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NCCIEIJOBAHUE BJIMAHUA ITHNK-®AKTOPA BXOJAHBIX
CUTI'HAJIOB HA HEKOTOPBIE XAPAKTEPUCTHUKHN ALII

B )IaHHOﬁ CTaThEC MPOBEACHA OLICHKA BJIUSHUA HI/IK-(baKTOpa BXOOHBIX CUT'HAJIOB HA OTHOIICHHUC CHFHaH/IHyM aHaJIo-
ro-uudpooro npeodpazosarens (ALIT). Ykazano, uto AL urparotr BaxxHyr pojib B COBPEMEHHBIX CHCTEMax pa-
JIMOCBSI3H, TOCTPOCHHBIX HAa OCHOBE MPOTPaMMHO-KOH(GUTYpHpYeMbIX pamuocucteM. OTMEYEHO, YTO OJHON W3
KiroueBbIX Xxapakrepuctuk ALl siBisieTcst 1yM KBaHTOBaHUsI, KOTOPBIH HAaNpsSIMYIO BIMSET Ha TaKOE €ro Ba)KHOE
CBOWCTBO, KaKk OTHOIIEHHE CUrHa1/ITyM. OnHcaHo BhIpaKEHHE JUTS BEIYKMCIEHUs oTHoIeHus curHan/mym AIlI, 3a-
BHUCSIIIEEe OT MHK-(aKTopa BXOJHOro curHaia. IIpoBeneHa oueHka otHomieHus: curnan/mym AL anst cucrem pa-
JIMOCBSI3HM C PA3IMYHBIMU THUIIAMH CUTHAJIOB (IIPOCTHIE CHUTHAJIBI; CHTHANBI, COPMUPOBAHHBIC C TIOMOIIBI0 OWHAp-
HBIX TICEBJOCIyYalHBIX MOCIIEI0BATEIFHOCTEH; CUTHAIBI, c(hOPMHUPOBAHHBIC C TIOMOIIBIO TCHEPATOPOB XaoTHUE-
ckux curnanos). IlomyueHHBIe pe3ynbTaThl C Y4€TOM BBEACHHBIX IOMYIICHWH M OTPaHWYCHUH IOKAa3bIBAIOT, YTO
IHUK-(aKTOp BXOJHBIX CUTHAJIOB HANpPAMYIO BIMSCT Ha OoTHomeHHe curHan/mym AL, u ero BiusHHE 1enecood-
Pa3HO YUHTHIBATh PH IKCILTyaTaLMH, Pa3pad0OTKe M COBEPIICHCTBOBAHUHM COBPEMEHHBIX CHCTEM PaJHOCBA3M, B TOM
YHCIIe UCTIONB3YIOMINX MTEPCIICKTUBHBIE CJI0KHBIE CHTHATIBL.

Ka. cn.: eucremsl paguocssizu, AL, nrympl KBaHTOBaHMS, OTHOLIEHUE CUTHAN/IIYM, THUK-(DaKTOp, BXOAHOW CUT'HAI

BBEJIEHUE

CoBpeMeHHBIE CUCTEMBI PAJHOCBA3H TPAJIUITHOHHO
BKITFOYAIOT B ce€0s KaKk aHAJOTOBBIE, TaK M MHA(POBHIE
Omoku 00paboTKM curHainoB. OCHOBHBIMH (YHKIIHSI-
MU aHAaJIOTOBBIX OJIOKOB SIBIISIIOTCSI TMEPEHOC CHUTHAJIa
Ha YacTOTy HeCyIleld Ha Tepejaroleld CTOpoHe U 00-
paTHBIN NIepeHoC paJioCUrHaNa Ha MPUEMHOMN CTOpPOHE.
B cBorw ouepens, nudpoBbie OIOKH OCYIIECTBISIOT
(dopMHpOBaHKE NEpeJaBaeMoro CHUTHala B IepenaT-
YUKEe W BOCCTAaHOBJICHHWE TE€pPEIaHHOW HH(OpMAaIuu
B mpuemHuke. VHTEepdelicoM MexIy aHaJlOorOBBIMH
1 (poBEIMU OTOKaMU 00paOOTKH CHTHAJIOB BBICTY-
MaroT aHanoro-uuQposeie U MU(PO-aHATIOTOBBIE Mpe-
obpazosarenu (AL u LTAIT) [1-4].

OnucaHHas mapajurMa MoJIoKeHa B OCHOBY TIPO-
rpaMMHO-KOHUTrypupyembix paaunocucteM (ITKP).
B xmaccuueckom mpenctaBieHun (puc. 1) cucrema
[NKP npexncraBisier coO0O IEHTPANBHBIA MPOLIECCOP
(LIIT), ocHameHHBIH IPUEMHBIM U TIEpealonuM 0J10-
Kamu [3, 5].

Pome LI1 3akirouaercss B BBIBOJE/BBOJIC AAHHBIX
B CHCTEMY, a TaKKe MOIYYCHHH YIPABISIONIMX KO-
MaHA ¥ WX TOCJIeIyloeld TPaHCIAIUN COOTBETCT-
BYIOIIMM KoMITOHeHTaM. [lepenaromuii 610k BKIFOYA-
eT koMMyHUKarmoHHbIH nporneccop (KII), ocHoBHO#
3a/1aueii KOTOPOTO SIBIISIETCS yIaKOBKAa OWTOB Tiepea-
BaEMBIX JaHHBIX B CUMBOJIBI MOAYJISIIUY U T€HEpALUs
Ha UX OCHOBE MOAYJHPYIOIIEro CHUTHaja OIpeJeIeH-
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HOM CHCTEMBI CBSI3M, KOTOpbld moctymaeT Ha L[AII
W Jajee Ha aHAJOTOBBIN paamomHTepdeiic. [Ipuem-
HBIH OJIOK COZIEPKHUT anmnapaTHyIO aHAIOTOBYIO YacTh,
AT, KII, ocymecTBASIONUN JEMOIYIISIITUI0 CUTHAIA
W TpeoOpazoBaHUE JAEMOAYIHPOBAHHBIX CHMBOJIOB
cucTeMbl cBs3M B OuTHl JaHHBIX. [IKP MoryT ObITH
peanu3oBaHbl KAaK Ha BBIYUCIUTENBHBIX CPEACTBAaX
o0Iero Ha3HAa4YeHUs, TaK M Ha IMPOrPaMMHUPYEMBbIX
nmorndeckux uHTerpaitbHeix cxemax (IIJIMC), ocymie-
CTBISIIOIINX OOpabOTKYy CHUTHala B pPeajlbHOM BpeMe-
Hu. [Ipu satom 3a npenenst [IJIMC BeiHOCATCS paguo-
nnTepgeiicel, a Takke AL n LIAII [3, 5].

WzBectHO [2, 6], 4TO U3 HUX OJHUMH U3 HauboJee
BaXHbIX sBISAIOTCS AL 1 Bompochl yiydileHHus] UX
XapaKTEePUCTHK, KOTOpPbIe, KaK MpaBUiIo, UrpaioT 0o-
nee BaxHyo poisb, ueMm ATl Kpome Toro, ALIII sB-
nsiercst Oonee CIIOKHBIM ycTpoiicTBoM, ueM LIATL, uro
MIPEIOTIPEIETISIeT CIOXKHOCTH B YIIyYIICHHH €ro Xa-
paktepuctuk. OAHOW U3 TaKUX XapaKTEPUCTHK,
Ha KOTOpPYIO 9acTo oOpamiarT BHUMaHuE [2, 6], sB-
JISFOTCS TIYMBI KBAaHTOBaHUS, KOTOpble HEM30€XKHO
BHOCSTCSI B IpUHUMaeMblid curHai. PaccmarpuBaemas
npobiema BausHUSA mryma kBantoBanust ALl Ha xa-
PaKTEpUCTUKU CUCTEM CBA3M B HACTOSIEE BPEMs aK-
TyanbHa JUISl CHCTEM PamnrocBs3u Ha ocHoBe [TIKP [1—
4]. Takxe CTOUT OTMETHUTh, YTO UCHOJIb30BaHUE B CO-
BPEMEHHBIX CHCTEMax paJuOCBsI3U MEPCIIEKTUBHBIX
CIIOXHBIX CHUTHAJIOB, HApUMep XaoTuyeckux [7, 8],
He TI03BOJISIET B IOJTHON Mepe MCIOIb30BATh CUCTEMBI
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Puc. 1. O6mas cxema ITKP

aBTOMAaTHYECKON perynupoBku ypoBHs (APY), uto
JTOTIOJTHUTENIHO YCIIOKHSAET WCCIEOBAHUS XapakTe-
puctuk padorsl ALl B paznuusbix ycinoBusx [5, 9,
10]. Kpome Toro, coBpemenHbie cucteMbl APY 00bIu-
HO SIBJITIOTCA TU(POBBIMH JTMOO THOPHIHBIMHU, YTO
MoJipa3yMeBaeT ucrnosib3oBanue B HUX camux AIIII [9,
10]. ITosTomy B HacTosiLiee BpeMsl aKTyaJlbHOH SIBJISI-
eTcs 3a/jada ONpeleNieHUs JOMyCTHMBIX XapaKTepH-
ctuk ALIlI, xoTopbie ObI yZAOBIETBOPSUIH TPeOOBAaHMU-
SIM, TPEIBIBISIEMBIM K COBPEMEHHBIM CHCTEMaM pa-
JIocesi3u. B naHHOM paboTe aBTOPBI XOTAT 00PaTUTHCS
K 3a7ade OLIEHKU BIIMSHHUA NHK-(pakropa BXOJHBIX
curHajoB Ha xapaktepuctuku AIIIl, T.x. coBpemeH-
HBIE MEPCIEKTUBHBIE CIIOKHBIE CUTHAJIBI UMEIOT 3Ha-
yuTeNbHBINA MUK-¢pakTop [7, 8]. Ero BiusHue 1eneco-
00pa3HO y4YWTHIBAaTh NPH SKCIUTyaTalnH, pazpaboTke
U COBEPIIECHCTBOBAHUU COBPEMEHHBIX CHCTEM pajHo-
CBSI3H.

[lenbto maHHOW CTaTBhU SIBJIAETCS OLICHKA BIIWSHUS
MUK-(paKkTopa BXOJAHBIX CUTHAIOB HA OTHOLICHHE CHUT-
Ha/mym ALIIT

OCHOBHASA YACTH

Xopomo u3BectHO [1, 4], uro ALII nmpencrasuser
co0oif ycTpoiicTBO, TIpeoOpa3yroliee HeNpepbIBHBIN
AQHAJIOTOBBIA CHTHaJl B JBOMYHBIA KOJ. OCHOBHBIMHU
omepanusIMH TIPH aHAIOTO-IIMGPOBOM Tpeobdpa3zoBa-
HUU SIBJIAIOTCA JUCKpETH3alus M KBaHToBaHue. llpm
MUCKPETHU3alMK  TIONYYal0T OTCYETHbIE 3HAYCHHS
W3 HENpPEephIBHOTO aHANoroBoro curHana. [lomyden-
HBIE B pe3yJIbTaTe JUCKPETU3alMN OTCUETHbIE 3Haue-
HUS Jlajiee TIepeBOIATCS B IBOMYHBIC yncia. BHavarne
Ka)K10€ TIOJy4YeHHOE 3HA4Ye€HHE CPaBHUBAETCS C 3apa-
Hee 3aJaHHBIMH TOCTOSITHHBIMH YPOBHSMH HaIlpspKe-
HUS (TOKa), KOTOpPBIE HA3BIBAIOTCSl YPOBHSIMHU KBaHTO-
BaHMA. 3aTeM OMMKaWImnil K OTCUCTHOMY 3HAYCHHIO
YpOBEHb NEPEBOAMTCA B ABOMYHOE umcio. [Ipouecc
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3aMEHBbI OTCYETHOTO 3HAYCHUS ONMKAWIIMM K HEMY
YPOBHEM HAa3bIBACTCA KBAHTOBAHUEM, IIPU KOTOPOM
HENpepbIBHOE cooOIIeHNEe X(f) 3aMEHSIETCS JTUCKPET-
HBIM COOOIICHUEM X;(?) [1, 4, 11]. B mpouecce ome-
paluy KBaHTOBaHHS HEU30CKHO BOZHUKAKOT OIIMOKH
KBaHTOBAHHS &(?), KOTOpHIE HA3BIBAIOTCS IIYMOM
KBaHTOBAHMUS:

£,(0) =X, ()= X(@). 6]

B mpaktuyeckux NpuiokKeHUs X AJ OLICHKH LIyMa
KBaHTOBAHWS IPU PAaBHOMEPHOM KBAaHTOBAHHH, KOTO-
poe mpuMeHsieTcss Hauboliee 4acTo, yJA0OHO MOJb30-
BaThCsl CJICAYIOUIMM BBIpaXCHHEM B Oe3pa3MepHOi
Benuuune [1,4, 11]:

0,

KB

N 2
N @

r7e p — NUK-(QaKToOp BXOJHOTO CHUTHama, N, — YHC-
JIO YPOBHEW KBAHTOBAHUS.

Illym KBaHTOBaHUS WTPACT BAXHYIO POJL B HEKO-
Topbix xapaktepuctukax ALIL T.x. HanpsMyro BiHs-
€T Ha TaKO€ e€ro BaKHOE CBOMCTBO, KaK OTHOIIEHHE
curHan/mym AIIT SNR,;.. OTHOIIEHHE CHUTHAI/TIIYM
ATIIT SNR,,. paBHO OTHOIIICHUIO CPEIHEKBAApaTHYIC-
CKOTO 3HAYEHHUs BXOJHOTO CHUTHANA 05 K CPEIHEKBAJI-
paTHYeCcKOMYy 3Ha4YeHHIO myma o, [1, 4, 11, 12]. dua
JMANBHEHIINX PacCyXICHUH BBEAEM CIEAYIONIHE J10-
MyIICHUS] U OTPAaHUYCHHUS:

1) yIUTBIBAIOTCS TOJIBKO IITyMBI KBAHTOBAHWS;

2) BXOJHOHM CUTHAJ W IIyM KBaHTOBAaHUS HEKOppe-
JTUPOBAHEI;

3) ucnonp3yercsi paBHOMEPHOE KBaHTOBAHHE;

4) BenmMYMHA BXOJHOTO CHTHAajda HAXOJHUTCA
Bo BxoaHoM auanasone Al u npu anamoro-
u(ppPOBOM IMPEOOPa3OBaHUM HE MPOUCXOIUT ycede-
HMS BXOJIHOI'O CHUTHAJIA;

5) KaHaJI CBS3H SIBISICTCS UJICATLHBIM.
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Juis  BeruMclieHUs OTHOIIEHUs1 curHan/mrym ALII
SNR 4. 00paTUMCS K CIICAYIOLIEMY BhIpakeHuto [1, 4,
11, 12]:

SNR =2 3)

ade

Jlnist BBIYUCIICHHS CPEIHEKBAIPATHYECKOro 3Haue-
HHS BXOJHOTO CHUTHAJla g, YJOOHO BOCIIOJIB30BAThCS
CIICAYIONIMM  BBIPQ)KEHHEM, CBS3aHHBIM C TIHK-
¢axropom p [1, 7, 8]:

U ax
p=¢: (4)

e Unax — MaKCHMalIbHOE 3HAYCHHE CHUTHANA, 0y —
CpPEIHEKBAJPaTUYHOE 3HAUEHHE CUTHAJIA.

Jns Beraucnenust oTHomeHus: curHan/mym ALTT
SNR 4. TOJICTAaBUM BBIpa)keHUE (2) Kak cpeHeKBaIpa-
TUYECKOE 3HAaueHHe IyMa KBAHTOBaHMA W CpEIHe-
KBaJIpaTHYECKOE 3HAYEHHE BXOJHOIO CUTHAla U3 BBI-

Ta6a. 3HaueHus NUK-(aKTopa pa3InuHbIX THIIOB CUTHAIOB

paxenus (4) B dopmyiny (3). Ilocine HeoOXOAUMBIX
peoOpa3oBaHMii TOIYYHUM BBIPAKCHUE ISl BEIUUCIIC-
Husl otHoIIeHus: curHan/mym AT SNR,,. B 6e3pasz-
MEPHOU BEJIMUUHE:

SNR =—w N2 "w 5)

U_ 3N,

ade 2 ‘
p

IIpoBenem oreHKy oTHOMICHUs curHamn/mrym ALITT
SNR 4. D71 CUCTEM PATUOCBS3U C PA3TUYHBIMU THUIIA-
MH CHUTHAJIOB C Y4eTOM HX THK-(akTopa. B Tabmuie
MIpHUBEJIEHBl HEKOTOPBIC 3HAUEHUS MUK-(aKTOPOB IS
pasIUYHBIX TUIOB curHaioB [7, 8]. Bocmomszyemcs
YKa3aHHBIMH JaHHBIMH JIJISI HEOOXOIUMBIX BBIYHCIIE-
HU.

Pe3ynmbraTel a1 pa3jMdHBIX THIIOB CUTHAJIOB, IT0-
Jy4eHHBIE C MOMOIIBIO BhIpAXKEHUs (5), MPUBEICHBI
Ha puc. 2. B xauecTBe 3HaueHHs TUK-(hakTopa p HC-
MOJIL30BAIMCH JaHHbIC U3 TaOnuibl. Yucino ypoBHeH
KBaHTOBaHUsI Opajiock paBHBIM N, = 4+12 ¢ marom 1.

Ne Twun curnana

[Tuk-akrop p

HpOCTBIe CHUT'HAJIbI

=2

2 | Curnaibl, cOpMUPOBAHHBIC C TOMOIIBI0 OMHAPHBIX MICEBOCITYYalHBIX MOCIIEI0Ba- ~1.9+3
tenpHOCTeH (IICIT)
3 | Curnanbl, cOpMUpPOBaHHBIE C MOMOIIBIO TEHEPATOPOB XA0THYECKUX CUTHAIIOB (aT- ~1.5+4

tpakTop JlopeHna, arrpakrop Pecciepa, BosMmymieHsslil ocuuiuisitop Ban nep Ilons

up.)
SNR 44c
90
80
-
- -
70 -
- \
- - 3a
-
60 -
-
-
50 - Puc. 2. 3aBUCUMOCTb OTHOIIEHUS CHT-
- nan/mym ALIT SNR ;. OT uncna ypoBHEH
0 e KBaHTOBAHUS N, U1 Pa3IHYHBIX THIIOB
- CUTHAJIOB.
- 1 — mpocteie curHansl;, 2a u 26 — cur-
a0 -
- o Habl, CHOPMHPOBAHHBIE C IOMOIIBIO
- T -
e ounapubix [ICII, ¢ pa3nuYHBIM 3HAYCHU-
20 == '3 eM muK-¢pakropa p; 3a, 36 u 3B — curHa-
— B
_— = u. = = = =2 Jbl, CQOPMHUPOBAHHBIC C MOMOLIBIO TCHE-
10 - B = - " — T PaTOpPOB XaOTHUYCCKUX CHUTHAJIOB, C Pa3-
——— :.:.';nmwnrrﬂ""’ \1 JIUYHBIM 3HAYCHUECM MUK-(haKTopa p
——— -
0 ; ; . : . : . .
4 5 6 7 8 9 10 11 12

HAVYYHOE ITPUBOPOCTPOEHMUE, 2024, Tom 34, Ne 3



HNCCIIEJOBAHUE BJIMAHWA ITHUK-OAKTOPA 67

Amnanus puc. 2 ¢ y4eTOM BBEACHHBIX TOMYIICHUN
W OTpaHUYEHUH W Pe3yJbTaTOB M3BECTHBIX HCCIIEIO-
Baumii [1, 2, 4, 5, 11] mo3BoJsieT cnenaTh CIeayonue
BBIBO/IBI:

1) ornomenue curnan/mym ATl SNR,, npunu-
MaeT HauOOIbIINE 3HAUYCHUS I BXOJHBIX CUTHAJIOB,
o0namaronmx OOJBIIUM YPOBHEM CUTHAla U MaJbIM
3HAYCHHEM NMHK-(PaKTOpa, U BO3PACTACT C YBEINYCHHU-
€M YHClla ypOBHEN KBAHTOBAHUS N;

2) Oouibllioe 3HAYCHHE MHK-(PaKTOpPa BXOIHOTO
CUTHaJa HETaTUBHO CKa3bIBAETCSI HA OTHOUICHHH CHT-
Haw/mym ALIT SNR, 4., IPUBOJIA K €r0 3HAYUTEIHHO-
My CHIKCHHIO;

3) yCTaHOBJICHO, YTO CHUTHAJIBI, CHOPMHUPOBAHHEIC
C TIOMOMIBI0 TEHEPATOPOB XAOTHUYCCKUX CHUTHAJIOB,
0 ToKazaTento oTHomeHns curaan/mrym ALIT SNR 4.
HE YCTYNawT CUTHAIaM, C(OPMHUPOBAHHBIM C ITOMO-
mpio OuHapHBIX [ICII, 1 moTeHIMaIbHO MOTYT HaHTH
0oJiee MUPOKOE MPUMEHEHHE B CHCTEMAX PaIUOCBSI3H;

4) omHNM U3 HanOoJee MEPCIEeKTUBHBIX MMyTeH Mo-
BBIIEHUST OTHOmIeHus curHan/mym ALl SNR,,.,
M0 MHEHHIO aBTOPOB, SIBIISETCS WCIOJE30BAHKE CHT-
HAJIOB C TPUEMIIEMBIMH XapaKTePUCTUKAMU TIO0 YPOB-
HIO U MTUK-(QaKTopy, OTBEHYAIOIIUX IPYTUM 0053aTelb-
HBIM TpeOoBaHUSAM 0e3 yBenndeHHs TpeOOoBaHUM
k ALIL

3AK/IIOYEHUE

Takum oOpa3oM, B JaHHOM cTaThe NpPOBEACHA
OIICHKA BJIMSHHS MUK-(AKTOpa p BXOJHBIX CHTHAJIOB
Ha oTtHomieHue curHa/myM ALl SNR,.. YkazaHo,
yto AL urparot BaxkxHylo pojib B COBPEMEHHBIX CHUC-
TeMax paJuoCBs3U, MOCTPOeHHBIX Ha ocHoBe IIKP.
OTMEYeHO, YTO OJHOM M3 BAXKHBIX XapPAKTEPUCTHUK
ANII sBasieTca nryM KBaHTOBaHHUSA, KOTOPBIM Hamps-
MYIO BIMSIET Ha TaKO€ €ro Ba)KHOE CBOMCTBO, Kak
otHouenue curHan/mym ALl SNR,,.. Onucano BbI-
pakeHue, mpenctaBieHHoe (opmynoi (5), A BBI-
yucneHust otHomeHust curHan/mym AT SNR ., 3a-
BHCSAIIEE OT MUK-(pakTopa p BXoAHOTO curHana. [Ipo-
BeJIcHa OolleHKa oTHoIIeHus: curHai/mym ALIT SNR 4.
JUISL CUCTEM PAIUOCBSI3U C PA3NMYHBIMU THIIAMH CHT-
HaJOB (TIPOCTBIE CUTHAJBI; CUTHAJBI, c(hopMHUpOBaH-
Hble ¢ momotbto onHapHbx [ICII; curnansl, chopmu-
pPOBaHHBIE C IMOMOIIBKD TE€HEPATOPOB XAOTHYECKHUX
curtHainoB). Ha ocHOBe MpOBENEHHBIX HCCIEIOBAHUM,
C YYETOM BBEACHHBIX JOMYLIEHUHA M OrpaHUYCHUI
U pe3yibTaTOB U3BECTHBIX HcclenoBanuil [1, 2, 4, 5,
11], chopmynmupoBansl BbIBOABI. [lomydeHHBIE pe-
3yJBTATHl TIOKA3bIBAIOT, YTO MHK-(PAKTOP p BXOMHBIX
CHUTHAJIOB HANpPSIMYIO BIMSIET Ha OTHOIICHUE CHI-
Ha/mym ALIT SNR 4., ¥ eTro BIUsSHHE 11eIeco00pa3Ho
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YUUTBIBATh MPH JKCIUTyaTaliu, pa3paboTke U coBep-
LHICHCTBOBAHUU COBPEMEHHBIX CHCTEM pPaJUOCBSI3HU,
B TOM YHUCJIE HUCIOJIB3YIOIIMX IEPCIEKTUBHBIE CIOXK-
HbIE CUTHAJIBI.
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INVESTIGATION OF THE INFLUENCE OF THE PEAK FACTOR
OF INPUT SIGNALS ON SOME CHARACTERISTICS OF THE ADC

A. A. Gavrishev', D. L. Osipov2

'NRNU MEPhI, Moscow, Russia
INCFU, Stavropol, Russia

This article evaluates the effect of the peak factor of input signals on the signal-to-noise ratio of an analog-
to-digital converter (ADC). It is indicated that ADC play an important role in modern radio communication sys-
tems based on software-configurable radio systems. It is noted that one of the key characteristics of the ADC is
quantization noise, which directly affects its important property such as the signal-to-noise ratio. An expression
is described for calculating the signal-to-noise ratio of the ADC, depending on the peak factor of the input sig-
nal. The evaluation of the signal-to-noise ratio of the ADC for radio communication systems with various types
of signals (simple signals; signals generated using binary pseudorandom sequences; signals generated using
chaotic signal generators) was carried out. The results obtained, taking into account the assumptions and limita-
tions introduced, show that the peak factor of input signals directly affects the signal-to-noise ratio of the ADC,
and its influence should be taken into account when operating, developing and improving modern radio com-
munication systems, including those using promising complex signals.

Keywords: radio communication systems, ADC, quantization noise, signal-to-noise ratio, peak factor, input signal
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INTRODUCTION

Modern radio communication systems traditionally
include both analog and digital signal processing
units. The main functions of analog blocks are signal
transfer to the carrier frequency at the transmitting end
and reverse transfer of the radio signal at the receiving
end. In turn, digital blocks generate the transmitting
signal in the transmitter and restore the transmitted
information in the receiver. The interface between
analog and digital signal processing units is analog-to-
digital and digital-to-analog converters (ADC and
DAC) [1-4].

The described paradigm forms the basis of soft-
ware-defined radio (SDR) systems. In the classical
concept (Fig. 1), the SDR system is a central proces-
sor (CPU) equipped with receiving and transmitting
units [3, 5].

Fig. 1. General scheme of SDR

The role of the CPU is data output/input into the
system, as well as receiving control commands and
their subsequent translation to the corresponding
components. The transmitting unit includes a commu-
nication processor (CP), the main task of which is to
pack the transmitted data bits into modulation sym-
bols and generate, based on them, a modulating signal
of a certain communication system, which is supplied
to the DAC and then to the analog radio interface. The
receiving unit contains an analog hardware part, an
ADC, a CP that demodulates the signal and converts
the demodulated symbols of the communication sys-
tem into data bits. SDR can be implemented both by
means of general-purpose computing facilities and
programmable logic integrated circuits (FPGAs) that
process the signal in real time. In this case, radio inter-
faces, as well as ADCs and DACs, are taken outside
the FPGA [3, 5].

It is known [2, 6] that the ADC and issues of im-
proving its characteristics, as a rule, play a more im-
portant role than the DAC. In addition, the ADC is
a more complex device than the DAC, which makes it
difficult to improve its performance. One of these cha-
racteristics, which is often paid attention to [2, 6], is
quantization noise, which inevitably enters the re-
ceived signal. The considered problem of the influ-
ence of ADC quantization noise on the characteristics
of communication systems is currently relevant for
radio communication systems based on SDR [1-4]. It
is also worth noting that the use of promising complex
signals, for example, chaotic ones, in modern radio
communication systems does not allow the arrays of
automatic level control (ALC) [7, 8] to be used in full
scale and further complicates the study of ADC oper-
ating characteristics under various conditions [5, 9,

10]. In addition, modern ALC systems are usually
digital or hybrid, which implies the use of ADCs in
them [9, 10]. Therefore, at present, the urgent task is
to determine the acceptable ADC characteristics that
would satisfy the requirements for modern radio
communication systems. In this work, the authors
want to address the problem of assessing the influence
of the peak factor of input signals on the characteris-
tics of the ADC, since modern promising complex
signals have a significant peak factor [7, 8]. It is ad-
visable to take its influence into account when operat-
ing, developing, and improving modern radio com-
munication systems.

The purpose of this article is to evaluate the influ-
ence of the peak factor of the input signals on the sig-
nal-to-noise ratio of the ADC.

MAIN PART

It is well known [1, 4] that an ADC is a device that
converts a continuous analog signal into binary code.
The main operations in analog-to-digital conversion
are sampling and quantization. In sampling, sample
values are obtained from a continuous analog signal.
The sample values obtained as a result of discretiza-
tion are then converted into binary numbers. First,
each obtained value is compared with pre-arranged
constant levels of (current) voltage, which are called
quantization levels. Then the level closest to the refer-
ence value is converted to a binary number. The
process of replacing a reference value with the level
closest to it is called quantization, when a continuous
message x(¢) is replaced by a discrete message x,(?)
[1, 4, 11]. During the quantization, quantization errors
&w(f) inevitably arise, which are called quantization
noise:

£,(=X, () - X(). 6]

In practical applications, to estimate quantization
noise in the event of uniform quantization, which is
used most often, it is convenient to use the following
expression in a dimensionless quantity [1, 4, 11]:

V4
5, =—L—,
KB \/E-NKB

where p is the peak factor of the input signal, Ny, is
the number of quantization levels.

Quantization noise plays an important role in some
ADC characteristics because it directly affects such an
important property as the ADC signal-to-noise ratio
SNR 4. The signal-to-noise ratio of the ADC SNR ;. is
equal to the ratio of the root-mean-square value of the
input signal g, to the root-mean-square value of noise
o, [1, 4, 11, 12]. For further discussion, we introduce
the following assumptions and restrictions:

1) only quantization noise is taken into account;

)



2) the input signal and quantization noise are un-
correlated;

3) uniform quantization is used;

4) the magnitude of the input signal is in the ADC
input range, and there is no truncation of the input
signal during analog-to-digital conversion;

5) the communication channel is perfect.

To calculate the ADC signal-to-noise ratio SNR .,
we turn to the following expression [1, 4, 11, 12]:

SNR, =2+ 3)
6”

To calculate the root-mean-square value of the in-
put signal oy, it is convenient to use the following ex-
pression related to the peak factor p [1, 7, 8]:

U
p= max , (4)
o

s

where Up.y is the maximum signal value, g; is the root
mean square value of the signal.

To calculate the signal-to-noise ratio of the ADC
SNR 4., We substitute expression (2) as the root-mean-
square value of the quantization noise and the root-
mean-square value of the input signal from expression
(4) into formula (3). After the necessary transforma-
tions, we obtain an expression for calculating the sig-
nal-to-noise ratio of the ADC SNR,,;. in a dimension-
less quantity:

U, \3-N,
S

Let us evaluate the signal-to-noise ratio of the
ADC SNR,4. for radio communication systems with
various types of signals, taking into account their peak
factor. The table shows some values of peak factors
for various types of signals [7, 8]. We will use the
specified data for the necessary calculations.

SNR , = (5)

Tab. Peak factor values for various signal types

The results for various types of signals obtained
using expression (5) are shown in Fig. 2. The data
from the table was used as the peak factor value. The
number of quantization levels was taken to be equal to
Ny = 4+12 with a step of 1.

Analysis of Fig. 2 taking into account the intro-
duced assumptions and the limitations and results of
known studies [1, 2, 4, 5, 11] allows us to draw the
following conclusions:

1) the ADC signal-to-noise ratio SNR,,. takes the
highest values for input signals with a high signal lev-

el and a small peak factor and increases with the num-
ber of quantization levels N;

Fig. 2. Dependence of the ADC signal-to-noise ratio
SNR 4. on the number of quantization levels N, for
various types of signals.

1 — simple signals; 2a and 26 — signals generated
using binary pseudo-random sequences, with various
values of the peak factor p; 3a, 36 and 3B — signals
generated using chaotic signal generators, with vari-
ous peak factor values p

2) a large value of the input signal peak factor ne-
gatively affects the ADC signal-to-noise ratio SNR .,
leading to its significant decrease;

3) it has been revealed that signals generated using
chaotic signal generators in terms of ADC signal-to-
noise ratio SNR,,. are not inferior to signals generated
using binary pseudo-random sequences, and can be
potentially wider employed in radio communication
systems;

4) one of the most promising ways to increase the
ADC signal-to-noise ratio SNR,,., according to the
authors, is the use of signals with acceptable characte-
ristics in terms of level and peak factor, and meeting
other mandatory requirements, without increasing the
requirements for the ADC.

CONCLUSION

Thus, this article evaluates the influence of the
peak factor p of input signals on the signal-to-noise
ratio of the ADC SNR,,. It is indicated that ADCs
play an important role in modern radio communica-
tion systems built on the basis of SDR. It is noted that
one of the important characteristics of the ADC is
quantization noise, which directly affects such an im-
portant property as the ADC signal-to-noise ratio
SNR.4- An expression represented by formula (5) is
described for calculating the signal-to-noise ratio of
the ADC SNR,4., and depends on the peak factor p of
the input signal. The signal-to-noise ratio of the ADC
SNR ., was assessed for radio communication systems
with various types of signals (simple signals; signals
generated using binary pseudo-random sequences;
signals generated using chaotic signal generators).
Based on the conducted research, taking into account
the introduced assumptions and restrictions and the
results of well-known studies [1, 2, 4, 5, 11], conclu-
sions are formulated. The results obtained show that
the peak factor p of the input signals directly affects
the signal-to-noise ratio of the ADC SNR,4.,, and it is
advisable to take its influence into account when op-
erating, developing, and improving modern radio



communication systems, including those using prom-
ising complex signals.



