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INEPEJIIK CKOPOUYEHDb

0e3 MOBEepHEHHS 10 HYJIS

CJICKTPOHHA O0YHCITIOBAIbHA MalIMHA

HOSICHIOBAJIbHA 3aITHCKa

[ICEBAOBUIIAAKOBA [IOCIIOBHICTh

TEXHIYHE 3aBAAHHS]

(Bit Error Rate) xoeditieHT 6iTOBOT MOMHIIKH

(Binary Phase Shift Keying) npiiikoBa (ha3oBa MaHIITyIJIAIIis
(Code Division Multiple Access) MHOKMHHHHA JOCTYI 3
KOZIOBHM PO3[ILICHHSIM KaHAITiB

(Direct Sequence Spread Spectrum) MIUPOKOCMYTOBa
MOJYJISIIIISE 3 TIPSIMUAM PO3IMIMPEHHSM CIICKTPa

CHCTEMHU 3B’SI3KY 3 BUKOPUCTAHHIM MeTony Aoctyny CDMA
3 PO3MIMPEHHSM CIIEKTPA MPSIMOIO TTOCITOBHICTIO
(Frequency Hopping Spread Spectrum) po3mupeHHs
CHEKTpa 3 UIBHIKOKI TICEBIAOBUIIAKOBOIO MepedynI0BOIO
YaCTOTH

(Gaussian Minimum Shift Keying) rayciBcbka MaHimysisiis 3
MiHIMaJIbHUM 3CYBOM

(Phase Shift Keying) ¢a3zosa manimymsiis

(M-level Quadrature Amplitude Modulation) M-piBHeBa
KBaJIpaTypHa aMILTITyIHA MOJYJISIIis

(Non Return to Zero) 6e3 moBepHEHHSI 10 HYJIS

(Orthogonal Frequency Division Multiplexing)
MYJIBTHIUIEKCYBAaHHSI OPTOTOHAIBHO PO3IUICHUX HECYUUX
(Phase Shift Keying) ¢a3zosa manimymsiis

(Quadrature ~ Amplitude = Modulation)  kBagpaTypHa
aMILTITY/THA MOJTYJISIITis

(Quadrature Phase Shift Keying) xBaaparypha ¢a3osa
MaHIITy SIS
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13ACTOCYBAHHSI IICEBJOBAITAIKOBUAX
HOCIIAOBHOCTEMN Y KAHAJII 3BA3KY 3
BUKOPUCTAHHSAM DS-CDMA

Y cunxpornanx DS-CDMA cucremMax KOXEH 3 KOPHUCTYBadiB
BUKOPHCTOBY€E CBili BIIACHUHM aJPECHWA KOJ IS PO3MMPEHHS CHEKTPY
iH(pOopMaLiiHOTO CUTHATY.

Y KOoXHOMY 3 TepMiHaiB KOPHCTYyBadiB iHQOpMaIiiHi JaHi
CMOYATKy MiAATAa0Th OJHOMY 3 BHIIB MHU(PPOBOi MOAYISIIii (HAIpUKIIA,
BPSK a6o QPSK). IlotiMm moamynpoBaHi OiTH MHiAfsraloTh HpoLEAypi
PO3LIMPEHHS ~ CIEKTpa 3a  JIOMOMOTOK  aJpEecHOro  Koay  abo
niceBaoBumnaakoBoi nocmimoBHocTi (IIBII), 30kxpema, M-mocmiToBHOCTI,
nociigoBHocti [onma abo iHIMX TOCTIIOBHOCTEH 3 BHU3HAYCHUMH
TICEBIOBHIIAAKOBUMH BIACTUBOCTSIMH.

Cursan 3 po3MUPEHUM CIIEKTPOM BiJl YCIX KOPUCTYBadiB OJHOYACHO
nepemaeTbes g0 Oa3oBoi  craHmii. ba3zoBa CTaHINSA — BiIOKPEMITIOE
iH(pOopMaLliiHMI CHTHAJ BiJ KOXKHOTO KOPUCTYBaua [UISXOM KOpEJiiHOT
OIIHKM TPHUHHSATOTO CHTHATY 3 aJpPECHOI0 KOIOBOK TOCITIIOBHICTIO, IO
MPU3HAYAETHCS KOKHOMY KOPUCTYBaueBi.

B wMomeni kaHamy 3B’A3Ky SK  pagioyacTOTHY  MOJIYJISIIIO
MIPOTMIOHYEThCSA BUKOpHUCTOBYBaTH MeToa QPSK.

Brnache cama Mozeib MOJA€THCS y BUMIISAL IPOrPAMHOTO KOMILJIEKCY,
KM CKJIAJa€ThCsl 3 TOJOBHOI MporpamMH 1 psagy Wiamporpam, ski
3a0e3MeuyoTh  (YHKIIIOHYBaHHS TOJIOBHOI MporpamMu. 3a OCHOBY
NPOrpaMHOr0 KOMIUIEKCY IOKJIJeHl alllOPUTMH 1 pOrpamMu, siki HaBeAeH1
B [1].

Habip migmporpam st peanizanii moayismnii QPSK 3 BusHaueHHsIM
X QyHKIIOHATFHOTO MPU3HAYCHHS JIETaIbHO PO3IISHYTO Y [2].

ba3oBi BW3HaueHHs, MPUHIMI POOOTH i OCHOBHI XapaKTePUCTHKH
CUCTEM 3 PO3IIUPEHHSM CIEKTPa PO3IIIIHYTI B [3]

VY nepiiomMy po3iii po3rIAIAETbCS HEOOXITHUEM HAOIp Mmiamporpam
qutst renepaii [1BII i oniakm iX KopensuiiHUX BIaCTUBOCTEH
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1.1 IIporpamua peaJji3auisi nceBIOBUMAIKOBHX MOCTiT0BHOCTET
1.1.1 T'enepania M-nocainoBHocTeil

Sk 6yno Bu3HaueHO y [2], M-1IOCITiTOBHOCTI T€HEPYIOTHCS OKPEMUM
JHIAHIM pericTpoM 3cyBy. /s yTBOpEHHS MOCTIZOBHOCTI MaKCHMAIIbHOT
nosxkunad (N=2"-1) HeoOXiHe 3aCTOCYBaHHs N-KACKAJIHOTO PETiCTPY 3CYBY
3 JHIHHAM 3BOPOTHHM 3B’SI3KOM. BiANOBIZHO CTemiHP Te€HEPYHYOTO
MTOJTIHOMA PIBHSAETHCS N.

B wMomeni kamamy 3B’sA3Ky TeHepamiss M-mociiloBHOCTEH
peanizyerbcss 'y miamporpami msec.m. [lapamerpamu miamporpamu
BHCTYTIAIOTh KIIBKICTh PO3PSAIB PETICTPY 3CYyBY Stg, MicIle MiAKIIOueHHS
3BOPOTHOTO 3B’SI3Ky (BHXOJM BIATOBIIHUX PETicTpiB) taps, MOYaTKOBHI
BMICT pO3psiB pericTpa inidata, KiTbKiCTh MOIIMBUX IOCIiZOBHOCTEH N.
3reHepoBaHa MmiAIporpamMor0 M-TIOCTIIOBHICTh 30epiraeTscs y 3MiHHIN
mout.

PobGoty miamporpamu TpPOAEMOHCTPYEMO Ha TaKOMYy HpPHUKIaI.
[Tpummyctumo, mo HeoOXimHO copmyBaTH M-TIOCTIAOBHICTH Ha MiJCTaBi

rerepytodoro mominomy h(X)=x*+Xx+1. Buxomsun 3 BUIy MHOMIHOMY

3BOPOTHHUH 3B 30K BBOJUTHCS MK BHXOJOM PETICTpa 3CYBY 1 BHXOIOM
nepioro po3psay. To0To, cxema perictpy 3cyBy HaOyBae BUrIsaay puc.l.1.

(+)

Pucynoxk 1.1 — TpboXpo3psIHUiA pericTp 3CyBY 3i 3BOPOTHUM 3B’ SI3KOM
[pumnycTrMo , 110 MOYATKOBOMY CTaHY PericTpa 3CyBY BiIIMOBIIAIOTH
OMHMIII B Yycix pospsgax. Tomi B mpolieci TakTyBaHHS pETiCTpy i

OpraHizali€ro 3cyBy Ha OJMH PO3PsJ OTPUMAEMO HACTYIHI KOMOIHALIT:

111 011 101 010 001 100 110 T111.
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OdeBuIHO, IO BOCbMa KOMOiHAIISA, TOBTOPIOE TepITy KOMOiHAIII0,
TOOTO, JOBKWHA TTOCITITIOBHOCTI 200 11 mepion piBHIETHCS 7.

Buxogom cxemu, skwii Qopmye — M-mOCHimOBHICTB, € BHXiJ
OCTaHHLOTO pO3psny. BimmoBigHO aiis AaHOTO BapiaHTy M-TIOCHIIOBHICTh
Mmae Takuii Bua:1110100.

3rigHo 3 ymoBoto Gamancy s [IBII KinbKicTh OAMHUIE 1 HYJIIB He
MOBUHHA BiAPI3HATHCS Oljbllle HiXK Ha OAWHMINO. To0TO, ymMOBa OanaHcy
JUTS TTi€1 TIOCITIIOBHOCTI BUKOHYETHCH.

Hpyra ymoBa BUTIaIKOBOCTI TIOCTIIOBHOCTI € YMOBA IIUKJIIYHOCTI, 1€
i1 IUKJIOM PO3YMIiIOTh HEllEpEepPBHY MOCHTIIOBHICTh OJHAKOBUX JIBIHKOBHX
cumBoIiB. baxano, o6 y Ko>kHOMY (pparMeHTi MoCiiJOBHOCTI MPUOIU3HO
TIOJIOBUHY BiJ KIIBKOCTI NWKIIIB CKIaNail IUPpHU 000X THITIB JOBKHUHOIO
1, mpubIM3HO YBEpPTh — MAOBXKHHOI 2, TPUOIU3HO OJHY BOCBMY —
IOBYKUHOIO 3 1 Tak gaJil.

Jis HaBe#eHol MOCHIMOBHOCTI KUTBKICTh ITUKIIB OAWHUIH 1 HYIIIB
PIBHSIETHCS 2, TIOJIOBHHA 3 SKUX SIK JJISL HYJIB 1 OJUHAIG Ma€ JOBXKHUHY 1 1
M0 OJJHOMY LIUKITY OJIMHHMIIb IOBXKUHOO 3 1 HYJIB JTOBXHHOIO 2. OUeBUIHO,
oo 4dYepe3 KOPOTKY MJOXHHY TIOCTIOBHOCTI TOHANBINY TIEPEBIPKY
[MUKIIYHOCTI TMPOBECTH HEMOXKIIMBO, OCKIJIBKH OTPUMATH YBEPTh i1 OIHY
BOCBMY JIJIsl TAKOI KUTBKOCTI IPOCTO HEMOKIIHUBO.

o6 Oinbl HaoyHO mpojeMoHcTpyBatu umkIiuHicTh [IBII, ska
pealizyeThes 3a TaKUM aJITOPUTMOM 301IBIIUMO KUTBKICTh pericTpiB mo 4
(puc. 1.2). [Ins mo4aTKOBOTO CTaHy PETICTpa TaKOX MPUHMEMO OJMHUII B
yCiX po3psiaax.

Pucynoxk 1.2 — ®opmyBanHs M-TOCTiOBHOCTI 3a JOTIOMOTOIO
4- PO3PATHOTO PETICTPY 3CYBY

BiamoBiHO OTpUMAaEMO HACTYIIHI CTaHU PETiCTPY 3CYBY:
1111 0111 0011 0001 1000 0100 0010 1001
1100 0110 1011 0101 1010 1101 1110 1111
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OdeBHugHO, [0 Yy MAaHOMY BHIAAKY JIOBXHHA IOCIIJOBHOCTI
L=2"-1=15, a cama M-TIOCIIi/IOBHICTh Ma€ TaKHil BUL:

111100010011010,

3 SIKOT'O BUJIHO, 1[0 BOHA MiCTUTh 8 OJTUHUIIb 1 7 HYIIIB.

Jis Takoi mOCTiMOBHOCTI Ma€EMO YOTHPH IHUKIIIB HYJIB 1 OAUHUIE. 3
gotuppox 1ukiiB Hyms (000, 00, 0, O)oTpumany MONOBHUHY ITHKIIB
JMOBXKHUHOIO 1, uBepTh IWKIIB jgoBxkuHOO 2. [lomiOHa >k kapTuHa
CIIOCTEPITa€ThCS 1 JUIA MHKIIB OJUHUIG. [OMy, MOKHa BiI3HAYUTH, IO
MOCITIIOBHOCTI, IKi TEHEPYIOThCS 3a TaKUM aITOPHUTMOM BITHOCSTBCS 10
MOCIIZIOBHOCTE MAaKCHMaJIbHOI JIOBKMHU 1 3aJ0BOJILHSAIOTH YMOBaM
30aJ1aHCOBAHOCTI 1 IIMKIIYHOCTI.

Came Takuii anroput™M poOOTH peaizoBaHO y MiAIpOrpaMi mseq.m.
st renepaitii M-1ocitioBHOCTI, AJ1s PO3TJITHYTOTO y TIEPIIOMY MPHKIIAII
TPHOXPO3PSAHOTO  pericTpy 3cyBy (puc.l.l), HEOOXigHO y TOJIOBHIH
mporpami 3a7aTi KOMaHIy:

ml=mseq(3, (1,3), (1, 1, 1));,

Je 3aJaH0 KUIBKICTh pPO3psmiB  stg=3, MiClle IiAKIIOUEHHS
3BOPOTHOTO 3B’s13Ky taps=[1,3] , mouarkoBuii cTan perictpa inidata=[1,1,1].

Sk pe3ynpTaT BUKOHAHHS HOpOrpaMH  mseq.m TIeHepyeTbes M-
MOCIIOBHICTh y BUIJIsAALI BekTopa [1,1,1,0,1,0,0]. Ha puc. 1.3 300paxeno
emnopy chopMOBaHOT TOCIIOBHOCTI Y BUTJIAI IU(DPOBHUX BIJIIKIB.

0s B

08 1

a7 1

08 1

1k} 1

0.4 4

03 4

0.z 4

o1 b

Pucynok 1.3 — ChopmoBana M-1iociiIoBHICTh

VY mignporpami mseq.m mnepeadaueHO BUKOPHUCTAHHS YETBEPTOrO
apryMeHTy, KA BU3HA4Ya€ KUIBKICTb BHUXOZIB CXeMHU. SIKIIO KiNbKicTh
BUXoaiB N 3alaerbcsi y mignporpami, To MoxHa oTpumatd N M-
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MOCITIIOBHOCTEH, SKiI 3CYHYTI MiX CcO0OI0 Ha OonWH cUMBOJ. Hampuxman,
i M-TocmitoBHOCTI MOXe OyTH 3TeHepOBaHO 3a JOIOMOTOK KOMaHIH:
m2=mseq(3, (1,3), (1, 1, 1), 3).
Ilo 3akiHUeHHI BUKOHAHHS MPOrPaMH OTPUMAEMO SIK Pe3yJbTaT TPU
M-Ti0CTi TOBHOCTI 3CYHYTI Ha OJIMH HiIT:
ans =
1,1,1,0,0,1,0
0,1,1,1,0,0,1
1,0,1,1,1,0,0.

Jis peamizaiii 3cyBy y MHiAmporpaMmi mseq.m y CBOI uepry
BUKOPHCTOBY€ThCS mignmporpama  shift.m, ska 3amae 3cyB 3amanHoi
KUTBKOCTI OITiB Zj11 BEKTOPY a00 MaTpHIIi, III0 33/]a€ThCSI KOPUCTYBAaUEM.

1.1.2 I'enepanis mociainoBuocteii ['onma

Cxema reHepamii mocnmigoBHOcTe [oiama 3 BUKOPUCTaHHIM
TPHOXKACKaIHOTO PETICTPY 3CyBY 300paxkeHa Ha puc.l.4.

(+)s

<

Pucynoxk 1.4 — AnapartHa peanizauis nociigosHocti ['onna

Ak Oyno Bu3HaueHo y [3], mus reHeparii mociigoBHocTi ['onma
HeoOXimHO chopmyBaTH BI M-1IOCITITOBHOCTI 3 HACTYITHUM X JIOJJaBAHHIM
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3a MomyneM 2. BimmoBimHO amapaTHa dYacTWHA ITOBMHHA MICTHTH IBa
JHIAHUX PETriCTPH 3CYBY 31 3BOPOTHHUM 3B’ I3KOM.

Kinekicte mocnigoBHOCTeH [onma, MmO TeHEPYIOThCS 3a TaKOHO
cxemoro piBasteTbess 2"°-1 [3]. BoOHM OTPUMYIOTBCSA IDIIXOM 3MiHH
MOYATKOBOTO 3HAYEHHS PETICTPY 1 oJaBaHHSAM JBOX M-TOCHTiTOBHOCTEH
MIPH BUKOPHUCTaHHI N-KaCKaJHOTO PETICTPY 3CYBY.

Jns mocmigosHocTi ['onja, 1mo reHepyeThest 3a cxemoro puc.l.4 3
BUKOPHUCTAaHHSAM Kpamoi mapu M-IOCIiqOBHOCTEH, 3HA4YEHHS BEKTOpa
KpPOC-KOPETAIiHOI ()yHKIIIT BH3HAYAIOTHCS TPbOMa 3HAYEHHIMH , & CaMe:
[-1, -t(n,), t(n)-2],ze t(n) Bu3HauaeThes 3a (2.7) [3].

Anroput™ (hopMyBaHHS MOCTITOBHOCTI ["0j1/1a TPOJEMOHCTPYEMO Ha
MpUKIIazi cxemu 3 puc.l.4.

Sx mepmmmii perictp 3cyBy OyneMO BHKOPHCTOBYBATH PeE3yJbTaTH
npukiany 3 naparpady 1.1.1. ToOTo Ha BHXOAl MEpIIOro pericTpa 3CyBY
otpuMaemo nociinoBHicts [1,1,1,0,1,0,0].

Jus  ppyroro perictpy 3CyBy 3MIHMMO MiCIe MiIKIIOUYEHHS
3BOPOTHOTO 3B’sI3Ky (MK JpyruMm 1 TpeTiMm pospsimom). [louaTkosi
3HAaYeHHS PETiCTPiB MPUHMEMO TaKOX PiBHUMHU 1.

VY TakoMmy pa3i cTaHH pO3PAIIB MPH IMUKIIYHOMY 3CYyBi JJISI TAaKOTO
BapiaHTy perictpa 3CyBy MaTUMYTb BUTJIISL:

111 011 001 100 010 101 110 111...,.

BinmoBigHo cama M-TIOCHIIOBHICTH Ha BUXOZl APYroro pETiCTpy

3cyBy mnpuiimae Takuid Bua: 1110010 (puc.1.5).

08r 4

oar 4

07r 4

0BF 1

0s5r 1

o4t 1

03r 1

02r b

01r 4

Pucynoxk 1.5 — CpopmoBana M-noc/1iI0BHICTh Ha BUXOI APYrOro
pericTpy 3CcyBY
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PesynbpTar momaBaHHS WX MOCTIOBHOCTEH 3a MOJYJIEM 2 yTBOPIOE
Tona-mocnitoBHICTE:
1110100

@
1110010
0000110

I'enepamist mocmimoBHOCTI ['onma 3a HaBEeOEHWM aJITOPUTMOM
peamizoBaHa y miAmporpami goldseq.m. Aprymentamu QyHKUil
BUCTYIAIOTh JIBI M-IIOCIIOBHOCTI, 110 OOWPAIOThCA SK Kpalia mnapa.
Hampuxman, mis reHepamii Tpboxkackamuoi [oinm mocmimoBHOCTI ISt
PO3TISTHYTOTO MIPUKIIA Ty HEOOXiTHO BUKOHATH TaKi KOMaH/IH:

ml=mseq(3, (1,3), (1, 1, 1));

m2=mseq(3, (2,3), (1, 1, 1));

gl=goldseq (m1, m2) ;.

B pesynbTaTi 00YUCIEHb OTPUMYEMO TPHOXKACKAIHY MOCIITOBHICTh
lNonpa y Burnsni sexropa [0, 0, 0, 0, 1, 1, 0] 3 noBxuHOM0O 7.

Binmosignaa emtopa copmoBanoi mocmimoBHOCTI ['omma 300pakeHa
Ha puc.1.6.

035 r-

08r

07 -

06-

05r

04t

03r

02r

01r

0 o o &

2 3 4 5 B

Pucynoxk 1.6 — I[TocninoHicTs ["ona, mo peanizoBana
3a cxemMoro puc.1.4

3MiHIOIOYM TOYaTKOBUHM BMICT PEricTpiB MOXKHa OTpPHMAaTH pi3Hi
nociigoBHocTi ['0s11a, HaNpUKIIaI:
m3=mseq(3, (1,3, (1, 0, 0));
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m4=mseq(3, (2,3), (1, 0, 1));

g2=goldseq (m3, m4) ;.

BigmoBigro Ha puc.1.7 i 1.8 300paxeHo M-mociimoBHOCTI s
HOBHUX MOYATKOBHX 3HAYCHb PETICTPiB, a Ha pHc.l.8 —mocainoBHicTs ['onma
SK pe3yJIbTaT 10/aBaHHs M-TOCITiJOBHOCTEN 3a MOIyIEM 2.

Y mignporpami goldseq.m Takox miepenOaveHO BUKOPHUCTAHHSI
TPETHOrO apryMeHTy, SKHH BH3HAYa€ KiTBbKICTh BHUXOMIB CXeMH. SKIIO
3a1a€ThC  KUTBKICTh BUXOMiB N, To MokHa orpumatd N Tomm-
MOCITIOBHOCTEH, SIKi 3CYHYTI M’k COOOFO Ha OJTMH CHMBOJI.

Pucynok 1.7 — ChopmoBara M-NoCITiIOBHICTh HA BUXOJI1 MEPIIOTO
pericTpy

nad
w
=
El
2y

Pucynok 1.8 — CpopmoBana M-11oc/1iI0BHICTh Ha BUXOI APYTOro
pericTpy
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09 1

08 1

a7 1

06 1

0s 1

04 4

03 1

02 1

a1 1

Pucynok 1.9 — YTBOpeHa nmocnifnoBHicTs ['omga

Hanpuxitaz, i [ong -mocigoBHOCTI MOXKYTh OyTH 3reHepOBaHi 3a
JIOTIOMOTOFO KOMAaH/TH:

g2=goldseq(ml1, m2, 3);.

ITo 3axkiHYEHHI BUKOHAHHS MPOTPAMH OTPUMAEMO K PE3yIbTaT TPH
I'onn-nocmiToBHOCTI, 110 3CYHYTI Ha OJMH CUMBOIL:

ans=

0,0, 1,1,0
1,1,0,1
1,0,0,0.

0,0
1,0,0,
0,1,0

b b b

1.1.3 IIporpamua ouinka kopessiniiinux BiaacrtuBocreii IIBIT

Juis pobotu Kopenaropa y MpUHAMAaNbHIA YaCTHHI KaHAy 3B’S3KY 3
BUKOpUCTaHHSIM MeTogxy DSSS  HeoOXimHO peani3yBaTH  OIHKY
ABTOKOPEALIHHOT (YHKIIIT 1 B3aEMHOT KOPENALIHHOT (GYHKIIIT MiXK pi3HUMH
I1BII.

ANTOpPUTM BHU3HAYECHHS aBTO — 1 KpockopessmiiiHoi ¢ynkniid [TBII
peari3yeTbcs TOCTaTHBO NpocTo. Sk Oyio mokazano y [3] kopensiiiiai
BJIACTUBOCTI TOCJIIZJOBHOCTEH MOKHA BH3HAYUTH LUISIXOM OOYHUCICHHS
KUIbKOCTI 30iriB i po30iKHOCTEH MiAg 4ac IUCKPETHHX 3CYBIB, IO KpaTHi
TPHUBAIOCTI CHUMBONY. ToOTO BiOYyBa€eThCS IMOCHMBOIIEHE (MTOOITOBE)
NEPEeMHOXKEHHSI Ui 3CYHYTUX  MOCHIIOBHOCTEH,  TUNBKH ISt
aBTOKOpEIALiAHOT  (QyHKUII] mOpoBOAMTBCS 3CyB OAHiEl W Tiel X
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MOCIIAOBHOCTI, a JIJIsl B3a€EMHOI KOPENSIiiHOT (YHKIIT peaizyeTbes 3CyB
MDXK Pi3HAMH TTOCITi IOBHOCTSIMH.

[Ipouec posmupenHs cmektpa aai1 werony DS-CDMA y
MepeaBATbHOMY TPaKTI mependavae oOmepariro NEPEeMHOXKEHHS  YilliB
IIBII 3 cumBomamu, mo orpumani B pe3ynbrari QPSK momymsmii i saxi
nmonatotecst y (opmari NRZ. Ockinbku, KOIOBI IOCIIZOBHOCTI, IIIO
3reHepoBaHi y miamporpamax msec,m, gold.sec.m CKIIagarOThCs TUTBKHU 3
eJeMeHTIB, Mo Hanuexarh aHcamOmio {0,1}, To mi IIBII  Takox
TIEPETBOPIOIOTHCSI HA JIBOXIIOJIAPHY MOCIIOBHICTH, TOOTO (QOpMy€eThCA
KOJ/IOBa IIOCTIIOBHICTh, EIEMEHTH SIKOi 00OMparoThes 3 ancamomo {-1,1}.

Toni anropuT™M OOUYMCIEHHS KOPENSMiHOI (QYHKIIT MOXke OyTH
peanizoBaHO TPOCTHM  IIOCHMBOJIBHHM  TIEPEMHOKCHHSIM  3CYHYTHX
MOCTITIOBHOCTEH 3 HACTYITHUM JIOJ]aBaHHSM OTPUMAaHUX Pe3yJbTaTiB, TOOTO
cyMa aBTOMaTtW4HO Oyne BU3HauyaTu pizHHL0 A-D 30iriB i po30iKHOCTEH
i 9ac TOCUMBOJIBHOT'O TIOPiBHSHHS.

BinmoBigHO OmiHKa ~ aBTOKOpENAMiMHOT  (QYHKII 3a TakuMm
JITOPUTMOM pealli3oBaHa y Miamporpami autocorr.m. ApryMeHTamu Ili€i
(GYHKIIT BUCTYNArOTh iM Sl TIOCTIOBHOCTI 1 KUTBKICTh TIEPIOAIB KOy JUIA
AKX HEOOX1THO OOYMCIHUTH aBTOKOpeNsinHy (yHKito. Hanpuknan, ams
o0uHCIIeHHs aBTO KopelsiuiiHoi ¢yHkuii koaoBoi mociinosrocti X(t)=[ 1,
1, 1,-1, -1, 1, -1] HeoOXiZTHO BUKOHATHU TaKy MPOLENYPY:

X=[1,1,1,-1,-1, 1, -1];

Ry =autocorr(X);

Tak, mist orpumanoi y mnaparpadi 3.1.1 TphoxkackamHoi M-
MOCIIZIOBHOCTI aBTOKOpEJsAiitHa (QyHKIiT Moxe OyTh oOdYMCIIeHa 3a
JIOTIOMOTOF0 TaKHX OIIEpaTopiB:

ml=ml*2-1;

autocorr(ml);

B pesymprari  OOYMCIEHB ~ OTPUMYEMO  BEKTOpP  3HA4YEHb
aBToKopesniiuoi gyukuii [7,-1,-1,-1.,-1,-1,-1] (puc.1.10), 1m0 MOBHICTIO
BijnoBinae Bupasy (4.6) [3].
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Pucynok 1.10 — ABrokopemsimiitaa ¢hyHKIis M-niocaizoBHOCTI

B3aemHa xopensuiiiHa QyHKIISIT pPO3paxOBYETbCS 3a TaKUM Ke
anropuT™MoM. Y Mojieni KaHany (YHKINS B3a€EMHOI Kopeusmii abo Kpoc-
KOpemsiiiiiHa (QyHKI[iS OOYHCIIOETBCS 3a JIOMOMOTOIO  IMiAIPOTrpamMu
crosscorr.m. ApryMeHTamMHu L€l MmiAnporpaMH BUCTYNAalOTh iMEHa
MOCIIZOBHOCTEH 1 KUIBKICTh TMEpioaiB KOAY U1 SKHX HEOOXiJIHO
o0uncIuTH KopersuidHy ¢yaknito. Hampukian, mist oOYucieHHs Kpoc -
KOpeJAIIHHOT pyHKIIT s KojgoBux nociigoBuocrerd X(t)=[ 1, 1, 1, -1, -1,
I, -11 1 Y®O)=[ 1, -1, 1, -1, 1, -1, 1] HeoOXiHO BHUKOHATH HACTYIIHY
[poneaypy:

Xt=[1,1,1,-1,-1, 1, -1];

Yt)=1,-1,1,-1,1,-1, 1];

Rxy=crosscorr(X,Y);

VY maparpadi 1.1.1 6yno orpumano nBi M-nocmigoBHocti ml 1 m2
(puc.1.3 i puc.1.5). Toai B3aeMHa KopensIiifHa QYHKIIS MiXK OTPUMaHUMH
M-nocninoBroctaMu ml m2(1,:) moxe OyTu oOumcieHa 3a JONOMOTOIO
oTepaTopiB:

ml=ml*2-1;

m2=m2*2-1;

crosscorr(ml, m2(1, :));.

PesynpTar po3paxyHKiB Hagae BEKTOp 3HAUCHb KPOC-KOPENSALiHHOT
¢yukii [3, -1, 3, -1, -1, -5, 3] (puc.1.11).
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Pucynok 1.11 — B3aemna kopensiiiina ¢GyHKIIisl 3reHepOBaHNX
M-nocninoBHOCTEH

Heo0OxigHo BiA3HAYHMTH, 110 3HAYCHHS BEKTOPY (GOPMYIOTHCS 3 TPHOX
mdp [-1, -t(n), t(n)-2] oe t(n)=5, sk e BuxomuThH 32 (2.7) [3]. BiamosizHo
ml, m2(1, :) MarOTh XapaKTEepUCTUKH KPAIIOi MapH.

MoskHa BIA3HAYMTH, IO KIJIBKICTE M-IOCIIZOBHOCTEH, IO
3aJ0BOJIBHAIOTE I[ili BUMO3i, ayke Mana. Y ta0muii 1.1 HaBoguThCS
iH(opMaIlis PO BKIIOYEHHS 3BOPOTHOTO 3B’S3KY JUIsl OaratokakagHoi M-
MOCITIIOBHOCTI 1 BU3HAYeHA KUJIbKICTh HAHKpalix nap.

Orminka  KopensidHux  BiaacTuBocTed  [ona-mociimoBHOCTEH
NPOBOJMUTHCS  MOBHICTIO TOTOKHO 3 BHUKOPUCTAaHHSIM MiJIpOrpam
autocorr.m i crosscorr.m.

Tax mns po3rsHyToi y maparpadi 1.1.2 mocmigoBHocTi [onma st
o0YHCIIeHHSI aBTOKOpENALidHOT (yHKIIi HEOoOXiMHO peanizyBaTH Taki
KOMaH/I1:

gl=gl1*2-1;

autocorr(gl(1,:));.
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Tabmurs 1.1 — BusHaueHHS MicI BKITIOYEHHSI 3BOPOTHOTO 3B SI3KY
JUTS HAMKpanux nap

Micre ..
. .. . KinpkicTh
Kinekicth . Kinekicte M- M1 IKITFOYEHHS o
. Ilepion . . Hallkpammx
po3psiaiB MOCIIIIOBHOCTEH 3B0p,OTHOFO ap
3B’SI3KY
3 7 2 (1,3) (2,3) 2
4 15 2 (1,4) 0
5 31 6 2,5) 3
(2,3,4,5)(1,2,4,5)
6 63 6 (1,6) (1,2,3,7) 2
(2,3,4,7)
7 129 18 4,7) (1,2,5,6) 6
(2,3,5,6) (1,7)
(1,3,6,7) (2,4,6,7)
8 255 16 (2,3,4,8) (3,5,6,8) 0
(2,5,6,8) (1,3,5,8)
9 511 48 4,9) (3,4,5,9)
(4,5,8,9) (1,4,8,9)
(2,3,5,9)

B  pesynbrari  OOYHMCICHHS ~ OTPUMYEMO  BEKTOp  3HAUYCHb
aBToKopensninHoi ¢ynkuii [7,3,-1,-1.,-1, 3]. I'padik aBTOKOpENAILiHHOT
¢yskmii  [onp-mocnmigoBHOCTI Iisi  JAOAATHUX 3CYBiB 300pakeHO Ha
puc.1.12.

Pucynoxk 1.12 — ABTokopensuina ¢ynkuis ['ong-nociinoBHOCTI
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ABTOKOpesImiifHa (QyHKIIA Mae MaKCUMallbHE 3HA4YeHHS y TOYIIl
CHHXpOHI3aMii, a UIT yCiX IHIINX 3HA4YeHb Yacy BOHA Ma€ 3HAYCHHS, IO
(GIYKTYIOIOTb.

B3aemna xopensuiitna QyHKIiS MK OTPUMaHUMH MOCHTiTOBHOCTSIMHU
gl(1,:) gl (2,:) BUBHAUHATHCA SIK:

crosscorr(gl(1,:), gl(2, 2)).

PesynpTar po3paxyHKiB HaZae BEKTOp 3HAUCHb KPOC-KOpENSLiHHOT
¢byHKIil [3,-1,-5, -1, 3, -1,-1] (puc.1.13).

Pucynok 1.13 — B3zaemna kopensiiiina QyHKITis 11s
Tonpg-mocaigoBHOCTEH

3HavyeHHs1 BEKTOpY HopMyIOThCs 3 Tpbox mudp [-1, -t(n), t(n)-2], e
t(n)=5, sx ne BuxoauTh 3a (2.17) [2].

OproronaneHa  lona-mociigoBHICTH — peali3oBaHa  HIISIXOM
JI0JIaBaHHs HYJIHOBOTO 0ITYy Ha mo4arky abo kiumi ["oma-nociigosrocti. Le
MOYKHa BUKOHATH 3a JOIIOMOT'OI0 OllepaTopa:
code = [goldseq(m3, m4, user),zeros(user, 1)];.

Ha puc.1.6  Oyno 300paxkeno ['ona-mocmigoBHICTB, fKy OyIo
CTBOPEHO 3a JIOTIOMOTOr0 JIBOX M-mnociimoBHoctedt mli m2. Ha puc. 1.14
300pakeHO 110 X MOCIiI0BHICTS, ane y ¢popmati NRZ.
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ik} 1

0B 1

04 B

0.z b

02 1

04 4

08 4

08 4

Pucynok 1.14 — l'ona-nocnigoBHicTs y opmati NRZ

Binmosigao Ha puc.1.15 300paxeHo yTBopeHy opToroHanbHy [omi-
MOCIIIOBHICTS 3 BOCBMH HiIMiB, SIK pe3yNbTaT JOAaBaHHS HyJNsS Ha KiHII
MOCJIIIOBHOCTI | 0JII-ITOCIIIIOBHOCTI.

Pucynok 1.15 — Oproronanpaa ['onn-ocmifoBHICT

ABTOKOpEISIIiifHAa QYHKIIIS JJI1 OPTOrOHAIBHOT I 0JII-ITOCITiIOBHOCTI
300paxkeHa Ha puc.1.16.
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Pucynok 1.16 — ABTOKOpensiiiHa GyHKIIiS OPTOTOHAIBHOT
lNong-nocninoBHOCTI

Sxmo 3a gomoMoror chOpPMOBAaHHX paHille YOTHPHOX M-
nociigoBHocTer ml, m2, m3, m4 yrBoputu aBi ['onj-mociimzoBHOCTI, a
HOTIM 3a 3aIIPONOHOBAHMM QJITOPUTMOM IEPEHTH 10 ABOX OPTOTOHAIBHHUX
lona-nocnioBHOCTEH, TO MOXXHA OOYMUCIUTH B3a€EMHY KOPEISLiNHY
¢ynkuito. Pesymprar oOYHMCICHHS B3a€MHOI KOpeJsmiiHOT  QyHKIT
BimoOpakeHo Ha puc.1.17.

Pucynok 1.17 — B3aemHa kopensiiiiHa GyHKIlisSE OPTOrOHAIBHOT
Tos-rmociitoBHOCTI
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AHami3yroun B3a€MHI KopemamiiHi QyHKmii ams M-mociimoBHOCTEH
(puc. 1.11), Tonm-nocmimoBHOcTel (puc. 1.13) 1 oproroHansHuX [ om-
nociigoBHOCTEH (puc. 1.17) HEOOXiAHO BiAZHAYNUTH BAXKIMBY OCOOIMBICTH
opToroHanmbHUX [ona-mocmigoBHOCTE — Ha  BiaMiHy Big M-
MOCIiAOBHOCTEH Ta [ '0NA- mociZ0BHOCTEN, B3a€MHA KOpesiiHa (QyHKITis
JUTSL OPTOTOHAIBHUX [ ONA-NOCTiIOBHOCTEH Ma€e HYJIbOBE 3HAUCHHS Y TOYII
CHUHXPOHI3aIii.

[loBHi micTmHTH mignporpaM msec.m., goldseq.m., autocorr.m,
crosscorr.m., a takox shiftm — miamporpamu, sikai peanizye IUKIIIYHHIHA
3CYB Ha OJIMH PO3PsA HABEACHO Y A0AaTKy A.

2 CTPYKTYPA IT'OJIOBHOI IPOTPAMM

Y npyromy po3aisii po3risAacThes MO0y I0Ba MOIEI] KaHATy 3B 3Ky
3 Bukopuctanasam merony DS-CDMA. Binmosigao mo Texnomorii DSSS y
MOJYJISITOpi  BiOyBa€eThCsl oOmepallisi PO3MUPEHHS CHEKTpa MNPSMOIO
MOCHTITOBHICTIO 3 HACTYITHUM BWUKOHAaHHSIM 3BOPOTHOI oIepamii CTHUCKY
CIIEKTpa Ha MPUHMaITEHOMY OOIIi.

Bnok-cxema anroputmy ¢opMmyBaHHS MOAETl KaHaly 3B SI3Ky 3
BUKOpHCTaHHsAM MeToAay DSSS naBemena Ha puc. 2.1. BiamosigHo yci
eranu GopMyBaHHS i OOpOOKH CHTHAIB 3a I[IEF0 MOJEIUII0 peaizoBaHi y
ronoBHi mporpami dscdma.m. Jlns BuBomy rpadiuHuX 3anexHOCTEH
BER =f(E,/Nj) 3acTocoByeTbCsl iHINA TONOBHAa Iporpama ber cdma, sika
NPaKTUYHO MTOBTOPIOE mporpamy dscdma.m, ajge MiCTUTh 10JaTKOBUN LIUKII
32 TapamMeTpom Ew/Ny, mo, BmacHe, i 103Bojsie oTpumaTth TrpadiuHi
3aJIeKHOCTI.

[o-miepire, y TOJNIOBHIN mporpami BBOJATHCS MOYATKOBI JaHi JJIst
MOJIeNIIOBaHHs. BBegeMo Taki mo3HaueHHS:

sr [kOiT/c] — MIBHIKICTh TIepe/iadi CUMBOJIIB;

br [k6iT/c] — mBUIKiCT Mepeaadi iHGopMaIiiftHuX OiTiB;

ml — KibKiCTh OiTiB, IO MIEPENAIOTHCS 38 OJJUH CHMBOJT,

nd — KiIBKICTh NEpeAaHuX CUMBOJIB, AJS SAKUX Oyae MPOBOAUTHCS
PO3paxyHOK WMOBIPHOCTI MOMHJIKOBOTO TPUHOMY 32 OJIHY peati3ailito
BHITaJIKOBOTO TIPOIIECY (OMH UK MOJIEITIOBAHHS);

ebn0 — movaTkoBe 3HAUYEHHS €HEPrii, 10 MPUXOAUTHCS HA OIWH OiT
Ey, 10 cniekTpalibHOI 1iIbHOCTI IIyMy Ny BU3HAYEHIH cMy3i 4acToT;

[POINT — nmopsi1ok nepeTucKpuTH3AIlIT;
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irfn —KiTBKIiCTh JiHIH 3aTpUMKH Y popMyrodoMy (QibTp;

alfs — xoedimienT 3akpyrieHas (mapamerp Qopmyrodoro ¢inbTpa,
SKHI BU3HAYA€ PO3MIMPEHHS CMYTH YacTOT MOPIBHSHO 3 ieanbHoio AUX).

IBuakicTe mepenaBaHHA CHUMBOJIB 3afaHa piBHowo 256000 6it/c,
ab0 256 k0iT/c, KUTBKICTB 0iTiB ml, 0 TIEPEHOCATHCS 3a OUH PaTiOCUMBOJI
mist QPSK ml=2, BiamoBimHo OiToBa IMBHAKICTE br BH3HAYaeThCA 5K
pe3ysbTaT MEPEeMHOXKEHHS! CHMBOJIBHOT IIBUAKOCTI Ha mapameTp ml, 1mo y
Bunaaky QPSK o3mawae, mo O6iToBa mBHIKICT, yABi4i Oimpma 3a
CHMBOJIbHY IIBUIKICTb.

KinbkicTh CUMBOJIIB, IO IMiJUISITAIOTh aHAIZY JUIS OJHIEl peaizarii
BUTIAJIKOBOTO Ipoliecy NpuitHATa piBHOI0 nd=100, mouaTkoBe 3HAYCHHS
napametpy E,/N=3.

KoeginienTr iMIynbCHOT XapaKTepUCTUKU (GiabTpa (HOPMYHOUOTo
¢GinbTpa y KOXHOMY 3 KaHaliB  pO3PaxOBYIOThCS 3a JIOTIOMOTOIO
mignporpamu  hrollfcoef(irfn,  [POINT,sr,alfs,1/0).  Ilapamerpamu
MiAIpOTpaMu € KiTbKICTh JiHIN 3aTpuMKH (inbTpa irfn, paHinie BU3HaYeHi
nopsnok nepeauckperuzanii [POINT i cuMBoibHA NIBUAKICTH ST, 8 TAKOXK
KoedirieHT 3akpyraeHHs alfs. 3HaYeHHS OCTaHHBOTO IT'SATOTO TapaMerpa
¢yukii hrollfcoef, sxe moxe mpuiiMatu 3HadeHHs abo 1, abo 0, Bu3HaUae
NPUHANICKHICTh (QiNbTpa 10 TMepeAaBada KaHaly 3B’A3Ky (BiINOBITHHIN
napameTp piBHsieTbes 1), abo 10 mpuiiMava (mapamerp NPUHHATO PIBHUM
0).

Jnst MozentoBaHHS KUIBKICTH JIIHIA 3aTPUMKH TMPHHAHATA PiBHOIO
irfn=21, a 3Hauenns koedinienta okpyrieHus alfs=0.5.
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B TepMminax anropuTMiyHOi MOBH TPOTPaMyBaHHS CEpEIOBHIIA
Matlab 010k BBeIeHHS MOYATKOBHMX JaHUX s meroay DSSS  HaOysae
HACTYITHOTO BUTJISAY:

% dscdma.m
% Simulation program to realize DS-CDMA transmission system
%7‘:7‘:***'}:'k*7':7':7':**********:&**Preparation part**********‘k***

sr=256000.0; % Symbol rate

ml=2; % ml : Number of modulation levels
br=sr.*ml; % bit rate

nd=100; % Number of symbols

ebn0=3; % Eb/NO

IPOINT=S; % Number of oversamples
irfn=21;% Number of taps

alfs=0.5; % Rolloff factor

[xh]=hrollfcoef(irfn, IPOINT,sr,alfs,1);
% Tranamitter filter coefficients

[xh2]=hrollfcoef(irfn, IPOINT,sr,alfs,0);
% Receiver filter coefficients

PizHums mixk mporpamaMu siKi 3aCTOCOBYIOTBCSI O€3MOCEPETHBO IS
meroxy QPSK [1] i peamizauiero Takoi Momynsimii y cHHXpoHHHX DS-
CDMA cucremax mossrae y mapaMeTrpax, sKi BHKOPHCTOBYIOTBCS IS
BU3HAYCHHSI KIJIBKOCTI KOPUCTYBaviB 1 reHepaitii PN-kony.

Sk Bim3HAyanmocs, y TPOrpaMHOMY KOMIUICKCI IPOIIOHYETHCS
pearizyBaTH TEHEpalil0 TPbOX BHJIB PO3MIMPIOIOYOTO Koay — M-
MOCIIZIOBHOCTEH, mocmigoBHocTedt [onmma 1 oproroHameHux ['onn-
nociigoBHOCTe. BuOip Tiei uyM 1HIIOT TOCTIZOBHOCTI TPOIIOHYETHCS
3MICHUTH 3a JONOMOror omepartopiB switch, case i 3miHHOI sec. Tak,
3aJlaf0ud  3HA4YeHHS 3MiHHOI sec =1 peani3yeTbcs TeHepaiis M-
MOCIIAOBHOCTI, AT sec = 2 BifOyBaeThcs reHepartis 1 oya-1mociiIoBHOCTI
i, BigmoBimHO, 1A sec=3 (opMyeTbCI TOJOBHOIO MPOTPaMOIO
oproroHajgbHa ['01-1I0CTiT0BHICTb.

B cunxponnux DS-CDMA cucremMax KiIbKICTh KOIB, 110 MOBUHHA
OyTH Tpu3HaueHa PI3HUM KOPHUCTYBauyaM IIOBHHHA DPIBHATUCS IOBXHHI
KO/iB, IO BHUKOPHUCTOBYIOTHCS. BinmoBimHO, MOBXHMHY  KOIOBOI
MOCJII0BHOCTI HEOOX1THO 0OMpaTH OLIBIIO 3a KUJIbKICTh KOPUCTYBaYiB.
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Hampukian, SKIIO BHKOPHCTOBYETHCS TPHOXPO3PSAHUHA perictp
3CYBY, TO KIUJIBKICTh KOPHCTYBauiB, sika OyJe MmijuiAraTd aHamidy (3MiHHA
user) He MMOBHHHA MepeBUILyBaTu ceMu (7).

st reHeparii KOJoBOI TOCIIMOBHOCTI HEOOXIAHO 3adaTH KUIBKICTh
po3pAniB (3MiHHA Stg), IO3UIII{ pO3TaNTyBaHHS 3BOPOTHOTO 3B S3KY (3MiHHA
ptap) i moYaTKOBHi BMICT pericTpiB (3MiHHI regil, regi2 BiamosiaHO).

SAx Oyno Bu3HaueHo, uia reHepanii [onm-mocmimoBHOCTEH 1
opToroHanpbHUX | omg-mocmigoBHOCTEW HeoOximHo chopmyBaté nBi M-
nociigoBaocti. Cpopmosani [1BI1 36epiratoTbes sik 3MiHHa code.

B rtepminax cepemoBuina Matlab Omokx 3aBmaHHS mapaMmeTpiB I
MoeroBaHHS PN-koiB HaOyBa€e TaKOro BUIIISIY:

user=1;

sec=1;

stage=3;

ptap==[1 3];

ptap==[2 3];

regil=[111];

regi2=[11 1];

Besnocepemnbo TeHepaiisi TPbOX BHUIIB KOy  peami3yeThCcs 3a
JTIOTIOMOT OO HACTYITHOTO OJIOKY:
Besnocepennbo reHepailisi TPpOX BHIIB KOJY — peami3yeTbesi 3a
JTIOTIOMOT OO HACTYITHOTO OJIOKY:
switch seq
case 1 % M-sequence
code=msec(stage, ptapl, regil, user);

case 2 % Gold-sequence
ml=msec(stage, ptapl, regil);

m2=msec(stage, ptap2, regi2);
code=goldsec(m1, m2, user);
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case 3 % Orthogonal Gold-sequence

ml=msec(stage, ptapl, regil);

m2=msec(stage, ptap2, regi2);

code=[goldsec(m1, m2, user), (user,1];

BignoBigHo micis BUKOHAHHS IIOTO OJIOKY peasizyeThcs TeHeparis
KOAy 1 3reHepoBaHMiA Koj 30epiraerscs sik 3MinHa code. 3miHHa code
NPakTUYHO TMPEJCTABISE€ MATPHIIO, TMOPSAJAOK SKOT  BHU3HAYAETHCS
Pe3yIbTaTOM IIEPEMHOXKEHHS KiIbKOCTI KOPUCTYBaUiB Ha JOBXHUHY KOJOBOI
nociigoBHocTi. ['enepamiss M-nocmigoBHocTi 1 [onmg  mociimoBHOCTI
BiIOyBaeThCs 3a JomomMororo (GyHKIiH mseq.m i goldsec.m BimmoBimHO.

OCKiNbKH 3TeHpOBaHi MOCTIIOBHOCTI CKJIAJalOThCs 3 aHcamOIro
TINBKM HYJIBOBUX Ta OAMHWUYHUX 3HAYCHb, TO HACTYIIHOIO OIEPALi€l0 €
MIEPETBOPEHHS KOJOBUX MOcTigoBHOCTEH 10 dopmary NRZ 6e3 mocriHOT
CKJIa/IOBO1 3 BU3HAYCHHM OBXHHH chopmoBanoi [1BII:

code= code*2-1

clen=length(code)

[Tomani mounHAETHCSI OCHOBHE TiJIO POTPAMHU.

BBenemo HacTymHi MO3HAYEHHS:

nloop — KUIBKICTh ITUKJIIB MOJICITIOBAHHS;

nod — KiJBKICTh Tepenanux OiTiB;

noe — KUIbKICTh TOMUJIKOBO JIEKOJOBAaHHUX OITiB Ha MpUAMAaIbHIN
CTOPOHI.

Juis Toro, mo6 anekBaTHO BU3HAYHMTH IMOBIPHICHI XapaKTepUCTHKU
KaHaJdy 3B’S3Ky 3aJaMO KUIBKICTh IUKIIB MOJENIOBaHHS (KUIBKICTH
peatizailiii BUMIAJKOBOTO TpOIiecy s mociaigoBHocTi 3 100 0iT) 10CTaTHRO
BENMKOI0 — TpuitMaemo 3HadeHHss nloop = 1000. [TouaTrkoBi 3HaueHHs
KITbKOCTI mepefannx (3MiHHa nod) i MOMIJIKOBO JEKOJAOBaHWUX OiTiB
(3MiHHA noe) MPUIMAIOTHCS HAa IOYATKY UKy PiIBHUMH HYIIO.

3MiHHY NHKIy MMO3HAa4YMMO uepe3 iii, a MOoYaToK LUKy 3aJa€ThCs
oneparopoM for iii=1:nloop. Bianosinnuii ¢pparment nporpamu HabyBae
HACTYIHOTO BUTJTILLY:

%******************Start Calculations***********************

nloop=1000; % Number of simulation loops



27

noe=0; % Number of error data
nod=0; % Number of transmitted data
for iii=1:nloop

Tino yuxny

end

Hami y Tini UMKy BHKOHYIOTBCS yci eTanmu OOpoOKHM CHTHAdy 3a
0J10K-cXeMo¥o 3 puc. 2.1.

CriodaTky BimOyBa€ThCcsl TEHEpaliss BHIAAKOBOI MOCIiJOBHOCTI
iHpOpMaLlIHHUX JMaHWX 3 OJHAKOBOI WMOBIPHICTIO 3’SIBICHHS HYIIB 1
OJIMHUIL 3a JONMOMOTOK BOyAoBaHoi ¢yHkmii rand. /s cdopmoBaHOro
iH(opMaIifHOTO TOTOKY peamizyeThes podota 1,Q — momymsaropa QPSK
CUTHAJIB 3TiHO 3 alTOPUTMOM PO3TISIHYTUM € [], TOOTO BimOyBaeThcs
(dopMyBaHHS TOCIHIJJOBHOCTEH MapHUX 1 HEMapHUX OITiB BIAMOBIAHO A0
anroputMy (GOpMyBaHHS KaHAJLHUX CUMBOJIB (pHC. 2.2).

[lomani peamizyerbcss Opyruii eTam MOIYJAIil, a came, ormeparlis
PO3LIMPEHHSI CIEKTpa, TOOTO BigOyBaeThCS MEPEMHOKEHHS OTPUMAHOTO
MOJYJIbOBAaHOTO CHUTHAIy 1 3TeHEepOBaHOI KOJOBOI MOCTIIOBHOCTI 3a
JIOIIOMOT 010 Tinporpamu spread.m.

[Nomanpma oOpoOKa CHUTHANB MPOXOIUTH IOBHICTIO TOIIOHO /0
3puuaiiHoro meroay QPSK. BifmnoBigHO /10 NpUHIMITB HUPPOBOTI 00pOOKH
CUTHAJIB 3MIMCHIOEThCH OIepallisi MepequcKpeTu3amii 3 IMOpSIKOM
nepauckpernzanii [POINT = 8 1 HactynHoO ¢inbTpauiero y popmyrodomy
¢ineTpi Haiiksicra.

Peamizanisi mepenuckperuzamii i QinpTpamii 'y mporpaMHOMY
KOMIUIEKCI peaizyeThes 3a JOMOMOTOI0 TiIporpaM compoversamp2.m i
compconv2.m BiAMOBIAHO, OBHUH JIICTUHT SIKUX HABEJCHO Y J0JaTKY.

TobOTo, HaBelneHHWH HMKYE OJIOK OMEpaTopiB TOJOBHOI MpOrpamMH
NPakTUYHO (QOpPMYye BHXIIHUI CHTHajd mepefaBaya B OCHOBHIH CMy3i

HaCToOT IJId SaHpOHOHOBaHOI MO}_IGJ'Ii:
%******************Transmitter***********************

%******************Data generation***********************

datal=rand(user,nd*ml)>0.5; % rand: built in function
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%******************QPSK Modulation*********************

[ich,qch]=qpskmod(datal,user,nd,ml);

%*************7‘:7‘:7‘:**Spreading*********************
[ichl,qchl]=spread(ich,qch,code)); % spreading
%‘k‘k‘k‘k‘k*‘k‘k‘k*********Oversampling********7‘:***** edddtdd
[ich2,qch2]=compoversamp2(ichl,qchl, IPOINT);

%‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k******Convolution*********************

[ich3,qch3]=compconv (ich2,qch2,xh); % filter.

Ha puc. 2.3 300paxkeH0 mepuri JBaAUATh BIITIKIB - BXiJHOI
BUTIAJKOBOI MOCTIIOBHOCTI 3 OJTHAKOBOIO IMOBIPHICTIO 3’ SIBIICHHS OTUHUIID
1 HyNiB, SIK pe3yidbTaT BUKOHAHHS MEPIIOTO 3 HAaBEJCHHX OIEpaTopiB

(pyukuis rand).
‘—6 ‘data1 |

1

gr

Pucynok 2.3 — I[lepmri aABaausaTh BiAjiKiB BXiHOT iHPOpMaIiifHOT
MOCJIIIOBHOCTI

Ha puc. 2.4 i puc. 2.5 HaBeneHi eMOpH MEPIINX AECATh KaHATBHUX
cumBomiB I, Q-momynsTopa, SK pe3ylbTar poOOTH MiANpOrpaMu
gpskmod.m.
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O4r B
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L8 B

Pucynoxk 2.4 — I[epini gecaTh BiIIIKIB TOCIIJOBHOCTI KAHAJTBHUX
cuMBoIiB [-kanamy

1 T T T T
—& qgech

08 B

06+ B

04f 1

a0zt 4

04 1

1B F B

L& B

Pucynoxk 2.5 — I[epii gecATh BiAJIIKIB TOCITIJOBHOCTI KAHAJTBHUX
cUMBOJIIB () —KaHay

Ha puc. 2.6 300pakeHO OJIMH MEPioJ 3reHEPOBAHOT TPhOXKACKaIHOT
M-110CTIIOBHOCTI.
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—= code
0&r

nef .
o4t .

02t q

02+ 1

04} .

06+ 1

L8 q

Pucynok 2.6 — 3reHepoBana M-T1OCITi TIOBHICTB

Ha puc. 2.7, puc. 2.8 mpoaeMOHCTPOBAaHO OIEPALil0 PO3IIMPEHHS
CIIEKTpa y YacoBiif 06macTi ;s 000X kaHaNiB (mignporpama spread.m) mms
HEPIINX JIECATH CHMBOJIIB KOKHOTO 3 KaHAJTiB MOAYJISTOpA.

— ichl

02r H

0.2H q

0.4H .

0B H q

0.8H k

Pucynoxk 2.7 — Pe3ynbraT BUKOHAaHHS omepallii po3IIHUpeHHs CIIeKTpa
B I-xkanai
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ner q

06} q

04t g

02p q

0.2 q

04t g

06H i

0.8 q

Pucynok 2.8 — Pe3ynbTaT BUKOHAHHS OTEpallii pO3LMIMPEHHS CIIeKTpa
B Q-kanai

Binbin netanbHO el mporiec NpouTICTPOBaHo Ha puc. 2.9, puc. 2.10,

Jie Ui 000X KaHATIB B3STi TUILKH JIBa MEPIIUX KaHAJIBHUX CUMBOJIH, STKUM
y 3aKOJI0BAHOMY BHTJISINII BiMOBiNAIOTh 14 MUCKpeTiB (JiMmiB).

— ichl

06 q

041 q

0z2r q

02r q

04r 1

06+ 1

08F q

Pucynok 2.9 — Onepatiist po3mupeHHs CIeKTpa IS ABOX MepIInX
cuMBoiB [-kanary
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08¢

06+ q

04+ 4

oz q

a2t i

04t i

06k 4

nsk i

Pucynoxk 2.10 — Omnepariist po3mHUpeHHAs CIIEKTPa IS ABOX MEPIIAX
CUMBOIIIB Q-KaHAITy

HactymHuM KpoKOM € BHKOHaHHS omepanii nepeauckperusamii. s
Oimpmoi  HAaOWHOCTI  (I3UYHOTO  CEHCY Mi€i  omepamii  Mporec
nepeAncKpeTru3anii MIPOAEMOHCTPYEMO TiNBKH JUIS OJTHOTO
iHpopMaliifHoro 6iTa, SKOMY BiAIIOBIIal0TH 3aKOI0BaHA TIOCIiJOBHICTH 3 7
gimiB. BimmoBimro Ha pumc. 2.11, pmc. 2.12 BigoOpaxkeHO mpoIiec
nepearckperusanii B 000X KaHajmax 3 MOPSIKOM IepeauCKpeTH3amil
IPOINT = 8.

SKmo Mmoo omeparilo MPOBECTH Ui TEPIIMX AECATH KaHAIbHUX
CHUMBOIIIB Yy KOXXKHOMY KaHalli MOIYJISATOpa, TO EIMIOpPH y PO3pi3i came
oreparii mepeaucKpeTH3allii BUXOJATh HeiHpopmatuBHUMH (puc. 2.13,
puc. 2.14).
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0ar q

06 q

04F q

02r q

ozl 1

04l 1

RNy q

st 1

Pucynok 2.11 — Omnepariist mepe qucKpeTH3amii 1t OTHOTO
iHpopmariitHoro OiTa [-kaHay, SIKOMy BiIOBIJalOTh CiM
3aKOZ0BAaHUX YiliB

Pucynok 2.12 — Onepaitist nepeIucKpeTU3alii Jjis 0JHOTO
iHpopmaniitHoro Gita I-kanay, sIKOMy BiZIOBiJalOTh CiM
3aKOJI0BAaHUX YIIIB.
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Pucynok 2.13 — Omepartist mepeaucKpeTH3alii uist IECSITH
3aKOJI0BaHMX KaHAJHHUX CUMBOJIB [-KaHaTy

02r

n2H

o4l

-06H

0.8 H

100

B

300

plii

500

600

Pucynok 2.14 — Omnepartis mepeaucKpeTH3alii [uist IECSITH
3aK0/I0BAaHMX KaHATLHUX CUMBOJIIB Q-KaHAITy

Hanmi y kokHOMy KaHami BigOyBaeThCcsl (inpTpauis (opmMyrounm
¢ineTpom HaiikBicta. Pesynmpratn QinmpTparii y KOXHOMY KaHalli SIK
pe3yibTaT BUKOHAHHS OIepailii 3ropTKU MPOJIeMOHCTPOBAHO Ha puc. 2.15,

puc. 2.16.
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Pucynok 2.15 — Emopu Ha Buxoai hopmytodoro ¢insTpa I-kanary

15 T T T T T

05

Rk

a0 160 15ID QDID 2%0 300
Pucynoxk 2.16 — Enropu Ha Buxozi ¢popmyrouoro ¢inetpa [-kaHamy
Junsa 3pivicaends moxnysanii BPSK y koxxHOMY KaHami MogynsTopa B

peaNbHUX CcHUCTeMax HeoOXimHO Bin 1M(poBUX BUOIPOK MepedTH 10
aHAJIOTOBOTO TOJaHHA Moaynwrunx [, Q cuMBOmiB, TOOTO HEOOXiTHO
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nmudpoBi BUOIpKHM TmomaTH A0 IM(GPO-aHATIOTOBOTO IIEPETBOPIOBAYA.
Pesynbrar BUKOHaHHS 1Ti€T onepairii 300paxeno Ha puc. 2.17, puc. 2.18.

15

05

-0

_1 5 Il 1 1 1 1
1} a0 100 150 200 250 300

Pucynok 2.17 — Moaymnroroui cumBonu [-kanamy

15

0.5

045

15 1 1 1 1 1
1] a0 100 150 200 280 300

Pucynok 2.18 — Mojynroroui cuMBosi Q-KaHay
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OCKUIBKY MPOIIECH Ha PaiodacToOTi B MOJCIHI HE PO3TIISIAI0THCS, TO
OTpUMaHi CHMBOJIA MOXHA BB2)KaTH BHUXIJHMMHU CHUTHAJIAMH KOXKHOTO 3
KaHaJiB MOJAYJATOpA, SKI TEPeNar0ThCsl 4Yepe3 CKBIBAJICHTHUN KaHAl
3B’SI3Ky B OCHOBHIN CMY31 4acTOT.

Y mnpuiiMadi 0 TMepeaaHux 3aKOAOBAHWX OITiB JOMAEThCSA OLTHi
rayciBCbKHI IIIyM BiJIIOBIIHO 10 3aaaHoro BigHomeHHS Ey/No. Ilortim
MIPUAHATI JaHi TPOXOAATh TaKy Xk (inbTparnio y popmyrodoMmy QiabTpi, SK
e BigOyBamocsi Ha mepenaBambHOMY Oorii. JlomaBaHHs Oinoro mymy 1o
NPUAHITAX NaHUX peai3yeThes 3a JOMOMOTOI0 Migmporpamu comb2.m.
[ToBHwuit micTUHT porpaMu comb2.m. HaBeIEHO Y JOJATKY.

spow=sum(rot90(ich3.*2+qch3.72))/nd;
attn=sqrt(0.5*spow*sr/br*10”(-ebn0/10));
lich6,qch6]=comb2(ichS,qch5,attn);

[ich7, qch7]=compconv2(ich6,qch6,xh2);
Sample=irfn*IPOINT+1;

ich8=ich7(: , sample: IPOINT: IPOINT*nd*clen+sample-1)
qch8= qch7(: , sample: IPOINT: IPOINT*nd*clen+sample-1)

OcTaHHI JBa OIEPAaTOPU YCYBAIOTh MEPEAUCKPETH3AINI0, sKa
BBOJMJIACS Ha mepenaBanbHOMy Oori. y I ta Q kanamax BiamosigHo. ToOTo,
Ha [IbOMY €Tami OTPUMYIOThCS CUTHAI 3 PO3IMIMPEHUM CIEKTPOM SKUU €
CYMOIO CUTHAJIIB BiJ] YCiX KOPHCTYBaUiB.

HactynHoro omnepaiiiero € 3BOPOTHHH CTHUCK CIEKTpa MPUHHITOTO
CUTHAJIy Yy KOPENSATOpi, IO JO3BOJISE BU3HAYMUTH CaMe CHUTHAT BiX
KOpUCHOTO KopHcTyBada. KopensmiiiHa o0OpoOka NpPUHHITOTO CHTHATY
(cTHCK CHEKTpY) pealizyeThCsl Y MPOrpaMHOMY KOMILIEKCI MiJIporpamMoro
despread,m:

[ich9 qch9]=despread][ich8,qch8,code;.

[Micas nexopensiii BiOyBa€TbCS AEMOAYJIALIS HPUHHATOTO CUTHAITY
3a anroputMom podotu 1,Q nemomynsropa.

OcTaHHIM OJIOKOM TOJIOBHOI MPOTpaMU € BU3HAYCHHS MOMHIKOBO
OpUAHIATAX OITIB AN YCiX KOPHUCTYBadiB 3 HACTYIIHUM BH3HAYCHHSIM
3aIIeKHOCTI KoedilieHTa OiTOBOT MTOMMWIIKH BiJl BiTHOIIICHHS CUTHAJ/IIIYM:
[demodata]=qpskdemod(ich9,qch9,user,nd,ml);
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%******************Bit Error Rate
noe2=sum(sum(abs(datal-demodata)));
% sum: built in function
nod2=user*nd*ml; %
noe=noe+noe2;
nod=nod+nod2;
fprintf(' % d\t%e\n',iii,noe2/nod2); % fprint: built in function

end % for iii=1:nloop
%******************Output result fhdddfhhhh ek

ber=noe/nod;

B pesynprari 3amycky roioBHOI mporpamu dscdma.m BimOyBaeThCs
(¢hopMyBaHHA €MIOPIB CHUTHANIB JUIA YCiX eTamiB OOpPOOKH CHTHANY Y
MOJYJIATOPI 1 IEMOAYJIATOPI 3 TOOYI0BOO (ha30BOTO Cy3ip’s JUIA 3aJaHOTO
3gaueHHsa E./N.

MonenroBaHHS 3aJeKHOCTI Koedimienta 6iToBoi momunku BER mms
AWGN kanany 3B’s3Ky peamizoBaHo y nporpami BER CDMA, ska
BIZIPi3HAETBCS Bia mporpamu dscdma BBEICHHSM JOJATKOBOTO IUKIY 3a
napametrpoM Ey/Nj 3 BIAMOBITHUM BHBEIEHHSM TpadiqHUX 3aJIeKHOCTEH
BER={(Ey/Ny). [ns mpoBeneHHs TOPIBHSIBHOTO aHalizy Ha Tpadikax
TakoK mpencrapneni 3anexnocti BER  gns AWGN kanamy i kpuBa
peneiBChKOro mopory.

3 MOPAJOK BUKOHAHHS KYPCOBOI POBOTH

3.1 Tenepamis i omiHka KopeJasiliiHUX BJACTUBOCTEN
ICEBJOBUIIAKOBHUX MOCJIITIOBHOCTEM

BapianTd TeXHIYHOrO 3aBJaHHsA MpUBeAeHI y Tabmumi  3.1.
BiamnoBigHo 10 3a1aHOi y TEXHIYHOMY 3aBJaHHI BHIY IICEBIOBUIIAIKOBOT
MOCHIIOBHOCTI 3IIHCHUTH TeHepauito aBox pizHux IIBIl ogHoro tumy i
OOYHCITUTH aBTOKOPEISIIIHHY 1 B3a€EMHY KOpelsiiitny QyHKIIii.
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Hus renepamii IIBII 1 oOuucnenHs xopemsmiiHuX —GYHKIH
HEOOXiHUM € Takuil HaOip MPOrpaMHUX MOAYJIiB:

main.m — rojoBHa MporpaMa, B sIKill peami3yeTbcsi BHOIp TUIY
MOCITAOBHOCTI, 3aBaHHS KUTBKOCTI PO3PSIIIB PETICTPY, MOYATKOBHUX CTaHIB
PO3pAIB 1 BUBLA PE3yNbTATIB;

msec.m — mignporpama resepaitii M-ociiioBHOCTEH;

goldseq.m — migmporpama rerepartii I ona-mociiqoBHOCTEH;

autucorr.m— mianporpaMa 004YHCICHHS aBTOKOPEIAMIHHOT (PyHKIIIT;

Crosscor.m — mianporpaMa OOYHCICHHS B3a€MHOI KOPEISLiHHOT
(G yHKIIIT;

shift.m. — mianmporpama 3mifiCHEHHS NHKIIYHOTO 3CYBY Ha OIHH
PO3pS.

3.2 ExcriepuMeHTaJIbHA YACTHHA

3.2.1 Bigkputu cepenosuine Matlab. CTBOpUTH HOBY AMPEKTOPIO
CDMA, B sKy HEOOXiHO PO3MICTUTH OCHOBHY IIPOrpaMy, a TaKOX Yci
i AIpOTpaMH, 0 HEOOXiAHI TS MOISTFOBaHHS.

3.2.2 CkomitoBatn (aill OCHOBHOI TNporpamMd main.m, SKuii
3HAXOJUTHCS Y TOJATKy A METOIUYHHUX BKa3iBOK. 30eperTH CKOMiMOBaHHIM
¢aiin mig iM’ M main.m y crBopeHiit qupextopii CDMA.

3.2.3 CkomnitoBaTH y A0AaTKy A mimporpamy msec.m, i OBTOPUTH
MPOLIEAYPY CTBOPEHHs HOBOro M-(aiiiny B nupektopii CDMA.

3.24 CkomitoBatn y pnpomatky A miamporpamy golgsec.m, i
MOBTOPHUTH IPOLEAYPY CTBOPEHHS HOBOro M-daiiny B nupekropii CDMA.

3.2.5 CxomitoBatHl y gonatky A miamporpamy shift.m, mo Bukonye
OTIepallilo MepeUcKpeTH3allil, 1 TOBTOPUTH MPOIEAYPY CTBOPEHHS HOBOTO
M-¢aiiny B qupextopii CDMA.



Tabnuug 3.1 — 3aBgaHHs Ha KypcoBy poOOTy

HceB‘JJOBI/IleaL[KOBa KizbKicTs ITouarkoBi . o
Bapiant MOCJITOBHICTh JIJIs po3pALiB CTaHU TEPIIOTO i Koedirient Topsnox
MIPOBEICHHS . JPYTOro OKpYIJICHHS 0. | MepemIucKpeTu3atii
MOJIETIOBAHHS PETICTPY 3CYBY pericTpis

1 2 3 4 5 6

M-110CTiT0BHICTE [111], 0,3 8
1 3 [110].

) Tonn-mocmigoBHICTE 3 [101], 0,5 8
[110].

3 Oproronanssa ['onn- 3 [111], 0,25 8
TTOCJTI TOBHICTh [100].

4 M-1ociI0BHICTh 3 [011], 0,4 8
[111].

5 Tonn-mocimigoBHICTE 3 [110], 0,3 8
[111].

6 OproronansHa ['omnn- 3 [101], 0,5 8
TTOCJTITOBHICTh [011]

7 M-1ociI0BHICTh 3 [011], 0,35 8
[101].

3 Tona-mociigoBHICT 3 [111], 0,3 8
[100].

9 Oprorounansha ['omnn- 3 [110], 0,5 8

IIOCJIIIOBHICTH

[011].

oy



[Tponossxenust Tabumui 3.1

1 2 4 5 6
10 M-10CTiI0BHICTh [1111], 0,25 8
[1100].
1 Tona-nociigoBHICTh [1011], 0,25 8
[1100].
12 Oproronansua ['omnn- [1110], 0,5 8
TTOCJTI TOBHICTH [1000].
13 M-nociI0BHICTh [0111], 0,3 8
[1110].
14 Tonn-mocmigoBHICTE [1101], 04 8
[0111].
Oproronanssa ['onn- [110T1], 0,3 8
15 . .
TIOCJT1IOBHICTh [0011]
16 M-10ciI0BHICTh [0011], 0,5 8
[1010].
17 Tonn-mocimigoBHICTE [1T111], 0,25 8
[1001].
Oproronansua ['omnn- [110T1], 0,3 8
18 . .
TIOCJT1IOBHICTh [1010].
19 M-1OCIiIOBHICTB [11111], 0,5 8
[10011]
20 Tonxa-nociigoBHICTh [1T1011], 0,25 8
[10110]

4%
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3.2.6 CkomioBatH y J0JaTKy A miamporpamy autocorr.m, IIo
00YHCITIOE aBTOKOPEIALIHY (QYHKIIII0, i MOBTOPUTH MPOLEAYPY CTBOPEHHS
HOBoro M-(atiny B qupextopii CDMA.

3.2.7 CkomitoBatd y AOJaTKy A MIANpOrpaMy Crosscor.m 1o
00YHCITIOE aBTOKOPEIAIiHY (DYHKIIIIO, 1 TOBTOPUTH MIPOLIEAYPY CTBOPEHHS
HOBoro M-(atiny B qupextopii CDMA.

3.2.8 Bubpartyu Tam mocaiJoBHOCTI 3TiTHO 3 BapiaHTOM 3aBIaHHS.

Jlns 1150T0 B TOJIOBHIHM TIporpaMi main HEOOXITHO 3adaTH 3HAYCHHS
3MiHHOI sec. Tak, SKIIO 3aJa€Tbcs 3HAYEHHS 3MiHHOI sec =1, TO
peanizyeTbcst  TeHepailiss M-ToCIioBHOCTI, Juisi  sec =2 BijOyBa€eThCcs
reHeparis ['ona-mocmimoBHOCTI 1, BiAMOBIAHO, Mg sec =3 ¢GOpPMY€EThCS
TOJIOBHOIO TIPOTPaMOI0 OPTOTOHAIBHA [ OJI/I-IOCITi IOBHICTb.

Jns 3aBmaHHsS 3HA4YeHHS S€C HEOOXIMHO BiKPUTH Y peEIaKTopi
MporpaMy main i BCTAHOBUTH 3HAYEHHSI SEC BiJIMOBIIHO /IO 3aB/IaHHS.

3.2.9 3apmati micie BKIIOYEHHS 3BOPOTHOTO 3B SI3KY (ITiIKITFOYCHHS
reHeparopa mapHocti). [y mporo B TOJNOBHIM mporpami main 3agatu
3HAYeHHs omneparopiB ptapl, ptap2 3rigno 3 Tabnuuero 3.1.

3.2.10 3agath MOYATKOBI CTaHW YOTHUPHOX pETiCTpiB 3cyBy. s
I[bOTO B TOJIOBHIM Hporpami main 3agaTh 3Ha4yeHHs omeparopis regil,
regi2 regi3, regi4. /s nepiux ABOX PEricTpiB MOYATKOBI 3HAUEHHS
B3SATH 3 BapiaHTy 3aBAaHHS. {1 TPeThOro 1 YETBEPTOTO PEricTpy
MIPOBECTH JIOBLIBHY 3MiHY B OJHOMY 3 pO3psjiB perictpi regil, regi2
(HETIPUITYCTUMOIO € TUIbKH KOMOIHAIIisl 3 OJTHUX HYJIIB).

30epirTu BBE/ICHI 3MiHH OIIEpaTOpPi y Mporpami main.m.

3.2.11 V xomanpgniii crpouri BikHa Command Window HabGpaTu
HAa3BY OCHOBHOI IMPOrpaMy main i 3aIyCTHTH aHaNi3 HATUCKAHHSAM KJIABIIIi
Enter.

3a pe3ynbTaTaMH MOJEIIOBAHHS OTPUMATH HACTYIIHI €MIOPH:

— emropu COPMOBAHUX JBOX BApiaHTIB IOCIHIIOBHOCTI BiAIIOBIIHO
1o 3ananoi [1BIT (oqun nepion);

— aBTOKOpeIALiHHY (QYHKIIIO a1 000x BapianTis [1BIT;

— B3a€MHY KOpeJsLiiHy QyHKuUito aj1st oopanoro tumy [1BII.
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3.3 Moae/iloBaHHsI KaHAJIY 3B’A3KY 3 BUKOPUCTAHHAM TeXHOJOrii
DS-CDMA

s mpoemennss MopemoBaHHA DS-CDMA  HeoOXigHuM €
HACTYITHHUH OJIOK TiAIporpam:

dscdma.m — ronoBHa nporpama, B sIKii peati3yroTbThCS YCi TPOLIeCH
00pOOKHM CHTHATIB BiIITOBIAHO 10O OlOK-cxeMu mozem (puc.2.1). a Takox
BHBI rpadiIHUX 3aJICKHOCTEH;

ber_cdma — ronoBHa nporpama, B sIKiil peani3yeTbThCsl PO3paxyHOK
3anexxHocti BER Bim mapamerpa E,/Ny 3 BHBEIEHHSM BiJllIOBIIHUX
rpadiuHuX 3anekHOCTe! TpadiYHUX 3aJIeKHOCTEH;

spread.m — mignporpama sika peaji3ye Npolec po3MUPEHHS CIIEKTPY
y JIEMOAYIISATOPI

despread.m — mianporpama, sika pearizye Mporec CTUCKY CIEKTPY Y
MOJYIIATOPI

msec.m — IianporpaMa reuepaiii M-1mocii1oBHOCTEH;

goldseq.m — mignporpama resepartii [ oaa-1mociiqoBHOCTEH;

autucorr.m— mianporpaMa o0UHCICHHS aBTOKOPENANIHHOT (PyHKIIIT;

Crosscor.m — MignporpamMa OOYMCICHHS B3a€MHOI KOPEISALiHHOT
dynKuii;

shift m. — migmporpama 3mifiCHEHHS IHKIIYHOTO 3CyBY Ha OJIWH
po3psin

[MoeHi mictuaru nporpam dscdma.m i ber cdma, ski, BiacHe,
bopMyIOTH MoOzENb KaHaly, a TakKOoX MiANporpaM, MO peali3yloTh
NOCUMBOJIbHE NepeMHOKeHHsI cuMBoaIiB [IBII Ta mMomymorounx cuMBOIIiB
Ha TnepeaBaibHOMY OOIl (Oomepallis po3IIUPEHHS CriekTpa) — spread.m i
MOCUMBOJIBHE TIEPEMHOXCHHS TPUHHATOI 3aKOJ0BAHOI IMOCIIIOBHOCTI 3
IIBIT npuiimada (omepariss cTuCKy criektpa) — despread.m HaBeneHi y
nonatky b.

Takox HeoOXigHMM € Halip miAmporpam, sKi HEOOXimHI s
peamizanii monema QPSK:

hrollcoef.m — xoediuieHTH iMIYyJIbCHOI XapakTEpUCTUKH (iIbTpa
Haiiksicra;

gpskmod.m — ¢popMyBaHHSA KaHAIBHUX CUMBOJIIB 1J1s1 MeToxy QPSK;

gpskdemod.m — anroput™ podotu QPSK nemomynsropa;
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compoversamp2.m — TepeaucKpeTm3amlis B 000X kaHamax I, Q
MOJYJISITOPA,;

compconv2.m — omeparisi 3rOpTKU B 000x kananax I, Q Mogynsaropa;

comb2.m — momaBaHHA TayCiBCBKOTO mymy no o00ox kaHamiB I, Q
JEMOAYIIATOPA.

3.3.1 CrBoputu HOBY nupektopito DSCDMA, B siky HeoOXimHO
PO3MICTHTH OCHOBHY HpOTpaMmy, a TaKOX yci MiAIporpamu, Mo HeoOXiaHi
JUIS MOZICTIIOBaHHS.

3.3.2 CkomitoBatn ¢aiitn ocHoBHOi mnporpamu dscdma.m, sKuii
3HAXOAUTHCS Y NONATKy b MeTognmuHmux Bka3iBOK. 30eperTu cKormiiioBaHHiA
¢aiin mig im’ssm dsedma.m y crBopesiit qupekropii DSCDMA.

3.3.3 CkomitoBaTH y A0AaTKy A minporpamy msec.m, i IOBTOPUTH
npoleaypy cTBopeHHs HoBoro M-daiiny B qupextopii DSCDMA.

3.3.4 CkomitoBatd y JAogatky A miamporpamy golgsec.m, i
NOBTOPUTH TNPOLEAYPY CTBOpPeHHS HOBoro M-¢aiity B aupexTopii
DSCDMA.

3.3.5 CkomitoBatl y gonatky A miamporpamy shift.m, mo Bukonye
oTiepariitfo mepeauCKpPeTH3allii, i TOBTOPUTH MPOIEAYPY CTBOPEHHS HOBOTO
M-daiiny B qupekropii DSCDMA.

3.3.6 CxomitoBaTti y nofaatky b minnporpamy spread.m, i moBTOpUTH
npouenypy crBopeHHs HoBoro M-daiiny B aupextopii CDMA.

3.3.7 CkomitoBatn y pnpomarky b mignporpamy despread.m, i
MOBTOPHUTH TIPOLIEAYPY CTBOPEHHSI HOBOro M-daiiny B nupekropii CDMA.

3.3.8 CkomitoBati y pomatky B minmporpamy qpskmod.m, 1o
MOJIEIIIOE AJITOPUTM poOoTu Moxyistopa st metony QPSK 1 mosroputn
MPOLIEAYPY CTBOPEHHs HOBOro M-(aiiiny B nupektopii CDMA.

3.3.9 CkomitoBatu y nomarky B migmporpamy hrollcoeff.m, 1o
BHUKOHYE OTIepaIlifo 004YHCICHHS KOe(illi€HTIB IMITYJIbCHOT XapaKTePUCTUKU
¢dopmyrouoro igbTpa, i MOBTOPHUTH MPOIEIYpPY CTBOPEHHS HOBOro M-
¢aitny B nupekropii CDMA.

3.3.10 CkomitoBaTi y noAatky B migmporpamy compconv2.m, 1o
BUKOHY€E OIEpallif0 3rOpPTKU IMIYJIbCHOI XapaKTEpUCTUKU (HOpMYIOHYOTo
¢binbTpa 1 BXiJIHOT TOCHIJOBHOCTI, 1 TIOBTOPUTH MPOIEAYPY CTBOPEHHS
HOBOro M-(aiiny B qupextopii CDMA.
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3.3.11 CxomiroBatu y mogatky B mignmporpamy compoversamp2.m,
10 BUKOHYE OMNEpaLil0 MEepeAMCKPEeTU3alii, i MOBTOPUTH MPOLEIYPY
CTBOpEHHS HOBOro M-daiiny B mupektopii CDMA.

3.3.12 CkomitoBatu y moaatky B migmporpamy qpskdemod.m, 1o
MOJIETTIOE aNTOpUTM poboTu  memoxnyisTopa mist meromy QPSK i
MOBTOPHUTH NPOLIEAYPY CTBOPEHHSI HOBOro M-daiiny B nupekropii CDMA.

3.3.13 IIpoBectu ™mopemroBanHHs Kanamy DS-CDMA y Bumaaky
pobotu oHOTO KOpHCTyBada i 3aganoro sumy [1BII.

Hns  MonemoBaHHS pPoOOTH MoAeMy HEOOXiIHO BIAKpUTH Yy
penakTopi rojoBHY mporpamy dscdma.m i 3ajaTu 3HauCHHS MapaMeTpiB
BiJIIOBI/THO JTO TEXHIYHOTO 3aBJaHHS:

— 3HaYE€HHS 3MIHHOI Sec;

— 3HaueHHs ptapl, ptap2, sSki BHU3HAYAIOTh MICIS MiAKITIOUEHHS
3BOPOTHOTO 3B’SI3KY Y PEricTpi 3CyBY;

— TIOYAaTKOB1 3HaYeHHs pericTpiB regil, regi2 regil, regi4;

— BCTaHOBUTH 3MiHHY user=1; (KUIBKICTb KOPHCTYBadyiB, IO
MPALOI0Th OJHOYACHO).

3.3.14 V xomanpgniii ctpouri BikHa Command Window nabGpatm
Ha3By OCHOBHOI mporpamu dscdma i 3amycTHTH aHalli3 HATUCKAHHSIM
kiaini Enter.

3a pe3ynpTaTaMy MOJICTFOBAaHHS OTPUMATH HACTYITHI S0P

1) BXigHy MOCIiTIOBHICTh JAHUX Y BUTIISAI IU(POBUX Bi/LTIKIB;

2) TiANOCTiIOBHICTh HU(PPOBUX CUMBOJIB [-KaHay;

3) miAmocioBHICTh UPPOBUX CUMBOIIB Q-KaHAIy;

4) onuH niepion 3reHepoBaHoro PN-kony;

5) nBa kogoBaHux 3a MetogoM DSSS cumBonu [-kanany;

6) nBa KogoBaHuX 3a MeTogoM DSSS cumBom Q-kanany;

7) necsath 3akomoBaHuX 32 MeTojoM DSSS cumBoniB [-kanHamy;

8) necsath 3akomoBaHuX 3a MeToj oM DSSS cumBoiB Q-kaHay;

9) OAMH CHUMBOJI 3 PO3LIUPEHUM CIEKTpOM B [-kaHaJti micist oneparii
MePeIUCKPETU3AIlIT;

10) oaMH CHMBOJI 3 PO3LIMPEHHM CHEKTpoM B (QQ-KaHami micis
ormepariii nepeuCcKpeTH3AIlT;

11) necars CUMBOJIB 3 PO3MIMPEHUM CIEKTPOM B [-kaHami micns
orepatii nepeIucKpeTH3anii;
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12) mecsATh CHMBOIIB 3 PO3IIMPEHHM CHEKTPOM B Q-KaHam IIicist
orepatii nepeIucKpeTH3aii;

13) pesyabratr inpTpanii Qgopmyrounm ¢ineTpom HaiikBicTa
CUTHAJTy 3 pO3MIUpeHnM criekTpoM B I-kanani mo LAIL;

14) pesynaprar impTpamii Qpopmyrounm ¢ineTpom Haiiksicta
CUTHAITy 3 PO3LIMPEHUM crieKTpoM B Q-kaHani mo LIATI,

15) Buxigauii curaan [-xanamy momymstopa micist LHAIT;

16) Buxigauii curaan Q-kanaxy moxgynsTopa mcis AL

17) cymapHuii curHan Bi pOOOTH MAEKIIBKOX KOPHCTYBadyiB, IO
NpamioloTh oaHoyacHo, B I-kanmami micns LIAIT (y Bumagky oxHOTO
KOpHCTyBayda IOBTOPIOKOTH EITIOPY 3a MyHKTOM 15);

18) cymapHMii curHan Bi pPOOOTH MAEKIIBKOX KOPHCTYBadiB, IO
MPaIiTh oxHoYacHO, B Q-kaHami micinsa I[AIT (y Bumaaky omgHOTO
KOpHCTyBayda IOBTOPIOKOTH EITIOPY 3a MyHKTOM 16);

19) emopy curaanmy Ha Bxomi [-kanamy nemonymstopa qo ALIL;

20) emopy curHaity Ha Bxoai Q-kanaiy nemoayistopa ao AlLIL,

21) emopy OUCKPETH30BAaHOTO CHUTHalTy Ha BXoHi [-kaHamy
nemosynsitopa micas AL

22) emopy JAWCKPETU30BAHOTO CUTHANy Ha BxoAi Q-kaHary
nemonyistopa micis AT,

23) emropy curHaly Ha BUXOAi Qopmyrodoro ¢imbTpa [-kanamy
JIEeMOAYIISATOPA;

24) emopy curHany Ha Buxoiai (opmyrouoro ¢inerpa Q-kaHamy
JIEeMOAYJISATOPA;

25) emtopy curHaimy I-xaHamy npemopnynATopa IiCHs YCYHEHHS
ormepariii nepeuCcKpeTH3AaIl;

26) emopy curHany Q-kaHanmy JEMOIYJNSTOpa MicHs YCYHEHHs
orepariii nepenCKpeTH3aIlii;

27) emopy curHany I-kaHamy JeMOAyJSATOpa IiCHs —omneparii
3BOPOTHOTO CTHCKY CIIEKTpa;

28) emropy curHany Q-kaHady JOeMOAYJISATOpa Ticis omnepamii
3BOPOTHOT'O CTHCKY CIIEKTDA;

29) ¢azoBe cy3ip’d SK pe3yiabTaT poOOTH MOJIEMY JUIsl KaHay 3
CDMA.
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3.3.15 30UIpIUTH  KUTBKICTHP KOPUCTYBadiB, IO TIPAIIOIOTH
oIHOYAacHO, 10 2. JIng mporo BigKpUTH TONOBHY mporpamy cdma i
BCTAHOBUTU 3HAYEHHS 3MiHHOI user=2;. 3MEHIIUTH KiJIbKICTh €mIop, IO
BUBOJASATHECA Yy BHUIILIAI TpadidHMX 3anekHocted (omepartopm figure). 3
0soKy BHBOAY TpadikiB 3aIUIIMTHA TUTBKH ONEPAaTOPH, SAKi BIAMOBIIAIOTH
n.13,14, 15,16, 23,24 . Jlnsg ycix iHIOMX OMEpaToOpiB MPOCTaBUTH Ha
MOYaTKy OTepaTropa CUMBOJ KOMeHTaps. 30epertu MoanikoBaHUM Qaiii.
3amycTuTH aHai3.

3.3.16 30iNpIIMTH KUIBKICTh KOPHCTYBadiB, MIO MPalOlTh
onHOYacHO, o 5. [lnsg mporo BiAKPUTH TOJIOBHY mporpamy cdma i
BCTAHOBHUTH 3HAYEHHS 3MHHOI user=5S;. 30epiratu mMomudikoBaHuil ¢aiin.
3armycTUTH aHami3.

3.4 Moaemosanns 3aie:xnocti BER Bix Bignomenns Eb/NO pas
Pi3HOI KiTbKOCTi KOPUCTYBa4iB

3.4.1 Bigkputu y penaktopi nporpamy ber cdma. 3anatu 3HaueHHs
3MiHHOI user = 1;. 30epertu daitn. Y komanmHii cTpoumni BikHa Command
Window naOpatu Ha3By OCHOBHOi mporpamu ber_cdma i 3amyctuTtn
aHayi3 HaTucKaHHAM KiaBimi Enter. PesymbraTomM poGoTH mporpamu
BUcTymae rpadivna 3anexxHicts BER Bix BigHOmenns Eb/NO.

3.4.2 Binkpurtu y penakropi nporpamy ber_cdma. 3agati 3HauCHHS
3MiHHOI user=4;. 30epertu Qaiin. ¥ komaHHii crpouni BikHa Command
Window nHabpatu Ha3By ocHOBHOI mporpamu ber cdma i 3amyctutn
aHaJi3 HaTHCKaHHAM KiaBimn Enter. Otpumatu rpadiuny 3anexsicts BER
Y BHIAJIKy OJJHOYACHOT pOOOTH YOTUPHOX KOPUCTYBAiB.

3.4.3 Bigkputh y penaktopi nporpamy ber cdma. 3aiatu 3HaueHHs
3MiHHOI user=7;. 30epertu ¢aitn. ¥ xomanaHiil crpouni BikHa Command
Window naOpatu Ha3By OcCHOBHOi mporpamu ber_cdma i 3amyctuTtn
aHaJi3 HaTHcKaHHAM kinaBinn Enter. Otpumatu rpadiuny 3anexnicts BER
Y BUMNAJKYy OAHOYACHOT pOOOTH CeMH KOPUCTYBaUiB.
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JOJATOK A
% main.m
user =1; % number of users
seq =2; % 1: M-sequence 2: Gold 3:Orthigonal Gold
stage=4; % number of stages

ptapl =[2,3];  %position of taps for 1st

ptap2 =[2,3];  %position of taps for 2nd
ptap3=[2,3];

ptap4=[2,3];

regil =[0,1,1,1]; % initial value of register for 1st
regi2=[1,1,1,1];

regi3=[1,1,1,0];
regi4=[1,0,0,1];

Qp**r*rxrxixGeneration of the spreading code*****
switch seq
case 1
code = msec(stage, ptapl, regil,user);
codel = msec(stage, ptap2, regi2,user);
case 2
m1 = msec(stage, ptapl, regil);
m2 = msec(stage, ptap2, regi2);

m3 = msec(stage, ptap3, regi3);
m4 = msec(stage, ptap4, regi4);

code = [goldseq(m1, m2, usen)];

codel = [goldseq(m3, m4, user)];
case 3

m1 = msec(stage, ptapl, regil);

m2 = msec(stage, ptap2, regi2);

m3 = msec(stage, ptap3, regi3);

m4 = msec(stage, ptap4, regi4);
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code = [goldseq(m1, m2, user),zeros(user, 1)];
codel = [goldseq(m3, m4, user),zeros(user, 1)];
end
code=code*2-1;
codel=codel*2-1;
%figure;%stem(0:6,code);
%figure;%stem(0:6,codel);

figure;stem(0:14,code);

figure;stem(0:14,codel);
R1=autocorr(code);
R2=autocorr(codel);
R3=crosscorr(code,codel(1,:));

figure;

plot(0:14,R1);

figure;

plot(0:14,R2);

figure;

plot(0:14,R3);

% figure; %plot(0:6,R1);

% figure; % plot(0:6,R2);

%%figure; %plot(0:6,R3);
%fprintf('%d/n',R1);

%end
% mseq.m
% The generation function of M-sequence
%x * *kk *kk * *kk * *kk
% stg : Number of stages
% taps : Position of register feedback
% inidata : Initial sequence
%n : Number of output sequence

% mout  : output M-sequence
function [mout]=msec(stg,taps,inidata,n)
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0/0 ** *
if nargin <4

n=1;
end

mout=zeros (n, 2"\stg-1);
fpos=zeros(stg,1);
fpos(taps) =1 ;

for ii=1:2"stg-1
mout(1, ii)= inidata(stg); %storage of the output data
num=mod(inidata*fpos,2); % calculation of the feedback data
inidata (2:stg)= inidata (1: stg-1); % one shifts the register

inidata (1) = num; % return feedback data
end
ifn>1
for ii=2:n
mout(ii, : )=shift(mout(ii-1, :),1,0);
end
end
Qfp FHx* ****End of file Ak *

% goldsec.m
function [gout]=goldseq(m1,m2,n)
% *hkkhkkkhkhkkhkkhkhkkhkhkkhkhkkhhk khkkhkkkhhkhhkihkhhkkhkhkihhhhhiihihiikkx
% m1: M-sequencel
% m2: M-sequence2
% n: number of output sequences
% gout: output Gold sequence

% *hkhkkhkhkhkhkhkhkhhhhkhkhhk khkhkkhhhhhihihiihihihkiA *khkkhkkA
if nargin <3
n=1;
end
gout=zeros(n, length(m1));



52

for ii=1:n
gout(ii,:)=xor(m1,m2);
m2=shift(m2, 1, 0);
end

% *****************End Of fiIe****************************

% shift.m
function [outregi]=shift(inregi, shiftr, shiftu)

% kkhkhhkkkkhkhhhkhkhhhhhhkhkhkhhrhkhhhrhhkhkhhhhhkkhhrhhhhhrihhhhiiikikk

%inregi :Vector or matrix

%shiftr : The account of shift to the right
%shiftu : The account of shift to the top
%outregi . Register output

% FEEAKAKIAKEAXAXAXAAXREAARAAXAAAXAAXAAAIAAIAAAXAIAXAAXAXAAXdrxirdihihihihkx

[h,v]=size(inregi);
outregi=inregi;

shiftr=rem(shiftr,v);
shiftu=rem(shiftu,h);

if shiftr>0
outregi (:, 1:shiftr)=inregi(: , v-shiftr+1: v);
outregi (;, 1+shiftr:v)=inregi(:, 1: v-shiftr);
elseif shiftr<0
outregi (:, 1: v+shiftr)=inregi(: , 1-shiftr : v);
outregi (:,v+shiftr+1 :v)=inregi(: , 1 :-shiftr);
end
inregi=outregi;

if shiftu>0
outregi (1:h-shiftu, :)=inregi(1+shiftu : h, :);
outregi (h -shiftu +1 : h, :)=inregi(1:shiftu, :);
elseif shiftu<0
outregi (1:-shiftu, :)=inregi(h+shiftu+1: h, : );
outregi (1-shiftu : h, :)=inregi (1 : h+shiftu, :);
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end

% ************End Of fiIe**************************

% autucorr.m
function [out] = autocorr (indata, tn)

%********************************

% indata : input sequence
% tn : number of period
% out : autocorrelation data
% *Kkkkkk **x*k *kkkkk *
if nargin<2
tn=1;
end

In=length(indata);
out=zeros(1, In*tn);

for ii=0:In*tn-1
out (ii+1) = sum(indata.*shift(indata, ii ,0));
end

% *****************End Of fiIe****************************

%crosscor.m
% Crosscorrelation function of sequence
function [out] = crosscorr (indatal, indata2, tn)

%***********************************************************

*kxx

% indatal : input sequence 1

% indata2 : input sequence 2

% tn : number of period

% out : crosscorrelation data

%***********************************************************

***x
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if nargin<3
th=1;
end

In=length(indatal);
out=zeros(1, In*tn);

for ii=0:In*tn-1
out (ii+1) = sum(indatal.*shift(indata2, ii ,0));
end

% *****************End Of fiIe****************************
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JOJATOK b

%dscdma.m
% Simulation program to realize DS-CDMA system
% ************************PreparatiOn part*****************
sr=256000.0; % Symbol rate
ml=2; % ml : Number of modulation levels
br=sr.*ml; % bit rate
nd=1000; % Number of symbols
ebn0=10; % Eb/NO
IPOINT=S; % Number of oversamples
%******************FiIter initialiZati0n***********************
irfn=21; % Number of taps
alfs=0.5; % Rolloff factor
[xh]=hrollfcoef(irfn,IPOINT ,sr,alfs,1); % Tranamitter filter coefficients
[xh2]=hrollfcoef(irfn,IPOINT,sr,alfs,0); % Receiver filter coefficients
%***************Spreading Code initialiZation******************
user =1; % number of users
seq =1, % 1: M-sequence 2: Gold 3:Orthigonal Gold
stage=3; % number of stages
ptapl =[1,3];  %position of taps for 1st
ptap2 =[2,3];  %position of taps for 2nd
regil =[1,1,1]; % initial value of register for 1st
regi2=[1,1,1];
%***************GeneratiOn of the Spreadlng Code****************

switch seq
case 1

code = msec(stage, ptapl, regil,user);
case 2

m1 = msec(stage, ptapl, regil);

m2 = msec(stage, ptap2, regi2);

code = [goldseq(m1, m2, user)];

case 3

m1 = msec(stage, ptapl, regil);

m2 = msec(stage, ptap2, regi2);
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code = [goldseq(m1, m2, user),zeros(user, 1)];

end
code=code*2-1;
clen=length(code);
fprintf('%d',code)

%******************Fading Inltlal izatiOn**********************
rfade=0; % Rayleigh fading 0: nothing 1: consider
itau=[0, 8];
divll=[0.0,40.0]; % attenuation level
n0=[6,7]; % number of waves togenerate fading
th1=[0.0,0.0]; % initial phase of delayed waves
itnd1=[3001, 4004]; %set fading counter
nowl=2; % number of direct waves+ number of delayed waves
tstp=1/sr/IPOINT/clen; % time resolution

fd=160; % maximum Doppler frequency

flat=1; % flat fading

itnde1=nd*IPOINT*clen*30; % number of fading counter to skip

%******************Start Cal cu I atiOnS***********************
nloop=200; % Number of simulation loops
noe=0; % Number of error data
nod=0;  %Number of transmitted data

for iii=1:nloop
%******************Transmitter-****************************
%******************Data generati0n***********************-k-k

datal=rand(user,nd*ml)>0.5; % rand: built in function

%******************QPS K Modu I atl On**********************

[ich,gch]=gpskmod(datal,user,nd,ml);

%*****************Sp read | n g*******************************

[ichl,gchl]=spread(ich,qch,code); % spreading

%******************OversampI | ng*********************

[ich2,gch2]=compoversamp2(ich1,qchl, IPOINT);
%******************COnVOIutiOn*********************
[ich3,gch3]=compconv2(ich2,qch2,xh); % filter
if user==1
ich4=ich3;
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gch4=qchs3;
else
ich4=sum(ich3);
gch4=sum(qch3);
end

%******************Fading Channel*********************
if rfade==
ich5=ich4;
gch5=qch4;
else

[ich5,qchb5]=sefade (ich4,qch4, itau, divll,th1,n0,itndl,...
nowl, length(ich4), tstp, fd, flat);

itnd1=itnd1+itndel;

QpFkkkdkkkok **ReCeiver*xrHkkkkkkokkkokkkk Ak
spow=sum(rot90(ich3.~2+qch3.72))/(nd); % sum: built in function
attn=0.5*spow*sr/br*10.”(-ebn0/10);
attn=sqrt(attn); % sqrt: built in function
QpFrrrkkkdork Add White GaussianNoise (AWGN)***x#xkkkkrxk

[ich6,qch6]=comb2(ich5,qch5,attn); % add white Gaussian noise
[ich7,qch7]=compconv2(ich6,qch6,xh2);
sampl=irfn*IPOINT+1,;
ich8=ich7(:, sampl:IPOINT:IPOINT*nd*clen+sampl-1);
gch8=qgch7(:, sampl:IPOINT:IPOINT*nd*clen+sampl-1);

% xxxxxx Despread 1 ng**********************************

[ich9,qch9]=despread(ich8, qch8,code);

%******************QPS K Demodu I a.tl On***********************

[demodata]=qpskdemod(ich9,qch9,user,nd,ml);
%******************Bit Error Rate (BER)***********************
noe2=sum(sum(abs(datal-demodata))); % sum: built in function
nod2=user*nd*ml; %

noe=noe+noe2;

nod=nod+nod2;

fprintf('%d\t%e\n',iii,noe2/nod2); % fprint: built in function
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end % for iii=1:nloop

%xxxx xxxxxxx Output result R R R R R R R R R R R S R R R R S e e
ber=noe/nod,;
fprintf('%d\t%d\t%d\t%e\n',ebn0,noe,nod,noe/nod);
fid=fopen('BERgpsk,dat','a");

fprintf(fid, %d\t%e\t%M\t%f\t\n',ebn0,noe/nod,noe,nod);
fclose(fid);

%******************End *kkkkhkkkkkikhkkikhkkikhkkikhkkihkkiikikk
figure; stem(0:20,datal(1:21), DisplayName’,'datal’);
figure; stem(0:10,ich(1:11), DisplayName','ich’);
figure; stem(0:10,gch(1:11),'DisplayName’,'qch";
figure; stem(0:6,code(1:7),' DisplayName’,'code’);
figure; stem(0:13,ich1(1:14),' DisplayName','ichl1’);
figure; stem(0:13,qch1(1:14),'DisplayName','qchl);
figure; stem(0:70,ich1(1:71), DisplayName','ich1");
figure; stem(0:70,gch1(1:71), DisplayName’,'qchl’);
figure; stem(0:56,ich2(1:57),'DisplayName’,'ich2");
figure; stem(0:56,gch2(1:57),'DisplayName’,'qch2");
figure; stem(0:560,ich2(1:561), DisplayName','ich2’);
figure; stem(0:560,qch2(1:561), DisplayName’,'qch2’);
figure; stem(0:280,ich3(1:281), DisplayName’,'ich3");
figure; stem(0:280,gch3(1:281),'DisplayName’,'qch3');
figure; plot(0:280,ich3(1:281), DisplayName','ich3’);
figure; plot(0:280,qch3(1:281), DisplayName','qch3");
figure; plot(0:280,ich4(1:281),'DisplayName','ich4");
figure; plot(0:280,gch4(1:281), DisplayName’,'qch4’);
figure; plot(0:280,ich6(1:281), DisplayName','ich6");
figure; plot(0:280,qch6(1:281), DisplayName’,'qch6";
figure; stem(0:280,ich6(1:281),'DisplayName’,'ich6");
figure; stem(0:280,qch6(1:281), DisplayName’,'qch6");
figure; stem(0:560,ich7(1:561), DisplayName’,'ich7");
figure; stem(0:560,qch7(1:561),'DisplayName’,'qch7');
figure; stem(0:70,ich8(1:71),'DisplayName','ich8");
figure; stem(0:70,gch8(1:71),' DisplayName’,'qch8');
figure; stem(0:10,ich9(1:11), DisplayName','ich9");
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figure; stem(0:10,qch9(1:11),'DisplayName’,'qch9");
figure; plot(ich9,qch9, DisplayName','phaser’);

%******************End Of flle B R T R T R e S S e R e R S R e e e

% spread.m
function [iout, qout]=spread(idata, qdata, codel)
%******************************************************
% idata - ich data sequence
% qdata  :qch data sequence
% iout : ich output data sequence
% qout > qch output data sequence
% codel : spread code sequence
% xxxxxx kkkhkkhkhkkhkhkkhkhkkhkhkihkkikkikk * **k*k
switch nargin
case{0,1}
error ('lack of input argument’);
case 2
codel=qdata;
gdata=idata;

end

[hn,vn] =size(idata);

[hc,vc] =size(codel);

if hn>hc

error (‘lack of spread code sequences');

end

iout=zeros(hn, vn*vc);

gout=zeros(hn, vn*vc);

for ii=1:hn
iout(ii,:)=reshape(rot90(codel(ii,:),3)*idata(ii,:),1,vn*vc);
qout(ii,:)=reshape(rot90(codel(ii,:),3)*qdata(ii,:),1,vn*vc);

end

%********************end of fl I e***************************

% despread.m
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% Data despread function
function [iout, qout]=despread(idata, qdata, codel)

%******************************************************

% idata . ich data sequence

% qdata  :qch data sequence

% iout : ich output data sequence
% qout : gch output data sequence
% codel : spread code sequence

%******************************************************

switch nargin
case {0,1}
error ('lack of input argument’);
case 2

codel=qdata;

gdata=idata;
end
[hn,vn] =size(idata);
[he,vc] =size(codel);
vn=fix(vn/vc);
iout=zeros(hc, vn);
gout=zeros(hc, vn);
for ii=1:hc

iout(ii,:)= rot90(flipud(rot90(reshape( idata...
(ii,2),ve,vn))) *rot90(codel(ii,:),3));
gout(ii,:)= rot90(flipud(rot90(reshape( gdata...
(ii,?),vc,vn))) *rot90(codel(ii,:),3));

iout(ii,:)=iout(ii,:)./7;
gout(ii,;)=qout(ii,})./7;
end

%********************end Of fiIe***************************

%ber_cdma.m
% *******************Preparati On part*****************

sr=256000.0; % Symbol rate
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ml=2; % ml : Number of modulation levels
br=sr.*ml; % bit rate
nd=1000; % Number of symbols
ebn0=10; % Eb/NO
IPOINT=S; % Number of oversamples
%******************FiIter initializatiOn***********************
irfn=21; % Number of taps
alfs=0.5; % Rolloff factor
[xh]=hrollfcoef(irfn,IPOINT sr,alfs,1); Tranamitter filter coefficients
[xh2]=hrollfcoef(irfn,IPOINT sr,alfs,0); % Receiver filter coefficients
%***************Spreading Code initialiZatiOn*******************
user =1, % number of users
seq =1, % 1: M-sequence 2: Gold 3:Orthigonal Gold
stage=3; % number of stages
ptapl =[1,3];  %position of taps for 1st
ptap2 =[2,3];  %position of taps for 2nd
regil =[1,1,1]; % initial value of register for 1st
regi2=[1,1,1];
%**************GeneratiOn Of the Spreadlng Code****************
switch seq
case 1

code = msec(stage, ptapl, regil,user);
case 2

m1 = msec(stage, ptapl, regil);

m2 = msec(stage, ptap2, regi2);
code = [goldseq(m1, m2, usen)];

case 3

m1 = msec(stage, ptapl, regil);

m2 = msec(stage, ptap2, regi2);

code = [goldseq(m1, m2, user),zeros(user, 1)];
end
code=code*2-1;
clen=length(code);
fprintf('%d',code)

%******************Fad | ng | nltl al Izatl On**********************
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rfade=0; % Rayleigh fading 0: nothing 1: consider
itau=[0, 8];
divll=[0.0,40.0]; % attenuation level
n0=[6,7]; % number of waves togenerate fading
th1=[0.0,0.0]; % initial phase of delayed waves
itnd1=[3001, 4004]; %set fading counter
nowl=2; % number of direct waves+ number of delayed waves
tstp=1/sr/IPOINT/clen; % time resolution
fd=160; % maximum Doppler frequency
flat=1; % flat fading
itnde1=nd*IPOINT*clen*30; % number of fading counter to skip
% xxxxxx ** Start CalcuIatiOnS***********************
nloop=200; % Number of simulation loops
noe=0; % Number of error data
nod=0;  %Number of transmitted data
ebn0_array=0:1:20;
ber_array=zeros(length(ebnO_array),1);
ber_array_theory=zeros(length(ebn0_array),1);
ber_array_theoryl=zeros(length(ebn0_array),1);
ebn0=ebn0_array(ebn0_loop);
for iii=1:nloop
%******************Data generati0n***********************

datal=rand(user,nd*ml)>0.5; % rand: built in function

%******************QPS K Modu I atl On*********************

ich,gch]=qpskmod(datal,user,nd,ml);

%******************Spread I ng*********************

[ichl,qchl]=spread(ich,qch,code); % spreading

%******************OversampI | ng*********************

[ich2,qch2]=compoversamp2(ich1,qchl, IPOINT);
%******************COnVOIutiOn*********************
[ich3,qch3]=compconv2(ich2,qch2,xh); % filter
if user==1 %ftransmission
ich4=ich3;
gch4=qch3;

else
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ich4=sum(ich3);
gch4=sum(qch3);
end
%******************Fading Channel*********************
if rfade==0 %transmission
ich5=ich4;
gch5=qch4;
else
[ich5,qch5]=...
sefade (ich4,gch4, itau, divll,th1,n0,itnd1,...
nowl, length(ich4), tstp, fd, flat);
itnd1=itnd1+itndel;
end
%******************Receiver xxxxxx **
spow=sum(rot90(ich3.~2+qch3.72))/(nd); % sum: built in function
attn=0.5*spow*sr/br*10.”(-ebn0/10);
attn=sqrt(attn); % sqrt: built in function
%***************Add Whlte GaUSSIanNOISE (AWGN)*************
[ich6,qch6]=comb2(ich5,qch5,attn); % add white Gaussian noise
[ich7,qch7]=compconv2(ich6,qch6,xh2);
sampl=irfn*IPOINT+1;
ich8=ich7(:, sampl:IPOINT:IPOINT*nd*clen+sampl-1);
qch8=qch7(:, sampl:IPOINT:IPOINT*nd*clen+sampl-1);
***************Despreading-k-k-k-k-k-k-k-k-k*************************
[ich9,qch9]=despread(ich8, qch8,code);
% xxxxxx xePSK DemoduIatiOn***********************
[demodata]=qpskdemod(ich9,qch9,user,nd,ml);
%******************Bit Error Rate (BER)***********************
noe2=sum(sum(abs(datal-demodata))); % sum: built in function
nod2=user*nd*ml; %
noe=noe+noez;
nod=nod+nod2;
fprintf('%d\t%e\n',iii,noe2/nod2); % fprint: built in function
end % for iii=1:nloop

%******************Output result *hkhkkhkkhkhhkhkhkhhkkhihhhhihikx
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ber=noe/nod;
noe=0;
nod=0;
ber_array(ebn0_loop)=ber;

ber_array_theory(ebn0_loop)=0.5*erfc(sqrt(10~(ebn0_array(ebn0_loop)/10)));
ber_array_theoryl(ebnO_loop)=...

0.5*(1-1./(sqrt(1+1/(10"(ebn0_array(ebn0_loop)/10)))));

end

fprintf("%d\t%d\t%d\t%e\n',ebn0,noe,nod,noe/nod);

fid=fopen('BERgpsk,dat','a");

fprintf(fid, %d\t%e\t%M\t%f\t\n',ebn0,noe/nod,noe,nod);

fclose(fid);

figure;

h=semilogy(ebn0_array,ber_array,'o',ebn0_array,ber_array_theory,*',ebn0

_array,ber_array_theoryl,'-");

h=semilogy(ebn0_array,ber_array,'0',ebn0_array,ber_array_theory,*',ebn0

_array,ber_array_theoryl,-");

set(h,{'DisplayName’, 'Display name','Display

name'},{'"Experiment’, Theory', Theoryl})

legend show

%******************End Of fl Ie F*hhkkkkhkhhkkkhkkhkhkhkhkhkkhkiihkkik
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JOJATOK B

% gpskmod.m
% Function to perform QPSK modulation
function [iout,gout]=gpskmod(paradata, para, nd, ml)
%******************VariabIeS R e e e e e S S e S e e e e e e
% paradata : input data (para by nd matrix)
% iout : output Ich data
% qout : output Qch data
% para : Number of parallel channels
% nd : Number of data
% ml : number of modulation levels
% ( QPSK -2, 16QAM -4)

% xxxxxx A,k AEAXAKAAAAAAAAkAhkAdAhkikiiddik%k
m2=ml./2;
paradata2=paradata.*2-1;
count2=0;
for jj=1:nd

isi=zeros(para,l1);
isq=zeros(para,1);
for ii=1:m2
isi=isi + 2.°(m2-ii).*paradata2((1:para), ii+count2);
isq=isq + 2./ (m2-ii).*paradata2((1:para), m2+ii+count2);
end
iout((1:para),jj)=isi;
gout((1:para),jj)=isq;
count2=count2+ml;
end

%******************End Of flle k*kkhkkkhkkkhkkkhkkkhhkkikhkhkihikhikiikk

% gpskdemod.m
% Function to perform QPSK demodulation
function [demodata]=gpskdemod(idata, qdata, para, nd, ml)

%******************VariableS kkhkkkhkhkkhkhhkhkhkhkhkkiihkhkhiiikx
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% idata : input Ich data

% qdata : input Qch data

% demodata : demodulated data (para by nd matrix)

% para : Number of parallel channels

% nd : Number of data

% ml : number of modulation levels

% ( QPSK -2, 16QAM -4)

demodata=zeros(para,ml*nd);
demodata((1:para),(1:ml:ml*nd-1))=idata((1:para),(1:nd))>=0;
demodata((1:para),(2:ml:ml*nd))=qdata((1:para),(1:nd))>=0;

%******************End Of flle kkhkkkkkhkhkkhhkkkkhkhhhkkhiiikkk

% compconv2.m
% function to perform convolution between signal and filter
function [iout, gqout]=compconv2(idata, qdata, filter)

%******************************************************

% idata  :ich data sequence

% qdata  : qch data sequence

% iout  :ich output data sequence
% qout  : qch output data sequence

%******************************************************

iout=conv2(idata,filter);
gout=conv2(qdata,filter);

%********************end Of fl I e***************************

% compoversamp2.m
% function to sample “sample” time
function [iout, gout]=compoversamp2(iin, gin, sample)

%******************************************************

% iin : input ich sequence
% qdata  : input gch sequence
% iout : ich output data sequence
% qout : gch output data sequence

%sample  : number of oversamples
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%******************************************************

[h,v]=size(iin);

iout=zeros(h,v*sample);
gout=zeros(h,v*sample);

iout(:, 1:sample:1+sample*(v-1)) =iin;

gout(:, 1:sample:1+sample*(v-1)) =qin;

%********************end Of fl | e***************************

% comb2.m
% function to add white Gaussian noise
function [iout, qout]=comb2(idata, qdata, attn)

% xxxxxx Akkhkhkhkhhkhhkkhhkihihiik *k*k
% idata > input ich data

% qdata  :input qch data

% iout : output ich data

% qout : output gch data

% attn : attenuation level

% xxxxxx kkkhkkhkkhkhkkhkhkkhkhkihkkikkikk **k*k

v=length(idata);

h=length(attn);

iout=zeros(h,v);

gout=zeros(h,v);

for ii=1:h
iout(ii,;)=idata+randn(1,v)*attn(ii);
gout(ii,;)=gdata+randn(1,v)*attn(ii);

end

% hrollfcoef.m

% Generate coefficience of Nyquist filter
function[xh]= hrollfcoef(irfn,ipoint,sr,alfs,ncc)
% alfs: rolloff coefficients
%*******************

xi=zeros(1,irfn*ipoint+1);

xqg=zeros(1,irfn*ipoint+1);
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point=ipoint;

tr=sr;

tstp=1.0./tr./ipoint;

n=ipoint.*irfn;

mid=(n./2)+1;

sub1=4.0 *alfs .*tr; % 4*alfs*R s
for i=1:n

icon=i-mid;

ym=icon;

if icon==0.0
xt=(1.0-alfs+4.0.*alfs/pi).*tr; % h(0)
else
sub2=16.0 .*alfs.*alfs.*ym.*ym./ipoint./ipoint;
if sub2~=1.0
x1=sin(pi*(1.0-alfs)/ipoint*ym)./pi./(1.0-sub2)./ym./tstp;
x2=cos(pi*(1.0+alfs)/ipoint*ym)./pi.*sub1./(1.0-sub2);
xt=x1+x2; % h(t)
else
xt=alfs.*tr.*((1.0-2.0/pi).*cos...
(pi/4.0/alfs)+ (1.0+2.0./pi).*sin...
(pi/4.0/alfs))./sqrt(2.0);
end % if sub2 -=1.0
end % ificon==0
if ncc==0 % in case of receiver
xh(i)=xt./ipoint./tr; % normalization

else if ncc==1 % in the case of transmitter
xh(i)=xt./tr; % normalization
else

error ('ncc error’);
end % ifncc==0
end % for i=1:n

end
%******************End Offile skeksksksksksksksksksksksksksksksksksksksksk sk
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% rollfcoef
function [xh]=hrollfcoef(irfn,ipoint,sr,alfs,ncc)
%irfn: Number of symbols to use filtering
%ipoint:Number of samples in one symbol
% sr : symbol rate
% alfs: rolloff coefficients
% 1 - transmission filter O - receiving filter
xi=zeros(1,irfn*ipoint+1);
xg=zeros(1,irfn*ipoint+1);
point=ipoint;
tr=sr;
tstp=1.0./tr./ipoint;
n=ipoint .*irfn;
mid=(n./2)+1,;
sub1=4.0*alfs.*tr; % 4* alpha*R_s
fori=1:n
icon=i-mid;
ym =icon;
if icon==0.0
xt=(1.0-alfs+4.0.*alfs/pi).*tr; % h(0)
else
sub2=16.0.*alfs.*alfs.*ym.*ym./ipoint./ipoint;
if sub2~=1.0
x1=sin(pi*(1.0-alfs)/ipoint*ym)./pi./(1.0-sub2)./ym./tstp;
x2=cos(pi*(1.0+alfs)/ipoint*ym)./pi.*sub1./(1.0-sub2);
Xt=x1+x2;
else
xt=alfs.*tr.*((1.0-2.0/pi).*cos...
(pi/4.0/alfs)+ (1.0+2.0./pi).*sin...
(pi/4.0/alfs))./sqrt(2.0);
end % if sub2~=1.0
end % ificon==0
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if ncc==0 % in case of receiver
xh(i)=xt ./ipoint ./tr; % normalization
else if ncc==1 % in the case of transmitter

xh(i)=xt .ftr; % normalization

else
error ('ncc error’);

end % if ncc==0

end % for i=1:n
end

% *****************End Of fiIe****************************



