WD 97/ 20395

PCT/ SE96/ 01555

FI XED LENGTH CODES 5

The present invention relates to a nmetho
mar e robust against bit errors. The inve

arrang
DESCRI
in bin

ement
PTI ON OF THE BACKGROUND ART 1g
ar yINTERNATFIONAL. APRLIGATION, PURBIISHEL)

WORLD/INTEIAECTYALPRORBRITY ORGAEIZABRMN 0.

Pos coPY q8p2.403 '-».-'2,
A METHOD AND AN ARRANGEMENT FOR MAKI NG

TECHNI CAL FI ELD
d of making fixed | engin
ntion also relates t §oupg

NRER 56 RATENT COOPXR%SN%AW N

subst a
one wa
mnim
20
such a
Ionger
coded
that t
- Such ¢
. codes

NE1) Mkelnyitiondd Pétat Chsiimiten $ 5 shown| i n

DAl MibcatbiNGba 00, 930\&1«»1/30395

(71) Applicant: TELEFONAKTIEBOLAGET LM ERICSSON
(publ) [SE/SE); S-126 25 Stockholm (SE).

(72) Inventor: BANG, Karl, Goran; Operagrind 20, S-175 48
Jurfilla (SE).

(74) Agents: BOHLIN, Bjom et al.; Telefonaktiebolaget LM Erics-
son, Patent & Trademark Dept., S-126 25 Stockholm (SE).

nt s the information i hagag few bits as pOSSIb|e I n order
se the bandwi dth required. Dependi“4dntermstionqPublicesionPaty j ¢ v cﬂ’g‘l‘r‘?%ﬁf‘?stgﬁ

of the events 1t 1s poskible to code the information
o opn | PRI e i L R B
ﬁ:&.ﬁ%ﬂmﬁé iV eBtvebiaions 271196 |  HU, IL, 1S, IOKEKG, kb, aRURD LELKALE Ls,
Nlt ter code words and the engodin E?%%MKMNMW%W"UA’
he decoder can di stingui sh between|the gi gﬁ@é \NSDSZUG)
AR S ibonal | ed k%%xﬁ\ﬂhaﬁ%lﬂﬁ%) 2§E Eurasian patent (AM, AZ, D€ KW, 161, MD.RUEN TM),
can gned 9Mokdtesi9as@y.ieand Use net hodkeaobacg 4l A CH, DE, DK, ES, FL FR, GB,

GR, IE, IT, LU, MC, NL, PT, SE), OAPI patent (BF, BJ,
CF, CG, C}, CM, GA, GN, ML, MR, NE, SN, TD, TG).

Published
With international search report.

(54) Title: A METHOD AND AN ARRANGEMENT FOR MAKING FIXED LENGTH CODES

{57) Abstract
The present invention relates to 2 method

in a telecommunications system comprising
transmission of information over a channel
and encoding of the transmitted information
wherein a fixed length code is designed accord- 1@[/\ Input. device Charnel j\ 125
ing to the following steps: initialising of a code
table, wherein a code word, hereafter called the
kernel, is allocated to a position corresponding Fiu ™\
‘to a peak of a probability density function of
the transmitted information and said kemel can
be chosen arbitrarily as 2 n-bit code word; gen- ; Digtta ~
erating n new code words with the Hamming 12(\4 gitlser Receiver J 186
distance one to said kemel; packing said new
code words as close as possible on cither side F'"(E.l’\J
of the kemel.
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is called entropy coding. However, assune that the
transm ssi on channel between the encoder and 30 - decoder
introduces bit errors. In this case problens arise because the

decoder cannot with certainty decode the different variable | ength code
words since i WOYR2BYS possible to see where one code word stPATEIUHESS

WO 97/ 20395 2

PCT/ SE96/ 01555 anot her ends. O course, this can
have a devastating effect on the : interpretation of the
received information. Usually this problemis solved by
means of channel coding, where controlled 5 : redundancy is

i ntroduced in the channel encoder in such a way that the
channel decoder can detect and correct erroneous bits.

Using this methog gifROY ARDAN ARRANGEMERTFOR MAKINGEFIXEDELENGTH CODE

the channel bit rate 1ncreases as well as the conplexity due to the channel

10 encoder and decoder. Mreover, at bit error rates that
are high t han t he error correcting capacity of the
channel coding, the decoded bit error rate of ten becones

worse than the uncoded bit error rate. Such a threshold

exi sts for every codq-Ecgh,Pé}g_rHFj_gited by the Shannon capacity fornula or on
a restriction in acceptable delay due to channel coding. 15
One way to overcone sone of the drawbacks with a variable | ength code,

in terms of bit e-rror"fhéggéééhﬂgﬁ&tioﬁel&%ggﬁéﬁ n%tﬁ&#«ﬁqg%ﬁrﬁew%rdggﬁﬁh cblide we

| ose I cl ency ause al ave the sane
| engt h iBependent  more robust against bit egprs: fibe [ventiani alsa felatiesstoranoareangemett t he

events to be coded. kgWe¥Sing QR %Re method.

DESCRIPTION OF THE BACKGROUND ART

15
Events can be coded in binary code words. A binary encoding method with
substantially uniform rate is shown in the US patent US 5,300,930. Often
one wants to code the information in as few bits as possible in order to
minimise the bandwidth required. Depending on the probability distribution

20 of the events it is possible to code the information in such a way that
events that oc’cul_' rarely are coded with longer code words and events that
occur frequently are coded with shorter code words and the encoding is
done so that the decoder can distinguish between the different code words.
Such codes are called instantaneous.

25
Very efficient codes can be designed in this way and the method of coding
is called entropy coding.

However, assume that the transmission channel between the encoder and
30 decoder introduces bit errors. In this case problems arise because the
decoder cannot with certainty decode the different variable length code

words since it is not possible to see where one code word starts and



20 synchroni sed, each code word can be decoded i ndependent

of any ot her code word and this nmakes the code rather
robust . I f we assune that the information to be
transmtted represents a 'level' nonot oni cal |y

I ntreasi ng fwowr@o3ws ni num val ue to a ITB.XI mum val ue the 25 PpCT/SE96/01555
events represent discrete points on this?level curve and each point is
coded with a fixed | ength code word.

A bit error in a code word causes a junp in the level curve and dependent
on which bit in the code word that is erroneous, the |evel junp becones

smal l er or |arger. n tha sgne bit errp ositions in
the 30 am’l[her 'lgé‘s o c(?j‘ i '%%al?sheavg ad Stg ‘%Ee %1 d | evel
(smal | 1 evel error)inenpretation of the recewed informatiat. her er ror bits in a code
word cause a totally unacceptable | evel change. WO 97/ 20395
3 PCT/ SE96/ 01555 The conmon

way to inprove the Usisllgthiepsobiem lsistohcdrbwrmans o&cliénnelcbobiagghhere controlied

ooks: 5 5 ° 7 MaHindiho G Rlieh b Bl anceaBinalin day SndPer o1 1 e

of Mbodem DeS| gn", Jdtannel decoder can detect and Wd%yer&rﬁombltleSS (pp. 65-66).

[2] E. A Lee, D.G Messerschmtt, "Digital Conmunication", Kl uwer

Academ ¢ Publishers 10 Bost on, 1988 (pp. 193).

A wel | known mnet hodUsiog this methas more bitisthave taobe tramsmiitted/otey thef chmnhebend | engt h

code is by means thgﬁr\énﬁé?%itqgte%rﬁ%ekgsmﬂ% thd ¢ é}ngl&ﬁ &uet@’ c?:Q

P
have the property that nearest nel ghbours are enco 0 Cco S t hat
10 encoder and decoder. Mareover, at bit error rates that are hugher than the

error correcting capacity of the channel coding, the decoded bit error rate
often becomes worse than the uncoded bit error rate. Such a threshold
exists for eVery code, either limited by the Shannon capacity formula or on
a restriction in acceptable delay due to channel coding.
15
One way to overcome some of the drawbacks with a variable length code,
in terms of bit error robustness, is to use a fixed length code. Here we lose
some efficiency because all code words have the same length independent
of the probability distribution of the events to be coded. However, once
20 synchronised, e_ach code word can be decoded independent of any other

code word and this makes the code rather robust.

If we assume that the information to be transmitted represents a ‘level’
monotonically increasing from a minimum value to 2 maximum value the
25 events represent discrete points on this level curve and each point is coded
with a fixed length code word.
A bit error in a code word causes a jump in the level curve and dependent
on which bit in the code word that is erroneous, the level jump becomes
smaller or larger. This means that some bit errors (at certain positions in the
30 : code word) may cause an acceptable decoded level {small level error} while

other error bits in a code word cause a totally unacceptable level change.



15 differ by only one bit, i.e. the Hamm ng di stance is 1.
This works fine for a 2-bit code (4 words) in a

2-di mensi onal signal constellation, where also the

Eucl i dean distance is at a m ninumfor code words w th Hanm n% di st ance

=1 . 20  WO97/20395 In a 1-di nensi onal representation,? 69158% code
words represent a | evel, the situation is different, as
illustrated with the following 3-bit codes with 8 | evel s.

A'straight forward code and two Gray codes with associated bit error 25
di stances are shown in Table 1. The distance dl1 is the sumof the distances
obt ai ned by changi ngheremibvioh vedy @ itnprayeitie tolbestoes:{;em\m:reirorél'hba firehledgtht ance

ger bit is then dif gdy%&%'ﬁl‘:’ﬁé‘?ﬁf%@'j&av coding is ‘?o ée %uné in the fgllonmg e ght
Code G ay Code bboks: G ay Code 2 Code

Di stance d1 Code Distance dl1 Code D stance dil 0 000
4+2+1=7 000 5+1+3=9 000 3+1+7=11 1 001

4+2+1=7 5 010 5+1+1H7Johd10C. BingHdm,+Thg Theory and Practice of Madem De8iga”, John _
4+2+1=7 011 5+1+15. +3= 3 011 4+2+1=7
001 1+1+3=5 100 J"V'?%Vﬁ}%?’é% 1955195 65-66). 4 100 4+2+41=7 101
1+43+1=5 101 3+1+1=5 5 101 4+2+1=7 100 5+1 +1

=7 111 1+1+3=5

1 1 5+1 +1=7
011 1+1 +5=7 [2] E.A.Lee, D.G. Messgrschmxttl Blgltal (f"ongmumcatton cl(luw

Academic Publishers
10 Boston, 1988 (pp. 193).

A well known method to decrease the bit error sensitivity of a fixed length
code is by means of Gray coding which is shown in figure 1, Gray codes
have the property that nearest neighhours are encoded into code words that

as differ by only one bit, i.e. the Hamming distance is 1. This works fine for a
2-bit code {4 words) in a 2-dimensional signal constellation, where also the
Euclidean distance is at a minimum for code words with Hamming distance
=1,

20 in a 1-dimensiona! representation, when the code words represent a level,
the situation is different, as illustrated with the following 3-bit codes with 8

jevels.

A straight forward code and two Gray codes with associated bit error
25 distances are shown in Table 1. The distance d1 is the sum of the distances
obtained by changing one bit at a time in the code word. The mean distance

per bit is then d1 /3 units.



7 111 4+42+1=7 111 5+3+1=9 001 3+1+7=11

Tabl e 1. Using a netric based upon the Euclidean distance,
dl, or the squared 5 Eucl i dean di stance, d2, we can define the
foll ow ng di stances [err] 10 wher e nis
the nunber ofobiigses N code word Mis the nurbesesdoisssde

wor ds, p(rr) IS the pdf (probabl lity density function) of the
level, m=20, 1, ..., M1 [err]1 is the nmean error distance
per bit and 15 [err]2 i's the nean squared di stance (nse) per bit.
The nean error distance per bit is [err]l =7/3 = 2.33 units for all three
codes. Thus, for a uniformpdf for the level, nothing is
gained with a Gray code conpared with the strai ght code.
However, if the | evbeweld afitraight Sode 4 ahd Grey Code 1 GrayCededr e conmon

than the other |evels a GiB Obieifted12)csRdCDhidntE Y |Code Distance 41 COUC
2) in the nean error_digtance s achjieve 5 20395

5 (o} 000 pcﬂlﬁgge/ﬂ‘w 5+1+3=9 |000 3+1+7=11
001 4+2+1=7 |010 |6+1+1=7 |010 1+14+5=7
010 4+42+1=7 {011 |5+1+1=7 |110 1+1+3=5%
o1 4+2+1=7 [|001 1+1+3=5 |100 3+1+1=5
100 4+2+1=7 | 101 1+3+1=5 101 3+1+1=56
101 442+1=7 {100 |5+1+1=7 [111 1+1+3=5
110 4+241=7 110 5+1+1=7 -P11 1+145=7
111 44+2+1=7 {111 |6+3+1=9 [001 [3+14+7=11

Table 1.

N o] G B W -

Using a metric based upon the Euclidean distance, dt, or the squared

5 Euclidean distance, d2, we can define the following distances
Zp(m) di(m)
m-O
and
Z p(m) d2(m)
m=0
10 where

n is the number of bits in code word,

M is the number of code words,

p{m) is the pdf (probability density function) of the level, m = O, 1, ..., M-1,
el is the mean error distance per bit and

15 €2 is the mean squared distance (mse} per bit.

The mean error distance per bitis el = 7/3 = 2.33 units for all three codes.

Thus, for a uniform pdf for the level, nothing is gained with a Gray code

compared with the straight code. However, if the levels 3 and 4 (2,3,4 and
20 5) are more common than the other levels a gain of the Gray code 1 {Gray

code 2) in the mean error distance is achieved.



SUMVARY OF THE | NVENTI ON This invention is about how to

make fixed | ength codes nore robust against 5 bit errors, in

cases when the probability density function (pdf) has a peak

{not uniformy distributed). A considerable gain in nean sq{ared error
(&S5 gai n

(rse) 09720395  can be achieved i 8 these cases, and

depends on the nunber of bits in the code word and the
actual pdf of the level. 10 PROBLEM DESCRI PTI ON

| htroducing a bit error in the straight code in Table 1, the level junp.nmy
be 1, 2 or 4 units depending on the position of the
erroneous bit. This is valid for each of the 8 code words
and the nean error i 7/ 3 2.33 units per
bit. If the nse |s§3'|smga %#?v%g‘!\;ed'\bé%'grres [err]2 = (1[err] + 2[err] +
4[err])/3 15 = 7 units[err] per bit. These values on [err]1l

and [err]2 are | ndeﬂﬁﬂﬂ\%%tloﬂfls BBt 643! make fixed length codes mo‘?&liI obu@'Shainst

therefore this straight code may serve as a reference for
codes. 5 bit errors, incasasi whenatha prabebiityiemsity functien tadﬁwa@@deea!i we get

a mean error dlstan 7/3 =
5,33 units per bit V\ﬁ} @J;:]lfo?rgly dctlstntruted) A conLﬁErrai:lk gaindn Q%EK‘EZ&T&?M gﬁﬁﬁd’nse}

The nse becones [ er¢gnbeachipved in ‘8993C‘=I§ﬁ$:ta§d flag agsuel gain depends On the number The

~corresponding fi gureﬁb.Isqatwé'od@rﬁaw%a&l%@aau& dfBPefdvep! distance [err]l =
713 = 2.33 units per bit and nse [err]2 = g 9 units[err] per bit. 25

Thus, nothing is gained by using Gay codi ng conpared to straight coding if

t he Ievgb pdf is urpdeHiEm SEséhieTioRNt rary, if mse is chosen as the netric
t here s a performance | oss. However,

if we have a pdf wilpHoducngAbit arrerHa thaostraight cade i Iﬁb'et hethe deyehiympdpeebe
a per formance gain £anobg yAifd ddpeRd@hs dn e positlth JPtRY ef@idBud BiR! Bils is valid

for each of the 8 code words and the mean error distance is¢l = 7/3 =
2,33 units per bit. If the mse is used, the figure becomes £2 = { 12422 +4%3

15 = 7 units? per bit. These values on gl and £2 are independent of the actual
pdf, and therefore this straight code may serve as a reference for other

codes.

Assuming a uniform pdf for the Gray code 1 we get a mean error distance of
20 gl = 2*{9+7+7+5)/{8*3) = 7/3 = 2.33 units per bit which is equal to the
straight coding. The mse becomes €2 = 25/3 = 8.33 units? per bit.

The corresponding figures for the Gray code 2 are; mean error distance el =

7/3 = 2.33 units per bit and mse €2 = 27/3 = 9 units? per bit.

25
Thus, nothing is gained by using Gray coding compared to straight coding if
the level pdf is uniform. On the contrary, if mse is chosen as the metric there
is a performance loss.

30 However, if we have a pdf with a peak in the central part of the coding table

a performance gain can be anticipated with the Gray code tables.
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PCT/ SE96/ 01555 Still, the m ninmm di stance and the

m ni nrum squar ed di stance are for the Gray code tables 5/3
=1 .67 units per bit and 1 1/3 = 3.67 units[err] per bit,

respecti vel ywoangdospdiese val ues may be too | arge to be accepbpRkssoisrd t hey

do not represent the ni®i num val ues that can be achi eved.
5 . Soneti mes the pdf does not have a peak at the central
par’t but may have anot her shape, for exanple, two peaks on
ei ther side of the central part of the |l evel curve. To

hi :
fgpgu:ml Ejhat b: ts er ';S(')Ef;ﬂt #r%%@t %fs da%?? 'agajti]f_ll{ger;uglmt{ ' Sf;«éargq!dﬁs%ance are for the

The chromni nance (cfifbbsod&jtabfegﬁ@ee) Gdoxmerpenbus andaprleserﬂ 67 ubiys’t dee bftj xed

| ength tables usqug% @%{; AdYRLsY vg[ugggﬁgcb%qgg&r% ?e%c%fﬁgr H}\gr bnvent ed

code shoul d be suit I MPr ovi N tgey do ¢ hj s
context. 15 not represent the miRERIM MIDEShGFc@GWHNGeM THE | NVENTI ON

A mobi ¢ tel ephone radi o comuni cation systemis shown in figure 2. A radio
20 base station BS transmts information to and froma nobile
radi o term nal Sometimes the pdf ddgB notThaverspkal at ol earitiabpart Butsiiey\Raven t he

figure as a zig-z D . -th adi o hase station
BS and the mobil eaéraag%gpﬁé ; mfgr\@?ﬁﬁgg, two peaks on either susegft §ﬁ?téa partot | G

chart illustratinghetavel suren. Fatdope with tt\isaaitg&manbﬂiermmdnm_eﬂﬁod is required
radi o base stati or}o@g"&tgbé%oprg;yu tefnf]e% r%tﬂr‘ gg&gﬂgﬁ MS of figure 2. A block

101 illustrates an inpu evic he e dr ment is e.g. a video
camer at®@onnected to the radio base station shown in figure 2. A block 102

ilTustrates a di gi fhe@iromMaR&ESiBdul ik ﬁcé)%ﬁ% gt,er}fé ?e%resAﬁkeﬁri)&Qt §hixd3 IS 1N

accordance with the i nventi on connecte trser ransnmiter is
30 i lengtbitpRiesusually Ravel avary ponourngeg nﬂab.cﬂbsreme tHeDivanted par t s
of the radio base code should be suitable forHhBloling tﬁec‘rob'agf?ﬁgs 1ot drkded f’l’” Hl s the
channel on which information is ansmtte romthe

radi o base stati on®®¥o t he nobile radio term nal MS. .
The chamnel is a radio channel of 9.6 kbits/s disturbed by e.g. Rayl eigh

BEST MODES OF CARRYING OUT THE INVENTION

A mobile telephone radio communication system is shown in figure 2. A radio

20 base station BS transmits information to and from a mobile radio terminal
MS. The radio connection is shown in the figure as a zig-zag symbaol between
the radio base station BS and the mobile radio terminal MS.

Figure 3 is a flow chart illustrating how information is transferred from the
25 radio base station BS to the mobile radio terminal MS of figure 2. A block
101 illustrates an input device which in the embodiment is e.g. a video
camera connected to the radio base étation shown in figure 2. A block 102
illustrates a digitiser connected to the input device. An encoder 103 is in
accordance with the invention connected to the digitiser. A transmitter is
30 illustrated with block 104. The blocks 102-104 are parts of the radio base
station BS. Block 105 illustrates the channel on which information is
transmitted from the radio base station BS to the mobile radio terminal MS.

The channel is a radio channel of 9.6 kbits/s disturbed by e.g. Rayleigh
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PCT/ SE96/ 01555 fading. Block 106 illustrates a
receiver situated in the nobile radio term nal I\/B and a
decoder is illustrated by block 107. Block 108 synbolises e.qg.

vi-deo noni t orwoBheesdnput device 101 conprj ses an informati oﬁcgﬁﬁ?ﬁé’éﬁﬁhat
generates a variable that is a function of tinme F(t), wherein a probability

5 density function for values of F(t) occurring in said
i nformati on source has a maxi num The digitiser 102 and
t he encoder 103 of the function F(t) performdigitisation

andhenﬁodi nﬁ OLa F(tf)adihgtnoakiwgmk@éteEa(ré%eimsWtaginahéa:b;owe lﬁsdlo terminal

such that the Hanmi i.st ance between r ' that are

adj acent to one ano@% aLeCagRE s %"B?"‘"Uﬁé;ﬁ’é(gb"\?,\fﬁ‘ &f%‘%‘“{cgégﬁ gbglises &g &

maxi mum 10 videtf mbhﬁ:rpmzbiabui ddvitedmIS¢dnmbrisbis 6 irﬁd‘trﬁaflaﬂﬂs&ﬁée thak ues of
F(t) that are further '

. . way from said
transmitter 104 traR0f{ates 3 Kariabler thptisa %HCHY‘W of ime Flt), wherein a pmlbﬁg?'fyunct i on
F' (t) over the changeisity Qinctidh orivaiuas mFitpacdumrfgeaehmwoﬁmtbh@ource has a

i 106 as F"(t) b d gh fadi
oo 08 8 T e R ok 16330 Bt ansener {98 of bk gueten EV ocol vo

function F'(t) bac kpékﬁ:rm digitisation and entdtlitﬁg 6f Ft) ixbizoRainétion(F ft) W”Ihﬂhg b $able
simlar to the orlgln tabl e

func '
which is the invers&% Sfﬂ"?tht H?H]"@"é sfarﬁ‘gggﬁ@'&?fgrw%ﬁvmds of F'(t} that are
~ The earlier nentionsdjadsnglo a&dmatlserwmfﬁmamd obF(t] ihet dracieat thatmdxivaum

2o a8 S AN Ch Fortaelib denshy o8 SR P I R e R om -

m ni mum val ue to a away from said maxumumm‘)hemnsmateueouhankiammgntdarmhm(:ie may

not be the proper nﬁ;[ I’flum:tn iyﬁﬁow{eh echﬁnr: 1[05 Tne |n90rm%t|5rq Psursegeisgéj gy ﬂ'n%\slielgn'

Rat her, one shoul d use a et
change when the dif fezeiwet 106 asF1it) trcaused (tohas belea distyrbebimhRadeig éading in

Euclid di st b

The destgn met hod. 0 F1ABnal 18, Fhis Butiadef 167 0lLcpbEfiiterdih (htlon E19y back, o
table, %he so cal | etht@adwnption EGHY. whigh @s%rmm toh@ﬁ omnatmwnomé(tp@w usingz&
least the position ofyd BficR%thehveriifo ik P IEHERREAM, 4BS, | evel curve.

The earlier mentioned Gray code is characterised by the fact that the
Hamming distance for a code word to the closest neighbours is one. If the
20 ' code represents a level monotonically increasing from a minimum value to a
maximum value the Hamming distance may not be the proper metric to use
for a robust code design. Rather, one should use a metric that reflects the
level change when the different bits in a code word change, such as the

Euclidean distance or the squared Euclidean distance (the mse).

25
The design method for the pdf with a peak is illustrated with a 3 bit code
table, the so called Baang-1 code. We assume that we know the pdt or at
least the position of the peak of the pdf representing the level curve.

30 The other code design method, suitable for more general pdf:s is illustrated

by a 4 bit code table, the so called Baang-2 code.



30 The ot her code design nethod, suitable for nore general

pdf:s is illustrated by a 4 bit code table, the so called
Baang- 2 code. WO 97/ 20395 8
PCT/ SE96/ 01555 7.1 Pdf with a peak (Baang-1 code)

Here we wantwéd gr4phddl M se the di stances for code words takepcfsivgloisss
particul ar code word, hereafter denoted®the kernel, and outwards. The code
5 words are taken in an order of |ncreasing di stance fromthe
kérnel . 7.1.11 Initialise the code table.

7.1 .1 .a) Pick the kernel, for exanple 1 1 1, and put it on that |evel
position

i n our case, say F'e Pcffvgth ?LE)JL%}( (6 arnae‘s&(agfls to the pealof Eg\?e: e\égljep\c/l‘;)’rd
3 111 (kernel) 7.1.1 .b) On either S|de of the

kernel, insert t ng
di stance one to the W?t% ntqﬁ‘sémt%%gétaﬁ%esgﬁaﬁ%d@ ‘f"ﬁrgs ﬁa“ﬂ'rﬁfé‘f bi t
first and then t heameular tnde wordohateafter idonwted the amye/cardautwhrdlsi Tiedhesdze can

\?‘ﬁr d D| stance d1i Ef(?rdéjasrg(?aken in an order of increasing dis?nce from the keflgl%gel Code
3 111 1+1 +7=?
101

7.1.1) Initialise the code table.

7.1.1.a) Pick the kernel, for example 111, and put it on that leve! position

that corresponds to the peak of the level pdf, in our case, say level 3.

10
Level Code Word
3 111 {kernel)
7.1.1.b}) On either side of the kernel,l insert two new code words with the
15 | Hamming distance one to the kernel. In this case we change the teftmost bit
first and then the next bit in order. However, any order of bitchange can be
used.
Level Code Word Distance d1
20 2 o1
3 1M1 1+1+7=?
4 : 101
7.1.1.c) The third bit, the rightmost bit of the kernel, is now changed and
25 the new code word is put on level 1 {or level 5)
Level Code Word Distance d1 d2
110
2 o1
30 3 111 1+142=41*+1%+2%=6
4 101



7.1 .1 .c) The third bit, the rightnost bit of the kernel, is now changed

and 25 the new code word is put on level 1 (or level 5)
Level Code Word Di stance dil d2 1

110 2 011 30

3- MQ9720395  1+1+2=41[err]+1[erg]+2[err] =6 PCT/SE96/01555

4 101 WO 97/ 20395 9
PCT/ SE96/ 01555 : Wth this initialisation we have packed
afl code words with the Hammi ng di stance one as cl ose as
possible (in the Euclidean di stance sense) to the ker nel .
5 Showviah tiig intidlieation’ we hivapatkéd aibcode Words aamanyBladitningay n
DS TS SR st angs S Feene 1 PR ah eSSl 2
to build the table. kbthel. 7.1.2.a) The next code word to
consider is the one |osest to the kernel and with the

maxi nrum degree of freedomto design new code words in a

conpact way. 15  Should there be mb@viehn 3 bivs ifitHehrode eeleds)abgn Bitd, thasamede

[ | evel 4. . e L.
words on each side, pggéedu?e Ig applied and the result is an initialisation of (n+ 1} code words.

7.1.2) Continue to build the table.

10 -
7.1.2.a) The next code word to consider is the one closest to the kernel
and with the maximum degree of freedom to design new code words in a
compact way.

15 Level 2 with the code word 011 has code words on each side, but tevel 4
with the code word 101 has a code word only on one side {(111), and thus
has the maximum degree of freedom. This code word {101} is called the
1:st reference.

20 Thus, changing the bits in the 1:st reference we get the following table:
{here we use the same order for changing bits as was used in the
initialisation, but any other order can be used as well)

25 Level Code Word Distance d1 d2

1 110
2 011
3 111 1+1+2=4 6
4 -> 101 C1+142=4 6
30 5 001
| 6 100



with the code word 101 has a code word only on one side (1 11 ), and thus
has t he maxi num degree of freedom This code word (101) is called the

1 :st reference. 20 Thus, changing the bits in the 1 : st
reference we get the follow ng table: _ (here we use the
sane order fwWbhoeh@sgi Ng bits as was useg in the PCT/SE96/01555
initialisation, but any other order can Be used as wel | )
Level Code Wrd Distance d1  d2 ' 1
-110 2 011
3 111 1+1+2=4 6 4 -->
101 1+1+42=4 | bi - : 5 . 001
5 100 n@t tﬁg it chan%cgt;? %gbg in the table we add it as close as 10. |
PCT/ SE96/ 01555 possible to the reference wérdnot t he bit changed code word is in
the table we add it as cl ose as possible to the reference
wor d. 5 7.1 .2.b) Following the principle in 2a) we now
consi der |level 2 and choose code word 011 as the 2:nd
(Vjif er egge and get 54 .2.b) Following the princ&xle in 2a) weLhe(t\%\_reLlﬁonsider evglez ‘#.’5 ghoo[s?leSt ance
1 110 code word 011 as the 2:nd reference and get
Level Code Word Distance d1 d2
0 010
1 110
10 2 -> 011 1+43+2=6 14
3 111 1+1+2=4 6
4 101 1+14+2=4 6
5 001
6 100
15
7.1.2.c) For the next reference to consider {110 or 001} there is no
difference in the distance to the kernel_ and the number of freedom is the
same and so 2a) does not give us the information how to proceed and any
side can be used.
20 in this example we stick to the symmetry principle and process that code
word that is on the opposite side of the kernel of the last processed code
word.
In this case it means level 5 with the reference word 001, and the result is
25 Level Code Word Distance d1 d2
0 010 |
1 110
2 011 1+3+4 6 14
3 111 1+1+2=4"
30 4 101 1+1+2=4
5 -> 001 1+3+2=6 14
6 100
7 000



10 2 -.> 011 1+4342=6 14
3 111 1+1+2=4 6 4

101 1+1+2=4 6 5 001
6 100 15 7.1..2.c) For the next reference to
consi der (110v@P7¥3%9 there is no 1 di f f er enRET/FEPGLOISS

1
di stance to the kernel and the nunber of freedomis the
sanme and so 2a) does not give us the informati on how to proceed and any

si'de can be used. 20 . , In this exanple we stick to the symetry
principle and process that code word that is on the
opposite side of the kernel of the |ast processed code

wor d. I IS C 11 e | X ith _the r.eference
word 001, and the r g'sh?’[ Rlll ESBQ0§92 g%%c?s érg nOw HiSociatsd lmt% afevel amil_évve e”xst Code
Wrd Distance dl calulate the distance d1{m) and mse d2{m) for the remaining 4 €5b@

1 110 words 2 011 1+3+ 6
14 ’ 3 111 1+1+ 4 6 30
4 5 101 1+ 1 +2=4 6 5

ib; 001 Yafid Pirdws thg‘%?ai result, the 3 pit Baang-1 code. 6V\D 97/ 20395
11 PCT/ SE96/ 01555 7.1.3) Al

8 code words are now associated with a |level and we just
calculate the distance dl (m and nse d2(n) for the remaining 4 code

Straight Code Baang-1 Code
Code Distance |Code Distance
a1 d1 d2
0 000 4+2+1=7 |010 V+7+2=10 |54
1 001 4+2+1=7 |110 T+5+2=8 30
2 o.1o 4+2+1=7 |011 1+3+2=6 14
3 on a42+1=7 111 T+1+2=4 |6
4 100 4+2+1=7 [101 1+1+2=4 |6
5 101 442+1=7 |001 T+3+2=6 14
6 110 4+2+1=7 [100 1+5+2=8 |30
7 m 4+2+1=7 {000 "+7+2=10 |54
Table 2.
10
As can be seen from the table, the distance d2 for the straight code is 21
for each code word.
7.1.3) Termination of the table.
15
If a new code word designed from a reference and allocated according to
the principles outlined above falls outside one of the end levels, a reference
word from the other side of the kernel is used. This may happen, for
example , when the peak of the pdf is not in the central part of the level
20 distribution. The following example fllustrates the principle, where we

assume that the peak of the pdf is located at level 5.



words. 5 Table 2 shows the final result, the 3 bit

Baang- 1 code. Strai ght Code

Baang- 1 Code Code D stance Code

Di st ance dl dl

d2- wo 9720395 O 000 4+2+1=7 010 1+7+2=1@cTREA9601555

1 001 4+2+1=7 110 1+5+2=8 130 2 010
4+2+1=7 011 1+3+2=6 14 3 011 4+2+1=7

111 1+1+2=4 6 4 100 4+2+1=7 101 1+1
+2=4 6 5 101 4+2+1=7 001 1+3+2=6 14

6 110 4+2+1 =7 100 1+ 5+2=8 30 ' 7 111
4+2+1=7 000 1+7+2=10 54

Table 2. 10 Steps! can $rep 2een fStepn3t he $wplae, t he distance d2
for the straight cqde js 21 oy each_.code wor

7.1.3) Terninati anﬁ' e he t $Bf%. 15 Code Cole (?a newcgf)tagc%}d
designed froma ref@rence and all ocat ed according to 000 1+1+4=61the

principLes outlined, above falls outside one he en éevel S reference
word fromthe ot her1 side of the kernel is usg’I Thi s g% happ?efﬁ?’MT%Ts?£
exanpl e, when the pzak of the pdf isOtbt in tond centraIOpart d+2hadevel

orinciple, where wd o oM e T8N Y EEIP R Obhak of ThA*HR7
| ocated at |evel 5.4 -~-> 011 011 011 1+1+2=4
5 111 111 111 111 1+1+2=4

10 6 101 > 101 101 3+1+5=9

7 110 110 110 5+6+2=13

7.2 More general pdf (Baang-2 code).

15
This technique may be used when the pdf has a more general shape and the
design steps are as follows. Here we illustrate the method by a 4 bit code
(n=4}.
20 7.2.1) Initialise the code table.
7.2.1.a) Pick a (n-1) bit code word, for example 111, denoted kernel, and put
it on the level! position that corresponds to the peak of the level pdf, say level
8.
25
Level Code Word
8 111
30 7.2.1.b} Insert a maximum of (n-1) new code words with Hamming distance

one from the kerne!l and put them on the distances d = [d,, dj, ... di ] units
from the kernel, in our example we choose d; = 1,d, = 3and d; = 5 and
we get, -



WD 97/ 20395

PCT/ SE96/ 01555 12

Step 1 Step 2 Step 3 Step 4 Level Code

Code Code Code D stance dl 0

000 IWOP2/24395 5 1 15 PCTISES6OISSS 100
100 1+6+5=12 2 010 010
010 5+2+2=9 3 001 001
-->001 3+1 +3=7 4 --> 011

011 011 1+1+2=4 5 111 111
111 111 1 +1+2=4 1 0 6 101
--> 101 3+1+5=9 7

110 110 110 5+6+5¥83  Code Word 7.2 More
general pdf (Baang-2 codg)}---15------- 3 01Thi s techni que may be used
when the pdf has a nore general shap%_and t he desi gn steps
are as follows. Here we ijl lustrate the nmethod by a 4 bit code

(n=4).s5 20

and put

7.2.1 .a) Pick a (n-1) bilt cide wor d

peak of the |evel
Code Word

Level

10

15

20

25

30

pdf,

7,2-1)-_lnigialise tiga code table
for exanple 1 1 1, denoted kernel

#t on the Iev%l position that corresponds to the
say | yeFTdr 7 110 8. 25

8 111
----------------- 8 111 (kernel)

7.2.2) Continue to build the table.

7.2.2.a) The code table is built from the kernel and upwards and the code

word associated with the distance d, is used as the 1:st reference, i.e. 110.

{The index in the distance measure is taken as the order in which the
references are processed).
Changing the bits in the 1:st reference and packing the new words as close

as possible to the kernel we get

Code Word
011
100
101
010
-> 110
111

Level

® N bW

Next we use the code word associated with d,, 101, as a reference,

changing the bits and obtain



30 7.2.1.b) Insert a maxi mumof (n-1) new code words with

Hamm ng di st ance one fromthe kernel and put themon the
distances d = [d[err], d[err], ... d[err] ] units fromthe
kernel, in our exanple we choose d[err] =1, dlerr] = 3 and d[err] =5 and
we’ get, WO 97/20395 WO 97/ 20395 14 : 1BCT/SE96/01555

PCT/ SE96/ 01555 Level Code
Wward [err] 10 7.2.2) Continue to build the table.

7.2.2.a) The code table is built fromthe kernel and upwards and the code
word associated with the distance d[err] is used as the 1 :st reference,
i.e. 110. 15 (The index in the distance neasure is taken as the
order in which the ref erences are processed).

Changing the bits in the 1 Leyel ref erendedVerdd packi ng the new words as cl ose
as possible to the kernel we get

2 001
5 3 011
4 100
5 -> 101
6 010
7 110
10 8 11
Next reference corresponding to d;, 011, does not give any new code
word, and all the r_eferences have now been used.
15
2.2.2.b) With the code word next to the kernel as a reference, 110, change
the bits and fill up the table with new code words in positions as close as
possible to the kernel. In this case 110 does not give any new code word
and so continue with the next code word counted from the kernel, namely
20 010.
Level Code Word
1 000
2 001
25 3 011
4 100
5 101
6 -> 010
7 110
30 8 111

and we have all 8 code words.



20 Level Code Word

011 4 100 5
101 6 010 25 7
--> 110 8 111

Next we use twenwesword associated withgd[err], 101, as aPFESEIENES, 30
changing the bits and obtain WO 97/ 20395

14 PCT/ SE96/ 01555

Level Code Word 2 001 5

3 011 4 100

3) --> 101 7.2.2.c) To obtain the 16 possibl® code words fol0the 4 bit code we take

7 110 10 8 11

1
Next reference correddREPhBctuse af ke casevords,bedoydhe §ith avosgh {pr dbgyeHide

1:st word) and put a 1 (or O) at the leftmost position {or rightmost position

or any position} of the 8 original words and a O (or 1) at the same bit

5 position in the refiected 8 words,.i.e. one implementation gives

Level Code Word  Distance d1
1 1000 24
2 1001 18

10 3 1011 18 .
4 1100 16 y
5 1101 14
6 1010 12
7 1110 8

is 8 1111 10
9 0111 - 10
10 0110 8
11 0010 12
12 0101 14

20 | 13 0100 16
14 0011 18
16 0001 18
16 0000 24

25 The design method ensures a symmetrical distance distribution d1{m) and

d2(m) and it allows a flexibility to adapt the distance distribution to the
actual pdf of the level in such a way that a small distance is allocated to the
peak(s) of the pdf, thereby making the mean error distance per bit €] and
the squared distance per bit €2 small.

30

Forbidden code words are removed from the table.



word, and all the references have now been used. 15
2.2.2.b) Wth the code word next to the kernel as a reference, 110, change

the bits and fill up the table with new code words in positions as cl ose as
possible to the kernel. In this case 1 10 does not give any new code word
and so contiywg9r¥dsbd) the next code word counted fromthe kerpRkeswissge! y 20
010. Levéi Code Word

1 000 2 001 25

3 011 4 100

5 101 6 --> 010

Zmd we haveléPl 33 T ustrate the flexibility of the Baang-z %eﬁtﬁﬁé%v' we generate 2

15 different 4 bRCHHESENIYs(ISESb on the two initialisation vectors 7. 2.2.¢) To

obtain the 16 possj bJ_ e ds (5 C t ake.

the mrror pi cture ®of qt%gﬁ n%e—\ﬂ)?cﬂ Bglﬂﬁﬁﬁ ""%%%"%ﬁ'&“{'&dzgﬁbve t he
1 :st word) and pumsgl. Thederr@) isehosanetol i1, SeeTatgeSi ti on (or right nost
position or any position) of the 8 original words and a 0
(or 1) at the sane bit 5 position in the reflected 8
words,.i.e. one inplenentation gives



Level Code Word D stance dl 1
1000 24 2 1001 18
10 3 1011 18
4 1100 16 5
14 WO 97/20395 6 17 1010 1BCT/SE96/01555
7 1110 8 15 8 1111
10 9 0111 10
10 0110 8 11 0010
12 12 0101 14 20
13 0100 16 14 0011
18 15 0001 18
16 0000 24 25 The design nethod ensures a
symmetrical distance dieseki bution j€bdén) andi2(m) |Code d2m d2(m and it
allows a flexibility to adapt thejdi,stance distributjon to the
actual pdf of the |l evel™in such a w&y that a snall stance is gdllocated to
t he peak(s) of tjhetpdf, {2&r eby |maloong [eBe nedn error
di stance per bit [err}—ahd- t+-he-s ldistande per bit
[err]2 small. 30 2 18P bi ddéhg(?:ode ds 4r8°renmgved from
t he table. W3R 97720395 1001 130 1010 1480
PCT/ SE96/ 01555 Toillustrate fhe flexihility of thg Baang-2
code nethodol ogy, we dbnerate 2 {1010 i {13 ent W8Pt dd8R tad es based
on the two initialisafgon VECTOrS {3101 63 1014 71

6 1100 43 1101 49

7 1110 20 1110 35

8 1111 60 1111 15

9 o111 60 0111 15

10 0110 20 0110 {35

11 0100 43 0101 49

12 0101 63 0011 71

13 0010 103 0100 103

14 0001 130 0010 145

15 0000 190 0001 185

16 0011 287 0000 239

Tabie 3.

7.3 Variations of code tables.

10

changing the n’ietric (distance).

As a comparison a straigth code has d2(m) = 85 for each code word.

The bit-columns of the code tables can be changed in any order without

Ones can be exchanged by zeros and vice versa without changing the

metric.

15



dierr] =[1 3 7] and d[err] =[1 2 3] and this time we show the netric

d2(m (nmse). The kernel is chosen to 111. See Table 3.

WO 97/ 20395 17 PCT/ SE96/ 01555
Level Code d2(m Code d2(m m
dierr] woo972039s dlerr] - 1 1 pCT/SESMisss

287 1000 239 : 7 _ 1000 190
1001 195 3 1001 130 . 1010
145 4 1010 103 1100 103

5 1101 63 1011 71 6

1100 43 49 7 1110

20 1110 5%“"]914)‘1’“’3' 8 1111 60

1111 15 9 0111 60 0111

]1'? 0 168e égang-1 ﬁ%de gives the %%%um diﬁtgngf.p (or mse} to c%%:eL Qmords %gh
0101 63 Ham@rgind distangd one, i.e. for code words withl §ingle bit errors, to the0010
103 5 0100 kel 14 0001 130
0010 145 15 0000 190 0001
195 16 0011 287 0000 239

Table 3. > Alternative @l?deaw&%%ﬁreiaélpgidgo?{hreqie%elpal%ocggiggg inds%g:ma = 85

for each code word.
way that the levels associated with the Hamming distance = 1 to the code

word considered are minimised.

10
The kernel has the least possible distance {or mse} and the distance
measure {or mse) increases further away from the kernel.
The Baang-1 code is particularly useful for representing information that has
15 a peak in its pdf.
Although the design method has been described for a short 3-bit code, for
the purpose of illustration, the same design principle is applicable for longer
codes. Furthermore, the maximum gain compared to a straight code
20 increases with the length of the code words.
Baang-2 code.
With this design method we have a possibility to adapt the error distances
25 to the peak(s) of the pdf in such a way that small error distances are
allocated to the peak(s) of the pdf. The way to control this allocation is by
means of the initialisation process i.e. how we set the reference code words
related to the kernel - the distances d,, dj, dj, ... di, where
0 < k < n-1 and where each d-component takes on distinct integer values
30 in the interval [1, 2™"-1]. The d-values are put at positions where the pdf

has high values.



7.3 Variations of code tables. 10 The bit-colums of the

code tables can be changed in any order w thout changi ng
the netric (distance). Ones can be exchanged by zeros and
vice versa w thout changing the metric. 15

. WD 97/ 20395 WO 97220395 18 PCT/SE96/01555
PCT/ SE96/ 01555 Baang- 1 code. The
Baang-1 code gives the mnimum di stance (or nse) to code words with
Hanm ng di stance one, i.e. for code words with single bit errors, to the 5
ker nel . Al ternative code words on each side of the

kernel are desi gned Celumuogin the code table can be reordereddyy atyhardei Wizhdud\obhsging
associated with the ng di stance~= 1 t

consi dered are mini n%hggnt measures. Ones can%e re;ﬁw@%&eﬁc& alwa\gcet “%Sq east
possi bl e di st ance (owithme)changing the dibtamierm&sures. The initialisation proce®a6an, of f or

mee) increases furt hggurseé\fv%%ofgregerpa& nev\k c%cﬁ words downwards {instead of upwards) and

wor d

5 the code table can be generated in an apparent way based on the steps

described above ( a symmetry principle).
The arrangement in accordance with the invention comprises means for
allocatiﬁg a new code word to the other side of the kernel in cases where
the end of the code table has been reached on the side where said code

10 word should be allocated according to previous steps. The arrangement also
comprises means to stop new code word generation when all 2° code
words have been generated and means for removing not allowed code
word(s), which with a suitable c.hoice of the kernel as previously described,
is (are) allocated towards the end(s) of the code table. A number of

15 variations of the above mentioned embodiments are of course possible
Bit-columns in the code table can e.g. be reordered in any order without
changing the distance measures. Binary “ones” can be replaced by “zeros”

and vice versa without changing the distance measures.

20



The Baang-1 code is particularly represent ng i nfor mation that

has 15 a peak inji Iﬁ“‘ﬂ ll“!i"{"l IJ!I‘ Al t hough t he
desi gn nmet hod has been descrlbed code, for

t he purpose of illustration, the sane deS|gn prlnC|pIe is applicable for
| onger WO 97/20395 codes. Furt he%ém t he maxi num giTREGHITER €d to
a straight code 20 I ncredases vmth the length of the code

wor ds. Baang-2 code. Wth this
desi gn nethod we have a possibility to adapt the error distances 25
to the peak(s) of the pdf in such a vvay that small error distances are

allocated to the peak(s) of the pdf. ,ngyto control this allocation is
by nmeans of the initialisation process i.e. how we set
t he reference code words related to the kernel - the

di stances d[err], d[err], d[err], ... d[err] where 0 <k
< n-1 and where each d-conponent - takes on distinct integer values 30
in the interval [1,1-Metheqimg telarpemunicationesystere fosunaking mobuestifixeddengtter e t he

pdf s des, Varic bitlent ZbHS 395
19 codes, @iyl BBfises op input dovice 101) cdRaibfig o0 | n

the code tabl e can iermatinndwouEre that ganprasesrevariablerthatis o iammyion ef time Fit),
t he di stance masurﬁﬁeren%omltvﬁeﬁéﬁmf@&ﬁﬂn By %We?%c@tﬂﬁn%inc idftingfion

wi t hout changi ng the distance neasures. The initialisati rocess can, of
course, al so gener Rfdimpfitichage W'a@"bmﬂrmmlugvs@mp@ause@fa Qlaﬂmrdémiand 5

the code table can J?ﬁéﬁeé?ﬁbéérq@03)%?‘&9%&9&%ﬁ@kné’&)ﬁg%ﬁe\gl&@#@%ﬁ&eps
descri bed above ( a s mtrﬁpF“ nci arr angenent

in acct? dance wit h Werds sugienet the %mw%fmﬁem&wwﬂhose among said code
al locating a new cogderde@rdt droadjbcenetdiBhe sriotiter & loWaPrdf BhdielanidhgCRaREsanger e

that are near the maximum of the probability density function than for

values that are further away from said maximum.

15 2. Method in a telecommunications system according to claim 1 wherein
when encoding said values of said function of time F(t} a fixed length code
is used designed according to the foliewing steps:

- initialising of a code table, wherein a code word, hereinafter called the
kernel, is allocated to a value the position of which corresponds to a peak of

20 a probability density function of the transmitted information and wherein
said kernel can be chosen arbitrarily as a n-bit code word;

- generating n new code words with the Hamming distance one to said
kernel;
- packing said new code words as close as possible on either side of the

25 kernel in order to buiid said code table.

3. The method for claim 2, comprisfng the following further steps:

- continuing to build the table, where a first code word to consider,

hereafter called the first reference word, is the code word closest to the
30 : kernel that either, when n is odd, is located on that side of the kernel that

has the least number of initialised code words

or, when n is even, is focated on any side of the kernel;



———.

the end of the code table has been reached on the side where said code 10
word shoul d be all ocated accord mm’,ﬂu&umﬁ teps. The arrangenent al so
conpri ses nmeans to stop new cod€y LA i when all 2[err] code

wor ds have been generated and neans for rendvi ng not allowed code

wor d(s), whi cNWORH2395 suitabl e choice of sfhe kernel as previROFSER6/01555

descri bed, is (are) allocated towards the end(s) of the
code table. A nunber of 15 variations of the above mentioned
enbodi nents are of course possible Bit-colums in the

code table can e.g. be reordered in any order w thout )
changi ng the di stance geesatings:nebi codeywords &ath 8AMNG distilcBRE th¥aid FRE0S

and vice versa Wit NQuferdiig Whrd Snd Biokiosisftl s Rew cads Werds, if nat already in the

PCT/ SE96/ 01555 table, as close as possible to the said first reference word. CLAI M5
1. Method in a tel ecommunication system for meking robust fixed Iength 5
codes, which system conprises an input device (101) containing an _

i nformat$on sour ce tddthegrathodofodaim 3,aogiikieg tikatoliowing fhne tstepg: of ti ne

F(t), ) i bility dengity function for | ues
occurring in said func?‘?'%gr?ﬁa% s@c@ndorre?el?gnce WO%JP"? %(Fﬁseﬁﬁféedas'r‘?ﬁﬂ\f and
whi ch system conpri sesneh ahdgistclase as pbSsible to the kernel; and an encoder

(103) for digitising a i i.d val ues j,nto.code 10 )
words such that the mﬁgn‘eﬁ%&gﬁs%g@ebvg?%éé’ﬁﬁ}“@@'"&rfﬂﬂﬁ"‘?aﬂ“& teﬁa'ﬂ_
words that are adj acenend refesenseametapd paskihgsuid nfnew dode swords it slrestywial ues

10 the table, as close as possible to the said second reference word.

5. The method of claim 4, comprising the following further steps:
- repetitively selecting new reference words as close as possible to the
kernel in an alternating order and increasing distance from the kernel;

15 - generating n new code words with Hamming distance one to current
reference word and packing said n new code words, if not already in the

table, as close as possible to the said current reference word.

6. In a telecommunications 'system that comprises transmission of
20 information over a channel a method to encode the transmitted information

wherein the fixed length code is designed according to the following steps,

initialising of a code table, wherein a code word, hereafter called the
kernel, is allocated to a position corresponding to the peak of the probability
25 density function of the transmitted information and wherein said kernel can
be chosen arbitrarily as a n-bit code word but in cases where there are less
than 2" allowed code words in the table the kernel can be favourably
selected as the code word with the largest Hamming distance to the not
allowed code word(s},
30
generating n new code words with the Hamming distance one to said kerne!

and packing said new code words as close as possible on either side of the
kernel.



that are near the maxi num of the |tyfunct|onthanfor
values that are further away fro nm” m 2.
Method in a tel ecommunications system &ccmr o claim1l1 wherein

when encodi ng said val ues of said function of time F(t) a fixed | ength code

i s*used desiwosdneesording to the follow ng steps: PCT/SE96/01555 -
initialising of a code table, wherein #2code word, hereinafter called the
kernel, is allocated to a value the position of whi ch corresponds to a peak
of 20 a probability density function of the transmtted

I nformati on and wherein sai d kernel can be chosen
arbitrarily as a n-bit code word; - generating n new code
words with the Hanm ng di stance one to said ker nel ;

- packi ng sai d newZcBittemethiod of alaint Bdsreheasoppasingtre folloveing BRpssi de of the 25
kernel in order to build said caode table. 3. The

met hod for claim2, conprising the follow ng further steps: .
- continuing to butérdinuing to hbildthewhisle, avireré thsstirscostie wartido kongi@asi der

her eaf Ler cal |l ed tEgregl!t(%rsc{ahecfthgrf?%crgfe\r’\envr\%gHvoac? ‘%nle? %de rd cl osest to t he

30 T8 GOSERA0 O ¢ hat

si de of the kernel kerheitthat has the Ieast nunber  of
initialised code . . r. when . n is | ocat ed on
any side of the kg??] ¥, when n is odd, is located %%f%gggm Kernel that has The legst

2 1 number of initidhSHd SOV US55 -
generating n new c r o said first

ref erence word andggg‘é ndi§ e%'; qsnmﬁge%bgg gy\;\fgrg ?%e e"l’f%t already in the
tabl el0as cl ose as possi bI e to the said first reference vvord 5

4 The method of Clgldihy EQMDba Ak bin] Bkt rhest{a&rtm%f

T
- selecting a seco rence wor om the not fae of the
reference word and packing said n new code words, if not already in the

table, as close as possible to the said first reference word.

15 8. The method of claim 7, comprising the following further steps:
- selecting a second reference word from the not yet selected side of the
kernel and as close as possible to the kernetf;
- generating n new code words with Hamming distance one to said
second reference word and packing said n new code wofds, if not already in

20 the table, as close as possible to the said second reference word.

9. The method of claim 8, comprising the following further steps:
- repetitively selecting new reference words as close as possible to the
kernel in an alternating order and increasing distance from the kernel:

25 - generating n new code words with Hamming distance one to current
reference word and packing said n new code words, if not already in the

table, as close as possible to the said current reference word.

10. In a telecommunications system that comprises transmission of
30 information over a radio channel a method to encode the transmitted
information wherein the fixed length code is designed according to the

steps described in claim 1.



kernel and as cl ose as possi bl I'fﬂ -
generating n new code words wﬁm jl ﬁu@%tlmce one to said
L

second reference word and packi £0de words, if not already in

10 the table, as close as possible to the said second

ref erence worWO 9720395 5. Hhe nethod of clai m BETEEMHIISEi ng
the followi ng further steps: - repetitively selecting new
ref erence words as close as possible to the kernel in an

alternating order and increasing distance fromthe kernel; 15
- generating n new code words with Hanm ng di stance one to current

reference word and pacikian@lesainthuficasoksEysRm batisomprises Gansthicsianl ¥t vided he
tabl e, as cl ose as ssible to the said current reference word,

6. In a tel econmuni EREHEN Sy iafRpioEhanne) 4 spetaqeto engpdsihe draggmyftedyyideo
informati on over a pikGHiaEbn vhERiMaR fixed digaticodens dédighed iictdreigitafigy mat i on
wherein the fixed | engt co,ge | S dengned according to the foll ow ng steps,
initialising of a cOWRSA&ATREd MMt 4 code word, hereafter called the
kernel, g s allocated to a position corresponding to the peak of the

probability 25 unctiqp of the transmtte

density f ;
i nformation and wher&i |7 &eFopapRGat ystem that comprises transmissigp 8t oy

arbitrarily as a n- hifbrreatida over £lcidnhel Imemae Sorvhakiny dobastdixad ferlg@sodes,

than 2[err] allowed code words in.the table the nel .can be favourably
sel ected as the codé‘ﬁ'\ﬁg‘r siim RoPREEeP 3P Jopdt %?H?Fn“ﬁg; FPrEPIRE @n iR ofmaoR ot

al | oned code wor d( s)keurd® that generates a variable thay éne furictiong ontirAe Bt adleersiRads Wit h
t he Hamm ng di stanc

e g 0 4oL o aB g B0 o ey cxpirn s o B RS Moo
ker nel . has at leaston® MaB@BGAH and which system comprises a digitiser { B¥2)
PCT/ SE96/ 01555 and an encoder {103} for digitising and encoding said values into code
words such that the Hamming distance between those among said code
words that are adjacent to one another is Jower for those among said values
15 that are near the at least one maximum of the probability density function
than for values that are further away from said at least one maximum

wherein the fixed length code is designed according to the following steps:

- initiating a code table, wherein a code word, hereafter calied the kernel,
20 is allocated to a position corresponding to an estimated or real symmetry
line of the probability density function ot the transmitted information, said
kernel can be chosen arbitrarily as a (n-1) bit word, where n is the number
of bits in a code word, but in cases where there are less than 2" allowed
code words in the table, the kernel can be favourably selected as the {n-1)
25 bit word with the largest Hamming distance to {n-1) bits of the not allowed

code word(s);

- generating k new words, where 1< k < {n-1}, with the Hamming

distance one to said kernel and said new words are put at level distances d
30 =[d,, d; ... d¢ } units from the kernel,

and each said level distance is distinct from any other level distance but can

be of any integer value in the level range (1, 2.1 units , and where the



7. The nethod of claim6 further risin thef OW ng steps

continuing to build the table, mu ﬁ m“lﬂj i“tode word to consider, 5
hereafter called the first ref e code word closest to the
kernel that glther when n.is odd, is |located on that
side of the kprhgdsed hat has the Ieast NnuUFBESESE01555
initialised code words 240r, when n is even, is located on
any side of the kernel, 10 generating n new code words
wi th Hamm ng di stance one to said first reference word

and packing said n new code words, if not al ready in the

table, as cl ose as siple to t aldfll’ ferenc

5 The ot hod of - oFaf JRval SEtaheh 1"5%88?%'“%1 3 POEPEF cgiespending

- selecting a secomdrdsdrepestessadprd fromthe not yet selected side of the
kernel and as cl ose possi bl

generating n new CBB‘ZEV\Bg %t'%tﬁﬁ sla—lgﬂ’?ﬁehg'sfﬁng?saﬁcédbﬁ’é -+ §« Laffept the error

second reference Waister2ssld panlanaai2ea) o MmateRuhe Ordbabilty dnsityl fuReordhsaady i n
20 t he t:il‘bl e, as close as possible to the said second

ref eremte word. a way that, 9. The nethod of claim8, conprising
the follow ng furtleRsostigaps: [1, 2, ..., {n-1)] units, the mininﬁmnpetrbrtdistehc;es&ﬂluaparimg new
ref erence words as se a ssible to the el in an
al ternating order é’%h" ?{SP@%"E?‘?@ ta\{vgrpggr&eepqrp%ml}m%p%%épe kesgel, <8

- generating n newhcexligy dver fis-1\ thi2)Hamt ngitsdlitisd mintraurareerot distantécdt(m)

ref erence word and cki sai d n ode words f nat al ready, in the
tabl e, as close as aﬁ@é’ét"& VE& v[vﬁgr g\é\ﬁ" g ?°é‘?ﬁar$de RN %Fda'Yd
10. Inma tel ecommn:ihoeduing)dl& swdieemuhawecmnpfrk distindt retemsemtssii the rarfge 30,

nformati on over a el P CHAURR! @ ELDAG ity SAFSE chi kPRSI o0

I nformati on wher ei engt I 'gne aceora INg to the
st eps descri bed i n didtanaes H1(m} and d2{m) away from the kernel and where the minimum

error distances occur in the region where the elements in x are compactly

positioned;

15
- continuing to build the table, where the first word to consider is the one
pointed to by d4, hereafter called the first reference word;
- generating (n-1) new words with Hamming distance one to said first

20 reference word and packing said (n-1) new words, if not already in the
table, as close as possible to the kernel;
- selecting a second reterence word pointed to by dj.

25 - generating {n-1} new words with Hamming distance one to said second

reference word and packing said {n-1) new words, if not already in the

table, as close as possible to the kernel;

- repetitively selecting new reference words pointed to by successive

30 elements in d, until the last element d, is reached, and;



WD 97/ 20395
P S O Se r ansri ssi on of HIl\IIMHl\\IIlH |\I\h\\|| el ecommuni cati ons system

radi o channel a nethod to encodé the %ransnitted video _

i nf or mati on wMesw#039% he fi xed | ength codg is designed accor BFFEENEISHe
steps described in claiml. 12. In a tel econmuni cati ons
systemthat conprises transn ssion of i nformati on over a
channel a nethod for maki ng robust fixed | ength codes,

whi ch system conprises an input device (101) containing an information
source that generates genstratingii- riedhaivords vaitli Hmbiinyldfﬁt’andei of tb(clyrentwherei n a

Function of time F(gerencs wold éndidokihs s 15'sEfow Siart f 8 ARGAMINYEG wini o

system conpri ses a thbly, tab ehise (@d PA3sible to the kernel; and an encoder (103)
for digitising and encodi ng said val ues into code wor ds
such that the Hanm ng di stance between those anong sai d code

wor ds tisat are adj acerompletipgahatebleiorcases thewahle oot N\ldwmz‘f’dhg:osai dfteral ues
15 t ha near the a t the probability
density function sant;l iiiatisalich pr%cestsh%%w?' g% '%p‘i‘ﬁé’é;méhaw °°ﬁ‘euﬁ éF away
fromsaid at | east b&eraeiiatakenras a reference word and wherein the fixed length

code is designed acgordi Wi t -
initiating a code ta gé f eR%rE{r?l Wgé’% Vﬁﬁ?‘é‘% dlStf’ncea‘mtehe ker nel
20 i sura¢ritgefarerde word pp@kmq $aihined rnee»swowlda ifigot already @sthe mat ed

or real, synmetry i e probability density
functi olnosof t he traﬁ%brlﬁ'tatse':;dpsler?f‘gcgmssl %5§%eoierc#l kernel can

be chosen arbitrarily as a (n-1) bit word, where n is the nunber

B 1" 2 0 ol SRS L £ 2Pyl s

al | owed can
favourably selected as the (n-1) 25 bit word with the
| argest Hanming di st.angetaingy2) wm&ssoycﬁ. BifiPeriskh 8" Xyords up-down
code word(s); rat’l ng new wor ds, ere 1lferr] k
[err] (¥1) , with tetevnkherkernsl: di stance one to said
- kernel and said new words are put at |evel distances d 30
=[d[err], d[err] ... d[err] ] wunits fromthe kernel, 1)
- putting a one (or zero) in any column posmon in the first 2 words and

a zero {or one} in the same column position in the next 21 words,
whereby a code table with 2" code words is generated, and;

20 '

| - removing not allowed code word(s), which with a suitable choice of the
kernel as previously described, is {are) allocated towards the end(s) of the

code table.

25 13. In a telecommunications system that comprises transmission of
information over a radio channel a method to encode the transmitted
information wherein the fixed length code is designed according to the

steps described in 6.

30 14. In a telecommunications system that comprises transmission of video
information over a radio channel a method to encode the transmitted video
information wherein the fixed length code is designed according to the

steps described in 6.



and each said | evel distance is distinct fromany other |evel distance but
can be of any integer value in the |level range [1,
2[err]-1] units, and where the ' WO 97/ 20395

24 PCT/ SE96/ 01555 sai d
| evel di stancWOi%@a®8s det erni nes the order in which the cor PETSENEILTHG

wor ds are processed, and by selecting the said |evel
distances d = [d[err], d[err] ... d[err] ] affect the error

distances d 1(n) and d2(m to match thei ability density function in
such 5 a way that, choosing d =1, 2,
..., (n-1)] units, the mninmumerror distances dl1(m and

d2(m) are allocated towards the kernel with a peak at the kernel, and

choosing d = [:(n-1), (n-2), ..., 1] units, the mninmumerror distances
di(ny and d2(m have a wider distribution conpared to
previ ous case, and 10 choosing d = x where x is a vector of
k distinct elenments in the range [1, 2[err]-1] units,

with the design flexibility to nove the m ni mum error
di stances d1 (n) and d2(m away fromthe kernel and where the m ni num
error distances occur in the region where the elenents in x are conpactly

positioned; 15 - continuing to build the table, where the
first word to consider is the one pointed to by d[err],
hereafter called the first reference word, - genéerating

(n-1) new words with Hamm ng di stance one to said first 20

reference word and packing said (n-1) new words, if not already in the
table, as close as possible to the kernel; - selecting
a second reference word pointed to by d[erf]
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25 - generating (n-1) new words with Hamm ng di stance one
to said second reference word and packing said (n-1) new
words, if not already in the tabl e, as close as possible
to the kernel; - repetitively selecting new reference
wof ds poi nt edwoog"g{}"‘%uccessi ve 30 el ement s RGT/SEI6RIATS | t he

| ast el ement dk is reached, and; WO 97/ 20395

25 PCT/ SE96/ 01555 -
generating (n-1) new words w th Hanmi ng Véﬂance one to current

reference word and packing said (n-1) new words, if not already in the

table, as close as possible to the kernel; 5 -
conpleting the table in cases the table is not full (with 2[err] words)
after said initialisation process, by which repetitively
the word closest to the kernel is taken as a reference
word and nmeans for generating (n-1) new words with

Hanm ng di stance one to current reference word packing
said (n-1) new words, if not already in the 10 table, as

cl ose as possible to the kernel; - stopping new word

generation when 2[err] words have been generat ed,; -
generating 2[err] words by flipping the existing 2[err] words up-down 15
bel ow t he kernel ;
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- putting a one (or zero) in any columm position in the first 2[err] words
and a zero (or one) in the sane colum position in the
next 2[err] words, whereby a code table with 2[err] code
words i s generated, and; 20 - renovi ng not eﬂl d code
word(s), whi MP2M®Sa suitable choice of the PCTSESO P nel  as
previously described, is (are) allocated towards the end(s) of the

code table. 25 13. In econmuni cati ons systemt hat
conprises transm ssion of E?)}f% information over a radio
channel a nethod to encode the transmtted i nformation
wherein the fixed | ength code is designed according to the

st eps described in 6. 30 14. In a tel econmuni cations
systemthat conprises transm ssion of video i nformation
over a radio channel a nmethod to encode the transmtted video

informati on wherein the fixed I ength code is designed according to the
steps described in 6.
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