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a tFansri ssion system conprising at |east a coder for coding a signal. at .
least a transmitter for transmitting tpe coded signal to at !l ¢RISISHEET HAS BEEN
-receiver, at least a decoder for decodl ng the coded signal and at REBACEIAN
adapur rrediction filter... The jinvent n | i kewi se rel ates to-a term nal
unit, $§i0n SySte, GRMPHSIg At lﬁﬂﬁipﬁ Torediction filter. Such a

transm ssi on system can be obtained, for exanple, without difficulty from
the document "Draft of G 728 Fixed Poi nt Speci fication" DocShedtIHas&BnR Plade

CC TT Study Group XV, London, March 29-30-1993, and from ,
Recommendati on G 728, "Codi ng of speech signals at 16 kbi "Ng“ l’ "
| ow- del ay code excited |inear prediction". The two documents

henceforth be referenced [I] and [Il]. Such transm ssion systenms can al ways
be used when nultiple use is to be made of a given transm ssion capacity..

The reduction o f . Lbl e,
for exanpl e, tofrﬁltglri@ O%?ﬂ?él teegh“(g;he&(h:%’v:r&g"at| %ﬁﬁm%%lﬁtg ep

for coding a signal, at least a transmitter for transmitting the coded signal to at least a .

receiver, at least a decoder for decodin_g the coded signal and at least an adaptive
| prediction filter. _
5 The invention likewise relates to a terminal unit, a coder, a decoder and
an adaptive prediction filter. |
| Such a transmission system can be obtained, for example, without
difficulty from the document "Draft of G.728 Fixed Point Specification” Doc. AH. 93'-'
D.3, CCITT Study Group XV, London, March 29-30-1993, and from CCITT
10 Recommendation G. 728, "Coding of speech signals at 16 kbit/s using low-delay code
excited linear prediction”. The two documents will henceforth be referenced [I} and [II].
Such transmission systems can always be used when multiple use is to be made of a
given transmission capacity. The reduction of the bit rate of a signal during coding
makes it possibie, for example, to hold four telephone conversations simultaneously
15 over one 64 kbit/s transmission channel. | |
~ The mulnple use of a gwen transmission capaclty has very much
1mponance in radio channels, as w1ll be readily understood if one thinks of the rising
- number of subscribers of mobile radxo systems. Also the storage capacity of a memory
‘with an arbnrary storage medium can be used to considerably more advantage when bit
20 rate reducing coders and appropriate decoders are used, because less storage space is
necessary for storing an information signal. _
| _ It is known to unhze linear predxcuon for bit rate reduction. In [I] and [II]
_ prediction coefficients are computed by an adapuve prediction filter. The computat:on is
performed segment by segment with the sample values of an auxiliary signal. The
25 auxxhary signal may be an (electric) audio signal or a speech signal, for example,
coming from a person. Alternatively, it is possible for the auxxhary signal to be a
synthetic audio or speech signal as produced in a coder which operates according to the
principle of "analysis by synthesis”. A linear correlation between a predicted sampling '
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In [I] and [II] an excited signal is converted into a synthetic audio signal

by a synthesis filter. This synthetic audio signal is subtracted from an audio signal to be
coded and the difference is used for optimizing the selection of the excited signal. |

10 The cbmputation of the prediction coefficients calls for correlation
coefficients which are derived from the sampling values of the synthetic audio signal. |
The computation of the prediction coefficients on the basis of the correlation coefficients |
calls for much circuitry and cost. To reduce this circuitry and cost the prediction
coefficients are cbmpufed recursively. To begin with, a first reflection coefficient is

15 computed from the two first correlation coefficients. From the first reflection coefficient
the first predxcuon coefficient is derived. Furthermore, also a prediction error is
computed, which is an indication of the quahty of the predlcnon Then, a second
reflection c_:oefﬁcxent is determined with the next correlation coefficient, the previously
computed prediction coefficient and with the current predictioh error. With the second

20 reflection coefficient and the previously computed prediction coefficients (at this point
only the first prediction coefficient is concerned) the préviously computed prediction
coefficients are recomputed. Then, a second prediction coefficient and a new prediction
error are computed. The recomputation of the previously computed prediction |
coefficients and the computation of a further prediction_ coefficient is repeated so'many

25 times that all the necessary 'prediction. coefficients are known. |

| " In [II} an implementation in floating point arithmetic is proposed for -

obtaining sufficient accuracy. The driwbdbk of an implementation in ﬂqating point
arithmetic is the large circuitry. For this purpose, in [I] there is proposed to implement -
16-bit fixed point arithmetic in which results and intermediate results of the computauon

30 are retained in the so-called block floating point format. This is meant to be understood
as the representation of a block of numbers in floating point format, with the restriction,
however, that all the numbers of the block have the same exponent (with base 2). The
common exponent is selected such that all the mantissas are situated within prescribed
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all the errors segnent 3t sanpl i ng val ues asduq —
value. An error is here neant to be understood as the difference between a
sanpl limdgtsy 3 {1 theck is provideti thae dlivtheunantidsas are situated: bebeeen ff amhst Wi ld  be
given hereinhelow. I'n [1l] and_[Il1] an excited, signal s, converted into a
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coputesbmputed ptddictioredoefficient owidlf be di eméxceed I, the mantissad of aH therrel ati on
coefficients calls for nuch circuitry and cost., To reduce this circuitry
and cRreviqusly gemputad predictian ceeflicientswill herdivided by:2iand thel gommenpegi n
with, exapofnie:rlf %w{tﬁfblagcc t25 Wil 6 firfui:rCi e tbyi'i. Then the fecombutation is started anew.
The change of the block floating point format due to overflow will here be called an
adaptation of the block floating point format. For the repeated recomputation only the
10 mantissas of the previously computed prediction coefficients are 'used, and only with 16-
bit resolution. The reduction of the resolution from at least 17 bits to 16 bits which is
~ sometimes necessary for the computation can be effected in different manners. The
manner of reduction abcording to [I] will be outlined with the aid of an example. If, for
example, the third reflection coefficient has just been computed with a resolution of 17
15 bits - between the third reflection coefficient and the third prediction coefficient to be
derived therefrom there is only a difference in the numerical representation - it is
shortened by a rounding to 16 bits, so that the two first prediction coefficients can be
recomputed therewith in 16-bit fixed poini arithmetic. If there is an overflow during this
recomputation, also the rounded third reflection coefficient is, for example, divided by
20 two when recomputation has ended, and the result which has a resolution of 16 bits is
stored as a mantissa of the third prediction coefficient. The division is broken off aft_er
16 bits (including the sign bit). Due to the.binary system this operation corresponds to a
shift of the decimal point by one position whil_e the least-significant bit is lost.l This
procedure causes the inaccuracies - especially with a large number of prediction
25 coefficients - to become unacceptably large.
‘ It is an object of the invention to enhance the computational accuracy
during coding in a transmission system of the type defined in the opening paragraph,
without increasing then the computation effort. A transmission system having this
property comprises
30 - at least a coder for coding a signal,
- at least a transmitter for transmitting the coded signal to at least a receiver;
- at least a decoder for decoding the coded signal and

- at least an adaptive prediction filter provided at least for a coder, the adaptive
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there is proposed to inplenment 16-bit fixed point arithretic in i ch
resul t s andpredietiore doefficients td be representeddinptheslock floating qoiatrfedmat t he
so-cal | ed bl ock_ floating poi ntmforma_t_. This is neant to_be understood

a) means for computing the k™ reflection coefficient with a minimum resolution of

10 N+1 bits,

b)  means for buffering the k™ reflection coefficient with a2 minimum resolution of q

N+1 bits,

c)  means for determining the k' reflection coefficient with a resolution of N bits,

d) means for recomputing the k-1 previously computed prediction coefficients while

15 utilizing the k™ reflection coefficient obtained under c), |

e) means for adapting the block floating point format of the k-1 prediction
coefficients if during the recomputation of the k-1 previously computed pi'ediction'
coefficients overflow occurs, so that N bits are no longef sufficient to represent a
recomputed prediction coefficient, -

20 f) means for converting the k™ reflection coefficient bﬁffered under b) to a number
in the floating point format, whose exponent is repreSented by the exponent
determined under ¢) of the block floating point format and whose mantissa has a
resolution of at least N+1 bits, - |

g)  means for rounding to N bits the mantissa of the k¥ reflection coefficient obtained

25 under f) and . |

h)  means for storing the k' reflection coé.fﬁcient obtained under g) as the kb .
prediction coefficient. - | ,
The transmission system according to the invention is distinguished from a
transmission system described in U] in that the k™ reflection coefficient after its first
30 computation is buffered with a minimum accuracy of N+1 bits. For the recomputation |
of the k-1 previously computed prediction coefficients a value is used which |
distinguishes itself from the buffered value by a limitation to N bits. If overflow occurs
during the recomputation of the k-1 previously computed prediction coefficients, the
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These assertions will now be confirmed with the aid of two simple
examples. | o o
Let us assume that three (N = 3) bits are available for representing the
10 results and at least four bits for intermediate results. Furthermore, let us assume that the
adaptation due to overflow requires a division by 4. Numerical examples for Kb
reflection coefficients having a 4-bits resolution in fixed point' representation are started
from. - h o
In a first example a k™ reflection coefficient has a value of +5/8. In the
15 binary system this reflection coefficient is represented as 0.101, the first zero denoting
the sign. According to [I] the procedure is as follows:
a) 0.101 (k? reflection coefficient: +5/8 with 4-bits resolution)
b) 0.11 (value of b) rounded to 3 'poSitions for the recomputation of the k-1
previously computed predrctlon coefficients) |
20 c¢) 0.00 (value of b) divided by 4, also with 3-bits resolution. This value is the mantissa
of the kb reflection coefficient in the block floating point format with the |
exponent 2 and wrth base 2) '
For making an assertion about the error if the approximation ¢) is used in
lieu of a), ¢) is first to be multiplied again by 4. The difference between the value
25 resulting therefrom and the output value is the error F. In the present case |
(representation as a fraction) F = ( - 5/8) = -5/8.
In contrast, according to the invention there is provided:
a) 0.101 (k' reflection coefficient: +5/8 with 4-bits resolunon),
b) 0.001 (value of a) divided by 4, also with 4-bits resolution),
30 ¢) 0.01 (value of b) rounded to 3 bits). |
Analogous with the preceding observations we now have as an error: F = (1 - 5/8) =
3/8.

I£ 0.011 (+3/8) is selected as the output value, there is a value of F = (0 - 3/8) = -3/8
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prediction coefficient at which the overflow has occurred.
10 If overflow occurs during the recomputation of the prediction coefficients, according to
[1] only the floating point format of the previously computed prediction coefficients is q
adapted and then the recomputation is started again from the beginning. In contrast, the
‘embodiment according to the invention avoids a not inconsiderable part of the
computation circuitry, especially in the event of a large number of coefficients.
15 The invention with its _embodimeh_ts will be explained with reference to
the drawing Figures, in which: |
| | Fig. 1 shows a specific transmission system in which the invention can be
used, . |
* Fig. 2 shows the basic circuit diagram of an adaptive prediction filter,
20 " Fig. 3 shows the basic circuit diagram of a speech coder and
Fig. 4 shows diagrams for clarifying a difference between the invention
and the state of the art. -
Fig. 1 gives a diagrammatic représentation of a transmission system
- comprising a coder 101 and a transmitter 102 on a transmitting side and a receiver 103
25 and a decoder 104 on a receiving side. The combination of the coder 101 with the
transmitter 102 and/or the combination of the receiver 103 with the decoder 104 forms
a terminal unit LE. | | _ |
- The coder 101 codes a speech Signal 10a oy means of an adaptive
prediction filter 10A. This filter has characteristic features according to the invention,
30 which will becomé apparent in the following. The speech signal 10a has a bit rate of 64
kbit/s. The coder 101 reduces this bit rate to the bit rate of the coded signal 10b. The
bit rate of the coded signal 10b is 16 kbit/s. The signal 10b consists of parameters of
the speech signal 10a which parameters are determined segment by segment. |
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5 The decoder 104 decodes the signal 10c also with the aid of an adaptive

prediction filter 10B. The result is a signal 10d. Except for coding, decoding and
transmission érrors the signal 10d corresponds to the speech signal 10a. The adaptive
prédiction filters 10A and 10B determine signal-dependent filter coefficients (prediction
coefﬁcients) according to the Levinson-Durbin Recursion. The Levinson-Durbin
10 Recursion is an algonthm for determining in a step-by-step fashion the soluuons ofa
linear set of equations of which the coefficient matrix is a Toplitz matnx, thus a
symmetrical matrix having the same elements along a given diagonal.
The NCOF prediction coefficients (NCOF stands for the number of these
coefficients) for an adaptive prediction filter are unequivocally a consequence of the
15 requirement that the sum of the predlcuon error squares be minimized on average over
a signal section of a given length. ,
For example, if sampling values s(k) are 'applied to the input of the filter,

the followmg linear combination will be the output value of the filter at the instant n:
- NCOP

y(n) = a( - 1
;l i) = e(n i) (1)
20
25 |
The value y(n) is considered the predicted sampling value s(n). If the sum
of the error squares is formed ie.
LSEG - 1
;: [y(n+1i) +s(n+1i)]? (2)
30 =0

 of a segment comprising LSEG sampling values, if (1) is put in in (2) while the
coefficients a(i) are minimized in (2), above set of equations with the Taplitz matrix
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by the exponent p, tne following the algorithm of the Levinson-Durbin Recursion

expressed in Rabiner/Schafer by the equations (8.67) to (8.72), is represented as a

pseudo code because this code permits a bet_ier detection of the program steps an

[0 arithmetic unit is to carry out for the computation of the prediction coefficients.
LEVINSON-DURBIN Recursion (Pseudo code):
Input values: NCOF = Predictor Coefficient

15 r(0) ... r(NCOF) = Autocorrelation coefficients

Output values:a(0) i a(NCOF) = Prediction coefficients

a(0) =10 o1

a(l) =-r(1)/r(0) 02
20  alpha = r(0) + r(1) * a(l) 03
For minc=2,3,4,...,NCOF - _ 04
{ sum=20 05
for ip=0,1,2,3,.. .,minc-1 06
sum = sum -+ r(minc-ip) * a(ip) o7
25 | o8
re = - sum / alpha : 09'
alpha = alpha + .sum *rc 010
011
if(alpha < = 0.0) break : 012
30 013 |
For ip=1,2,3,...,minc/2 014 { Rl=a( ip+rc

* a(minc-ip)) OIS |
R2 = a(minc-ip) + rc *a( ip)) O16
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To render the program steps given in the pseudo code even more
transparent, several rows of the algorithm shown above will be further explained.

The predit:tor coefficient carrjing the name of NCOF and the NCOF+1

10 autocorrelation coefficients are required as input data. The predictor coefficient NCOF
is identical with the number of filter coefficients a(i) in equation (1). The
autocorfelation coefficients r(0), r(1) and so on, up to r(NCOF) are determined by other
functional units not disclosed here, which, however, are known to a person skilled in
the art. o |

15 The prediction coefficients a(0), a(1) and so on, up to a(NCOF) are output
data. ' _

Rows 01 and 02 comprise assignments to the two first prediction _
coefficients. In row 03 there is an assigninént to an auxiliary variable alpha (prediction
error for NCOF=1) whose augend is the zero® autocorrelation coefficient and whose

20 addend is the prodhct of the first correlation coefficient and the first prediction

 coefficient. | o

If the predictor coefficient NCOF is equal to 1, the c'omp_uta’tion is over,
otherwise a loop having a running variable minc is passed through, which variable
assumes all integers from 2 to NCOF. In the loop for the running variable minc all the

25 previously computed prediction coefficients a(1), a(2) and so on, up to a(minc-1) are
changed (recbmputed), as is shown in rows 017 and 018. At the end of all the
instructions which are to be carried out for the current value k of the running variable
minc, a value is assigned to the prediction coefficient having the index minc, as is
shown in row 020. This prediction coefficient is to be referenced the ki prediction

30 coefficient; the variables sum and rc (reflection coefficient) which are computed fo'_rlthe
first time for the current value k of the running variable minc are to obtain the same
addition. |

In the loop having the running variable minc two further loops are passed
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error signal (prediction error). This content is always to be positive. The computation is

therefore broken off if there is a value for alpha smaller than or equal to zero, as is
shown in row 012. Also the variable rc has a descriptive meaning; it is the so-termed
10 reflection cogfﬁcient_ which plays a part in the so-called tube model of the vocal tract. A
reflection coefficient which occurs as a quotient of the auxiliary variables sum and | | |
alpha, as is shown in row 09, belongs to each prediction coefficient.
Most réal-time implementations of speech coding methods according to
which also coefficients for adépti\)e filters are to be computed, are based on 16-bit
15 fixed-point arithmetic units, while intermediate results are available partly With
enhanced accuracy (for example, 32 bits). The accuracy of the result of the Levinson
Recursion decisively depends on the computational accuracy in the recursion. As
regards computational accuracy the most sensitive positions in the pseudo code are
found where intermediate results of multiplication or division are available with higher
20 resolution and are then to be reduced to the simple resolution. They are e‘speciélly the
rows 02, 03, 07, 09, 010, 015, 016 and 020. ) |
A module for mﬁsing the Levinson-Durbin Recursion in 16-bit fixed-
point arithmetic, will be described with reference to the following pseudo code. Several
definitions are to be introduced first: | |
25
>>  Right shift operation;

<< Left shift operation;

30 round (reg) Rounding operation performed on a 32-bit-wide register "reg". Let us
| assume that the bits in "reg" are numbered O, 1, 2, ..., 31, while_ the sign
bit is bit 31 and the significance of the individual bits decreases from bit
30 towards bit 0. Rounding with-an accuracy of 16 bits then means that



t o W21 According to [I] the procedure is as fol lows: BETOBI400087 (k[err]
reflection coefficient: +5/8 with 4-bits resolution) b) 0.11 (val ue_of

b) rounded to 3 positions for the recglirput ation of the k-1 .ﬁﬁg(y@wm\s BEEN
conput ed prediction coefficients) c) 00 (value of b) divided bygrépLsdeno
with 3-bits resolution. This value is.-the mantissa of the k[‘ef+}—rTefteCTtion
coefficient in PieldDisoadded toabit 1§ afternwhich thetbitsi 161to Bd asepisedas theand with
base 2) For makin 12" assertion about the error if the approximation-c) is
used in l'ieu of ﬁ,t'c) is first to be multiplied again by 4. The difference
bet ween the value resulting therefromand the output value is the error F.

In the present case (representation as a fraction) F = (- 5/8) =-5/8. In
cont rept, dFixed<oist multiplicationgnt i on there is provided: a) 0.101 (k[err]
reflection coefficient: +5/8 wth 4-bits resolution), b) 0.001 (val ue of

a) 5divided by 4,.also with 4-bits resolution), c) 0.01 (value of b) rounded
to 3 pits)._.Anal ogous. W.t h the precedi ng observati ons we now have as an
error. F = lflfeg'p?g%t)gl!‘s‘o“’ ' '

- Since the division is very costly to carry out, the result of the division is
~ computed accurate to only as many positions as are absolutely necessary.

Results of the divisions are flush right in the register containing the results.

10 _
X, means the 16 mbs_t significant bits of a 32-bits word x.
x; means the 16 least significant bits of a 32-bits word x.
16-Bits fixed-point Levinson Recursion (Pseudo code):
15 EXPa = 0; ' | X1
den =1[0); | | X2
num = r[1]; - X3
if (nﬁm < 0) num = -pum; X4
a2 = num/ den; - X5
20 a2 =a2<<lIs; X6
al = rou:nd(aZ);. ' | | X7
if (f[1] > 0) al = -al; X8
rcl = alh; X9
a[1] = alh; . | X10
35 a0l=0 | X11
- abh = r[0); ' o X12 |
a0 = a0 + rcl =2* i} | X13
a0 = round(a0); X4
alpha = a0h; | X15 |
30 for (minc=2; minc < =NCOF; minc+ +) X16
{ a0 =0; X17 This Sheet Has Been Replaced
frlp=lip < minipr) XS AR

a0 = a0 + r{minc-ip] *2* a[ip} X19



3/ g 9425961011 (+3/8) is selected as the output value, theBGT/TBI4PUIRT e of F
= (0:- 8/8) =-3/8 6 for the error according to the same schene of [I1].

According to. the invention, we now havgy F = (0 - 3/8) = -3f8yJRAcLT tias BEEN
the neans indicated above and al so to Be indicated bel ow isjnot teEMACED

understood in such a way that they gfq]al So to be activated this—order
in time. A further enbodi nent of th vention conprises - nmeans for
adapting t ol LNg point format he k-1 prediction coefficients
al ready reé@rrpu g? gn%i\%t yet reconput edf%%lfnd - means for continuing
the reconpyjjad gn of the k-1 predictiggycoefficients for the prediction
coefficient at i ch the overflow has occurred. If overflow occurs during

t he reconpal a&= ofmmic]t he predi cti on coX28icients, according to '

5 a0 = a0 + al; X24
a0 = round(a0); X25
sign = a0h; X26
num = aOh; X27
if (num < 0) num = -num; X28
10 if (num > = alpha) X29 - |
goto LEDUMO _failed; X30 | o
a2 = num / alpha; X31 '
) a2 = a2< <1§; X32
al = round(a2); X33
15 if @0 > 0) al = -al; X34
rc = alh; X35
X36
all = 0; X37
alh = alpha; X38
2 al = al + rc *2* aOh; X39
al = round(al); X40
if (alpha <= 0) X41
goto LEDUMO_failed; X42
alpha = alh; o . X43
25 | | X44
| a0 = 0; X45
al = 0; . X46
for (ip=1; ip <= (minc> >1); ip++) X47
{ a0h = a[ip); X48
30 a0 = a0 + rc *2* a[minc-ip]; X49
a0 = round(a0); X50 “This Sheet Has Been Replaced
T il
X52

{ EXPa = EXPa + 1;



[ 1MO mﬂ[ he floating point format of the previously conW@’ﬁ’Pm"ct I on

coefficients is adapted and then the reconputation is starteg—agai-a—t
the beginning. In contrast, the ermbodijgent according to the ﬂ\‘?’é] H HAS BEEN
avoi ds a not inconsiderable part of the conputation circuitr Pcﬁg’ Qﬂz‘,

in"the event of effic . The invention with its
enbodi nents w prﬁéhﬁag’p}ﬂggﬁggévﬁtq’%fere@to the drawing Figures, in
which: Fig: 1 shoxgp}aﬁsaaﬁ!ysltransm sx§an systemin which the invention
can be used, Fig sho he basic circuit diagramof an adaptive
prediction fil tadh, =Faf§p]);3 shows the bXSBc circuit diagramof a speech coder
and Fig. 4 shogb di a%aams for clarifying_a difference between the invention
and the state tFHiclarh 1C If?g a[!l!“@ﬁ:‘\l@k aX¥grammatic representation of a
transm ssi on system lng a coder 1 and a transmitter 102 on a
trdnsmtti ng s?é e J&Bﬁﬁ{agi,el ver 103 a?éga decoder 104 on a receiving side.
The conbi nation of the coder 101 wi gthe transmitter 102 and/or the

conbi nati on of the receiver 103 with the decoder 104 forns :

alh = a[minc-ip}; X59
al = al + rc *2* afip]; X60
al = round(al); | - Xeél
10 If (overflow in al) X62
{ EXPa = EXPa + 1; - X63
for (Ip=1; Ip<minc; lp++) X64
aflp] = aflp]>>1; X65
. aOh ='a'[ip]; - . X66
15 | a0 = a0 + rc *2* a[mmc-:p], X67
a0 = round(aO), - X68
“alh = a[minc-ip}; X69
al = al + rc *2* a[ip]; X70
al = round(al); _ X171
20 } X72
alip ] = alh; X7
a[minc.-ip] = alh; X74
-} ' X75
a2 = a2> >EXPa; X76
25 a2 = round(a2); - X7
if (sign > 0)a2 = -a2; = - .X78
a[minc] = a2h; - XD
y X80
a[0] = EXPa; X81
30 rewm; | | X82 | \'
S X83 This Shee

LEDUMO,_failed: . X84 / /II/I// /”I/I ///I /I/Wmd

a[0] = -1; , ' X85




p4/26961 unlt_LE——IFhe—eedef——Ieﬁodes a speech signal 1RCTUIBIHINT of an

according to the | Wi 11 becone apparent in the follow ng

The speech signal 1 at e o 4 kbit/s. The coder{ #@% JrasgrcesS BEEN

adaptlve prediction, fllter ﬁ hs filter has characteristic features
thi's bit rate to th eﬂ he coded signal 10b. The Wit rargpPiACEIhe

coded si gH#M10b is 16 kblt/S The si&8& 10b consists of paramerers of the
speech signal 10a which paraneters are determ' ned segnment by segnent.
The transmitter 102 transmts the coded signal 10b - transcoded into a

trans 1 - via a transm ssion channel shown in the
MER @aﬁﬂu&msf t@g&eﬁgg?,éo\‘%ﬁ

drawing to the recelv ch transcodes the transnitted signal into a

signal 10c and windixed-poiat represemmionishé prédiction ooefficiets afi {@@ﬁ onfy coding

and transm ssion errors. The decoder 104 decodes the signal 10c also with
t he fi aBSbmanala%beﬁwnsnprlee iapdi 1.9, Singe, however, ghe eoefficients a[di aanaxceedi.

Except 0(ro Q%45 dﬁ‘i?f’ %n%“lﬂe recursion, all the coefficients are represented in the
block ﬂoatmg-pomt format. This is to say, all the coefficients are normalized to a
common basis ZEXP‘, so that the mantissa of all the normalized prediction coefficients
lies again between -1.0 and +1.0. At the start of the Levinson Recursion no coefficients

10 have been computed yet, therefore the exponent-EX_Pa is set to 0 (row X1). |
Row 01 is not carried out here, because a(0) = 1.0 need not additionally '
be computed. ' _
Rows 02 and 03 are converted similarly in the loop having the running
variable minc. Therefore, an explanation of the fixed-point resolution will be given
15 hereinbelow. . , , . ‘
First there will be a description of the fixed-pbint implementation of rows 05 to 07:
In rows X17, X19 a0 denotes a 32-bit-wide accumulation register; A multiplication
input register is loaded with the autocorrelation coefﬁc_:ient r{minc-ip]. A further N
multiplication input register is loaded with the mantissa of the previously computed |
20 normalized predictor coefficient a[ip]; the associated éxponent EXPa is the same for all
the coefficients. It should especially be emphasized that the coefﬁcient_a[O]' is not
included in the normalization, because a multiplication by a[0] = 1 need not
additionally be carried out.
~ The final result of the accumulation, first without the component
25 a[0]*2*r[minc], is reduced in row X21 from the floating-point representation to the
fixed-point representation by a left shift arrangement for denormalizing the 32-bit resixlt_
in accumulator 20. . o |
In rows X22 to X24 the comi:oonent a[O]*Z*r[minc] is added up while a
further 32-bit-wide register al is used. There should be noted that the lower part of the
30 register al is to be erased, because, owing to its use, the auxiliary register al could still
contain prevxous values at other locations. | |
In rows X25 to X28 the counter term for the division is prepared to

¢°mpute fhe current (k) reflection coefficient rc. The division demands positive input



trWngﬁz?ﬂon er rpjsShectHase laced corresponds to the spepé:ctr{%glﬁgor?g’ 10a
Thée adaptive pred | i‘ t 10A and 10B det ermi ne si gnal{~figReHEEmtHAS BEEN
filter coefficien [ coeffilg ents) according to _t\he REPLACED

Levi nson-Dur bi n Recursion. The Levinson-Durbin Recursion is 'amr—argorithm
for deteryyd.mai i S f:ashj i ' 4 of
cquat AERCEYER, 160l SaBPain RN ERA' IS AehiWeh I 154 X258 g dpufiing ifad

sy metyf ik B2-bit-wide he¥ultnin 401 sane el enents al ong a given-diagonal . The
NCOF prediction coefficients (NCOF stands for the nunmber of these

coefficients) fdiegistersiatpthejioppt efia divider unittare directlyniogded ta aatry out the
be. m AIVHEBd0B A1E cRmpYiaiaRcet Mecciarent (KA)FFOFFIiAn SOTCERt FEh RApRsnL 1S
SO 51 AT TR0 VR e BB Vs R bbbt o
Vo v VRS o AP 58 i, Spvac (i 4 60w D601 rid e TR sarv! 1o
corresponds to a considerable increase of the necessary computing speed.
The result of the division in row X31 is computed with an accuracy of 17
bits, the 1'_7“' bit being necessary for the rounding operation. This rounding is performed

10 in row X33 to compute the current (k) reflection cde_fﬁcient'and in row X77 to |
compute the current (K®) prediction coefficient. In row X32 the result of the division,
of which the 17 bits are stored right-justified in the_32-bit-wide register a2, is
appropriately adapted to the fixedly set decimal point before the rounding operation.
After the correct sign has been used in row X34, finally the current reflection |

15 coefficient rc is derived from the upper part of the 32-bit-wide register al by reading
the upper 16-bit-wide word alh. o
In rows X37 to X40 the new value of alpha is computed in the manner know_u)n
henceforth, while all the input and output variables are represented in the 16-bit fixed-
point format. Here too special mention is made of the fact that at this positibn in [1]

20 computations are made with floating-point representation for alpha and aOh (a0h
corresponds to sum in row 09), which corresponds to a considerable increase of the
required computing speed. | | |
In rows X45 to X74 the previously computed predictor coefficients are adapted
(recomputati_oh and adaptation of the block floating-point format). This corresponds to

25 the operations from rows 015 to 018. The special thing about this is that in the case of

an overflow during the recomputation of the prediction coefficients afip] and a[minc-ip]
respectively, all the (i.e. the coefficients already recomputed and not yet recomputed,
thus those previously computed) coefficients a[1], a[2], ... a[minc-1] are reduced by the
factor of 1/2 (= right shift by 1 bit in row X54, X65, respectively)._ No overflow can
then take place any longer when there is a recomputation in rows X55, X56, X57 and .
X66 to X71, respectively. _ _

After the adjustment of the old coefficients (computed previously) has been terminated,

30

the new (k) prediction coefficient a{minc] is computed from rc (see row 020). In the



t he

Téplitz matrix
outside this segnent are set to zero.

are

coef fici ent

otpa428hent. cﬁﬁﬁiﬂm° acednpling values, if (1) is SR BIM087o) while

mzed in (2), above set of equpTHINSHEET HAS BEEN
SHEET 8 gv || arise if the sanp|ing \REPUACED

The el enments of the Toplttz matrix

31 gnaetnpolnicoRhah iierd SrkBf, Re ol P S fhE' o TR SR B BE, U

; g:‘o re éﬁo ; ¢h ehe Bwékrﬁéitf_dgiaoﬁx@%ﬁhiﬂ. Heréfore Nhe ié?ree;iaﬁfcge{ﬁrﬁié\fkg ai | ed

Rabi

ation of the nson-Durbi n Recursion i s foun

Red/ atniea fvelich 'iDagailabile o aie sonenorinafized dixed-poinat formaty Bnstoredt Hal |

1978." In the followi ng the algorithm of -the Levinson-Durbin Recursion

expr ¢safminch aftgpandghtsthiti by EXPa hs.eWith thesolpion giverohere, first thes |
:‘)fe sp { ;éﬁ%&igg'rc%%@gigﬁgu\gﬁicﬂqgestili)legtggesde int pe'gsxstce? CaiE dhd lttnast_a'.5 li?-bblt.e }ets%iutgoent, elgt 'on

10

15

20

25

30

shifted to the right by EXPa bits and subsequently rounded with an accuraby of 16 bits.
This is the decisive difference from the solution published in [I] in which the reflection
coefficient already rounded directly after the divisiqn- is shifted to the right by EXPa
bits and the new prediction coefficient is derived by clipping to 16 bits. This very
difference at this position leads to the 16-bit fixed-point implementation of the Levinson
Recursion described here which produces better results with attendant considerably less
cost of éomputation than the solution shown in fI}.
~ Fig. 2 shows an adaptive prediction filter. Such prediction filters comprise
a filter in a narrower sense 2 and a control unit 1. The filter in the narrower sense 2
produces output values y(n) according to equation (1) and sends them over a line a2.
Input values s(n) are applied both to the filter in the narrower sense 2 and to the control
unit 1 over a line bl. |
The control unit 1 may again coarsely be subdivided into two functional
units 1A and 1B. The functional unit 1A ¢ompdtes correlation coefficients from a
section of the input signal, conveys these values to the functional unit 1B which
determines therefrom, by reducing the expression (2), new prediction coefficients with’ |
the _mmns' described above. The control unit 1 then substitutes over a line bl the whole
block of coefficients computed by unit 1B for the prediction coefficients used so far.
The described filter comprising the functional unit 1B can be used several times in
modern speech codecs.
| Fig. 3 shows a predictive speech coder by which the coded speech signal
is also decoded to improve the coding. Therefore, a special description of a decoder is
omitted. - o | : |
The speech signal to be coded is applied in the form of sampling values to
the coder vig a line 6a. A subtracter 6 subtracts therefrom the appropriate values of the
speech signal again decoded by the coder, which speech signal is applied to the |
subtracter 6 over a line 4a. Over a line 6b the difference is sent to a unit 9 which makes

a spectral weighting of the difference signal (for an extensive representation compare, '



awoﬁﬂﬁgﬁ c unit is to carry out for the conputation of tPr(]:érIIpBr%/ooom
coef fici ents. LEVI NSON- DURBI N Recursi on (Pseudo code): | nput V§P§%§HETK%£§BFEN
|

= Predictor Coefficient r(0) ... r(NA@) = Autocorrelation cokffic
Qut put val ues:a(0) ... a(NCOF) = Prediction coefficients a(0) = 1.0
8% a @mplgi ?HENV (1091 HIGH-QUAerYO% mmb@mcmcoomc)m A
..... sum =
05 f gNEWAY. DEBAY I.BssrfmAN 2Ms 1990, iEEEs UAmnpp. 463 noc45q3) aftet i p) 07
08 rc = -sum/ al pha 09 al pha = al pha,+ sum* rc

010 @hich for a speech signal segment the sum of the error squares is formed and stored.
For a segment of the speech signal on line 6a, 128 different coding options are tested
" 5 and, finally, the option bringing about the fewest errors is sent to the receiver as a code
signal. | | |
These 128 options arise from the fact that a code book referenced 1 stores
128 so-called vectors. Each vector isa sequence of sampﬁng values, which seqhence_ |
contains a simulation of the signal, by which the vocal tract of a human being can be
|0 excited, for example, for resonance. The vectors are read consecutively from code book
1 and scaled by a controllable scaler 2 (this corresponds to the volume control when |
human speech is generated). The -scaler 2 is controlled via a unit 3. Subsequently, the
scaled vectors are fed to a predictor 4, 5 and 8 having backward prediction. The
predictor forms a copy of the operation of the human vdca_.l tract. It comprises a filter 5,
15 8 as shown in_Fig. 2. Such filters afe furthermore included in the units 3and 9. Viaa
line 1a is transmitted, for example, the number of the vector that has led to the fewest
 errors in the current speech signal segment. | |
The dlagrams of Fig. 4 graphically show what has been demonstrated
hereinbefore with respect to two examples, that is to say, that with the conversion of
20 prediction coefficients in a block floating point format with mantissas to 3 bits, the
invention on average produces better results than according to the state of the art (I).
Output data are all the positive binary numbers with 4-bits resolution. To facilitate the
verification of the two lower diagrams, the upper diagram shows an assignment of the
output data in binary representation (the sign bit is omitted) as against their |
25 representation in fractions.:
The middle diagram shows the error F which is made if the output data are first
rounded according to [I] and then the mantissas are computed with 3-bits resolution.
The lower diagram shows the error F which is made if the mantissas are first computed
with 4-bits resolution and then rounded to 3 bits. The scale for the error F is the same
30 in either case and corresponds to that of the upper diagram. | -
_ -
et Has Been Replaced

il \l\l\\ I \||\



|f(‘%phas961— 0.0) break 012 013 For ip=1, 2, 3, . . PCTVIB®/(D087

014 { RL = a( |p)+rc*a(mnC|p)) 015R2:a(m'ncip)+rc
*a( ip)) 016 9 a(ip ) =R1 017 a(m nce
018 019 a(mnc) =rc ' B0 021 To render th

gi ven.in the pseudo code even nore transparent, several rows
al gori QLABMBun above will be further expl ained.
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Transmission sysem comprising | (NI ANVANR A

at least a coder (101) for coding a signal (10a),
 at least a transmitter (102) for transmitting the coded signal (10b) to at least a
receiver (103), | |
at least a decoder (104) for decoding the coded signal, and
at least an adaptive predictibn filter (10A, 10B) provided at least for a coder,
the adaptive prediction filter including: | |
- means for computing correlation coefficients from segments of sampling
values of an auxiliary signal that depends on the sxgna.l or on the decoded
signal, as well as
- means for determining reflection and prediction coefficlents from the
correlation coefficients in N-bit fixed point arithmetic,
and in that the following means are provided for recursively determining the
prediction coefficients to be represented in the block floating point format:
means (X31) for computing the k"‘ reflection coefficient with a minimum
resolution of N+1 bits, | |
means (a2) for buffering the kB reﬂeétion coefficient with a minimum resolution
of N+1 bits, - | o
means (X33) for determining the k% reflection coefficient with a resolution of N
bits,
means (X74 X75) for recomputing the k-1 previously computed predxcuon
coefficients while utilizing the Kt reflection coefficient obtained under c),
means (X51-X58; X62-X72) for adaptmg_ the block floating point format of the k-
1 prediction coefﬁciéms if during the reco_mpu_tatidn of the k-1 previously
computed predictioh coefficients overflow occurs, so that N bits are no longer
sufficient to represent a recomputed prediction coefficient,

“means (X76) for converting the k™ reflection coefficient buffered under b)toa

floating point format number whose exponent is represented by the exponent of
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Tﬁ @ sict or cdEp l3Gedig t he name of NCOF and PGEIRR4/G008T
tocoriel ation c e required-as input data. The predi ct or

coefficient NCCF ith they,nunber of filter coe |
in equation (1). The aut ocorrel ation efficients r(0), r(1 T*ﬁ%éf 'PH% B)FEN

to r(NCOF) are determ ned éother functjonal units not di
whi ch, hothewblock floating peint; rmapéﬁmlm pnder e)and, whose mam@sapha-ﬁacuon

coefficients 0) up to a(NCOF) are output data. Rows 01
and 82 co‘iﬁ?‘“&‘é a%fsaglﬁ%g?ﬁg'fg tf'he two first prediction coefficients. In
r ow the i on
err.or®’f or %Eﬁ Q/vﬁiois'eD @u ng(g{rag (gaérﬁr ﬁg‘f‘gggﬁ?g@gﬁ g‘?]&?gi ¥| ci ent

and V\hos%mﬂﬁﬁamn@rtfmnaroduct of the first correlation coefficient and
the first prediction coefficient,. If the predictor coefficient N '

ICOF i
eqgalh)t o meanhEXZnfor storing the K&\ meflection moefficient obsainedundes £) asuhmk%“g
variable m g: J S faed t hrough, which variable assunes all integers from2
to NCOF. P %‘WQ"I&‘?S‘F’&“-the running variable nminc all the

2. Transmission system as claimed in Claim 1, characterized by
- means (X51-X58) for adapting the block floating point format of the k-1.

prediction coefficients already recomputed and not yet recomputed, and by
10 - means (X62-X72) for contmumg the recomputation of the k-1 prediction
coefficients for the predlcuon coefficient at which overﬂow has occurred (Claxm

1, feature e)).

v T 0n oy A

- at least a coder (101) and/or at least a decoder (104),
at least a transmitter (102) and/or at least a receiver (103), and
- at least an adaptive prediction filter (10A, 10B), the adaptive prediction filter

including:

15

- means for computing correlation coefficients from segments of _sampling
| values of a signal, as well as - |
20 -~ means for determining reflection and prediction coefficients from the
correlation coefficients in N-bit ﬁxed point arithmetic,
and in that the followmg means are provxded for recursively determining the
prediction coefficients to be represented in the block floating point format:
a) means (X31) for computing the k™ reflection coefficient with a minimum
25 resolution of N+1 bits, _
b) means (a2) for buffering the kb reﬂecnon coefficient wnth a minimum resolution
of N+1 bits,
¢) means (X33) for determmmg the Kb reﬂecuon coefﬁment with a resolution of N
bits, .
30 d means '(X74, X75) for recomputing the k-1 previously computed prediction
coefficients while utilizing the k® reflection coefficient obtained under c),
€)  means (XSl-X58;'X62-X72) for adapting the block floating point format of the k-
1 prediction coe_fﬁciehts if during the recomputation of the k-1 previously



pr%mgwy corerEhE ﬂiﬁﬁeqni?@nlaayéefficients a(l), a(2) arRCHBWN0ED o
a(

h
c-1) are cha mﬁ w ed), as is shown in rows 017 and 018 At _the

end of all the in ch are be carried out for theusSHRENHAS BEEN
val ue k of the running variable mnc, val ue is assigned to {he pRESLAEEDN
coefficient having the index mnc, as is shown in row 020. Thrs—prediction
coef f i ci ecomputed prediction coefficients ovetflowocsuesdisot that Ncbiss are neriongerme

vari abl es sum.and rc (reflection coefficient l.ch are conputed for the
first ti rré“rfg‘]?‘e?%@- SNt 2, IeFOmPHIed: PW%F%CMH able ninc are to

or ondt ' | SHSEREOERY fok Shnvirgy e 0 Be i cddcigtp BBt UhdH B, AT 2
the runni fibaviag pdiheforiat irfignberPwhoseexsoreht i representéd By ahe @RpORENL T t he

current value of the running variable mnc, as is shown in rows 06 and 014.
5 the block floating point format determined under e) and whose mantissa has a

resolution of at least N+1 bits,

g) means (X77) for rounding to N bits the mantissa of the kb reflection coefficient
obta_ined under f) and
h) means (X79) for storing the k¥ reflection coefficient obtained under g) as the k¥ -

R A

4. .~ Terminal unit as claimed in Claim 1, characterized by
- means (X51-X58) for adapting the block floating point format of the k-1
prediction coefficients already recomputed and not yet récomputed, and
- means (X62-X72) for continuing the recomputation of the k-1 prediction
15 | coefficients for the prediction coefficient at which overflow has occurred (Claim
| 3, feature e)).
5. Coder (101) for coding a signal (10a),
- comprising at least an adaptive prediction filter (10A, 10B), the adaptive |
prediction filter including: . _
20 - means for computing correlation coefficients from segments of sampling
| values of an auxiliary signal that depends on the signal or on the decoded
signai, as well as _ _ |
- means for determining reflection and prediction coefficients from the
correlation coefficients in N-bit fixed point arithmetic, |
25 and in that the following means are provided for recursively determining the
| prediction coefficients to be represented in the block floating point format:
a) means (X31) for computing the k¥ reflection coefficient with a minimum
resolution of N+1 bits,
b) means (a2j for buffering the k% reflection coefficient with a2 minimum resolution
0 of N+1 bits, |
©  means (X33) for determining the k® reflection coefficient with a resolution of N
bits, | | |
d) means (X74, X75) for recomputing the k-1 previously computed prediction
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regards conputalional accuracy the npst “sensitive positions 1n e pseudo
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avai l able with higher .
- resolution of at least N+1 bits,

[0 g means (X77) for rounding to N bits the mantissa of the k' reflection coefficient |
obtained under f) and

h) means (X79) for storing the k' reflection coefficient obtained under g) as thé K

prediction coefficient. ' |

6. * Coder (101) as claimed in Claim 5, characterized by

15 - means (X51-X58) for adapting the block floating point format of the k-1
prediction coefficients already recomputed and not yet recomputed, and

- means (X62-X72) for continﬁing the recomputation of the k-1 prediction
coefficients for the prediction coefficient at which overflow has occurred (Claim
5, feature e)). | .

20 7. - Decoder (104) for decoding a signal (10c), |

- comprising at least an adaptive prediction filter (10B), the adaptive prediction
filter including: - ,

- means for computing correlation coefficients from segments of sampling values

_ ofan auxiliary signal that depends on the signal or on the decoded signal, as
‘25 well as | .

- means for determining reflection and prediction coefficients from the correlation
coefficients in N-bit fixed point arithmetic, |
and in that the following means are provided for récursively determining the
predicﬁon- coefficients to be represented in the block floating point format:

330 a) means (X31) for computing the k™ reflection coefficient with a minimum
t resolution of N+1 bits, _ .
" b) means (a2) for buffering the k¥ reflection coefficient with a minimum resolution

of N+lbs AR



$422596h andThlséhebﬂfmeéeaRhﬂacéoeduced to the sinple resolPGT/HRIY/ONBYy are

e eC|aIIy t he r , 09, 010 015, 016 and 020. A nodule for
realising the L
w || be describe re
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i
Left &hi f Meape(Xd33bfor defermining 4he k&olﬂﬂ%ﬁgﬂ @pef inicatwithra msnhmomofaN
32-bit-vvi€? register "reg". Let us assune that the bits in "reg" are
nunbered 81, 2, ..., 31, while the sign bit is bit 31 and the

ni fyi caﬁﬁg¥ e % bit O.
Rogndd)ng w t anvgcg{lﬁggy* g&f%ﬁg’ ﬂﬁ aﬁ@%éﬂs?ﬂg?hfpu?%ﬁ "ﬂ’zl added to
bit 16 af¢esfficienchwhiie Wtillzing Ghe ®b3refRcton vodfficient sbtaimed inder c),

‘5 e) means (X51-X58; X62-X72) for adapting the block floating point format of the k- __

1 prediction coefficients if during the recomputatmn of the k-1 previously
computed prediction coefficients overflow occurs, so that N bits are no longer
sufficient to represent a recomputed prediction coefficient,
fy  means (X76) for converting the k reflection coefficient buffered under b) to a
10 floating pdint format number whose exponent is represented by the exponént of
the block floating point format determined under €) and whose marnitissa has a _ |
resolution of at least N+1 bits, | N
g) means (X77) for rounding to N bits the mantissa of the kB reflection coefficient
obtained under f) and
15 h) means (X79) for storing the k¥ reflection coefficient obtained under g) as the ki
prediction coefficient.
8. Decoder (104) as claimed in Claim 7, characterized by:
- means (X51-X58) for adapting the block ﬂoatihg point format of the k-1
' prediction coefficients already recomputed and not yet recomphted, and
20 - means (X62-X72) for continuing the recomputation of the k-1 prediction
coefficients for the prediction doef_ﬁcient at which overflow has occurred (Claim
7, feature €)).
9. Adapnve prediction filter (Fig. 2), compnsmg
- means for computing correlation coefficients from segments of sampling values
25 of a signal as well as |
- means for determining reflection and prediction coefficients from the correlation
coefficients in N-bit fixed point arithmetic, | | |
and in that the following means are provnded for recursively detennmmg the
predu_:tmn coefficients to be represented in the block floating point format:
30 a) means (X31) for computing the k® reflection coefficient with a minimum
resolution of N+1 bits, . | ,
b)  means (a2) for buffering the k% reflection coefficient with a minimum resolution

awelss
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acqurate to only as many positions as %e absol ut el y necessanylHIRSSBET $IASfBEEN

tha divisi

x[ r] means the 16 nost significant bits of a 32-bits word x. x[err] neans
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den = r[0];

egur5| on (Pseudo code): EXPa = 0; X1
X2 num = r[1];

(UL Ay s; 295 o rcompuing e i frsicion

X7 if (r[I

5 ¢€)

10

g)
5 h)

10.

doeffibientslwhilealtilizing the k™ reflecti¢h coefficient obtained under c), -
means (X51-X58; X62-X72) for adapting the block floating point format of the k-
1 prediction coefficients if during the recomputation of the k-1 previously
computed prediction coefficients overflow occurs, so that N bits are no longer
sufficient to represent a recomputed prediction coefficient,
means (X76) for converting the k' reflection coefﬁcient buffered under b) to a
floating point format number whose exponent is represented by the exponent of -
the block floating point format determined under e) and whose mantissa has a
resolution of at least N+1 bits, | o
means (X77) for rounding to N bits the mantis_sa of the k’h reflection coefficient
obtained under f) and - |
means (X79) for storing the k"’-reﬂection coefficient obtained under g) as the k®
prediction coefficient. '
' Adaptive prediction filter (Fig. 2) as claimed in Claim 9 characterized
by:
means .(XSI-XSS) for adapting the block floating point format of the k-l
prediction coefficients already recomputed and not yet recomputed, and by
means (X62-X72) for continuing the recomputation of the k-1 prediction
coefficients for the prediction coefficient at which overflow has occurred (Claim
9, feature e)).

This Sheet Has Been Rep. laced

I

"+ C L M 0§ 9%



rcg W0 9425961 o a1 - a i, PCT/IB94/00087

X1p adl<= 0 X11 abh = r[0];
X1p a0 = a0 + rcl *2* r[1]; 1/3 15 leS(aO = r20und(a0)
X1§ al pha = aOh; or (mnc=2; m HAS BEEN
i ho++ X16 { a0 = O; k‘i% EEH 1;
|mp?]2 m')nc; i pt+ +) {X?S a0 = a0 + r[mnc- Ip] * 2% a[l @;LA(:ED 7
xX20
\ LE\ 103\ 104\\ \ |
10A-\ 10B—

—
I
=

7 el | /7

---------------------

FIG. 1

R,

' This Sheet Has

HIMII i Illl



a0 \1994%6%2 < EXPa;

al j

rTm nc];

= rpund(ao);

(n

al
rc

=

> = al pha)

num / al pha;

round(az2);
al h;

x21 all PCT/IB94/00087 -,
X23 a0 = a0 + al; X24 a0
X25 sign = aOh; X26 num
X27 i m< 0) num = -num ; X*2-8—1-f
X29 LEDUMD f ai | ed:; THIS SHEET i BN
X31 a2 = a2<<15; REPLACED 35
X33 if (aO>0) al = -al; X34

X35 X36

o _
4\4\ ™ _if’J
_
3 5/[/ .
S

-
eet Has Been Replaced

T



(al
al g

al|=

X47
X49
= E

al #0:9%?5961
= gl-* £c *2* aOh;

pha < = 0)

ha = alh;

0; :

{ a0h = a[ip];

a0 = round(a0;

XPa + 1;

PCT/IB94/00087

X37 alh = al pha; X38 al
X39 al = round(al); . X40 if
X4 o. LEDUMO f ai | ed; X42
A 7% Y . SHE S BEEN
X46 for (ip=1l; ip < = (mnc> FHI)
X48 a0 aO + rc *2* a[finc- |R§'§AC —
X50 If (overflow in a0 : X51, EXPa

X52

18 2/8 38 43 58 63 13

S T |

FIG. 4

Sheet Has Been Replaced

HII\I\\ M i



13for (Ipl I'p<m'ncl | p++) - X53 a[Ip]':a[Ip] >>?609°)7%4?0h

alip]; X565 a0 = a0 + rc *2* a[mnc-ip]; aﬂ{_ﬂ = .
X57 X58 alh = a[mnc-ip]; X59 al = al +rc *2* a[i p] NT SHEE’
X60 al = round(al); _ . X61 If (overflowin al). X6Z 1T
EXPa =EXPa + 1; - X63 for (lp=1; Ip<minc; Ip + +) |- X§41 ‘MAR 1998 1

TRANSMISSION SYSTEM COMPRISING AT LEAST A COD

The invention relates to a ransmission system comprising at least a coder
for coding a signal, at least a transmitter for ransmitting the coded signal to at least a
receiver, at least a decoder for decoding the coded signal and at least an adaptive
prediction filter.

The invention likewise relates to a terminal unit, a coder, a decoder and
an adaptive prediction filter. |

Such a transmission system can be obtained, for example, without
difficulty from the document "Draft of G.728 Fixed Point Specification” Doc. AH. 93-
D.3, CCITT Study Group XV, London, March 29-30-1993, and from CCITT
Recommendation G.728, "Coding of speech signals at 16 kbit/s using low-delay code
excited linear prediction”. The two documents will henceforth be referenced [I] and [11].
Such transmission systems can always be used when muitiple use is to be made of a
given transmission capacity. The reduction of the bit rate of a signal during coding
makes it possible, for example, to hold four telephone conversations simultaneously
over one 64 kbit/s transmission channel.

| The muitiple use of a given transmission capacity has very much

importance in radio channels, as will be readily understood if one thinks of the rising
number of subscribers of mobile radio systems. Also the storage capacity of a memory
with an arbitrary storage medium can be used to considerably more advantage when bit
rate reducing coders and appropriate decoders are used, because less storage space is
necessary for storing an information signal. | |

It is known to utilize linear prediction for bit rate reduction. In [I] and [II]
prediction coefficients are computed by an adaptive prediction filter. The computation is
performed segment by segment with the sample values of an auxiliary signal. The
auxiliary signal may be an (electric) audio‘sigr-m.l or a speech signal, fof'example.
coming from a person. Alternatively, it is possible for the auxiliary signal to be a
synthetic audio or speech signal as produced in a coder which operates according to the
principle of "analysis by synthesis”. A linear correlation between a predicted sampling
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a[lp] = a[lp] > 1; X65 aOh = a[ip]; - - X66 a0 REEDE\ ~lm¢E'\i’TZSHEET
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X69 al = al + rc *2*\a[ip]; X70 a round(al);

a[ip ] = aOh; S X73 a[m nc-ip] = alh; - ) 74’ f ﬁAﬁ( 13’98
X75 a2 = a2> >EXPa;: - X76 a2 = round(a2)

X77 if (sign > 0) a2 =, -az, L - X%/8 a[mnc] = azh;

X79 } ' ' X80

value (predicuon value) of the auxxhary signal and pfcvmus sampling values of thxs

'sxgnal is realised with the prediction coefficieats. The prediction coefficients are

determined so that the sum of the squares of all the errors computed for a segment of -

sampling values assumes a2 minimum value. An error is hers meant t0 be understood as
the difference between a sampling value and its predicted value. More accurate
descriptions will be given hersinbelow.

In [T] and [II] an excited signal 1s converted into a synthetic audio signal

by a synthesis filter. This synthetic audio s1gnal is subtracted from an audio signal to be

coded and the difference is used for optimizing the selection of the excited signal.
The computation of the prediction coefficients calls for correlation

coefficients which are derived from the sampling values of the synthetic audio signal.

The computation of the prediction coefficients on the basis of the correlation coefficients

calls for much circuitry and cost. To reduce this circuitry and cost the prediction
coefficients are computed recursively. To begin with, a first reflection coefficient is

computed from the two first correlation coefficients. From the first reflection coefficient

the first prediction coefficient is derived. Furthermore, also a prediction error is
computed, which is an indication of the quality of the prediction. Then, a second
reflection coefficient is determined with the next correlation coefficient, the previously
computed prediction coefficient and with the current prediction error. With the second
reflection coefficient and the previously computed prediction coefficients (at this point
only the first prediction coefficient is concerned) the previously computed prediction

coefficients are recomputed. Then, a second prediction coefficient and a new prediction

error are computed. The recomputation of the previously computed prediction
coefficients and the computation of a further prediction coefficient is repeated so many
times that all the necessary prediction coefficients are known.

| In [II} an implementation in floating point arithmetic is proposed for
obtaining sufficient accuracy. The drawback of an implementation in floating point

arithmetic is the large circuitry. For this purpose, in [T] there is proposed to implement
16-bit fixed point arithmetic in which results and intermediate results of the computation
are retained in the so-called block floating point format. This is meant 0 be understood
as the representation of a block of numbers in floating point format, with the restriction,

however, that all the numbers of the block have the same exponent (with base 2). The
common exponent is selected such that all the mantissas are situated within prescribed
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code: In fixed-point representation the prediction coefficiengtstali']

only assune val ues between - 1.0 and + 1.0. Since, however, t :
coefficients a[i] can exceed 1.0 (rows ¥47 ... X75) during the recursion,

all the coefficients are represented in the block floating- pormt—formr:

This is to Bays. l[l] hee soebdtidai @ai Sl diecmARistB iré Qftudred Berh@BNTONARASIS [

2Lerrd S0 103 hodk Voaling ‘point Jormar. for exarmple. the redicaon cocthicients are soown >
which, from previous experience, assume values that may be on the order of 10.
If, for example, overflow occurs when the prediction coefficients are recomputed i.e. a
recomputed prediction coefficient will be 1 or exceed !, the mantissas of all the
previously computed prediction coefficicnts.will be divided by 2 and the common
exponent (with base 2) will be increased by 1. Then the recomputation is started anew.
The change of the block floating point format due to overflow will hers be called an
adapation of the block floating point format. For the repeated recomputation only the
mandussas of the previously computed prediction coefficients are used, and only with 16-
bit resolution. The reduction of the resolution from at least 17 bits to 16 bits which is
sometimes necessary for the computation can be effected in different manners. The
manner of reduction according to [I] will be ouﬂined with the aid of an example. If, for
example, the third reflection coefficient has just been computed with a resolution of 17
bits - between the third reflection coefficient and the third prediction coefficient to be

. derived therefrom there is only a difference in the numerical representation - it is

shortened by a rounding to 16 bits, so that the two first prediction coefficients can be
recomputed therewith in 16-bit fixed point arithmetic. If there is an overflow during this
recomputation, also the rounded third reflection coefficient is, for example, divided by
two when recomputation has ended, and the result which has a resolution of 16 bits is
stored as a mantissa of the third prediction coefficient. The division is broken off after
16 bits (including the sign bit). Due to the binary system this operation corresponds to a
shift of the decimal point by one position while the least-significant bit is lost. This
procedure causes the inaccuracies - especially with a large number of prediction
coefficients - to become unacceptably large.

It is an object of the invention to enhance the computational accuracy
during coding in a transmission system of the type defined in the opening paragraph,
without increasing then the computation effort. A transmission system having this
property comprises
- at least a coder for coding a signal,

y at least a transmitter for transmitting the coded signal to at least a receiver,
- at least a decoder for decoding the coded signal and
- at least an adaptive prediction filter provided at least for a coder, the adaptive



[ies again between -1.0 and + 1.0. At the start of the Levinson Recursion
no coefficients have been conputed yet, ‘therefore the expoieip| AOMMAEN
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description of the fixed-point inplenmentation of rows 05 tp 07: In rows-
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i nput register i ORI iACHBE Ut ocorrel ation coefficient r[minc-ip].. A
further multiplicati eeahd Ritlcorfpiiting Borréidtdd addflcibhs Frdd imem §Santling N
previously conputed nornalized predictor coefficient a[ip]; the assocrlated
exponent EXPa is the valagseof an audilianyrségnabdfat depands on the sighd drddnaBpdedoded y be
enphasi zed that the coefficient.a[0] is not included in the normalization,
because a nultipli cafﬁggﬁl'@wa’[ﬂof = 1 need not additionally be carried out.

The final result -.of iWGndesrdBerining refldctioh and peetididnhmeffiignenRoh the

correlation coefficients in N-bit fixed point arithmetic,

~and in that ﬁe following means are provided for recursively determining the
prediction coefficients to be represented in the block floating point format:

a) means for computing the k' reflection coefficient with a minimum resolution of
N+1 bits,

b) means for buffering the k® reflection coefficient with a minimum resolution of
N+1 bits,

c) means for determining the k2 reflection coefficient with a resolution of N bits,

d) means for recomputing the k-1 previously computed prediction coefficients while
utilizing the kK reflection coefficient cbuained under c),

¢)  means for adapting the block floating point format of the k-1 predicdon
coefficients if during the recomputation of the k-1 previousty computed prediction
coefficients overflow occurs, so that N bits are no longer sufficient to represent a
recomputed prediction coefficient,

f)  means for converting the k® reflection coefficient buffered under b) to a number

" in the floating point format, whose exponent is represented by the exponent
determined under e) of the block floating point format and whose mantissa has a
resolution of at least N+1 bits,

g) means for rounding to N bits the mantissa of the k® reflection coefficient obtained
under f) and

h)  means for storing the k reflection coefficient obtained under g) as the k*
prediction coefficieat.

The transmission system according to the invention is distinguished from a
transmission system described in (1] in that the k® reflection coefficient after its first
computation is buffered with a minimum accuracy of N+1 bits. For the recomputation
of the k-1 previously computed prediction coefficients a value is used which
distinguishes itself from the buffered value by a limitation to N bits. If overflow occurs
during the recomputation of the k-1 previously computed prediction coefficients, the
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out the corresponding error in {I]. However, equally important is it to find that the sign of the

error according to the invention appears to turn out as often positive as negative, which

is different from (I].

~ These assertions will now be confirmed with the aid of two simple

examples.

Let us assume that three (N = 3) bits are available for representing the

results and at least four bits for intermediate results. Furthermore, let us assume that the

adaptation due to overflow requires a division by 4. Numerical examples for k*

reflection coefficients having a 4-bits resolution in fixed point representation are stme;i

from.

In a first example a k® reflection coefficient has a value of +5/8. In the
binary system this reflection coefficient is represented as 0.101, the first zero denoting

the sign. According to (I] the procedure is as follows:
a) 0.101 . (x® reflection coefficient: +5/8 with 4-bits resolution)

b) 0.11 (value of b) rounded to 3 positions for the recomputation of the k-1

previously computed prediction coefficients)

¢) 0.00 (value of b) divided by 4, also with 3-bits resolution. This value is the mandssa
of the K reflection coefficient in the block floating point format with the

exponent 2 and with base 2)

For making an assertion about the error if the approximation ¢) is used in
lieu of a), c) is first to be multiplied again by 4. The difference between the value

resulting therefrom and the output value is the error F. In the present case
(representation as a fraction) F = ( - §/8) = -5/8.

In contrast, according to the invention there is provided:

a) 0.101 (k® reflection coefficient: +5/8 with 4-bits resoluton),

b) 0.001 (value of a) divided by 4, also with 4-bits resolution),

¢) 0.01 (value of b) rounded to 3 bits).

Analogous with the preceding observations we now have as an error: F = (1 - 5/8) =

3/8.

I£0.011 (+3/8) is selected as the output value, there is a value of F = © -

3/8) = -3/8
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- means for continuing the recomputation of the k-1 prediction coefficients for the

prediction coefficient at which the overflow has occurred.
If overflow occurs during the recomputation of the prediction coefficients, according to
(1] only the floating point format of the previously Eompu:ed prediction coefficients is
adapted and then the recomputation is started again from the beginning. In contrast, the
embodiment according to the invention avoids a not inconsiderable part of the
computanon circuitry, especially in the event of a large number of coefficients.

The invention with its embodlmenrs will be explained with reference to
the drawing Figures, in which:

Fig. 1 shows a specific ransmission system in which the invention can be
wsed, .

Fig. 2 shows the basic circuit diagram of an adapdve prediction filter,

Fig. 3 shows the basic circuit diagram of a speech coder and

Fig. 4 shows diagrams for clarifying a difference between the invention
and the state of the art.

Fig. 1 gives a diagrammatic representation of a transmission system
comprising a coder 101 and a transmitter 102 on a transmitting side and a receiver 103
and a decoder 104 on a receiving side. The combination of the coder 101 with the
transmitter 102 and/or the combination of the receiver 103 with the decoder 104 forms
a terminal unit LE.

The coder 101 codes a speech signal 10a oy means of an adaptive
prediction filter 10A. This filter has characteristic features accoidi:ig to the invention,
which will become apparent in the following. The speech signal 10a has a bit rate of 64
kbit/s. The coder 101 reduces this bit rate to the bit rate of the coded signal 10b. The
bit rate of the coded signal 10b is 16 kbit/s. The signal 10b consists of parameters of
the speech signal 10a which pamnieters are determined segment by segment.



Eorrput ations are made_" with floati ng- poi nt rép_reéent ation for ELIRERMGEMEMI’]SHEET
(abh corresponds to sumin row 09), which corresponds. to a cofsifderable
increase of the required conputing speed. In rows X45 to X74 thg g?vvmsfggs
conput ed predictor coefficients are adapted (reconputation and gdaptation -
of the block floating-point format). This corresponds.to.the ¢perattons— |
fromrows 015 to 018. The special thingzabout this i's-that in|the case of J
an overflow during the-reconputation of the prediction coefficients a[Tp]
and a[m nc-ip] respehivrinymitdl 102 RAndrhicLihelcB8edC Q8R4 116b & NERs@IdEE BHY a
reconputed and not yet reconputed, thus those previously conputed) R
coef f i ci ent GAEMIYsiongode, as requisedri Mig- a4 jransmissiendehantelshowhén thecdrawingfto e (=
right shift Byvde i3 whidh', 4, X6 LV e erflow can then
take pl ace any Tonger. V\Reu(r%W eﬁemfgggsélg%g%?a@%%l s}gﬁﬁr% EicR signal y 5 7
and X66 to coffssporetspechs sighay.10¥\fekedpt fdrecodiligusidremismikioheraes.d coefficients
(comput ed previously).h been term nated, the_ new (k[err]) prediction
coefficient a[m nc] ?@‘%‘Fﬁﬂﬁgﬂ‘* fecades e danad ﬁ@)‘?/vajé?()‘ﬁ‘. 1@ ajd,@f an adapdve

prediction filter 10B. The result is a signal 10d. Except for coding, decoding and

transmission errors the signal 10d corresponds to the speech signal 10a. The adaptive

prediction filters 10A and 10B determine signal-dependent filter coefficients (prediction

coefficients) according to the Levinson-Durbin Recursion. The Levinson-Durbin

Recursion is an algorithm for determining in a step-by-step fashion the solutions of a
linear set of equations of which the coefficient matrix is a Tdplitz matrix, thus a
symmetrical matrix having the same elements along a given diagonal.

The NCOF prediction coefficients (NCOF stands for the number of these
coefficients) for an adaptive predicrion. filter are unequivocally a consequence of the
requirement that the sum of the prediction error squares be minimized on average over
a signal section of a given length.

For example, if sampling values s(k) are applied to the input of the filter,

the following linear combination will be the output value of the filter at the instant n:
Heor

y(n) = Y a(i) = s(n-1i) (1)
=1

The value y(n) is considered the predicted sampling value s(n). If the sum
of the error squares is formed i.e.

LSEG - L

Y [ym+i) «s(n+i)]? (2)

i<0

of a segment comprising LSEG sampling values, if (1) is put in in (2) while the

coefficients a(i) are minimized in (2), above set of equations with the Tdplitz matrix



16 fixed-point formnat ‘there shoul d be noted that also the ne

_coefficient _
the reflection coefficient
non-normal i zed fi xed-point format,
by EXPa bits.
coefficient,
resol-ution,

‘which is still

Wth the solution given here,
stored in rggister a2 and has a.
is shifted to the right by EXPa bits and subsequ

Is to be scored in the block floating-point fornp
rc conput ed above,

which is avail
s stored in a[mnc] afte
first the reflect

A@EPWEMENT SHEET

hbl e in

b a.*gw%f%m&&

17 b|t

Yat —F nunr‘lnr‘l

with an accwilhagscolf thessamnling vahies oumddwhmjggmnwa-eden‘ foezeem CEhef ammﬂthef

sol ution pul?ll Ifé&ﬁ&f JnQn-[

rounded dlré ter

ts Bl i,

b Sl ol e

on coe f.ici.ent, alr

2t“é"“'PFF{S 3fipRy fnctign ek

‘BP‘t‘s

and the newsipnadk dte ampliagfifiditeof theSinf@ dipRfl Wiick Ifidtlon %vill e kbfelinkst This

very difference at this

i mpl ement at F‘Bﬂc"ﬁéat“ﬁ’@ e

the solution shown in

ﬁ?ﬁi’% ?5

OWs an adaptl ve pre

sition leads to the 16-bit fixed-point
AmMaePerrisaltere gk Aetpided mreéemnqahorgh@duces

1R
better res ULEﬁnéHntrbur%H gggﬁgbn QPgbix'nﬂ%aE'R/

ct i o%ﬂ%l ?%e%srx]’%guch

prediction 055&@%&&1&3?4 anacé-Hla.new?Sa a narrower sense 2 and a control

unit 1. The filter i r}nttge foqI%U1gg

! ﬁg nstﬁm of the Levinson-Durbin Recursion

expressed in Rabiner/Schafer by the equations (8.67) to (8.72), is represented as a

pseudo code because this code permits a better detection of the program steps an

arithmetic unit is to carry out for the computatidn of the prediction coefficients.

LEVINSON-DURBIN Recursion (Pseudo code):

Input values: NCOF
r(0) ...
Output values:a(0) ...

a(0) =

a(l) = -r(1)/ =(0)
alpha =
For minc=2,3,4,...

{ sum=0

for ip=0,1,2,3,...,minc-1
sum = sum + r(minc-ip) * a(ip)

rc = -sum/ alpha

alpha = alpha + sum *rc

if(alpha < = 0.0) break
013
 Forip=1,2,3,...
¥ a(minc-ip)) O15

,minc/2

R2 = a(minc-ip) + rc * a(

Q) + r(1) = a(1)
,NCOF -

= Predictor Coefficient
r(NCOF) = Autocorrelation coefficients
a(NCOF) = Prediction coefficients

o1
o2
o3
04
03]
06
o7
o8
o9
O10
o1l
012

Ol4

ip)) Ol6

{ RI = a(

ip) + rc




produces output values y(n) according to equation (1) and sendspk Py

line a2. Input values s(n) are applied both to the filter in t1g Egrff TaSH551

sense 2 and to the control" unit 1 over a line bl. The control pn{t 1 may
 again coarsely be subdivided into two functional units 1A and [LB| 3ht MAR 1998

functional unit 1A conputes correl ation .coefficients froma seftjon of the -
i nput signal, conveys these values to t§e functional unit 1B which
determ nes therefrom by reducing the expression (2), new predlction
coefficients wth iftpe npangidescri bed abgye. The control unit 1 then
substitutes over a line bl the whole block of coefficients conputed by unit
1B for the predict BT iR ents used s@lBar. The described filter '
conprising the fyunctional unit 1B can used several times in nodern
speech codecs. Fig. 3 shows a predictive 'speech coder by which the coded
speech signal i sa(mimp =lecoded to i nprove @20 codi ng. Therefore, a speci al
description of, a decoder is omtted. The speech signal to be coded is
applied in thé form of sanpling val ues the coder via a line 6a. A
subtracter 6 subtracts therefromthe appropriate val ues of the

To render the program steps given in the pseudo code even more

transparent, several rows of the algorithm shown above will be further explained.

 The predictor coefficient carrying the name of NCOF and the NCOF +1
autocorrelation coefficients are fequired as input data. The predictor coefficient NCOF
is identical with the number of filter coefficients a(i) in equation (1). The
autocorrelation coefficients r(0), r(l) and so on, up to r(NCOF) are determined by other
functional units not disclosed here, which, however, are known to a person skilled in
the art.

The prediction coefficiems a(0), a(1) and so on, up to a(NCOF) are output
data. .

Rows 01 and 02 comprise assignments to the two first prediction
coefficients. In row 03 there is an assignment to an auxiliary variable alpha (prediction
error for NCOF=1) whose augend is the zero® autocorreiation coefficient and whose
addend is the product of the first correlation coefficient and the first prediction
coefficient.

If the predictor coefficient NCOF is equal to 1, the computation is over,
otherwise a loop having a running variable minc is passed through, which variable
assumes all integers from 2 to NCOF. In the loop for the running variable minc all the
previously computed prediction coefficients a(l), a(2) and so on, up to a(minc-1) are
changed (recomputed), as is shown in rows 017 and 018. At the end of all the
instructions which are to be carried out for the current value k of the running variable
minc, a value is assigned to the prediction coefficient having the index minc, as is
shown in row 020. This prediction coefficient is to be referenced the k™ prediction
coefficient; the variables sum and rc (reflection coefficient) which are computed for the
first time for the current value k of the running variable minc are to obtain the same
addition. |

In the loop having the running variable minc two further loops are passed
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‘the subtracter 6 over a line 4a. Over a.line 6b the di.ffere1gEPMQ{'§MEMTtSH§E
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unit 9 which nakes a spectral weighting of the difference sigpat—{tfor—an

extensi ve representation conpare, REPLACEMENT SHEET for exanpl g, Yo
Bk MiREYe

J.H: HGH+QUALITY 16 KB/s SPEECH CODI NG W TH A ONE- WAY DELAY| LE
2M5. 1990, I EEE S9. 1, pp. 453 to 456) ,qpfter which for a speech signal

segnent the sumof the error squares is formed and stored. For a segnment of

7

t he speech signal on line 6a. 128 different ‘codi ng options &re—testet—ane-

finally, thehopehdisy 1isdionintetieayed and havanbs rursting variable ierite wrper Majue of

Code Dok eFiea e UBenad BF 95, Athenl B o¥ ¥ bk Al inPcls i gRe”

sequence of iaanpki0dqnddlldes, which sequence contains a sinulation of the

signal, by which the \A?xgﬁfar)g {rgr?atble%farg dtlol“éerracgn?i%gn e ggmnesbgf alpha, sufn, re, Rl |
‘and R2. The auxiliary variable alpha is the sum of the error squares accofding to
equation (2), and also has a descriptive meaning; alpha is the energy content of the
error signal (prediction error). This content is always to be positive. The computation is
therefore broken off if there is a value for alpha smaller than or equal to zero, as is
shown in row 012. Also the variable rc has a descriptive meaning; it is the so-termed
reflection coefficient which plays a part in the so-called tube model of the vocal tract. A
reflection coefficient which occurs as a quodent of the auxiliary variables sum and
alpha, as is shown in row 09, belongs to each prediction coefficient.

Most real-time implementations of speech coding metheds according to
which also coefficients for adaptive filters are to be computed, are based on 16-bit
fixed-point arithmetic units, while intermediate results are available partly with
enhanced accuracy (for example, 32 bits). The accuracy of the result of the Levinson
Recursion decisively depends on the computational accuracy in the recursion. As
regards computational accuracy the most sensitive positions in the pseudo code are
found where intermediate results of multiplication or division are available with higher
resolution and are then to be reduced to the simple resolution. They are especially the
rows 02, 03, 07, 09, 010, 015, 016 and 020. ' _

- A module for realising the Levinson-Durbin Recursion in 16-bit fixed-
point arithmetic, will be described with reference to the following pseudo code. Several

deﬁnitions are to be introduced first:
>> Right shift operation;
. << Left shift opéraﬁon:
round (reg) Rounding operation performed on a 32-bit-wide register “reg”. Let us
assume that the bits in “reg"” are numbered 0, 1, 2, ..., 31, while the sign

bit is bit 31 and the significance of the individual bits decreases from bit
30 towards bit 0. Rounding with an accuracy of 16 bits then means that




- _the volume control when human speech is generated). The scaljeq 3 #sMAR 1398

-excited. for exanple, for resonance. The vectors are read c HEMEM§HEET

from code book 1 and scaled by a controllable scaler 2 (thig ¢orresponds to] -

controlled via a unit 3. Subsequently, the scaled vectors ajelfed to a
predictor 4, 5 and 8 havi ng backward prediction. The predic§or torns a copy
of the operation of the human vocal trg¢t. It conprises a fillfer 5 8 as
shown in Fig. 2. Such filters are-furthernore included in the units 3 and
> vaaline lals tramig tGhed &f o8P wiidinl YIPTE 951 PGk B t Dt
has led to the fewest errors in the current speech signal Segnent. .The

- diagrams of Fig. 4 graphesdtl|y show what has been denonstrated hereinbefore
W th respect to two exanples, that is to say, that with the conversion of
prediction coefficients in a block floating point format with nantissa to 3
bits, the invertson mReA¥fhARGIRIISMIRES better results than according to
the state of the art (1). Qutput data are all the positive binary nunbers
with 4-bits resolution. To facilitate the verification of the two | ower

di agrans, the ypper i hows .an assi gnment of the output data in

bi nary represe tatidﬂk%?hggéﬁéﬁ“ﬁ?t'is omtted) as against their .
representation in frSifidd @@division is very cosdy to carry out, the result of the division is

computed accurate to only as many positions as are absolutely necessary.

Results of the divisions are flush right in the register containing the results.

x, means the 16 most significant bits of a 32-bits word x.

x, means the 16 least significant bits of 2 32-bits word x.

16-Bits fixed-point Levinson Recursion (Pseudo code):

EXPa = (O; X1
den = r{0]; X2
num = r{l}; X3
if (num < Q) aum = -num; X4
a2 = num/ den; X5
2 =a2<<ls; X6
al = round(a?); X7
if (z(1] > 0) al = -al; X8
rcl = alh; X9
afl] = alh; X10
a0l = 0; X11
a0h = r{0]; X12
a0 = a0 + rcl *2* r{1]; X13
a0 = round(a0); X14
alpha = a0h; ‘ X_IS
for (minc=2; minc < =NCOF; minc++) X16
{ a0 =0 X17
for (ip=1; ip < minc; ip++) X183

a0 = a0 + r{minc-ip] *2* a[ip] X19




The m ddl e di agram shows the error F which is nmade if the ou
first rounded according to [I] and then the nmantissas are co

3-bits resolution. The | ower diagramshows the error F whichji $mede-t++—the
manti ssas are first conputed with 4-bits resoluti-on and then rc)u dfgﬁ 3

bits. The scale for the error Fis the sane in either case apd{cer %@ﬁ 28
to that of the upper diagram - 18 Tramgmi ssion system conpfi sing at |east
a coder (101) for coding a signal (10a), at least a tansmitter (102)- for
transmitting the coded signal (10b) to at |easf;p receiver (

a.decoder (104) for degﬁdl t he coded signal, and at |east an adaptlve
prediction filter (10A 168%‘) £Bxd at Ieast ._for- H2¢oder, the adaptive

prediction filter incl u_du 200: X2
al = t{minc];  x23
a0 =a0 + al; X24
a0 = round(a0); Xas
sign = a0h; _ X26
num = alh; X27
if (num < 0) num = -num: X28
if (num > = alpha) X29
gow LEDUMO _failed; X30
a2 = num / alpha; X31
2 =22<<15; X32
al = round(a2); X33
if (a0 > 0)al = -al; X34
rc = alh; X35
' ' X36
all = 0Q; X37
alh = alpha; X38
al = 3] 4 o == aOh; X39
al = round(al); X40
if (alpha < = 0) ' X41
goto LEDUMO _failed; X42
alpha = alh; X43
X44
a0 = 0; - X45
al =0 X46
for (ip=1; ip <= (minc> > 1); ip++) X47
{ aOh = afip); X48
20 = a0 + rc =2~ a[minc-ip]; X49
a0 = round(a0); : X50
If (overflow in a0) X51

{ EXPa = EXPa + I; X52
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coefficient with a m ni numf@edpils Ippomaic; lp+ )i ts, XJ3 means (

a) .

hie bl ock

\GEMENP SHEET
3 5 MAR 1098

reflection
for .

buffering the k[err] reflect iaﬂn c-oeﬁéf{#i ent with ?ﬂn ni mum resol ution of

N+1 bits, ¢) neans (X33) for

detef Rg''t he k[e

refl ection coefficient

with a resolution of N bitadh® afippans (X74, Xrgjsfor reconputing the k-1
previ ously conputed predictjion coeffi c'i,ents. while utilizing the k[err] . .
reflection coefficient obtaPnZFQiiues *¥) almipc-iplean¥3é X51- X58; X62- X72) for

adapting the block floatinggpgi R’Iunf’l@bfmt of the %57

} X58
alh = a[minc-ip]; X59
al =al + rc *2* a{ip]; X60
al = round(al); X61
If (overflow in al) X62
{ EXPa = EXPa + I; X63
for (Ip=1; lp <minc; Ip+ +) X64
a(lp] = a{lp]> > 1; Xés
aOh = a(ip]; X66
a0 = a0 + rc =2* a{minc-ip]; X67
a0 = round(a0); X68
alh = a(minc-ip]; X69
al =al + rc *2* a[ip}; X70
al = round(al); X71
} ' X72
afip ] = aOh; X73
a{minc-ip] = alh; X74
. X75
a2 = a2> >EXPa; X76
22 = round(a2); | X77
if (sign > 0) a2 = -a2; B ¢
a[minc] = a2h; X79
} X80
3[0] = EXPa; X81
return; X82
X33
LEDUMO_failed: . X84

a(0] = -1: X85
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In fixed-point representation the prediction coefficients a(i] can only

assume values between -1.0 and +1.0. Since, however, the coefficients a[i] can exceed

1.0 (rows X47 ... X75) during the recursion, all the coefficients are represented in the

block floating-point format. This is to say, all the coefficients are normalized 0 a

common basis 25%F3, s that the mantissa of all the normalized prediction coefficients

lies again between -1.0 and +1.0. At the start of the Levinson Recursion no coefficients

have been computed yet, therefore the exponent EXPa is set to 0 (row X1).

Row 01 is not carried out here, because a(0) = 1.0 need not additionally

be computed.

Rows 02 and 03 are converted similarly in the loop having the running

variable minc. Therefore, an explanation of the fixed-point resolution will be given

hereinbelow.

First there will be a description of the fixed-point implementation of rows 05 to 07:

In rows X17, X19 a0 denotes a 32-bit-wide accumulation register. A multiplication
input register is loaded with the autocorrelation coefficient r{minc-ip]. A further
multplication input register is loaded with the mantissa of the previously computed
normalized predictor coefficient a(ip]; the associated exponent EXPa is the same for all
the coefficients. It should especially be emphasized that the coefficient a(0] is not
included in the normalization, because a multiplication by a[0] = 1 need not

additionally be carried out.

The final result of the accumulation, first without the component
a[0]*2*r{minc], is reduced in row X21 from the floating-point representation to the

fixed-point representation by a left shift arrangement for denormalizing the 32-bit result

in accumulator 20.

In rows X22 to X24 the component a[0]*2*r{minc] is added up while 2
further 32-bit-wide register al is used. There should be noted that the lower part of the

vegister al is to be erased, because, owing to its use, the auxiliary register al could still

contain previous values at other locations.

In rows X25 to X28 the counter term for the division is prepared to

Compute the current (k) reflection coefficient rc. The division demands positive input
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the bl ock floating paint format:

t
not necessary. There should be stated here that in (I] the division by floating-point

values of alpha and num, recovered from a0 of row X24, is carried out. This

corresponds to a considerable increase of the necessary computing speed.

The result of the division in row X31 is computed with an accuracy of 17

bits, the 17® bit being necessary for the rounding operation. This rounding is performed

in row X33 to compute the current (k) reflection coefficient and in row X77 to

compute the current (k) prediction coefficient. In row X32 the result of the division,

of which the 17 bits are stored right-justified in the 32-bit-wide register a2, is

appropriately adapted to the fixedly set decimal point before the rounding

operation.

After the correct sign has been used in row X34, finally the current reflection

coefficient rc is derived from the upper part of the 32-bit-wide register al
the upper 16-bit-wide word alh.

by reading

In rows X37 to X40 the new value of alpha is computed in the manner known

henceforth, while all the input and output variables are represented in the

16-bit fixed-

point format. Here too special mention is made of the fact that at this position in [I]
computations are made with floating-point representation for alpha and aOh (aCh

corresponds to sum in row (9), which corresponds to a considerable increase of the

required computing speed.

In rows X45 to X74 the previously computed predictor coefficients are adapted

(recomputation and adaptation of the block floating-point format). This corresponds to
the operations from rows 015 to 018. The special thing about this is that in the case of
an overflow during the recomputation 6f the prediction coefficients afip] and a{minc-ip]
respectively, all the (i.e. the coefficients already recomputed and not yet recomputed,
thus those previously computed) coefficients a[1], a[2], ... a[minc-1] are reduced by the
factor of 172 (= right shift by 1 bit in row X54, X65, respectively). No overflow can
then take place any longer when there is a recomputation in rows X585, 5(56, XS57 and
X66 0 X71, respectively. |

After the adjustment of the old coefficients (computed previously) has been terminated,

the new (1) prediction coefficient a{minc] is computed from rc (see row 020). In the
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reconput ed @559&@& hSdveC Ukdh S1aGaable in the non-normalized fixed-point format, is stored
in a{minc] after a right shift by EXPa bits. With the solution given here, first the

reflection coefficient, which is still stored in register a2 and has a 17-bit resolution, is

shifted to the right by EXPa bits and subsequently rounded with an accuracy of 16 bits.

This is the decisive difference from the solution published in [I] in which the reflection

coefficient already rounded directly after the division is shifted to the right by EXPa

bits and the new prediction coefficient is derived by clipping to 16 bits. This very

difference at this position leads to the 16-bit fixed-point implementation of the Levinson

Recursion described here which produces better results with atrendant considerably less

cost of computation than the solution shown in [I].

Fig. 2 shows an adaptive predicton filter. Such prediction filters comprise
a filter in a narrower sense 2 and a control unit 1. The filter in the narrower sense 2

produces output values y(n) according to equation (1) and sends them over a line a2.

Input values s(n) are applied both to the filter in the narrower sense 2 and to the control

unit | over a line bl.

The control unit | may again coarsely be subdivided into two functional

units 1A and 1B. The functional unit 1A computes correlation coefficients from a
section of the input signal, conveys these values to the functional unit 1B which
 determines therefrom, by reducing the expression (2), new prediction coefficients with

the means described above. The control unit 1 then substitutes over a line bl the whole
block of coefficients computed by unit 1B for the prediction coefficients used so far.
The described filter comprising the functional unit 1B can be used several times in

modern speech codecs.

Fig. 3 shows a predictive speech coder by which the coded speech signal

is also decoded to improve the coding. Therefore, a special description of a decoder is

omitted.,

The speech signal to be coded is applied in the form of sampling values to

the coder viz a line 6a. A subtracter 6 subtracts therefrom the appropriate values of the
Speech signal again decoded by the coder, which speech signal is applied to the

subtracter 6 gver a line 4a. Over a line 6b the difference is sent 1o a unit 9 which makes

4 spectral weighting of the difference signal (for an extensive representation compare,
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and, finally, the option bringing about the fewest errors is sent to the receiver as a code

signal.

These 128 optidns arise from the fact that a code book referenced | stores
128 so-called vectors. Each vector is a sequence of sampling values, which sequencs
conaains a simulation of the signal, by which the vocal tract of a human being can be
excited, for example, for resonance. The vectors are read consecutively from code book
1 and scaled by a controllable scaler 2 (this corresponds to the volume control when
human spesch is generated). The scaler 2 is controlled via a unit 3. Subsequently, the
scaled vectors are fed to a predictor 4, 5 and 8 having backward predicton. The
predictor forms a copy of the operation of the human vocal tact. It comprises a filter 5,
8 as shown in Fig. 2. Such filters are furthermore inciuded in the units 3 and 9. Viz a
line la is transmitted, for example, the number of the vector that has led to the fewest
errors in the current speech signal segment.

The diagrams of Fig. 4 graphically show what has been demoastrated
hereinbefore with respect to two examples, that is to say, that with the conversion of
prediction coefficients in a block floating point format with mantissas to 3 bits, the
invention on average produces better results than according to the state of the art (I).
Qutput dara are all the positive binary numbers with 4-bits resolution. To facilitate the
verification of the two lower diagrams, the upper diagram shows an assignment of the
output data in binary representation (the sign bit is omitted) as against their
representation in fractions.

The middle diagram shows the error F which is made if the output data are first
rounded according to (I] and then the mantissas are computed with 3-bits resolution.
The lower diagram shows the error F which is made if the mantissas are first computed
with 4-bits resolution and then rounded to 3 bits. The scale for the error F is the same
in either case and corresponds to that of the upper diagram.
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to be represented in the block floating point format: a) neans (X31) ‘for -
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Transmission system comprising
at least a coder (101) for coding a signal (10a), .
at least a transmitter (102) for mansmiting the coded signal (10b) to at least a
receiver (103),
at least a decoder (104) for decoding the coded signal, and
at least an adapdve prediction filter (10A, 10B) provided at least for a coder,
the adaptive prediction filter including:
- means for compgiting correlation coefficients from segments of sampling
values of an auxiliary signal that depends on the signal or on the decoded
signal, as well as .
=  means for determining reflection and prediction coefficients from the
correlation coefficients in N-bit fixed point arithmetic,
and in that the following means are provided for recursively determining the
prediction coefficients to be represented in the block floating point format:
means (X31) for computing the k® reflection coefficient with a minimum
resolution of N+1 bits, - '
means (a2) for buffering the k™ reflection coefficient with a minimum resolution
of N+1 bits,
means (X33) for determining the k® reflection coefficient with a resolution of N
bits, )
means (X74, X75) for recomputing the k-1 previously computed prediction
coefficients while utilizing the k® reflection coefficient obtained under c),
means (X51-X58; X62-X72) for adapting the block floating point format of the k-
1 prediction coefficients if during the recomputation of the k-1 previously
computed prediction coefficients overflow occurs, so that N bits are no longer
sufficient to represent a recomputed prediction coefficient,
means (X76) for converting the k™® reflection coefficient buffered under b) to 2

floating point format number whose exponent is represented by the exponent of
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h)  means (X79) for storing the k® reflection coefficient obuained under g) as the k&

prediction coefficient.

2. Transmission system as claimed in Claim 1, characterized by

- means (X51-X58) for adapting the block floating point format of the k-1

prediction coefficients already recomputed and not yet recomputed, and by

- - means (X62-X72) for continuing the recomputation of the k-1

prediction

coefficients for the prediction coefficient at which overflow has occurred (Claim

1, feature e)).
3. Terminal unit (LE) comprising
- at least a coder (101) and/or at least 2 decoder (104),

- at least a transmitter (102) and/or at least a receiver (103), and
- at least an adaptive prediction filter (10A, 10B), the adaptive prediction filter

including:

- means for computing correlation coefficients from segments of sampling

values of a signal, as well as

- means for determining reflection and prediction coefficients from the

correlation coefficients in N-bit fixed point arithmetic,

and in that the following means are provided for recursively determining the

prediction coefficients to be represented in the block floating
2) means (X31) for computing the k® reflection coefficient with a
resolution of N+1 bits,

point format:

minimum

b)  means (a2) for buffering the k™ reflection coefficient with a minimum resolution

of N+1 bits,

¢)  means (X33) for determining the k reflection coefficient with a resolution of N

bits, -

d)  means (X74, X75) for recomputing the k-1 previously computed prediction

coefficients while utilizing the k® reflection coefficient obtained under c),
¢)  means (X51-X58; X62-X72) for adapting the block floating point format of the k-
| prediction coefficients if during the recomputation of the k-1 previously

VO O A
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resoludon of at least N+ bits,

g) means (X77) for rounding to N bits the mantissa of the & reflection coefficient
obtined under f) and
h) means (X79) for storing the k™ reflection coefficient obtained under g) as the k®
prediction coefficient. .
4. Terminal unit as claimed in Claim I, characterized by
- means (X351-X58) for adapting the block floating point format of the k-1
prediction coefficients already recomputed and not yet recomputed, and
- means (X62-X72) for continuing the recomputation of the k-1 prediction
coefficients for the prediction coefficient at which overflow has occurred (Claim
3, feanure ¢)).
5. Coder (101) for coding a signal (10a),
- comprising at least an adaptive prediction filter (10A, 10B), the adaptve
prediction filter inciuding:
- means for computing correlation coefficients from segments of sampling
values of an auxiliary signal that depends on the signal or on the decoded
signal, as well as .
- means for determining reflection and prediciion coefficients from the
correlation coefficients in N-bit fixed point arithmetic,
and in that the following means are provided for recursively determining the
prediction coefficients to be represented in the block floating point format:
3)  means (X31) for computing the k® reflection coefficient with a2 minimum
resolution of N+1 bits, ' .
)  means (a2) for buffering the k® reflection coefficient with a minimum resolution
of N+1 bits, ' "
€)  means (X33) for determining the kS reflection coefficient with a resolution of N
bits, _
d)  means (X74, X75) for recomputing the k-1 previously computed prediction

| ||!I||Icl'|||I|L|35IIIj| WK




~a)  means (X31) for conputing the k[err] reflection coeffici eERUAQRNENT SHEET
m ni mum resol ution of N+l bits, b) means (a2) for buffering {t fEK[ErT]
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reflection coefficient with a resolution of N bits. d) meanst (X4—X+5)
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utilizing the k[err] reflection coeffjcient obtained under c), = TIEdns
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| onger | prediction coefficients if during the recomputation of the k-1 previously
' computed prediction coefficients overflow occurs, so that N bits are no longer
sufficient to represent a recomputed predxcuon coefficient,
fy  means (X76) for converting the k® reflection coefficient buffcrcd under b) to0 a
floating point format number whose exponent is represented by the exponent of
the block floating point format determined under ¢) and whose mantissa has a
resolution of at least N+1 bits,
g)  means (X77) for rounding to N bits the mantissa of the K2 reflection coefficient
obtained under f) and
h)  means (X79) for storing the k® reﬂecuon coefficient obtained under g) as the k"‘
prediction coefficient.
6. Coder (101) as claimed in Claim 5, characterized by
- means OG 1-X58) for adapting the block floating point format of the k-1
prediction coefficients already recomputed and not yet recomputed, and
- means (X62-X72) for contnuing the recomputation of tﬁe k-1 prediction
coefficients for the prediction coefficient at which overflow has occurred (Claim

S, feature ¢)).

7. Decoder (104) for decoding a signal (10c),

- comprising at least an adaptive prediction filter (10B), the adaptive prediction
filter including:

- means for computing correlation coefficients from segments of sampling values
of an auxiliary signal that depends on the signal or on the decoded signal, as
well as ,

- means for determining reflection and prediction coefficients from the correlation

coefficients in N-bit fixed point arithmetic,
and in that the following means are provided for recursively determining the
prediction coefficients to be represented in the block floating point format:
3)  means (X31) for computing the ki reflection coefficient with 2 minimum
resolution of N+1 bits, _
b)  means (22) for buffering the k® reflection coefficient with a minimum resolution

of N+ bits,
N O RO




sufficient to represent a reconputed 'predi_c'ti on coefficient,

(X76) for converting the k[err] reflection coefficient buffer
-a floating point format number whose exponent is represented by -
exponent of the block floating point format deternined under Je) aB]d \MAPS&BSB
manti ssa has a resolution of at |least N+1 bits, @) means (q77) for :
rounding to N bits the mantissa of the fperr] reflectlon coefficlent

obtai ned under f) and h) means (X79) for storing the k[err]lreflection
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(C|a|m7 featu ion Fig. 2)
conprising  means (X51-X358; X62-X72) for adapting the block floating pom: forma.t of the k-

| prediction coefficients if during the recomputation of the k-1 previously
computed prediction coefficients overflow occurs, so that N bits are no longer
sufficient to represent a recomputed prediction coefficient,

f)  means (X76) for converting the k™ reflection coefficient buffered under b) to a
floating point format number whose exponent is represented by the exponent of
the block floating point format detarmined under ¢) and whose mantissa has a
resolution of at least N+1 bits,

g) means (X77) for rounding to N bits the mantssa of the k® reflection coefficient
obtined under f) and

h)  means (X79) for swring the k® reflection coefficient obtained under g) as the kK&
prediction coefficient.

8. Decoder (104) as claimed in Claim 7, characterized by:

- means (X51-X58) for adapting the block floating point format of the k-1

_ prediction coefficients already recomputed and not yet recomputed, and

- means (X62-X72) for continuing the recomputation of the k-1 prediction
coefficients for the prediction coefficient at which overflow has occurred (Claim
7, feature e)).

9. Adaptive prediction filter (Fig. 2), comprising

- means for computing correlation coefficients from segments of sampling values
of a signal as well as

- means for dezérmining reflection and prediction coefficients from the correlation
coefficients in N-bit fixed point arithmedc,
and in that the following means are provided for recursively determining the
prediction coefficients to be represented in the block floating point format: .

- a) means (X31) for computing the k@ reflection coefficient with a minimum
resolution of N+1 bits,
8)  means (a2) for buffering the k® reflection coefficient with 2 minimum resolution

O




.- " means for conputing correlation coeff|C|ents f rom segrjetifis AQF AL
sarrpl I ng values of ‘a signal as well as - means for detenmming™
reflection and prediction coefficients fromthe correlation
N-bit fixed point arithnetic, and in that the foll ow ng nean
“for recursively determning the prediction coefficients to b
in the block floating point format: a) sg nmeans (X31) for. co utlng the
K[ err] reflectlon coefficient” with a m'ni mum resol uti on of N¥t—Hits—b
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reflectlon_cbakflmen_t with a resolution of N bits,

d) means (X74, X75) for'recdmputing the k-1 previously computed prediction
coefficients while utilizing the k® reflection coefficient obtained under c),

e) means (X51-X58; X62-X72) for adapting the block floating point format of the k-
1 prediction coefficients if during the recomputation of the k-1 previously
'computed prediction coefficients overflow occurs, so that N bits are no longer
sufficient to represent a recomputed prediction coefficient, |

f)  means (X76) for converting the k¥ reflection coefficient buffered under b) to a
floating point format number whose exponent is represented by the exponent of
the block floating point format determined under e) and whose mantissa has a
resolution of at least N+1 bits,

g) means (X77) for rounding to N bits the mantissa of the K8 reflection coefficient

 obtained under f) and

h) means (X79) for storing the k reflection coefficient obtained under g) as the k®

prediction coefficient.
10. Adaptive prediction filter (Fig. 2) as claimed in Claim 9, characterized
by:
- means (X51-X58) for adapting the block floating point format of the k-1

prediction coefficients aiready recomputed and not yet recomputed, and by

- means (X62-X72) for continuing the recomputation of the k-1 prediction
coefficients for the prediction coefficient at which overflow has occurred (Claim
9, feature e)).
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-d) nmeans (X74, Xr5) for reconputi ng the k-1 preV| ously conputed -
_ prediction coefficients whil'e util izing the k[err] reflecti Yy
.obt ai ned under .c), e) means ( X51- X58; X62-X72) for adapti 3‘@!&@‘%3
floatinng point format of the k- 1 prediction coefficients if|] quring the
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overflow occurs, so.that N bits are no | onger -sufficient to|rgpresent a
reconput ed. predi ction coefficient, means ( X76) for. conyjer ]
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k[err] reflection coefficient bufferR &b) to a floati poi nt_format
nunber whose exponent is represented gxpone_nt of the block floating
poi nt fornmat determ ned under e) and whose mantissa has a resol ution of at

| east N+ 1 bits, means (X77) for rounding to N bits the manti ssa of
the k[err] refl (X79).
for storing theeﬁé&%“ﬁ'%glbbﬁtﬁ%TeﬁtWP&g% ‘é*nl'zrggﬁﬂd%r t he
k[err] prediction coefficient. Adapti ve pred| ction filter (Fig.

2) as clainmed in daim?9, characterlzed by:

A transmission system is proposed comprising at least a coder (101) for
codng a signal (10a). The system furthermore comprises at least a transmitter
(102), at least a receiver (103) and at least a decoder (104). At least for a coder
(101) is at least provided an adaptive prediction filter (10A, 10B) by means of

| which speech or audio signals are coded while their bit ratés are reduced. The
filter coefficients for adaptive prediction fitter (10A, 10B) are recursively

determined according to the Levinson-Durbin Recursion in fixed point arithmetic.

FIGURE 1




means ( X51- X58) for adapt| ng t he bl ock fl oati ng point format of t he
k 1 prediction coefficients already recorrput ed and not yet .r and
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