When this look—-up table is
used to code fewer than four bits the most significant address

lines are supplied with the reduced number of bits and the output

“

is taken from the most significant bits of the data lines.

Alternatively, the system shown in Figure 5 may be used as a
trellis coder. Trellis coding is known per se and is disclosea.-
in a paper "Channel Coding with Multilevel/Phase Signals" by
Gottfried Ungerboeck, IEEE Transactions on Information Theory,
Vol. IT-28, No. 1, January 1982. Such coding is applicable to 8
PSK and 16 QAM modulation systems and is described in detail
subsequently.

" wWhile the digitising system shown in Figure 5 includes a
transmitter it will be understood that the output of the coder
22 could be fed to a wide variety of circuitry, for example a
storage device, -an optical fibre transmission means or a modem
and telephone line. .

Any paramoter—based analogue signal analysis means could be
substituted for the GSM coder 12, for example a vocoder or a Code
Excited Linear Prediction coding system.

A method of recreating analogue sigﬁals whi¢h have been tree
encoded in accordance with the above encoding method will now be
described. An incoming bit stream is assumed to be a garbled
version of the encoded signal and this bit stream is subdivided
into sectfons which correspond to the encoded bits of each
parameter. Each of these sections is then compared with all of
the possible sequences which could have been produced for that
parameter by the encoder. A measure, for example binary Hamming
Distance or Euclidean Distance, is thus created of the likelihood
that each of these possible sequences resulted in the section of
the encoded signal and the most likely sequence chosen.

Knowledge of the behaviour of the particular parameter being
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antenna 50 is fed to a receiver (Rx) 52 having an outjpu pl gd
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corresponding to the likelihood of occurrence of each of the
possible sequences. Thus two measures are now available of the
likelihood of occurrence of each of the possible parameter
values, the first dependent solely upon the section of the
enceded signal which has, for example, been received over a radio
link, and the sacond based upon parameter behaviowr which depends
upon the nature of the signal which has been encoded. These two— _
measures of likelihood are then combined to provide an overall
measure of likelihood for each possible encoded sequence. If
these measures are probabilities then they can be combined by
simple multiplication. Tﬁese overall measures can then be used
in at least two alternmative ways, firstly the parameter value
corresponding to the greatest likelihood value can be chosen or,
secondly a weighted average parameter value can be calculated
which is based upon all of the likelihood values. The following

equation may be used to calculate the weighted average parameter

value:
N-1
L X Pe(X) P(X)
- = n=0
X N-1
) Pe(X) P(X)
n=0

% is the weighted average parameter value,

X is a value of the parameter which can vary between 0
t 4
and N-1,

Pr(X) is the probability that the codeword corresponding
to a parameter value of X was transmitted, given the
particular sequence of bits which has been received,

P(Xx) is the global probability that the codeword

corresponding to a parameter value of x was
transmitted, based upon known characteristics, or

previous behaviour of the parameter.



means 22 (Figure 7). The caonparator 62 is operable to neasure the Hanm ng
D stance, that is the nunber of bits which differ, between the received
section of convolutionally coded bits and every p055|ble _sequence whi ch t he
convol utional coder 22 (Figure 7) could have produced. [hEeHearr-Rg
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sequence is the one that was transmtted anid this converfsip
probability may nake the subsequent processing easier.
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reference to Figure 5 and then transmitted over a radio link. A
radio receiver 52 having an antenna 50 is coupled to a
demodulator 54 which subdivides an incoming bit stream into
sections corresponding to encoded parameters; .An output of the
demodulator 54, which output comprises an encodede®parameter, is
coupled to one input to a comparison means 62 which has a second
input coupled to a look-up table 64. The look~up table 64
contains all of the possible encoded sequences for the parameter
being received. The comparator‘éz may include a Hamming Distance
measuring means and is operable to provide a measure of the
probabilities that the encoded section of bits which has been
received was caused by each of the possible encoded sequences.
The output of the comparator 62 is fed to a selection means 70
which is operable to select the most likely parameter value from
the plurality of probability wvalues. The outbut of the selection
means is fed to a resynthesiser 74 which is coupled to an audio
output transducer 76. The resynthesiser stores successive
parameters supplied to it by the means 70 and when a complete set
has been received it provides a synthetic replica of the analogue
signal 6riginally coded to the audio output transducer 76. The
means 70 may be replaced by means for calculating a weighted mean
and this means may operate in a manner analogous to the equation
described above.

The camparator 62 may be arranged to exploit the tree
structure of the coding process to almost halve its computational
load. Instead of calculating the Hamming Distance in its
entirety for each of the possible coder output sequences, the
distance of the first two bits of the received section of coded
bits from the two bits in each of the first two branches of the
coding tree is measured. This process is repeated every time a

codebook tree branch splits into two until a pair of bits



data value to which the coded sequence supplied by the

corresponds. These probability values are held in a | oQ

whose outiput is fed to the multiplier 66. To reduce the
required at this stage those paraneter val ues having Hd
greater than a given value need not be fed to the nulti
of the multiplier is fed to a selection nmeans 70 which
product of Hamm ng Di stance and the probabilkity of the-
bi nary data val ue. The sel ection nmeans 70 could, for e
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representing the distance of the received bits from the coder
output bits at every branch of the tree is obtained. All of the
possible distances are then calculable by simple addition of all
the distances at each branch of the tree.

Where the number of bits required to transmit or store the
digitised analogue signals is important, the efficiency of the
tree or trellis coding needs to be considered. Using a tree code
which outputs two bits for every oﬁe bit supplied to its input
the coding efficiency can never exceed 50%. Usingea trellis
coder which provides three bits for every two bits supplied to =
its input the coding efficiency can never exceed 67%. Since the
digital parameter values comprise most significant bits which are
more critical to the resynthesis of the analogue signals than
their least significant bits it is possible to improve the coding
efficiency per parameter by only encoding the most significant
bit or bits of each parameter.

Figure 7 shows a system for digitising analogue signals at a
lower bit-rate than that of Figure 5 and for transmitting the
digitised signals via a radio link. A source of incoming
analogue signals 10 is coupled to an input to a GSM coder 12
which is operable to provide a set of parameters successively in
time on a bus 14. The bus 14 is coupled to a demultiplexer 16
which has two parallel digital output busses 18,20. The first of
the digital outputs on the bus 18 comprises at leést one most-
significant bit of each parameter and is fed to a tree coding
means 22 which may be realiéed as a sequential circuit or as a

look-up table. An output from the coding means 22 is fed via a

bus 24 to = multiplexer 26. The multiplexer 26 is also fed with

the remainder of the bits of each parameter from the output 20 of
the demultiplexer 16. The demultiplexer 16 may simply comprise
the separation of a multibit bus into two sets of diéital bits
and the multiplexer 24 may comprise the combination of two sets
of digital bits to give a composite signal. An output of the
multiplexer 26 is fed to a modem 28 whose output is fed to a

transmitter (Tx) 30.

C
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means and a conpari son neans, for exanple a subtractor. The store neans

initially stores the first output of the nmultiplier 66 parteti-ar
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of bits of each which are fed to the coder 22 by the

demultiplexer 16. In the table, LAR stands for Log Area Ratio

and LTP stands for Long Term Predictor. LARLl to LAR8 are

reflection coefficients transformed to Log Area Ratios. The long

terd predictor, often referred to as the pitch predictor,

computes optimum values of a loop gain and delay for minimising

the residual signals within the GSM coder.

GSM parameter No. of bits No. of bits coded
LAR 1 6 5
LAR 2 6 4
LAR 3 5 3
LAR 4 5 3
LAR 5 4 3
LAR 6 4 2
LAR 7 3 2
LAR 8 3 1
LTP lag 7 7
LTP gain 2 2
- Block Amplitude 6 5

Each of the parameters is coded separately and the coder 22
(Figure 7) is reinitialised to a known point in the tree before
the most significant bits to be coded are fed to it. This
reinitialisation is performed upon all of the stages of the shift
register at once aﬂd no outputs are taken from the terminals
40,42 (Figure 2). The most significant bit of each parameter is
coded first, followed by the second most significant bit,
followed by the third most significant bit and so on. Referring
to the BER graph shown in Figure 4, coding the bits in this order

gives the most significant bit the most protection and decreasing

e_d



provi des a synthetic output signal to an output device such as a

| oudspeaker 76. Figure 9 shows a coding tree together wth a graph,
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A on the graph shown in Figure 4 is never reached and so in this

case the BER remains below its maximum value.

Figure 8 shows a system for recreating a synthetic version

of an analogue signal which has been digitised and channel coded
by a system such as that shown in Figure 7. A radio signal
received at an antenna 50 is fed to a receiver (Rx) 52 having an
output which is coupled to a demodulator 54. The’output of the
demodulator 54 is a serial stream of binary digits which is fed
to a demultiplexer 56. The demultiplexer comprises a shift
register to convert the serial binary data to a parallel format
and to feed the tree coded section of each parameter on an output
bus 58 to a comparator 62. The least s;gnificant bit or bits of
each parameter which have not been tree coded are fed by the
demultiplexer 56 on an output bus 60 to a multiplexer 72. The
comparator 62 is also coupled to a coding means 64, which héy
~comprise a look-up table. The purpose of the means 64 is to
regenerate all the possible bit streams genefated by the coding
means 22 (Figure 7). The comparator 62 is operable to measure
the Hamming Distance, that is the number of bits which differ,
between the received section of convolutionally coded bits and
every possible sequence which the convolutional coder 22 (Figure
7) could have produced. The Hamming Distances between the
received section of coded bits and the coder sequences can be
converted to a set of probabilities that each possible sequence
is the one that was transmitted and this conversion to a
probability may make the subsequent processing easier. Each of
the possible sequences has a corresponding binary data value
which is a possible value of the coded relevant section of a
parameter. These Hamming Distances or their respective
probabilities are then multiplied in a multiplier 66 by a value
corresponding to the probability of the occurrence of that binary
data value to which the coded sequence supplied by the means 64

corresponds. These probability values are held in a look—-up



18 Hanm ng Di stance and probability product than a.recieved section of bits

havi ng a Hamm ng Di stance of one froma coding tre wgﬂ Ol T8 nds to
a paraneter value of 111l b. The probability densitjy e |%ﬁ¥%g%f,5 n the

O

| ook-up 'table 68 (Figure 8) can be derived in at ljegst, two di ffergnt! ways.
It could be a permanent read only mermory (ROM | ogk-ju ZabEB ﬁﬁ?éﬁ ont ai ns
val ues appropriate to the particul ar paraneter of jt I gndl s

operation.of the system Figure 10 shows a portion of the systems
table 68 whose output is fed to the multiplier 66. To reduce the

computation required at this stage those parameter values having
Hamming Distances of greater than a given value need not be fed
‘to the multiplier 66. The output of the multiplier is fed to a
selection means 70 which selects the lowest product of Hamming
Distance and the probability of the occurrence of the binary data
value.

+ * The selection means 70 could, for example, comprise a store
means and a comparison means, for example a subtrictor. The
store means initially stores the first output of the multiplier
66 for a particular parameter. The output value held in the
store means is then compared in the subtractor with the next
output from the mulﬁiplier 66 and if this next value is lower
than the one held in the store means then this next value is
placed in the store means. This process is repeated until all
the possible sequences have been compared. The binary data
sequence which corresponds to the lowest Hamming Distance or
greatest probability product is fed to the multiplexer 72. The
multiplexer 72 is .also supplied with the ﬁon—ﬁree coded bits on a
bus 60 and the output of the multiplexer is fed to a
resynthesiser 74. The resynthesiser is also supplied with
further parameters received and decoded by the system and
provides a synthetic output signal to an output device such as a
loudspeaker 76. '

Figure 9 shows a coding tree together with a graph of a
probability density function (PDF) for the most significant bits
of a parameter which have been coded using the tree. While the
graph is shown as a smooth curve it will be understood that the
PDF will be stored by the look—up table 68 (Figure 8) as a éet of
discrete values. From the graph it can be seen that a value of
the coded parameter of around 100lb is comparatively likely while
a value of around 1111b is comparatively unlikely. This has the
effect that when a received section of bits has a Hamming
distance of, for example, three from a coding tree sequence which

corresponds to a parameter value of 100lb it may have a lower



Figure 8 in which an adaptive nmeans 78 has been coupl ed between an out put
of thglselect:on means 70 and the | ook-up table 68w.Ihe neans 78 is
operable to alter the contents of the |ook-up tablier€g;
current, and perhaps al so previous, outputs Pron1th8§§g?g§$&}ﬁ%%§g s. The
degree of the alteration nmay be varied froma slight nge, for exgnple a
sharpening of the peak in the PDF graph, to a norg¢ iﬁgggigﬁahﬁﬁbe I 7 which
a sharp peak is placed in the PDF graph cen{ged upon-the_previousjoytput of
the neans 70. Figure 11 gives an exanple of such p sharp peak in th¢ PDF
curve, centred upon a paraneter value of 0101b. |t—s—ppariant notjto
al | owf t heI P[almménzl\m-smenha\mdapzebabi\léme)raﬂyﬂhéﬂ’énbéc%ﬂﬁévﬁﬁis§°r¥ﬁ prevent
a perfectly,ggte .zer lbﬁﬁ%% L ) C ineceraeed bits from
bei ng selecﬁgg byq?ﬁéagegns .Egﬁggﬁéﬁgﬁg E%éqgﬁ?vi ﬁ%?hgeegﬁfticularly
sequence corresponds to a parameter value of 11llb.

The probability density function stored in the look-up table
68 (Figure 8) can be derived in at least.two different ways. It
could be a permanent read only memory (ROM) look-up table which
contains values appropriate to the particular parameter of the
_anadlogue signals currently being recreated by the system.
Alternatively the look-up table 68 could be an adaptive look-up
table whose contents are altered during the operation of the
system. Figure 10 shows a portion of the system shown in
Figure 8 in which an adaptive means 78 has been coupled between
an output of the selection means 70 and the look-up table 68.

The means 78 is operable to alfer the contents of the look-up
table 68 based upon the current, and perhaps also previous,
outputs from the selection means. The degree of the alteration
may be varied from a slight change, for example a sharpening of
the peak in the PDF graph, to a more drastic change in which a
sharp peak is placed in the PDF graph centred upon the previous

. output of the means 70. Figure ll gives an example of such a
sharp peak in the PDF curve, centred upon a parameter value of
0101b. It is important not to allow the PDF curve to have a zero
value anywhere because this may prevent a perfectly matched (zero
Hamming Distance) sequence of received bits from being selected
by the means 70. This sharp PDF curve may be particularly
appropriate for recreating speech because it reduces the
probability of the received parameter values from making wild
excursionse due to corrupted bits. The use of probability density
functions in this manner can also be applied to the recreating
system shown in Figure 6.

Figure 12 shows a system for applying trellis coded
modulation using 8 phase shift keying (TCA-8PSK) to the most
significant bits of parameters provided by a speech coder.

In the Figure, the transmitter includes a microphone 10 which is

connected to a speech coder 12 for example a GSM speech coder.
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The digitised speech is supplied in a serial stream to a switch
80 which is activated on a bit by bit basis to connect those bits
which are to be protected to a serial to parallel converter 82
and those bits which are to be left unprotected to a serial to
parallel converter 84. The output of the converter 82 is taken 2
bits at a time and applied to a trellis encoder 22 which may be
implemented as a DSP (digital signal processor), microprocessor
or- & dedicated gate array. The three bit parallel output of the
trellis encoder 22 together with a three bit parallel output from
the converter 84 are multiplexed in a multiplexer 26.  The output-
from the multiplexer 26 is supplied to an 8PSK modulator 38,
optionally by way of an interleaver 86. The output 90 of the
modulator 88 is applied to a radio channel. In the case of a
TDMA system the output comprises a codeword having appended
synchronisation and address bits, which codeword occupies a
particular time slot or physical channel in a TDMA frame.

The trellis encoder 22 is also provided with a reset line 92
which resets the encoder to the beginning of the next parameter
to be encoded. TCM-8PSK uses a 2/3 rate code applied to the
basic 8PSK modulation. Thus the corresponding net data ratio are
2 ‘bits per symbol for the encoded bits and 3 bits per symbol for
the uncoded bits.

Optionally the modulator may be a 16QAM modulator in which
case it will be necessary to have a 3/4 rate code applied to_the
16QAM modulation. Thus the corresponding net data rates are 3
bits per symbol for the encoded bits and 4 bits per symbol for
the uncoded bits. This means that there will be 3 parallel
output bit® from the converter 82 and 4 parallel output bits from

. the converter 84.

Figure 13 shows a receiver which in essence is the
reciprocal of the transmitter shown in Figure 12. A recovered
codeword on an input 92 is applied to either an 8PSK or a 16QAM
demodulator 94, the parallel outputs from which are applied to a
demultiplexer 56, if necessary, by way of a deinterleaver 96.

The trellis encoded bits are supplied to a trellis decoder 98
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havi ng -appg@ed bit) outputs of the trellis decoder 98 are applied to a

parallel to serial converter 102. The outputs of the converters

100,102 are applied to respective poles of a change-over switch
104 which is capable of being operated on a bit by bit basis.

The switch 104 is so controlled that the more and less
§i§nificant bits are assembled correctly for speech decoding in a
speech decoder 74 to form an analogue signal which is applied to
an audio output transducer 76. -

By encoding only the more significant bits of the digitised
speech, the receiver need only decode those symbols
representative of the trellis encoded digitised speech which
saves an appreciable amount of power, up to 60%.

Soft decision information may also be used in the signal
recreating systems shown in Figures 6, 8 and 13. This well known
technique involves the making of a weighted decision on_each '
received bit at the demodulator. The output from the demodulator
will then be a probability value for each bit rather than a one
or a zero as it would be in a so called hard decision. One way
of handling this information allows the Hamming Distance from the
received section of coded bits to take a non-integer value. The
multiplier 66 and the selection means 70 of Figure 8 must
therefore be capable of working with non—-integer values.
Otherwise the system behaves exactly as previously described and
the parameter value can either be selected or made equal to a
weighted average. There may also be an advantage in making a
soft decisfon on the uncoded least significant bits of any
parameter if extra information such as a probability density
function for them is available.

Alternative means for the decoding of the convolutionally
coded bits could be used, for example Viterbi minimum distance
decoding, but in the first system described above the parameters
from the analysis of the incoming analogue signal are all encoded

separately and will seldom comprise more than 10 bits which
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to take account of probability density functions when using

Viterbi decoding as it is intended to decode blocks of bits in

which each bit has an equal weighting.

From reading the present disclosure, other modifications

will be apparent to persons skilled in the art. Such

modifications may involve other features which

are already known

in the design, manufacture and use of signal transmission

systems, and component parts thereof and which

may be used

instead of or in addition to features already described herein.

Although claims have been formulated in this application to

particular combinations of features, it should be understood that

the scope of the disclosure of the present application also

includes any novel feature or any novel combination of features

disclosed herein either explicitly or implicitly or any

generalisation thereof, whether or not it relates to the same

invention as presently claimed in any claim and whether or not it

mitigates any or all of the same technical problems as does the

present invention. The applicants hereby give

notice that new

claims may be formulated to such features and/or combinations of

such features during the prosecution of the present application

- ~or of any further application derived therefrom.
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applied to a
PP CLAIMS

l. A signal transmission system comprising means for
digitising an analogue signal to provide a plurality of digitised
parameters, coding means for encoding at least the most
significant bit of at least one parameter using a tree code to
provide an encoded sequence, means for resetting the coding means
to a known point in a coding tree before another at least one
parimeter is encoded, means for combining the encoded bit(s) from
the encoding system with the remaining bit(s) of the at least one
parameter to provide a digitised signal, means for transmitting =
the digitised signal, means for receiving the digitised signal
and supplying the signal to a probability determining means,
means for generating a plurality of possible encoded sequences
and for supplying the generated sequences to the probability
determining means, the probability determining means being
operable to provide a measure of the probability that each of the
plurality of possible encoded sequences resulted in the encoded
sequence and means for deriving from these measures of
probability an estimated value of the parameter. '

2. A system is claimed in Claim 1, characterised by coding
means to provide a trellis encoded sequence for combination with
the remaining bit(s) of the at least one parameter. '

3. A system as claimed in Cla1m 1 or Claim 2, further
comprising a probabxlxty density functxon means for prOV1d1ng a
measure of the probability of occurrence of each of the plurality
of possible encoded sequences during the tree coding and a
probability combining means for combining a measure of
probability from both the probability determining means and the
probability density function means, and for supplying a signal to
the parameter deriving means. |

4, A signal transmission arrangement for use with a system
as claimed in Claim 1, characterised by means for digitising an
analogue signal to provide a plurality of digitised parameters,
coding means for encoding at least the most significant bit of at
least one parameter using a tree code to provide an encoded

THIS SHEET HAS BEEN
REPLACED
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encoded, means for combining the encoded bit(s) from the encoding

gl

system with the remaining bit{s) of the at least one parameter to
provide a digitised signal and means for transmitting the
'dlgxtlsed signal. '

5. A signal acquisition arrangement for use with a system
as élaimed in Claim 1, characterised by means for receiving a
digitised signal and supplying the signal to a probability
determining means, means for generating a plurality of possible
encoded sequences and for supplying the generated sequences to
the probability determining means, the probability determining
means being operable to provide a measure of the probability that
each of the plurality of possible encoded sequences resulted in
the encoded sequence and means for deriving from these measures
of probability an estimated value of the parameter.

6. An encoding system for encoding a digitised analogue
signal comprising a plurality of parameters, the system
comprising tree coding means, means for applying at least one
most significant bit of at least one of the parameters to the
tree coding means for supplying an encoded signal, and means for
resetting the tree coding means to a known point in its coding
tree before another at least one parameter is encoded.

7. A system as claimed in Claim 6, characterised in that
the means for applying the at least one parameter to the tree
coding means comprise means for receiving the plurality of
digitised parameters and for supplying at least one most
significanu'bit of at least one parameter to the tree coding
means, and in that meahs are provided for combining the encoded
signal with the remaining bits of the at least one parameter to
form a digitised signal.

8. A system as claimed in Claim 6 or Claim 7,
characterised in that the means for applying the parameters
comprises means to apply at least one most significant bit of all
of the digitised parameters to the tree coding means.

[THIS SHEET HAS BEEN
REPLACED
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tree coded to provide an encoded sequence, the system comprising

means for supplying the encoded sequence to a probability

determining means, means for generating a plurality of possible

encoded sequences and for.supplying the generated sequences to

the probability determining means, the probability determining

means being operable to provide a measure of the probability that

each of the plurality of the possible encoded seq&%nces resulted

in the encoded sequence, and means for deriving from these

measures of probability an estimated value of the parameter.

10. A system as claimed in Claim 9, further comprising

probability density function means for providing a measure of the

probability of occurrence of each of the plurality of possible

encoded sequences during the tree coding and a probability

combining means for combining a measure of probability from both

the probability determining means and the probability density

function means, and for providing a signal to the parameter

deriving means.
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coded bits could be used, for exanple Viterbi m ninumdistance decodi ng,

but in the first system descri bed above the paraneters fromthe anal ysis of
the incom ng anal ogue signal are all encoded separately and will sel dom
conprise nore than 10 bits which REPLACEMENT SHEET al | ows an exhausti ve
search of the coding tree by the nmeans 70 (Figure 6) to be perforned
quickly. In addition it is difficult to take account of probability density
functions when using Viterbi decoding as it js;s intended to decode blocks of
bits in which ‘each bit has an equal weighting. Fromreading the present

di scl osure, other nodifications
ABSTRACT

SIGNAL TRANSMISSION SYSTEM

An analogue signal source (10) is coupled to an analysis
means (12) to provide a plurality of parameters on a bus (l4).
The analysis means also provides a reset signal on a separate
‘lifle (23) and both the bus (14) and the line (23) are fed to a
tree coder (22). The reset signal is applied to®tne tree coder
(22) before each parameter is applied on the bus (l4) so that the .
coder commences from a kpown position in a coding tree for each
parameter. The coded signals are supplied on a bus (24) to a
modulator (28) having an output which is coupled to a transmitter
(30). A system for recreating analogue signals coded in this way
is also described which estimates partial values of parameters
using the probability that each of the possible encoded sequences
resulted in the signal from which the analogue signals are to be
recreated. The recreating system may also use the probability of
occurrence of each of the possible encoded sequences during the
tree coding. This latter probability may be derived from the
probability density function of the parameters. The tree coder
may optionally be arranged to provide trellis coding, for
example, for 8-PSK or 16QAM modulation.
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wi || be apparent to persons skilled in the art. Such nodifications nmay

I nvol ve ot her features which are already known in the design, manufacture
and use of signal transm ssion systens, and conponent parts thereof and
whi-ch may be used instead of or in addition to features already descri bed
herein. Al though cl ains have been fornmulated in this application to
particul ar conbinations of features, it should be understood that the scope
of the disclosure of the present application also includes any novel
feature or any novel conbination of féhtures di scl osed herein either
explicitly or inplicitly or any generalisation thereof, whether or not it
relates to the same invention as presently clainmed in any claimand whether
or not it mtigates any or all of the sanme aggﬂggtgﬁ%ﬁnglens as does the
present invention. The applicants herebw i\ T t new
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claims may be fornmul ated to such features and/or conbi nations of such
features during the prosecution of the present application or of any
further application derived therefrom CLAIMS 1. A signal transm ssion
system conpri sing nmeans for digitising an anal ogue signal to provide a

digital data streamconprising a plurality of digitised """"“"c'g?;‘ﬁg"
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to forma digitised signal representative of said anal ogue signal, neans
for transmtting said digitised signal, a probability determ ning neans,
means faor receiving the digitised signal and supplying sai g—eig-tised

signal to said probability deternining means, nmeans for genéﬁﬁlﬁGEMENT'Sﬁiga
determ ni ng neans bei ng arranged for dgterm ning the respectfi

plurality of possible encoded sequences and supplying said p
sequences to said probability determ ning nmeans, said prolabi |4 ty, n s
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conbi ning a neasure of probability fromboth the probability determ ning
nmeans and the probability density function determ ning neans, and for
supplying a signal to said neans for deriving. 3. A systemas clainmed in
Claim 2, characterised in that said neans for encoding retains_at | east the

| east significant bits of said digitised paraneters unencod %EPSQ@E'WW SHEET
ncaded_hi'ts .

means for conbi ning conbi nes the encoded bits with 23 un

remai ning of said at | east one of said digitised paranetersitp Qrogﬁewg}q{i d
digitised signal. 4. A systemas claifed in Caim3, charjacfe & A
that said neans for encoding provides a trellis encoded sequehce—for :

combi nation with the .
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retained |east significant bits of said at |east one of said digitised
paraneters. 5. A systemas clainmed in Caiml, characterised in that said
means for encoding retains at |east the |east significant bits of said
digitised paraneters unencoded and sai d neans for comnbini ng conbines the
encoded bits with unencoded bits remaining of said at |east one of said
digitised paraneters to provide said digitised signal. 6. A system as
claimed in aimb5, characterised in that said neans for encodi ng provi des
atrellis encoded sequence for conbinstion wth the retained |east
significant bits of said at |east one of said dlglﬂlsed paraneters. 7. An

apparatus for producing an encoded digitised signal WP;?@ {J‘ﬁ@;‘zv @n
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provi de a digital date st ~e rd.si L9 a pluralityl of digitised
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pr.owl de respective encoded sequences means for r;‘é"é"*e”rl""“'"‘
a known point in a coding“tree after encoding
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analogue signal to provide a digital data stream comprising a plurality of

digitised parameters, coding means for encoding at least the most significant
bit of at least one of said digitised parameters according to a tree code, to
provide a respective encoded sequence, means for- resetting the coding
means to a known point in a coding tree before the next of said digitised
parameters is encoded, means for combining at least said encoded sequences
to form a digitised signal representative of said analogue signal, means for
transmitting said digitised signal, a probability determining means, means for
receiving the digitised signal and supplying said digitised signal to said
probability determining means, means for generating a plurality of possible
encoded sequences and supplying said possible encoded sequences to said
probability determining means, said probability determining means being
arranged for determining the respective probability values that individual ones
of said plurality of possible encoded sequences resuited in said respective
encoded sequence, and means for deriving an estimated value of said at least
one of said digitised parameters from said probability values.

2. A system as claimed in Claim 1, comprising a probability density
function detennining means for providing a measure of the probability of
occurrence of each of the plurality of possible encoded sequences during
encoding by said means for encoding, and a probability combining means for
combining a measure of probability from both the probability determining
means and the probability density function determining means, and for
supplying a signal to said means for deriving.

3. A system as claimed in Claim 2, characterised in that said means for
encoding retains at least the least significant bits of said digitised parameters
unencoded, and said means for combining combines the encoded bits with
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for encoding encodes at+teast—the- nost significant bit of each of said

‘digitised par amet Wu“ng nmeans being reset to said known point
- after each respe \iﬂm m successi ve ones of said digitised
paraneters. paraMussfdr decodi #g an encoded digitised signal-
répresentatlve of an anal ogue signal, sard digifised signal including a
plurality of tree encoded sequences, each sequence representing. at |east

the nost si gnuhenesded bits eémaining pé shid/at leastore of said digitisednparagetes tmal |
conprising a probabil]j det rm n| ng neans, mneans for receiving the
digitised si gﬁmv‘%éa‘ﬁéﬁﬂ‘?ﬁ §iangld digiti sed si gnal to said probability
determ ni ng neans, neans for generating a plurality of possible encoded
sequences and supplying sai d possi bl e encoded sequences to said probability
determi ni ng ndans, Assystenr abadmhisoymetamnﬂ; hchegractesised linithat saldamgads ffor
determ ning the rsspectlv robabi | it | ues that indivi dg .ones,of said
plurality of BPSSRIPBe PENERREL s ﬂh FeAuenss, ioRCURbnation swillethe

- correspondi ng pdairfadde4esiBARRIRE Bifs Hff said aflea8PbRY 8P said digitised parameters.

5. - A system as claimed in Claim 1, characterised in that said means for
encoding retains at least the least significant bits of said digitised parameters
unencoded and said means for combining combines the encoded bits with
unencoded bits remaining of said at least one of said digitised parameters to
provide said digitised signal.

8. A system as claimed in Claim 5, characterised in that said means for
encoding provides a trellis encoded sequence for combination with the
retained least signiﬁcant bits of said at least one of said digitised parameters.

7. An apparatus for producing an encoded digitised signal representative
of an analogue signal, comprising means for digitising said analogue signal to
provide a digital data stream comprising a plurality of digitised parameters,
coding means for sequentially encoding at least the- most significant bit of one

U of, and of the next of, said digitised parameters according to a tree code, to
provide respective encoded sequences, means for resetting the coding means
tc a known point in a coding tree after encoding said one of, and before
encoding said next of, said digitised parameters, and means for combining at
least said encoded sequences to form an _encoded dugmsed signal
representatlve of said analogue signal.

8. An apparatus as claimed in Claim 7, characterised in that said means
for encoding retains at least the least significant bit of said one of said dig'itised
parameters unencoded, and said means for combining combines the encoded
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'5| gnal, and neans for deriving an estimat ed val ue of Jmlﬂ mlmﬁmmﬂe of
sai.d d| gitised paraneters fromsaid probability val at us
-as claimed in Caim10, conprising a probability densi ty f unct"i of

. determning neans for providing a measure 2f the probability of occurrence

of "each of the plurality of possible encoded sequences during encodi ng, and
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25 12. An appierRfoyeesai Idéﬂ @& ai m 11, charactensed in that said

“digitised
9. An apparatus as claimed in Claim 8, characterised in that said means

for encoding encodes at least the most significant bit of each of said digitised
parameters, said encoding means being reset to said known point after each

respective encoding of successive ones of said digitised parameters.

' 10.  An apparatus for decoding an encoded digitised signal representative of
an analogue signal, said digitised signal including a plurality of tree encoded
sequences, each sequence representing. at least the most significant bit of a
respective parameter of said analogue 'signal, comprising a probability
determining means, means for receiving the digiﬁsed signal and supplying said
digitised signal to said probability determining means, means for generating a
plurality of possible encoded sequences and supplying said possible encoded
sequences to said probability determining means, said probability determining
means being arranged for determining the respective probability values that
individual ones of said plurality of possible encoded sequences resulted in the
encoded sequence corresponding to a given parameter of said analogue
signal, and means for deriving an estimated value of said at least one of said
digitised parameters from said probability values.

11.  An apparatus as claimed in Claim 10, comprising a probability density
function determining means for providing a measure of the probability of
occurrence of each of the plurality of possible encoded sequences during
encoding, and a probability combining means for combining a measure of
probability from both the probability determining means and the probability
density function determining means, and for supplying a signal to said means
for deriving. "
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signal includes at least the least significant bits of at |east one of said
di.giti sed paraneters unencoded. _
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12.  An apparatus as claimed in Claim 11, characterised in that said digitised
signal includes at least the least significant bits of at least one of said digitised
parameters unencoded.
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ABSTRACT

SIGNAL TRANSMISSION SYSTEM

An analogue signal source (10) is coupled to an analysis
means (12) to provide a plurality of parameters on a bus (1l4).
The analysis means also provides a reset signal_on"a separate
line (23) and both the bus (l4) and the line (23) are fed to a
tree coder (22). The reset signal is applied to“tne tree coder
(22) before each parameter is applied on the bus (14) so that the
coder commences from a known position in a coding tree for each
parameter. The coded signals are supplied on a bus (24) to a
modulator (28) having an output which is coupled to a transmitter
(30). A system for recreating analogue signals coded in this way
is also described which estimates partial values of parameters
using the probability that each of the possible encoded sequences
resulted in the signal from which the analogue signals are to be
recreated. The recreating system may also use the probability of
occurrence of each of the possible encoded sequences during the
tree'coding. This latter probability may be derived from the
probability density function of the parameters. The tree coder
may optionally be arranged to provide trellis coding, for
example, for 8-PSK or 16QAM modu;ation.
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