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sel ecting a codebook entry for obtaining a synthetic signal giving a
best approximation of a signal representative of the input signal, the 5
codebook entry conprises a plurality of sanmples that can assunme nore than
two val ues, said codebook entry being identified with a sequence of
synbol s, “the transmtter being. arranged for transmtting the sequence
of synbols to a receiver, the receiver conprises a decoder with a =~
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hard di eddeBoolyfor deriving the codebook entry frdm tlee recainadiegreme of ggmbolsaccor di ng to
the preanble, the signal to be encoded is conpared with a plurality
of synthetic signal segnents. Each of the synthetic signal segnents
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A prior art transmission system is known from the conference paper “An
algorithm for assigning binary indices to the code vectors of a multi-dimensional quantizer” by
J. De Marca and N. Jayant published iri the proceedings of the IEEE International Conference
on Communications *87(ICC-87), Volume 2, pp. 1128-1132.

15 Such transmission systems are e.g. used in applications in which speech or
video signals have to be transmitted over a transmission medium with a limited transmission
capacity or have to be stored on storage media with a limited storage capacity. Examples of
such applications are the transmission of speech signals over the Internet, the transmission of
speech s;ignals from a mobile phone to a base station and vice versa and storage of speech

20 signals on a CD-ROM, in a solid state memory or on a hard disk drive.

In a transmission system according to the preamble, the signal to be encoded is
compared with a plurality of synthetic signal segments. Each of the synthetic signal segments
is derived from one of the codebook entries. The synthetic signal segments can e.g. be
obtained by filtering the sequence of samples contained in the codebook entry by means of a

25  synthesis filter. The codebook entry corresponding to the synthetic signal segment which best
matches the input signal is encoded and transmitted to the receiver.

An alternative possibility is to derive a residual signal from the input signal by

means of an analysis filter and to compare the residual signal with each of the codebook
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synbol s similar sequences of symbols in such a way that if a transmission error occurs in one of the

20  symbols, the codebook entry corresponding to said erroneously received sequence of symbols
differs only slightly from the codebook entry corresponding to the originally transmitted
sequence of symbols. In this way it is obtained that the perceptual effect of a transmission

error is substantially reduced.

The object of the present invention it to provide a transmission system in which
the perceptual effect of transmission errors is even more reduced than in the prior art system.

To achieve said object the present invention is characterized in that the
codebook entries corresponding to sequences of symbols differing in one particular symbol

30 wvalue, differ in one single sample value. This particular symbol value can be the least

significant symbol, but it is also possible that it is a symbol at a different position in the
sequence of symbols.

For the purpose of designing the assignment of sequences of symbols to

codebook entries in the prior art system, it is assumed that every symbol in the sequence of
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possible sample values is odd. It is found that in the case of an odd number of possible values

it becomes possible to calculate the mapping between sequences of symbols and the
20  comesponding plurality of samples and its inverse with the same algorithm. This results in a
reduced amount of resources required to implement a combination of encoder and decoder,
because the resources for performing the codebook related calculation can be shared.
_ If the combination of encoder and decoder is realized by a program running on
-a progfammable processor, the amount of memory to hold the program is reduced. If the
25  combination of encoder and decoder is realized in hardware, the amount of chip area will be
reduced because the part for determining the sequence of symbols from the plurality of
samples can also be used for determining the plurality of samples from the sequence of
symbols.
A still further embodiment of the present invention is characterized in that a
30 numerical value associated with a first codebook entry is equal to the numerical value of the
sequence of symbols of a second codebook entry, and in that the numerical value associated
with the second codebook entry is equal to the numerical value of the sequence of symbols

associated with the first codebook entry.
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PCTI 1 B99100815 According to this aspect of the

i nvention, it becones possible to determ ne the i ndex of a given

codglgook entry by first using said given codebook entry as index to

determ ne a second codebook entry and secondly by using the second codebook
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signals using the present invention as will be explained later. The encoded signal available at
the output of the source encoder 4 is applied to an input of a channel encoder 6. The channel

20  encoder 6 encodes a part of the output signal of the source encoder.

For use of the present invention it is possible that all bits but one of the
sequence of symbols indicating the codebook ehtry are encoded by the channel encoder 6. For
mobile radio transmission systems often convolutional codes are used in the channel
encoder 6. .

25 The output of the channel encoder 6 is connected to the input of a modulator 8
which modulates the output signal of the channel encoder 6 onto a carrier. Subsequently the
modulated signal is amplified and applied to an antenna 10.

It is observed that it is possible to apply hierarchical modulation to transmit the
sequence of symbols corresponding to the codebook entries. The symbol which, when

30 transmitted erroneously, gives the least perceptual effect is modulated on a sub-constellation
which is superimposed on a main constellation. The remaining symbols of the sequence of -

symbols are modulated on the main constellation.
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di st ance weighting filter 36. The output of the perceptual weighting filter 36 is connected to a first

input of a subtractor 40.
An excitation signal generator 22 comprises a fixed codebook which is
implemented as a ternary generator 26 and an adaptive codebook 24 in which the most
20  recently used excitation signals are stored. The output signal of the temary generator 26
represents a plurality of temnary samples, in which each digit of the ternary number represents
a ternary sample value,
The output of the ternary generator 26 is connected to an input of a code
- conve;ter 29 which is arranged for converting the ternary value at the output of the ternary
25  generator 26 into a sequence of (binary) symbols for transmission. The output of the ternary
generator 26 is also connected to a first input of a multiplier 30, optionally via a zero inserter

27. A signal Go is applied to a second input of the multiplier 30. The output of the multiplier
30 is connected to a first input of an adder 32.
The output of the adaptive codebook 24 is connected to a first input of a
30 multiplier 28 and a signal G is applied to 2 second input of the multiplier 28. The output of
the multiplier 28 is connected to a second input signal of the adder 32. The output of the adder

32 which constitutes also the output of the excitation signal generator 28 is applied to a
perceptually weighted synthesis filter 38 which received its filter coefficients from the LPC
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its filt8ping gsernary|generator 26 genasatingmseaid ternary sequence of samples. For each sequence
of (ternary) samples the optimum gain is determined. This gain can be determined by trying all

possiblé gain values and selecting the value Gy which results in a minimum error between the

perceptually weighted speech signal and the perceptually weighted synthetic speech signal. It
25  isalso possible to determine the gain factor G by first determining an auxiliary signal by

subtracting from the perceptually weighted speech signal the contribution of the adaptive

codebook to the perceptually weighted synthetic speech signal. The square of the gain factor

Gr can be found by dividing the cross correlation coefficient of the auxiliary signal and a

perceptually weighted synthetic speech signat which is subjected to a gain of 1, by the power
30  of said perceptually weighted synthetic speech signal. '

These ways of determining the gain factor Gg are well described in the prior art

and are as such known to those skilled in the art.
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pr edet eftHA-red—greuRrt—e—zerost—tn—sush—a—ecape—al-sef-the—poestiton—iPH—-of

the excilP&Glon qut)l es| 1rPthe Q}rlilﬁ h;slzt o bedhdetér ﬂQ}é(y_P 210 +1,0,-1

The sealBH{{PT o8 ©XCl_§ ahl. FAMEl RS TLEF T an 0BT T |23 PerLprred |f or
each of |PRe G0 %28 ossi e fial |a 5 12 pos| P bt PHIOPRe 122%i bl & Sebibnces
of excitediyn Saepl es ga1e1fouidOdy 101 us|OG1,A0T pIIOALY §EZIEr at +1,26, 0
generath?_saLd_LeLnaL b-apl-es. lence of
(ternar yP1@¥hp| 1832t he opetiliting WACK i 1A%t er pRinbdl ThiW1gai p2¥an betl+1,+1

det er m ned—by—tryrmg—att pUSST O e gar i vatues—and—setrectinyg—the—val ue

Gerr] which results in a mninmmerror between the
wei ght ed speech signa

si gnal .

perc
code

It 25

B Bl

is also possible to determ ne the

first delmthsicaseigunphasesiPHiasg possibips the gxgitation signal ganybeqresegted by hablee2

Lahied speech signal the contribution of the adaptive
perceptual |y wei ghted synthetic speech signal

of the gain factor

15

gain factor

PH |EXCITATION SIGNAL

0 |T,0,0,0,T,0,0,0,T,0,0,0
1 [0,T,0,0,0,T,0,0,0,T,0,0
2 0,0,T,0,0,0,T,0,0,0,T,0
3 10,0,0,T,0,0,0,T,0,0,0, T

Table 2

perceptual ly
and the percepiplehl y wei ghted synthetic speech

err]

by
as

In Table 2 the letter T represents a temnary value (-1, 0, +1) according to Table

1. As stated before, the excitation signals are subsequently generated by a ternary generator. If

the mean square error for a particutar codebook entry generated by the ternary generator is

The square



GF can be found by dividing the cross correlation coefficient of the

auxiliary signal and a perceptual |y wei ghted synthetic speech signal
whi ch is subyeedssisé 0 a gain of 1, by the power 30 of saidppgnsswossl |y .
wei ghted synthetic speech signal. These ways of

determnlngthe gain factor ar crib
and ar elONeT haprhg M3 square; %‘%’1&6 qre ‘{"'h‘é&a?"ctry’
991591

PCTI | Bg% oranéy stored in a buffer memory. When all codebook entries have been tried, the b}xffer
In the t:aiﬂoeylnﬂﬂmthed:eﬁtutcm&xyemaﬂpdahleof a fixed codebook is given. In the

of sampl e val ues. FOmtirusarae the SdepoaK o8t 3 AV AR BRAl Lo as &
ternaryy k&@xﬁkﬁn&}m teldsed fo? W%&l L oﬁmd%ﬁ%&ﬁﬁsﬁigl% BRYT the bi %?ﬁpe

appl i ed e synthesis I'ter. I'n the codebook acco gto T
nunber mpresentaiemapiceslingtodiabledoid tedodst mlnmybbquassetan egror 1n it causeBfhe)

So0bo  tery value to Eiangq only by gh 1! at onpadition. o' 1 1 Godi0 500

+1,-1,-1. Ooﬁﬁ’écodeb%]accordm 1d Table 1Ghas ﬂﬁjﬂ}&&r?' al:@drdmg to aﬁ,aspféct ofd
10011 201 +1,-1, O 010 002 01011 120

0, +1, - the in¥h€@ion tha.*Zﬂﬁ: binary repie;seﬂtatidh of a firstx@d&look enﬂﬂ}(n) is equal @0 & bindry01100
110 0, 0, -1 10101 212 +1, O, +1 00100 011 -1, O,
0 1M11seguencef symbold B(3) represarding@ secand rodebook entry G(1Q3), apd that thedgnay 010
-1, 0,-1 01110 112 0, 0,+1 10111 210 +1, O0,-1 00110
020 representation) of e@[gilspgond cogghpok entry G(Lzllsmualjgg @ga(bmaryggquencc of symbels - |
00111 021 +1, 0 10000 101 11001 221

+1, +1, oBG1) assqplzggbwﬁh t}@pzfgrst codebeok enfry Gf1y). i]{jm)gropert)l%l be utxlg:ed fq_r engbhnglo 10
222 Table 1

"o% he \edEe PEGF Sms table (or plgprit) Ser preding and depoding the godsboole eniryl 20 ©
presented by Tabl g% &% tdfary VAORRED S 206h T¥ble 1 is the best codebook entry, the

15  decimal value associated to itis 132 +2:3' +23° =17 (decimal). The binary representation of

shd in the prigr art
e ternary count value g

he

17 (decimal) is 10001. Using this binary value B(iz) to address Table 1, a corresponding
ternary value G(i») of 100 is found. The binary value corresponding to 100 (ternary) is 01001,

being equal to the binary value B(i;) corresponding to the codebook entry with ternary value
122,

20 The codebook inverter uses the above mentioned property to determine the
sequence of symbols to be transmitted. It only needs the function B(1)—G(i), a function which
is also needed in the decoder. Consequently this function can be shared between an encoder

and a decoder in a full duplex terminal comprising a transmitter and a receiver.



PH EXCI TATI ON S| GNAL . O0 T '(I)' 0O 0, 0 T,
8, Of)T, 8, oT’ WO ssitondd 9 2 0,0 T O oPCIYlBS'?’“bW
0, T, O 3 00,00,T1,0,0,0,T,0,0,0, T
Table 2 15 In Table 2 the letter T represents ﬁ ternary

1 0 41\ sccordinag to T As stated hefore the
oxci tat Lon s olh o ot el be squar ¢ or Wby o @ator] |1
the meal™O¥tar %P ror FUPY% par % D0t v gBMEeGt @By t he
ter naty@?‘?@r afqeot j g 01000001 02120 WDIOOPO 5 O 114232 11000001  |21211
PCT/ 1B9po®®81 5| 00002 01000010 02110 10000010 | 11211 11000010 [21212 8
| ower t [Wam@eoliNe[ AN S J|tde@ner T or| okl ed e Wmmml 5T the
t er nary foeesise STte TS| oo00100 T T T T Y Sissshies T3 fidobib0 TTEATREY- Nhen
all cod| eREhes h:dwgmﬁ““. SEpeh—t-he ""{)l%]er eer Feppry-nalds {he
best tepnary chunt val i R L A4 uelt he
codebool®Hifer {20 29 W}é’s t hel ‘HP'nar y &;&m'tmep lé”%"ent PHPBH t 92198 used for
transm g8PYH. |¥92l s ob Hd t hat®¥he nos§lo9%Pignt [1B#23  of LOWE binWry
r epr ese[fapoon| ez or di 0¥ Tabl|@2200 | s t h@opowasst | vl neffawloen, baDAUSE] an
error i foowfooiCcaees t nefoioowor T erjnaoly val UWWW or -1 at
one poS|dodotdls | ooizt 01001010 022021 (T COURBIRK —pedT O fiseie® A e has
the propgsien & oo ASHehT of T6orortt Ojlln‘"'C1ltIéO?0?l tPfrihe) binary
represe -OR a—fH-E-s bga %%&LWM t8a hinary 10
sequenc%@”m@v s B( olpprig epre Saling a LU (B ehopW™uM 1P i [efr])
and t hatOO(PH@ B Oﬂlé}, y 01001101 02210 10001101 10202 11001101 21121

00001110 00112 01001110 02220 10001110 10201 11001110 21122

0000111 00102 01001111 02221 10001111 10200 11001111 21022

00010000 00101 01010000 02222 10010000 10100 11010000 21021

00010001 00100 01010001 12222 1001000t 10101 11010001 21020

00010010 00200 01010010 12221 10010010 10102 11010010 21010

00010011 00201 01010011 12220 10010011 10112 11010011 21011

00010100 00202 01010100 12210 10010100 10111 11010100 21012

00010101 00212 010101014 12211 10010101 10110 11010101 21002

00010110 00211 01010110 12212 10010110 10120 11010110 21001

00010111 00210 01010111 12202 10010111 10121 11010111 21000

00011000 00220 01011000 12201 10011000 10122 11011000 22000

00011001 | 00221 01011001 12200 10011001 | 10022 11011001 | 22001

00011010 00222 01011010 12100 10011010 10021 11011010 22002

00011011 01222 01011011 12101 10011011 10020 11011011 22012

00011100 01221 01011100 12102 10011100 10010 11011100 22011

00011101 01220 01011101 12112 10011101 10011 11011101 22010

00011110 ; } 01210 01011110 12111 10011110 10012 11011110 22020

00011111 | 01211 01011111 12110 10011111 | 10002 1101111t | 22021

60100000 01212 01100000 12120 10100000 10001 11100000 22022

00100001 01202 01100001 12121 10100001 10000 11100001 22422

00100010 01201 01100010 12122 10100010 20000 11100010 22121

00100011 {01200 01100011 12022 101000117 | 26001 11100011 | 22120

00100100 01100 01100100 12021 10100100 20002 11100100 22110

00100101 01101 01100101 12020 10100101 20012 11100101 22111

00100110 01102 01100110 12010 10100110 20011 11100110 22112

00100111 01112 01100111 12011 10100111 20010 11100111 22102

00101000 {01111 01101000 12012 10101000 | 20020 11101000 | 22101

00101001 01110 01101001 12002 10101001 20021 11101001 22100

00101010 01120 01101010 12001 10101010 20022 11101010 22200

00101011 | 01121 01101011 12000 10101011 | 20122 11101011 | 22201

00101100 01122 01101100 11000 10101100 20121 11101100 22202

SUBSTITUTE SHEET (RULE 26)



representation of said second codebook entry i2) is equal to the binary

sequence of synbols

B(i[err]) associated with the first codebook

"

entry G(i[erwbpssdiaos property can be utilized for enabling pcraseddugisise .
of the same table (or al gorlthrr) for ed@odi ng and decodi ng the codebook

entry. 001011q1 | 01022 0110110] TR tHe tg&ﬁ%ﬁ’ b e V1TV A7 T Rt A
Table 1k 2 ‘ﬁo_l'h‘e—J e _asikociated to
it is 1308PPY 42701 op P Y 31 e P12 = 17 (AREI PR3P0 The THPT 221
r epr esen®¥PiBn |§1020 oIy (dedlPal ) i s HBOUL. |1 ng [HPE bi 7Y va) ue
B(i [ err]jpottagooaddivtss T4el1@00e, a ¢Uet espondilditgeoo [20112  tialifpeaoy (222Raue
G i [ er r][eoiddor LOW@I0S: T ourjdiitodineDl nanywal ue” donna@spo ngtjon REEnary) is
0%001, g 0110010 rmﬁlg EUUH{o0 0 1 C1iegh TTaT Y desTB Lzom!gr’lnli TIV06T0 t ?h
t he code L rat X € 2 w v e
n 0 fobiret Y ﬂbzt‘ _ TOTIo01 1 2 20100 .
codebookﬁ%-t- Us-es —W&—L—Gﬂéﬁ e ne—t-he
sequencelQ 'ooqvn%rofnq to upxlcail ransniiied 1t _]rfa;ioo néads 1 functlion B(i)-
Qi), a PR o™ hi ch joH0 i s pED needdd iR’ t h¥*Yecdder . Cdnsequenft !y
this funéfiei® daMobhe sHARBH? bet wpBR! an endd@ne (20202 arfd a decjoder inf a
ful | dugloesxeitierfezomal cdeprolisi ng QuRe ansm tit@onangoazr egel ver .
WO 99/ SYhgiioe0 | oz002 01111000 1o 10111000 | 20211 .
PC_T/ 1B99; o~ 02012 01111001 A T ) pio111001 Paodis )
B(I ) . e/ R CL: AY
[ 60111010 ‘[ 02011 G11{T1010 / 11112 T\ H0111010 {20220
00111011 | 02010 otrit011 1102 10111011 | 20221
00111100 | 02020 01111100 11101 10111100 | 20222
00111101 | 02021 0111101 11100 o101 [21222
oot11110 02022 01111110 11200 10111110 21221
ooty 02122 o1 ) 11201 10111111 21220
Table 3
Table 3 comprises 243 codebook entries which are addressed by 8 bits indices.
It has the same properties with respect to inverse mapping as the codebook according to
5 Tablel.
It is observed that fixed codebook sequences can be obtained by concatenating
the sequences according to Table 1 and Table 3 once or more than once. In this way codebook
entries having an arbitrary number of samples, except 1, 2, 4 and 7 samples, can be realized.
This is in particular advatageous for multirate coders. The representation of these codebook
10  entries is simply formed by the concatenation of the correponding 5 bit and 8 bit indices.
The excitation parameters 14, Ga, Iz represented by B(i) and G are multiplexed
by a multiplexer 44. At the output of the multiplexer 44 the multiplexed signal is available for
further encoding by the channel encoder 6 is Fig. 1.
In the source decoder 20, according to Fig. 3, the signal received from the
15 channel decoder 18 (Fig. 1) is applied to a demultiplexer 46. The demultiplexer 46 extracts the

prediction parameters LPC and the excitation parameters Gy, G, I and If, the latter being
represented by the sequence of symbols B(i).
The adaptive codebook index I, is applied to an input of an adaptive codebook

50. The output of the adaptive codebook 50 is applied to a first input of a multiplier 54. The

SUBSTITUTE SHEET (RULE 26)



00000000 . 00000 01000000 02121 10000000

11202 " 11000000 21210 00000001 00001 01000001 -
02120 WO 99/5914¢ 10000001 11212 11000001 21 PCI/IBYIRISH010
00002 01000010 0211b 10000010 11211
110000 : 0 . 000 006Q 1l
100000 %gap“"e%ﬁ%(?k%o@ F’?S’SBS‘?% algewédi‘é’BEt °f65%g%“1‘ ‘ jide 3a. s eppput of e
010001 Quiti %her 54 is corthédtbd to a first input of anl4deP4£)0 11220 11000100
21201 000000101 00010 01000101 02102

10000101 112 Zl:e ﬁxed codebOaiOindex Iy, représenied b9 (ﬂlﬁ&xbﬂlﬂence offe@abols B(), is
01000110 _ 10000110 1122 11000110

21100 @pplw te ap mput@@ ggilced codebook Sibllmg@ebook entries acggrgg(g to the present
100Q01 entxon.lﬂ?e%%qaﬁ me%ﬁ%k 152 is co éC £=d %81]5@ 9?8&‘? 9919?(&)1181’ iq (')%lf 000

010010
21102 GRAQ %9@e¥mok gaﬁ(ﬁ,g?s aﬁhed toa se@&mﬂi Jof the multi gher 238 output of the
10001001 001001 21112 00001 0012

010010 Mfuitiplier 56 is cori2218a to a second input ofitheaddrt (8. At the 2uput of the adderG81H:L 0
21111 00001011 00120

100010 SO gigps for & synthesieBles 69 iS SvalBblEy BhoygesaefsiEnal doalspapplied to an
010011Qfbut of the adaptifi2didbook in which the mosielent @citatior Q%ﬁ%lcs are writtehldd 1100
21120 00001101 00111 01001101 02210

10001 10tom whichR€Reast recent mﬁQmSaInples m mnmadoo 1110 00112

01001110 1001110
21122 0000111 1 The(zjmztgezsls filter 60 denvaebmnl c speech sxgng%%% ihe exc]tatmn

100011 ]s%'nal availgwle @t the outzpui PR kdder 58. T2 4042 tHRAYAMEAY filter 6ALdives the LPC

0101000 10010000 10100 11010000
21021 Qercnoes LPC fr@omemulnplexcr‘iéloloom 12222

- 10010001 1010 1000
01010010 %nﬂfi¥§igﬁmg 00 %“gt°F%bg%ﬁﬁgga%%gégfﬁfn°ggggmt?1010010
21030 GH0dWRE Imeanir@d201 01010011 . 12220
10010011 10112 11010011 21011 00010100 00202
01010100 12210 10010100 10111 11010100
21012 00010101 00212 01010101 12211
10010101 10110 11010101 21002 00010110 00211
01010110 12212 10010110 10120 11010110
21001 00010111 00210 01010111 12202
10010111 10121 11010111 21000 00011000 00220
01011000 12201 10011000 10122 11011000
22000 00011001 00221 01011001 12200
10011001 10022 11011001 22001 00011010 00222
01011010 12100 10011010 10021 11011010
22002 00011011 01222 01011011 12101
10011011 10020 11011011 - 22012 00011100 01221
01011100 ' 12102 10011100 10010 11011100
22011 00011101 01220 01011101 12112
10011101 10011 11011101 22010 00011110 01210
01011110 12111 10011110 10012 11011110
22020 00011111 01211 01011111 12110
10011111 10002 11011111 22021 00100000 01212
01100000 12120 10100000 10001 11100000
22022 00100001 01202 01100001 12121
10100001 10000 11100001 22122 00100010 01201

01100010 12122 10100010 20000 11100010
22121 -



00100011 01200 01100011 12022 10100011
20001 11100011 22120 00100100 01100 01100160 .
12021 WO 99/591400100100 20002 11100100 221 FCHHHOmBIL
01101 01100101 1202012 10100101 20012
11100101 22111 00100110 01102 01100110 12010
10100110 20011 11100110 22112 00100111 01112
01100111Nr. inscription 12011 mé@iR0111 - 20010 1110011l
22102 00101000 = 01111 01101000 12012

10101000 20020 11101000 22101 00101001 01110

0110100 12002 021 11101001
22100 03?51§E§HN' 01120 01£8%%%%%%g%5“““&9 12001

1010101064 LQQQQQISD klﬂ@@@:’l(p Th2ZRfking Gﬂieﬂbl@ﬂ.ls set to the hitthber of
01101011 . 10101011 201 11101011
22201 00101100 01122 01 125¢Hasipn samples N. Thﬂeb@ of the Most

10101100 20121 11101100 9140
BCT/ 1899/ 00815 Sl&%ﬁgzgxt Digit (MSD) under conmderat\{gl 1% %étS 10
00101101 01022 01101101 to M'YLOBiE variable K is sd0tdQelRdex 1. 30220
11101101 22212 00101110 01021 01101110 11002
10101110 20110 11101110 222 fftermediate resud @358t 0 01020
01101111 11012 10101 011 01111. 22210
00110000°® L#idio 0111000(1)‘iLls chedke j"f?’ﬁ& differs from 1. 10110000
20112 gz QeidEQOR0DIV MEIR20 TheQA4 00U PHHREM 1 0001
11010 10110001~ 20102 1f110§%1 éU22221 mecacg%l 0010
01012 REM 14 EOMOD MSD; 11020 from K and$D0010 20101 11110010
22222 00110 01002 Q1110
10110011 SHTod & +%]°T 00110100 %fd@‘fmedl ate fesﬂﬁﬁéfe%ﬁ%"“lated 11022
1011010079 BHEQUOT)? 00110101  PAREked whethePHENAEIe QUOT is 3dd.22
10110101 2020 00110110 02000 01110110 11121
1011011072 X0o204SD-1-REM 00110111 Teroew value of th@variabielK is calculated far20
10110111 20212 00111000 lgzoo 01111000 11110
10111000 20211 00111001 EU%%" 01111001 11111
1011100174 ROZIREM 00111010 ThéGkk value of thévakiablR is calculated fok12
10111010 20220 .
K is even.
76 MSD :=MSD/QUOT The new values of L, G and MSD are calculated.
L=L-1 '
78 G_OUT=QUOT*G+K The final value G_OUT of the codebook entry is
calculated.
EN}D The program is terminated.

80

The program according to the flow graph of Fig. 4 is arranged for calculating
the plurality of excitation samples for a given value of the index i, It is observed that the
5  binary representation of i is transmitted. The plurality of excitation samples is represented by
an M-ary number G(i,N) of which the digits represent the excitation samples. N is the number
of samples and consequently the number of digits in the M-ary number.
The calculation of G(i,N) is based on a recursive definition of G(i,N). If each

codebook entry comprises N samples, the codebook can be represented as a set of L=M"

10 vectors sequences of samples Xg, X3, X2, - - * ,XL-2, XL.1. The codebook can be extended by

one sample value to N+1 samples, by adding digits to the different vectors according to:



00111011 02010 01111011 11102 ) 10111011 20221

00111100 ‘02020 01111100 11101 10111100 20222
00111101 O W12 99/59140 01111101 11100 101111@¢TnBodlodgid
00111110 02022 01111110 1:1200 10111110 21221
00111111 02122 10111111 21220
Table 3 Oxo, 0x1, - ,&XL.z, ’F"abllébﬂ’li‘bﬁpr’l1§bslx2:4%‘oc%eb0@kfzeﬁ¥m-i én V\/m ch

are addr esgesk MrfinPiddibbdly’ o ? N is equal to (i),}(thgguzﬁ r;gf (n}gaﬁ id qgloa? fo's E‘[’ﬂ‘\g arger

respect to | nver se “mappl g’ as

It is obsgmved ik haéoxﬁpdﬁé‘dim‘f@ﬂkebﬁkﬁ%fi%sﬁélﬁa%f@ﬁﬁﬂﬁﬁvﬁﬁfe%“é%{%N digit o
concat enati ng t he sequences according to Table 1 and Table g(gnce or
mor e t har5,@nd @ remaintiér IsThmylemmi;aisnmh is performed i1 dllvales \of DOfo Wwhadhdi ik r ar y
nunber of sanples, excep 4 and 7 sanples, can be realized.

This $s ismalereneaunlde Md\}affagle‘bﬂ@ vele GEN) is calanlatediegcordimiite: r epr esent at i on

of these codebogk entri ?fll s sinply fornmed by the concatenation of

0
the corre o% 5\'1%1 tl+eﬁ(d-$M ;rndli)p@iseven 4 by B() ThéAG[ |
excitati NS | I[err] represente y B(i) an err
are mul tipl exedl tﬁ {gie( | pI e‘xelrvnzrzi)» qAf oddhe out put of the

Z‘SLEGFLS*@% ?é‘%%%aﬂ%@ngﬁﬁ&sd et dng VS of B ' recursive way from i Tha ne

t 15
Channel SoCoRer 18 (g pRez 1 Iiufetdn 08 1 VIMIPL i PR ICTaC VR bF e

denul t i phesesigdificenttdigicMSD Rs@nade equal to M""!. The value of variable K is set to the value
of the index 1 of the function G(i,N) to be calculated. The variable G is set to 0.

10 In instruction 66 it is checked whether L is unequal to 1. If L is unequal to 1 the
calculations are continued with instruction 68. In instruction 68 first the quotient QUOT of K
and MSD is determined. This corresponds to the determination of the most significant digit of
K. Subsequently the remainder REM of the division of K by MSD is determined. This
donesponds to the determination of the value represented by the remaining digits of K. Finally

15  anintermediate value of G is determined by multiplying the previous value of G by M and
adding the value of QUOT to G.

In instruction 70 it is checked whether the quotient QUOD is even or odd. In
the case QUOD is even, the value of K is made equal to the remainder REM. In the case
QUOD is odd, the value of K is made equal to MSD-1-REM. This different way K is

20  calculated for even and odd values of QUOD is caused by the ordering of the values of G as
functior{ of the index i. From Table 1 it can be seen that the value of the most significant digit
of G but one increases as function of i for even values of the most significant digit of G. The
value of the most significant digit of G but one decreases as function of i for odd values of the
most significant digit of G.

25 In instruction 76 first the value of MSD is divided by M in order to prepare for *
the repetition of the previous calculations for the most significant digit of I but one.
Subsequently the value of L is decremented and the program is continued at instruction 66. In
this way all digits of I are converted to the codebook entry represented by G. If L is equal to 1,
the process of converting is finalized, and in instruction 78 the final value of G is calculated by

30  multiplying the value of G found by the previous calculations by M and adding the value of K.
In instruction 80 the program is terminated.



predi ction paraneters LPC and the excitation paraneters[err] the latter

bei ng represented by the sequence of synbols B(i). L
The adapti vevOo#8MMdOk i ndex I[err] is ag(gl ied to an input of POTIBIHYSIS e .
codebook 50. The output of the adaptive codebook 50 is applied to a

first input of a Lk d ; . .
boT! | Bo0 008, | BHTe gﬁdéa%:die%kc%gg Salcpated according to the \F%Gf’ 2%5@%}%.9 s applied

i nput ofto kisgnthedis filiériiehasid be Tomeverted it amM-aryaepresentationl As plentionddbefore,
connected to a_first j.nput, of an adder ,58. .The .fi xed
C oobooiths gt weprding S mroRrEso T iR Eig & 7 4158 bssed forndhaindsx i ¢
applied ) J. i 1

P or ai i & iyeRRtet ok ffrl 18 Srdeo RPRORK uRiprbgtiilihs FRASDBO Lt E e ) |
connéct edd¢tmok ehiry a5 itipup Subsehuentinthe progragr haao bFlealled again bift mewdwitlodsiby ok

The  thereiPpt et Bn ST Bhoertiae reh Htlen o rp oy hevainB s,

the out Rt chéRoBfiFe §xind fbgram into £k Ainffer sl gnal for a synthesis

filter I's avai l able. The exCitation signal is also applied to an
i nput of the adaptive codebook in which the nost recent excitation sanples

are witten and 10 fromwhich the | east recent excitation sanples are

renoved. The synthesis filter 60 derives a synthetic
speech signal fromthe excitation signal avail able at the output of
the adder 58. To do so the synthesis filter 60 receives the LPC

paraneters LPC fromthe denul tipl exer 46. In the flow

graph according to Fig. 4 the nunbered instructions have the 15 follow ng
meani ng:
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Nr.- i nscri ptY¥8i19/59140 ani ng 62 BERGTIBI9/00815
The programis started. 64 L: =N, D:=Merr]; K=lI; G=0 The
runni ng hadl e L is set to the nunber of

excitation sanples N The val ue of the Most
Significant Digit (MSD) under consideration is set

to Merr]. The variable Kis set to the index |I. The

intermediate result Gis set to O 66 L [err] 1 7

It is checked whether L differs from 1. 68 QUOT := K DIV MSD;
The variabl es QUOT and REM are cal cul at ed REM = K MOD MSD;
fromK and MSD. G:= MG + QUOT The

i nt er nedi-at e r esulTrasmissionesyatem fompsiging a transmdtter eptly £xigml zncoder having an

lr';]ei f] equeéhggr %@EIH! Zé; Eégﬁﬁé’ég‘{é isﬁﬁ:sgné%qga'{lez tcgzglgp(s)efs a codzgoolé(eﬁtr:y MRBior fr - REM

K i's oddelecting a éédebbok entfyEbt obtaining a synthetic signal giving a bestldppraigiatien ofta of t he
variable K s cal cul ated for

Kis evdignal represqxgamwgéﬂngm@@pl, the codebook entry comprises a plygalifyef $amples of

L, Gcan I ; Tl s o iddAB = *
PSSR vl g odbocflnvein s AR

cal cul atsgmhbols, the tifismiffdPbeing arranged for transmitting the sequence of sybhisolptogreasivers
termnated. . i .. The program gccording, to the f]low graph of
Fig. 4 ithe BerYARInRrses eaffeéfrawmacode%wlgfpé depying|the epdﬁbo@&errtfyaﬁfwaﬁg%anm es
for a gie o¥elenBt of {entdlGirdcterizbd {thOEE 50 heribd i
represerftgélae{i]‘ile\gn eg%?enl iosg?rrmansm ttcecél. ET ehfg)(lbcgr g‘?{(ﬁ% lg?ﬁuéxcﬁxg?s%%&s {r%l es is
r epr esersequknbgs of symbols differing in one particular symbol value, differ in one single sample

10  value.

2. Transmission system according to claim 1, characterized in that the difference
between said sample values of codebook entries corresponding to sequences of symbols
differing in one particular symbol value, is equal to a smallest quantization step of said sample

15  value.

3. Transmission system according to claim 1 or 2, characterized in that the number

of possible sample values is odd.

20 4 Transmission system according to claim 3, characterized in that a numerical
value associated with a first codebook entry is equal to the numerical value of the sequence of
symbols of a second codebook entry, and in that the numerical value associated with the
second codebook entry is equal to the numerical value of the sequence of symbols associated
with the first codebook entry.

25
5. Transmitter with a signal encoder having an input for a signal to be encoded,
said signal encoder comprises a codebook entry selector for selecting a codebook entry for
obtaining a synthetic signal giving a best approximation of a signal representative of the input

signal, the codebook entry comprises a plurality of samples that can assume more than two

AR




an Mary nunber G i N of which the digits represent the excitation sanples.

N is the nunber of sanples and consequently the nunber of digits in"
the M ary nowiie9/59140 The cal cul ation of i, RCTABYYM®SEd on -
a recursive defi nition of Gi,N. If eakh codebook entry conprises N

| t h ok f L= 1 -
S oquencalugs, s rRidRokenry boink SBREDHTR 23nRna bs mbplts i Fensmittes betrgn o o
val ue twéed%mmﬁmmg tﬁéiéétlla&mé oByrbdlPcHabRHzEA & MAE the@68&H00k 3fieE di NY

to:
PCT/ 0908drresponding to sequences of symbols differing in one particular symbol value, difer in one

PT19/ OL [err] (in case of a ternary
codebooﬁ’)“glesigﬁ}plwa‘ée equal to 1, the function Gi, N) is equal to i. For i

| ar ggr than N, i is deconposed into the sumof a quotient gq of i and
the value Merr] of the Nlerr] digit of G and a remainder r. This

deconpo$i tion i s Beediverforireteiving|an epegdgd sigpal aQunsisingty sepuence §f symsbalsmal | er
0L U2k Soclail br a ESUB e bty oRpHRinla dibogliy SrasipleRRN oRF SR ek ©

odd than tWoerahie@Ghéfacaiventotipiises & dédoder wWitld ewaamalefortdeavmlmeca&ebak N) i n
a recursive way fromi. The program starts at instruction _62. In
i Nst r uceny; ﬁ@m@ﬁrmﬂfeﬁ@ﬁ@eﬁcq gfsyg{bo{scphg;actpﬁgcd,langﬂaﬁchﬁgook entries ppst

:gtg {Jf ! %ﬁlgés\;%’p Et&@ue&feg?ﬁ%n?%g%{i(ﬁfeﬂng %ﬂe]qaniréﬁg‘ar‘ég)n@% %2111 Erd i's

cal cul a@ﬁ@e&h@waﬂuabl e Gis set to 0. 10 In instruction
66 it is checked whether L is unequal to 1. If L is unequal to 1 the
cal cul ations are continued with instruction 68. In instruction 68 first the

quot i ent; QUOT of ﬁ%m enco&ttha _ah%%gﬁgl s aﬁgm Pl o8&y, sEaRPAdPerc8dde

det erm nati on of nost signifTica
comprises a codebook entry selector for selecting a codebook entry for obtaining a synthetic

15  signal giving a best approximation of a signal representative of the input signal, the codebook
entry comprises a plurality of samples that can assume more than two values, said codebook
entry being identified with a sequence of symbols, characterized in that the codebook entnies
corresponding to sequences of symbols differing in one particular symbol value, differ in one
single sample value.

20
8. Decoder for decoding an encoded signal comprising a sequence of symbols
representative of a codebook entry comprising a plurality of samples that can assume more
than two. values, the receiver comprises a decoder with a codebook for deriving the codebook
entry from the received sequence of symbols characterized in that the codebook entries

25  corresponding to sequences of symbols differing in one particular symbol value, differ in one

single sample value.

9. Transmission method comprising selecting a codebook entry for obtaining a
synthetic signal giving a best approximation of a signal representative of the input signal, the
30 codebook entry comprises a plurality of samples that can assume more than two values, said
codebook entry being identified with a sequence of symbols, the method further comprises
transmitting the sequence of symbols over a transmission medium, the method further
comprises receiving the sequence of symbols from the transmission medium and deriving the

codebook entry from the received sequence of symbols characterized in that the codebook

]



K. Subsequently the remai nder REM of the division of Kby MSDis

determ ned. This corresponds to the determ nation of the value
represent ed Wy99%4& enmi ni ng digits of K Finally 15 an i niPemIBo/aSEs

val ue of Gis determned by nultiplyiny§’the previous value of G by M and
addi ng the val ue of, to G copt s ln instruction 70 it is,
chec ko RIS EREFRORUInE R FSUFCE PEBTRols (iffering inops paptipular Symbof yalie difesLcD | s
even, ’iﬁ'@réé’ﬁh%’l%s pl€ Jaluerade equal to the remai nder REM In the case

QUOD is odd, The value of Kis nade equal to MSD- 1-REM This different way
Kis 20 cal cul ated for even and odd values of QUOD is caused by the
orderi of the |l ues of .G.as ... function .0 he index i..From Table 1
it canqge seen t °?%H%W§}°Gé’°8'ﬁmf‘ﬁ€s#8§fﬂgs%% qoé%ﬁgpy pyppaimnga ¢ g pyt
onesin ig#al h 88kt @proxinditiof VE A sigAAIUeSrestintdtive ofBd inphtlinérial, GRAT

di g'?t g?ﬂggﬁﬁ'ﬁ%%lgmggal&ug{,%f_ t he nost g?gni cant digit of G St’%e
decr easadetwokfentry comprises ajphyralityed gamples that esn aspume more thap $wo yalyes, shidant
digit of .G 25 . . .o ln instrpcti.on 76 first Jt.h | ue of MBD i s
di vi dedofigPopk Ry beipg ideptifed itha Faienst Pl Haaliedieg MaratBi "1 i ous
cal cul abiseskleffriek Borregpohdifif 8 échmres oflygibolsdifferibylin Harticular symbol
Subsequently the value of L is decrenented and the programis continued at -
i nst r uyeluendiéfr in one single sample valgs al | digits of | are converted to the
coggbook entry represented by G If L is equal to 1, t he process of
converting is finalized, and in instruction 78 the final value of Gis

cal cul giied by 30 Decadlihf mpthodfor ddvedinglan encdde® signanebniptisiniea seq@endeus

cal cul ations by M and addi ng the value of K _In_instruction 80 the

pr ogr afymyolsaepreseatasiye of a co ebook entry compngingoplgrplilgof samples that can assume

IS

14 : SN ore the
te than two valueF, atP% gecggglgrr%%:t)%d %o(?&?ﬁé& g%nvmg the codebook en ffolngg{e

codebolKTEN ry calcu ove®“programis app to
a synt heéc?ii\?d][dehﬁ@be bf symatsold ?Mt&iﬁa&'ﬂfﬂx@ﬁhé oddebask ﬁﬂtﬁbycmpmdmgr; wtion. As
ment i one ef ore, the.algorithm according to the programsho in Fig.
4 ddn #pausnges Qfsymbels dﬁit'}?fé{lgt‘ﬂ@n? RFORAr symdborl We#%ﬁlgfm@rp SRSOHERIAt ry. I n
order tguflo so, the programhas first to be called with the 5 codebook
entry as I nput. Subsequently the programhas to be called again but now

Wi th using the result of the first call of the programas input. The
index i is now found by converting the result of the second call of the
programinto a binary nunber.

———
————
———

LT
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CLAI Ms: WO 99/591401 . Transmi ssi on system conpri si ng gcirfiBswossist er
with a signal encoder having an input for a signal to be encoded, sai'd
si gnal encoder conprises a codebook try selector for selecting a )
codebook entry for obtaining a synt Hg i c signal giving a best approxinmation
of a signal representative of the input signal, the codebook entry
conprises a plurality of sanples 5 that can assunme nore than two val ues,
sai d codebook entry being identifigd wath a sequence of synbol s, the

transmtter being arranged for trapsm fting the sequence of synbols to a
recei ver, F= = =te™rECTIVET TOMN Nge§y a decoder— w +h—a—cedebeok for
deriving ﬂh; codebook entry fromi he | _received sequence of ysynbol s
characterijz ih that .the cp ok fentyijes rr esdondiing tfo sequences
of symboT§ (E%ijerl n tqcn one @ﬁlﬁ) cul ar g tpgﬁ vartelD drdr SB | ' singl e
sanpl e 101 e. 27 1 i Tramsni sston-systempaccording to
claim1, gharacterizéd in th8t the diffegrencds et ween Hai d sanpl e
val ues of codebook entries corresponding o sequences of Symbol

differing Bn one particular synbol value, is equal to a smallest

guanti zati on step of said sanple 15 val ue. 3.

Transm ssi on system according to E@ or 2, characterized in that the
nunmber of possible sanmple val i's odd.
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20 4. Transm ssion system according-to claim3, characterized
in that a nunerical val ue associated with a first codebook entry is
equal to t hWOP®4Pcal val ue of the sequence. of synmbol BCHIB9S/08838 ond
codebook entry, and in that the nunerical value associated with the

second codebook entry is equal to tgﬁinunerical val ue of the sequence of
synbol s associ at ed with the /St codebook entry. 25 - b,
Transmitter with a signal encoder having an input for a signal to be
encoded, sai d signal encoder conprises a codebook entry selector for
sel ecting a codebook entry for obtaining a synthetic signal giving a
best approxi mation of a signal representative of the input si gnal ,

t he codebook entry conprises a plurality of sanples that can assune nore
than two WO 99/ 59140

PcT/ | BOB/0C8IE ———————= —_—_————————— ————e——a—a 16

val ues, | sai d codebook entry bei pg— agfied with a sequence of gynbols,
the tr i i gy flor transmitting the sequence of
symbol sy characterized irn that t e vodebook entriles correspopding to

sequencgs of synbol s | i&p i particul ar] synbol val ue, d%ffer in
one E singl e sanpl e. 5

6. Recei ver for  receiving
an encogded signal com g a sequence of |synbql s represen{ative of a

codebook entry conpri plurality of sanpleq that can fassunelnore
t han twb ot He St ~+ e ~F e€ et vef eORpP a 1ecodeq_mﬁth a cpdebook for
derivinb{the codeboqk entry frnn1qhe ecei
r
I

d spuuemce—pf synbol s
charactkrized in that the cgdebook entlles 10 esqggging t o} sequences
of synmbpls differin® in onejParticul ar synbqh e, di ope

ditter

single énple valfue. I Si oaprTmavi ngyan i nput

for a stnaI IAo be enc | gheoder Ci(ﬁﬂ*)rfs S l codebook
Eocﬂ %P ry faor ObGRG@qﬂqﬁi Fthetlc

entry SFlector Pbr sel €
' 24'\. S

&
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15 signal giving a best approximation of a signal representative of the

i nput signal, the codebook entry conprises a plurality of sanples -

t hat can asswowsmsmae t han two val ues, sai d codebook - entpor/AE0b/o6k15 .
identified with a sequence of synbols, characterized in that the codebook -
entries corresponding to sequgﬁges of synbols differing in one
particul ar symbol. value, differ in si ngl e sanpl e value. 20

8. Decoder for decoding an encoded signal conprising a seguence
of synbol s representati codebook entry conprising a plurality
of sanples that can assune I EREGIN n two, values, the receiver
conprises a decoder with a debook r deriving the codebook entry

fromthe received sequence of synbols characterized in that the codebook
entries 25 correspondi ng to sequences of synbols differing in one

particul ar synbol value, driter,in.pn si ngl e sanpl e val ue.
9. Transm ssi of nethbd‘@gqpr-sﬂﬂg sel ecting a codebook entry for
obtaining a synt hetijc sM8DatMdi'vi pg a best approxi mati on of a signal

representative of the inpyt sigket] the}30 codebook entry conprises a
plurality of sanples that jcan agsy nofe than two val ues, said

codebook entry being identlifie h_a bequence of synbols, the nethod
further conprises transm tfing the sequence of synbols over a
transm ssifon nmedi um the nethod {urther conprises receiving the
sequence df synbols fro he tran§n155| Nredi um and deriving the
codebook gntry fromthe ecei vad#! cterized in that
t he codebgok
PCTI | B99/ J081S 17
entries cqgrresponding tg bol s differing inf onefgparticul ar
synbol vallue, differ Q@Q'Q iRgl e pappl e val ue. \10.
Encodi ng net hod conpri sijng Fé a copebook entgy=for—obt=rmming a
REM := KMOD MSD G OUT:=M+G +K
G:=M+G + QUOT
—<  oop(auory?
7 ) 74
L 10 !
K: =MSD- 1 - REM K= REM
MSD:= MSD/M — 0
L= L-1

g

FIG. 4
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5 synt hetic-signal giving a best approximtion of a signal F=Ta

of t'he i'PDUt signal, the Rodedank /ghQry _zonpri ses a pl GG
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synbol value, differ in one single sangle val ue.
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(54) Title: TRANSMISSION SYSTEM USING AN IMPROVED SIGNAL ENCODER AND DECODER
(57) Abstract

In a transmission system a signal to be transmitted is applied to a source encoder (4) for being encoded. The encoded signal is applied
to a channel encoder (6) which applies an error comecting code on the encoded input signal. The output signal of the channel encoder (6)
is transmitted to a receiver (14) which processes the received signal by means of a channel decoder (18) and a source decoder (20). The
source encoder comprises a codebook entry selector (42) which selects a ternary number generated by a ternary generator (26), such that a
synthetic signal derived from said temary number is a best approximation of a signal to be encoded, The ternary value found in this way is
converted into 2 binary number in such a way that the ternary values corresponding to binary numbers which differ only in one particular
digit, differs only in one single digit. This has the advantage that a transmission exror in said particular digit has a small perceptual effect,
because the corresponding ternary number differs only slightly. In a preferred embodiment the numerical value of a first codebook entry
corresponds fo an index of a second codebook entry, and the numerical value of the second codebook entry comesponds to the index of the
first codebook entry.




