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©g3mE0Mgdols o Jlodogry@o  sdoxgdgdemdols  3MoGgdoygdom,  GmGES
sOhgyaos 4, dguolgds, @mdgamoi  YbOybggeymagl  P(X, /4,)=max
300mdsl.  os@bTo, dgbloggdol ao®gdg 30Mmdomo  sendsmmds  P(X /4,)
30M3mM3ogos  bogbosgobs s bdog@ol xodol 300mdomn  seEndsmmdoms
Lodgg@ogols bsd@oganols.

L-1 L-1
P(X,/S) =TT p(X,/8) =TT p(XX.. X" /808"..8) (1)
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aogbol  s®@bdo, No U3gddseydo  Lodggmogol dJmbg mgm@o  bdsydols
bgdmJdgogdolisl (1)-b 53l Lobg:

P(X, 150) = W {7, )" exp{LY. (X" ~S)°]/ 2Ng}.

doJlbodydol Lodmgbgemse asdmgoygbmm gogmas®omndgds:

L-1 N .
Inp(X, /8) =InTI(A/ JzN,)" <exp{Lo (X" =871/ 2N} =

L-1 N
= NLIn(l/JzzNO)—ZZ(Xt(" =S")21 2N D (X =521/ 2N,
t=0 i=1 i=1

0930009500 30m3gLdo 0®hg396 Logbognols d0dgg@mdsls
SAL:(SA0§1"'§L—1) s> dobmob  gh:mdbodgbganmgbo s 3ogdodgoya  I@mms

d0dggdmdsls a =(4,a,...4,,), amdganoi 9bOYbggeygmeyls xsdol dobodydl

-
LN

N
PM =>>" (X" -5")? =min; (2)

t i=1

Il
o

J3g8mmdmygobogn  bob.  4-bg  bobggbgdos  ©ggm@odmgdols  3@mzgLol
aobgomamgds  1/2 Lobo@ol dJmbg  bggyas  gmeolbsmgol, @gaolE®gdols
Gomegbmdom K = 3. jowpgdols Jglolgemgebg sOLgdmdl  Loddmenmms
dgdga0 Tygoegdo: 11 10 00 11 01 . . . (gobobogrgds wggzm@odgds boliGo

3005 g39B 08 gd0m).

=90 doxol slsfgoldo wggmegdol dgblogmgdsdo hog@ogmos Fobs
90°3by  Joegdnmo  Jpgmdsdgmdoms  dgd®ogs  SMITH00) , SMT(01) |,
SM™(10) SM™(D . sGbowsb Jowgdgmo Loddmemgdols Jobgogom begds
ABHMms Igd®ogzol aodmmgens BM'(00) , BM'(11) , BM'(10) , BM'(01) o
slggg, ®mmbo  dpamdsdgmdols SM'(00) , SM'(0) , SM'(01) , SM'(L
QmAdoMgds dgdegao Fgbom: gmggar d9dwgy Jwymds®gmdbdsdwg dowol m@o
abo  (Fopomoms 00 Jpamds®gmdsdwg abs  dowol  [obs 00 o 01
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g mdsmgmdgdoshb),  ©gzmomgdols  i-g@  bsdoxbg  abol  dgB@ogels
©93mEgO0  godmmgemols  Gma®iE  [obs  dpamds@gmboms  dgBdogols s
‘dgdogogmo dGmms Ig@@mogzol xodb:

PM'(00) = SM"*(00) + BM ' (00)

oM (OO){PM '(00) = SM *(01) + BM' (1),

SM'(01) PM'(01) = SM " (10) + BM'(10)
PM'(01) = SM " (11) + BM'(01),

SM'(10) PM'(10) = SM'*(01) + BM ' (00),
PM'(11) = SM'(10)+ BM ' (01)

PM'(11) = SM'*(11) + BM ' (10),

{PM '(10) = SM *(00) + BM ' (12)
SM‘(ll){

15



03315.\138 m 90O
Loddmenmgdo

11/ \10
2

7n
1)
7
Q 2
£2
€ €
YHomns ZQ
393 @045 =
&
c©

V930ms \‘

1 10 00 1

(=]
c \(g:[
d =2
&< = e
% € £ g .
g < S = £ )
= Z L £ g
<" X £t -y
£ %s %?
oY O ja
L%E ﬁ%
=l C‘L_o@
g
G:
@]

bob. 4. 3009Md0l 3O Mg YOS

16



iy msgdo aobbogngemos  jmegdo  Loddm@y@-seasdgB@o
Lodo@dom.  dmygobognos  domo  sofgds  ©o  owgdomo  dbsdggdo.
3oV g30H0Eos, @md Lagggmgber gowegdo gbes dgodhls  jmd3oygH @ guo
dogdols 3gmmeon s 53 WAOML msgolygogo dsbdognol goblisbmg@obsmgols
2odmygbgd o 0dbsl wgoLE®ol sepam@omndo.

bgggms  gmegools  Lobdo®ol  aobdes  dgodargds gmoy@o
Loddmemgdol sdmpawgbomn [obolifo® aoblobmgdyemo (gbom. oy sgowgdm
R=1/2 LohJomosb bggyas jmel ©s jmeyeo d0dpggtimdoesb ymggan dgmmby
Loddmenml  sdmgopaegdm,  dogowgdm  3gOFM@0M oY smel,  @emdaols
LohJodgs R=2/3. 53 dgdmbgggsdo gmel gJbgds 0p039 Lodmyeg, s 172
LohJo®osb  gmel, 35Tob  GmaEs  bggyewgddogo  2/3 Lobds®osbo  gmwo
A5G0 9300 Gmgos. 53 dgdmbgggsdo ganeolbdmomn gmweol dglsdsdolo
20bembol Lo@nygangls, OmIganbys bo® 30900900 3@ 0dsg®o
©93m0M 950l 3OMEgEYOS 3oBghdol seam@omdols 3sdmygbgdom

bob. 5. bggyes (7,5) gmeol gobmbol K®spdgbdo 12 Lobds@olomgol (s5) ©s 02039,
Loddm@mms s3maegdol abom Jowgdyao, 2/3 Lobs@osbo jmwobsmgols (b)
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M-mdomo  bggges gmweol  Lobfodg bmyssw R=k/N. wgzmeomgdols
Lodmyag  RodBoygdoe aobolobmg®gds 0d s@omdgBoggeo  Mm3gMsi30gd0ls
AomEgbmdom  OMIggdoi  godmygbgdygmos  wgzmwo®gdols  3@m39Ldo.

MV
K )

Gbowos, o8 Ygdmbgggedo, goMO  ©3MEoM9omo  do@obsmgols N = (

(M 1) 30bo0sb  3gOgmmodgdymo  gmegdols  dgdmbgggzedo K=l
Lodo@Bogol  mgogbsb@obom, hggyewgddog  domomlohfs®osh  bggyeos
30©gomsb dgus®gdom, Jomo 30Ms@Gglmds T o@ss.

boddmma@-saaedgdaao  Lbods®@dol ool jowEg@gel  ofgb  k
dgbobigangano s N aodmbsbgmgano.  dgbsbgangamo s  godmlsligengeno
Loddmenmgdol sanggsdgBol bmdgdo dgodangds oyml Lbgswsbbgs s 9x®™
3060G,  bbgoobbgs dgodgrgds  ogel Gopm6i3 omggwe  dgbsbgmamby,

obg o 3ggE  aodmlslgmgangdbyg s@Lgdygmo Loddbmemgdols sepaggadg@ols
bmdgdo.

Y:
GF(4)
GF(4)
Vi 2
———
——  3mRyG0 J D
V2
——————
3
U=4, V1=4, V2=2 GF(4)
)
Mod 2
V2

()]

bob. 6. 390xm@M0G oo ool sbogmao,  gmeo  LoddmEy@-saBsdgH Yo
Lodo@dom; o) gmeg@ols bmyswo Ljgds, &) 3mbg@gdygmo 3mwgo
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3ol mogobyggomo  dobdogno  39dobaols dgB®ogodo  df =4 bmanm
doxbg  ©ggmEo®gdol  mA®domo  Loddm@mgdol  @omgbmds  hggbo
dgdmbgggolomgols S=4, B=4, n=3, k=1, M=4 ©s 359ob 2N=76; opoggo ds-ob

dJmbg 390 x8m@oagoymo gmwolmgols 2N=96.

30bo0@seb 0@ 5@Lgomol  bggyms  gmEgdol  oyg9d0l @oody
gy Ygs@@o  saoam@omdo,  sdo@dmd  hggh  Jmegol  dmgodmggdm
303309H 9090 dogdol gbom s o3 wOML dbodgbganmgsbos dggedhomm
dobo  mogolyggego  dobdogools  2oblobmg@mols  sanam@omdo.  gogszgmmm
oMhg3o60 ©g0JLEMOL seam@omdby dolo Lods@Fogol asdm.

306309/ Yo gmpobomgols  gobbognyanos  sanam@omndols  dygdomdols
30M3gEYOs.  3oblabmgdymos, @md  gOHmbso®o  mogoliyggsero  dsbdognols
dJmby bggyms gmegdosh  Loyggomgleml dgmbggs aobbmdogarwogls dobo
dobdognms  L3gJ@®ol  dobgogom.  sfg@omos  13gJd®ol  2soblabrg@ols
S0 mA0mJo.

@53gbodyg  gOmbso®o  mogolygogo  dobdogrols  dJmby  3mowsb
Loyyggmglol  sdm@bggs bo@Eogeogds gmols  dosbdognms  13gd@®ol
dobgogoo. dobo 3obLobmg®ols S0 M@0 0 0504g5b9b Jmwol
(omdmddbgano 539bJool aoblobmg®ol segpam@omdby ©s gxydbgds n X n
3ol Imdoxboggmdol My ds@@oEol  aodmygbgdol, @mdmol  gangdgbdgdo
(omImagboabo s®0ob gm@dsgnado DN,

Ibsdy osgdo  hodmysodgdbymos dgmmo, GmIgaoi  bogds@olios
dobdognols  dodo@m  0bgoMosb@yemo  gmwgdols s Logboen-3moey@o
Lol gdgdol sboggdog.

3MEodgbols  mgm@osdo  gdgdgbfomem  aoboboangds  dgdmbggggdo,
OmMGES  JOYd  39JdmOms  dm@ol  dsbdogngdo  aobolobrgdgds  3gdobyols
d90®03570. 5dobmsb gOmoE 0dgz00mo, dog®sd doobi ggbgogds LoliEgdgdo,
amdemgdoz 04gbgdgb g.f. @gm@y@ oby @ol IgB®ogels 3bmdogos obog,
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Omd mOMdon s Lodmdom dgdmbgggodo gl IgB@oggdo 0@gb@y@os oby
9Om0dgmagl gdmbgggs.

dmene  39MomEdo, San®isdg@By@o Lods®@dol dJmby jmgdols ao8mhgbs
Sde0g@gdl 0bBgdgll obgmo LolbEgdgdolowdo, @mdmgdoi [oMmdmawaqbgb
FOxg0g0 s@sm@mbdomo s ULbgoslbgs (dom dm@ol s@sf@xgog0)  3mwols
39O g0L 2090 m05bgdol, gobgowb.

aobbognygamos  @ols  Ig@@ogols  godmygbgdom  dsbdogools  dododm
0635M056@ g0 LolHgdgdol spgds. dodmogos, bsdOmdol ©sLofyoldo, ol
aobobogrgds  s@sm@Mbom-m@mdomn  LobEgdol  dsps@momby b yRGM
30b3@9H go  @o-3gdobgols  dgB@ogobomgol,  dgdpamddo  Igogo
3obmasmgdbyamos @o-bs s  gggogl  dgB@ogobomgol.  dgmmeo
Logdo@obo bempswos (Jos@Bogo) o dJobo asdmygbgds dgodengds GMymA 3
39dobgols  dsbdognols dodos@m  0bgo@mosb@yyao  bggyems  gmwgdol obsggdow,
sbggg 03 ULbgs dbgoglo 3mbl@®ydaogoolbomgolss, bowsi godmoygbgdoshb
bgggms  gmegdo s Logbogrgdo; dmanml  dmygsbogno  dspsmomoi 5ol
LAYl s gy  dmgobegbn  bgdme  dJmygobogrols  Ggboydo@mgdsls
dgagodmos bogogsr  godssm:  Q-mdomo bgggms  jowo @ol gG@ogoo,
d, €{perms(af)}, a>0 dgdmbggssdo (omdmJdbol bgdbolidog@mo 4 3g@@ogobomgols

©obESbE0YAS 0b3oM05bF Y Lol gdsb.

sbogno  bggyans  gmEgdo  opgdygemos  m@mdomo  bodg@dogao
stbobomgol (0=2); oggg bohggbgdos, @md gl 3megdo 33 0dog @ gdos

(dobdgmoms  Jobgogom) ®mO®Mbdomo  ©s mobmdomo  Fsbodmwymodgdbyano
Logbogngdolomgols  (bob. 7 5,  8);  bggyms  gowegdo  Lsdmdomo
aodmbsoliganganom s gdygeos Lsdmdomo LoddggJlbyg®o gobsdmaymo® gdygeno
Logboangdolbomgol (bob. 7 g). o o@bgdol Loboo gobbogonygemos s@bgdo
0ngo@o asbols bdsy@om, @mdgmmsi odgm byamgsbo ©oldgdlbos s N
Loddansg@ols  L3gJd®oey@o  Lodggmogg.  mommgyeo ggjemaol Loa@dy
bob. 7-bg Bowos VEs , bowsi Es Logbogols 9690080
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4 90
120°

180° o  180° 0°

\ A=)

0
v 270

bob. 7. m@mdomo (5), mmbmbomo (8) s Lsdmdomo (p) Bobsdmeymo®gdymmo
Logbogogdo

sbogno bggyms 3m©gdo dobdogrols dodo®m 0bgs®osbG i gbdos. badmgbo
0dbs sbogno, dsbdognols dodosGm 0bgo@mosb@yao bggyms 3mwgdo, @M@ gdoi
dmygobogro s®0ob 30Mgga s dgmdg 3b®oggddo. o obobo (o®dmwygbogeno
5M056 Mog05bmo dsbdognols L3gd@@gdom, Lowsi d  3gdobaols dsbdognos (g. o.
d=dy ), d ? 5@0b gggeoee@o dsbdoaols ggopGeB0, @ dnEgdamo  dsbdogols
(d o6 d %) 3Jmbg 2bgdol gbododolo aowoigdgmo dodgdol Gomwgbmds, L
0509Lgd0L ol MomEgbmdss gmEy®d aolmbbyg, Lowsi dobdogms 13gdd®do
a35J3L max (d) o6 max (d?).

gbdoan 1-do  Jmygobogro gmEgdo M3G0doy@gdo sM05b  m@Mdomo
Lodg@@ogeo  s@bobomgol, olbobo  m3@odsgydgdo  0dbgdosh  goybol

sMbgdobomgol m@mdomo (M=2) gsbsdmeymomgdymo Logbosggdols (BPSK)
o539dobsb.

GbGog 2-To dmggebogos Ladmdomo, smeedgdhm®o Lods@dol jmby
bggmes  gowgdobs (=2,  Q=3), s  Lsdmdowo  Lodlegdlgho
gobodm@amodamo  Lopbogol (TPSK) dsbshy op50mmo  bogbogn-3m@edo
oL@ g0l ©oligsbEomGo Bsbslinsmgde goo.
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gboogo 1. bggyms 3megdo m@mbomo dgbslge gamoms s m@Mdomo

aodmbsligen genom
31 313 3313 32113 313113
L=21 L=46 L=49 L=68 L=80
di a; di a; di a; di a; di a;
3 1 5 1 6 2 7 4 8 4
4 2 6 4 7 7 8 12 9 11
5 3 7 12 8 18 9 20 10 36
6 4 8 32 9 49 10 72 11 83
7 5 9 80 10 130 11 225 12 250
8 6 10 192 11 333 12 500 13 630
9 7 11 448 12 836 13 1324 14 1776
10 8 12 1024 13 2069 14 3680 15 4531
11 9 13 2304 14 5060 15 8967 16 11982
12 10 14 5120 15 12255 16 22270 17 30474
13 11 15 11264 16 29444 17 57403 18 78492
14 12 16 24576 17 70267 18 142234 19 198907
15 13 17 53248 18 166726 19 348830 20 504730
16 14 18 114688 19 393635 20 867106 21 1270141
17 15 19 245760 20 925334 21 2134239 22 3190906
18 16 20 524288 21 2166925 22 5205290 23 7978154
19 17 21 1114112 22 5057286 23 12724352 24 19903010
20 18 22 2359296 23 11767305 24 31022962 25 49491586
21 19 23 4980736 24 27305864 25 75250693 26 122799106
22 20 24 10485760 25 63207473 26 182320864 27 303950322
23 21 25 22020096 26 145986568 27 441125164 28 750869456
3203313 31312213 313321013 3220132123 31330322013
L=90 L=93 L=102 L=110 L=112
di a; di a; di a; di a; di a;
10 36 10 4 12 33 12 8 14 71
11 0 11 10 13 0 13 0 15 0
12 211 12 64 14 281 14 154 16 419
13 0 13 130 15 0 15 0 17 0
14 1404 14 318 16 2179 16 1064 18 3383
15 0 15 905 17 0 17 0 19 0
16 11633 16 2424 18 15035 18 7346 20 23484
17 0 17 6187 19 0 19 0 21 0
18 77433 18 17422 20 105166 20 52073 22 157716
19 0 19 44417 21 0 21 0 23 0
20 502690 20 113904 22 692330 22 347879 24 1048620
21 0 21 297764 23 0 23 0 25 0
22 3322763 22 763260 24 4580007 24 2308011 26 6914707
23 0 23 1934897 25 0 25 0 27 0
24 21292910 24 4933300 26 29692894 26 15074111 28 44725065
25 0 25 12557730 27 0 27 0 29 0
26 134365911 26 31730448 28 190453145 28 97031904 30 286678096
27 0 27 80015153 29 0 29 0 31 0
28 843425871 28 201670146 30 1208999091 30 619561390 32 1822054919
29 0 29 506533510 31 0 31 0 33 0
30 5245283348 30 1269364860 32 7622677693 32 3921984002 34 1149690804
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gb®ogo 2. bgggms gmegdo m@Omdomno dgloligamgemoms ©s Lodmdomo

aodmbsligen genom
11 112 1112 11122 111122
L=21 L=66 L=57 L=116 L=83
d?’ @ d? a d’ & d? d? &
3 1 45 3 6 6 75 5 9 17
45 2 6 15 75 6 9 42 105 39
6 3 75 58 9 58 105 135 12 187
75 4 9 201 105 118 12 727 135 683
9 5 105 655 12 507 135 3018 15 2741
105 6 12 2052 135 1284 15 12783 16.5 10322
12 7 135 6255 15 4323 165 51782 18 37096
135 8 15 18687 165 11846 18 210330 195 136834
15 9 165 54974 18 36009 195 835046 21 488901
165 10 18 159765 195 100844 21 3294834 225 1749291
18 11 195 459743 21 292830 225 12870612 24 6190259
195 12 21 1312200 225 821568 24 49963630 25.5 21803038
21 13 225 3719643 24 2330668 255 192707673 27 76377332
225 14 24 10482351 255 6509702 27 739596902 28,5 266343461
24 15 255 29391490 27 18219432 285 2825474756 30 925251279
255 16 27 82048737 285 50592106 30 10752036148 315 3202795872
27 17 285 228160495 30 140349045 315 40771803481 33 11052511705
285 18 30 632293452 315 387559772 33 154127275727 345 38033968207
30 19 315 1746896199 33 1068269069 345 581007132093 36 130555763220
315 20 33 4813063455 345 2935542798 36 2184683661144 37.5 447122121024
33 21 345 13228122758 36 8051416787 37.5 8195990895282 39 1528107655812

O.
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mOmdom  Lodg@oygao  s@bgdobmgol  bodmgbo  sbogno  bggyeos
3Mgool dobobosmgodgmgbo gobgdosh msgobygsmo 3gdobyols dobdogngdom;
bogem olgmo aogbol s@bgdobsmgol, Losi 3o8m0ggbgdosh m@mdomo (M=2)
Bobodmygaodgdaeo Logbogngdo (BPSK), Lodmdomo (M=3)
Bobosdmeymo®gdymo  Logbosgngdo  (TPSK) >  mobmdomo  (M=4)
Bobodmeyamomgdyamo  Logboggdo (QPSK)  9939Jd9®mdol dgbsgsligdemsw
30496900  LobJo@ols y dsboslosmgdgenl s d0@bg dgaomdols sgodsmmdsms
(Pp) dsbobosmgdangdl. s y=Rlog(M) do@o/boddbmenm/33; begoem  Pp=f(En/ No),
Lowsi Eo/ No gomo bsobgm®dsizom dodol dglsdsdolo Logbsgols gbg@aools
s 3o9bol bdsy@ol gbg@daools mebogo@mdss. 0dol yomgsemolifobgdom, @md
hggbl dgdmbggggodo M=Q, y dsbosbosmgdemolmgol ag5]gl:  y(BPSK)=0.5;
P(TPSK)=y(QPSK)=1 (6503300l Lohdotg). dglodsdobs@ Py bgos so@oyg®o
Lobmg®gdobomgol:

Po< (1/1og, (M) 3.7 (ai)Qfd 2/ 2No};
bgdme  Jmygsbogrol s 0dol  pomgogrolifobgdom,  @md  n=21 s
Q(x)=0.5erfc(x/V2), 2396905 J399mm, Bob. 8-10-bg dmygebogo dgoge gdo.
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6ob. 8. sendomy@o dobsbosmgdangdo gmwo®gdymo BPSK-mgols
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6ob. 9. sendomyg@o dobslioomgdargdo jmwodgdoygao TPSK-mgols
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10"

R QPSK

107

31

10°

3313 313

10"

10°

Pb

3203313

10°

107

31330322013

10°

10°

-10

10
2.5 3 35 4 4.5 5 55
Eb/No

bob. 10. sgndomy@o dobslbosmgdargdo jmwodgdyamo QPSK-mgols
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Abstract

Usage of error controlling codes remains one of the main part in modern Radio
and Telecommunication Systems for raising its efficiency. In space and satellite systems,
where energetic resources are strictly limited, using such codes is significant prerequisite
for designing high effective telecommunication systems. Especially convolutional codes
are distinguished, which subclass is observed in this research. Specifically, codes with
symbolic-alphabetic redundancy and signal-code systems depended on it, for space and
satellite channels are observed and reviewed, where most appropriate model for channels
is Gaussian model. Hereby should be mentioned that codes with symbolic-alphabetic
redundancy is actually not studied for nowadays, especially in connection with signals
and Gaussian channels.

In the introduction part actuality of the technical issue is eliminated, task to be
resolved are described, hence ways to solve it is observed and that main states are
presented that author is going to prove.

In first Chapter classic convolutional codes are described, with the finite-state
machine model, where information and code sequence is presented with the delay
operator. We observed maximum-likelihood decoding method in details (realized with
Viterbi Algorithm), because with the same principle the new designed codes will be
decoded, that is based to convolutional codes with alphabetic redundancy.

In the second chapter codes with the symbolic- alphabetic redundancy are
observed. Its description, with advantages and disadvantages is given. It is decided that
best codes should be chosen with computer searching method and for defining free
distance Dijkstra's algorithm should be used. For the specific code the procedure how
algorithm works is shown. It is defined that from the convolutional codes that have the
same free distance, the best choice should be provided by its distance spectrum. Also
description of spectrum of algorithm is presented.

In the beginning of the third chapter, the method is described, which is enough for
designing distance-invariant codes and signal-code systems. Software is processing the
computer searching for new distance-invariant codes with symbolic-alphabetic
redundancy, using Dijkstra's algorithm, and that codes are tabulated. Here is shown that
given 4-ary codes could be used as for the binary symmetric channels, also for Gaussian
Channels with binary and quadrature phase modulated signals. Also triple signal-code
systems are designed, that uses simplex signals.

Dissertation Contains two appendices, where software packets are presented, that
helps to provide searching of the best codes with alphabetic redundancy, finding and
reporting its characteristics.
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Research gets the following important results:

Alphabetic-symbolic redundancy convolutional codes represents even higher level
of continues codes then well-known classic convolutional codes.

The arithmetic part of the Galois field is presented, that is needed for designing
Alphabetic-symbolic redundancy convolutional codes, and the suitable tables are
given.

Algorithm of searching the Alphabetic-symbolic redundancy convolutional codes
and describing its parameters are presented with the appropriate software
realization.

Designing method of convolutional codes, invariant toward the distance is
presented.

High effective new convolutional codes are found and is shown its characteristics.
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