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AHAJII3 IIYMOBUX BJACTUBOCTE AHAJIOTO-IITUD®POBUX
NEPETBOPIOBAYIB CUTHAJIIB EJEKTPO3B’AI3KY B PEKUMI
HAJJINIIKOBOI INCKPETU3AINII

AHATN3 LLYMOBbIX CBOUCTB AHANOIO-LIU®POBBLIX MPEOBPA3OBATEJEN
CUrHANOB 3IEKTPOCBA3N B PEXXMME U3BbITOYHOW AUCKPETU3ALINMK

ANALYSIS OF NOISE CHARACTERISTICS OF ANALOG-TO-DIGITAL CONVERTERS
OF TELECOMMUNICATIONS SIGNALS IN OVER SAMPLING MODE

lNpeacraBieHo pe3ybTatv AOCAXKEHHS LLYMOBUX BJIaCTUBOCTEV aHasioro-um@dpoBux rnepeTBo-
proBayviB 3 HaA/IMLLIKOBOIO AMCKpeTu3auieto. lNokazaHo, Lo 36i/bLUIEeHHS 4acTOoTH ANCKpeTn3adii no-
KpaLLye BifjHOLEeHHS] curHaa—wym ALTI.

lMpedcmaesneHbl pe3dynbmamsi uccrnedosaHuUsi WyMo8bIX c8olicme aHanno2o-yugposbix npeobpasosame-
ned ¢ uzbbimoyHoU duckpemu3ayuel. Noka3aHo, YmMo yeenudyeHue Y4acmomsi OUCKpemusayuu yrnydwaem
OomHouweHue cuzgHan—uwym ALTI.

The results of research of noise properties of analog- to-digital converters with surplus sampling are given
in the article. It is shown that the increase of frequency of sampling improves signal—noise ratio of ADC.

Beryn

[TigButieHHs 3aBaJOCTIHKOCTI 1NQPOBUX CHUCTEM 3B’SI3KY € OJHIEI0 3 HAWBAKJUBIITUX IPO-
6;1eM cydyacHOi TexHiku TepemaBanHs iHdopmartii [1]. KiatouoBum enementom 1mudpoBoi cucremu
3B’A3KYy, SIKMil 6e3Mocepe/IHbO BIIMBAE€ HA 3aBAJIOCTIHKICTh NMpHiiMaHHS Ta 06poOJsiHHS iH(OP-
Mailii € aHanoro-nudposuii nepersoproBauy (AIIID) [2]. YVzaraabuenum kputepiem sxocri AIII,
o QyHKIIOHY€E B cUCTeMi 3B’SI3Ky, € BifIHOMIEHHS cUTHAJI—IyM. [l 36iJbIIeHHs BiTHONIEHHS
curHan—1iyM 3acrocoByiotbesa AIlIl 3 HepiBHOMipHMM KBaHTYBaHHSIM, a TaKOXX BUCOKOTOYHI
ANIl 3 JiHIHOIO XapaKTEePUCTUKOIO IepeTBOPeHHs. Taki mneperBoproBavi XapaKTepU3yIOTbCs
BUCOKMMHM allapaTypHUMHU 3aTparamy [UId iX peaJiisaliii i MaloTh nepejjaTHi XapaKTepUCTUKH, AKi
He 3aBXK/U Y3TO/DKYIOTbCS 3 HACKPI3HUMM XapaKTepUCTHKaMu IM(MPOBUX TeJEeKOMYHiKaIliiHuX
cucreMm [3].

OpnuMm 3 MeroziB noginmienns xapakrepuctuk ALl e Bukopuctanus pexxuMy HaJJIUIIKOBOT
nuckperusaiii [4]. B po6orax [5, 6] nocaimkeno ocobauBocti ALl 3 HaAJIUIIKOBOIO JUCKpe-
TU3allielo, 10 BUKOPUCTOBYIOTbCS Y HU(POBOMY 3BYKO3amuci, B HUX OTPUMAHO BUPA3H [
BU3HAUYEHHSI HEOOXi[HOI 4YacTOTH JUCKpeTH3allii B 3aJaHiil cMy3i 4YacTOT BXi/[HOTO CUTHAJTY.
Boanouac 30BciM He TpuUAiJisAeTbCcs yBaru BIJIMBY Ha lryMosi xapakrtepuctuku AIII peskumy
HAQ/IJIMIIKOBOI AUCKPEeTHU3allil B IPOIECi MepeTBOPEHHS IUPOKOTO KJACY CUTHAJIB Yy TEJIEKOMY-
HiKal[iiiHUX CUCTeMax.

Y naniit po6oTi 32 MeTy CTaBUTbCA 3ajlaua aHasi3y mrymoBux xapaktepuctuk AIIIL, mo mnpu-
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3HAYEHi [/ TePEeTBOPEHHS MEePBUHHUX CUTHAJIB €JeKTPO3B’sI3Ky B PEKUMi HAAJIUIIKOBOI JIHC-
KpeTH3allii.

BcTtynneHue

MoBbIWEHNe NOMEXOYCTONYMBOCTU LIMDPOBBIX CUCTEM CBA3N — 3TO OOHA M3 BaKHEMNLWMX nNpobnem
COBpPeMEHHOW TeXHUKM nepegaydn uHgopmaumm [1]. KnoyesbiM 3anemMeHToM LUMdpPOBON CUCTEMBI CBA3W,
HenocpeacTBEHHO BMAMSIOLUM Ha NOMEXOYCTONYMBOCTb Mpuema u obpaboTkm uHdopmaummn ectb aHa-
noro-uncpposon npeobpasosartens (ALI) [2]. O6ob6weHHbIM KpuTepuem kadectBa AL, dyHKUMOHK-
pyloLLero B cucteme CBA3W, ABMSETCA OTHOWEHWe curHan—uwyM. [na noBbIlWEHUA OTHOLUEHUS CUr-
Han—wyM npumeHsaoT AU ¢ HepaBHOMeEpHbIM KBaHTOBaHWEM, a TakKXe BbICOKOTOYHble AL ¢
NVHENHON XapakTepucTukon npeobpasoBaHuda. Takue npeobpasoBatenu xapakTepusyTcs 6onbLIMMM
annapaTypHbIMKW 3aTpaTtamu Mpu peanusaumm u UMeT nepeaaTtoyHble XapaKTepUCTUKWU, KOTopble He
COBCEM COrMacytTCA CO CKBO3HbIMW XapakTepUCTUKaMU TENEKOMMYHUKALIMOHHBLIX cuctem [3].

OgHuM 13 mMeToaoB ynydlleHus xapaktepuctuk ALN aBnseTcs ucnonb3oBaHne pexuma n3bbITOUHON
anckpetusauun [4]. B pabotax [5, 6] uccnegosaHbl oco6eHHocTM ALIM ¢ M3BbITOYHOM AMcKpeTu3aumen, mc-
nonb3yoLLmnecs B LMdPOBON 3BYKO3AMNMCK, B HUX MOMyYeHbl COOTHOLLEHWS Ans onpeaeneHus Heobxogumon
YacTOThl AUCKPETM3aumMn B 3a4aHHON MOSioce YacToT BXOAHOIO curHana. B Toxe Bpemsi coBcem He yaensiet-
Csl BHMMaHWe BMMSIHUIO Ha WymoBble cBoricTBa AL pexrma 1M3bbITouHOM ANCKpeTusaumm npy npeobpaso-
BaHVM LUMPOKOTO Kracca CUrHasoB B TENEKOMMYHUKALMOHHBIX CUCTEMAX.

Llenbio gaHHoWM paboThl SIBNAETCA aHanv3 LyMOoBbIX Xapaktepuctuk AL, npegHasHaveHHbIX Ans
npeobpa3oBaHns NEPBUYHBLIX CUTHAIOB 3MEKTPOCBSA3N B PpEXMME N3ObITOYHOW AMCKPEeTU3aLmu.

Introduction

The increase of noise-immunity of digital communication networks is one of major problems of
modern information transmission systems [1]. The key element of digital communication network,
which directly influences noise-immunity of reception and processing of information is an analog-
digital converter (ADC) [2]. The generalized criterion of ADC quality functioning in any communi-
cation network, is signal—noise ratio. For the increase of signal—noise ratio ADC with nonuni-
form quantization and high-precision ADC with linear characteristic of conversion are applied.
Such converters are characterized by considerable hardware expenditures needed for realization
and have transmission characteristics which not completely correspond to throughput characteris-
tics telecommunication systems [3].

One of the methods aimed at improvement of ADC characteristics is the application of redun-
dant digitization mode [4]. Papers [5, 6] study the peculiarities of ADC with redundant digitization,
used in digital recording.

These papers contain relations needed for determination of required digitization frequency in
the given frequency band of input signal. At the same time, less attention is paid to the influence
of redundant digitization mode on noise properties of ADC while conversion of broad class of sig-
nals in telecommunication systems.

The analysis of noise characteristics of ADC, designed for conversion of primary signals of
telecommunication systems in surplus sampling mode, is the purpose of this work.

Jlocai>)keHHsI eHepreTHYHOTO CNIeKTPa IIyMiB KBAaHTYBaHHS

B AIIIl nominiBHMMU € IIyMU KBaHTYBaHHS, SKi 6e3MOCepeHbO BILIMBAIOTH HA Bi{HOIIEHHS
CUTHaJ —IIIyM 1eperBopenHsi. s piBHomipHOi mikanu kBanTyBanHs AlIll, y Bumnaaky, koJu
nudepentiiaibHa HeMiHiNHICTD He TepeBuIlye 1/2 oUHUII MOJOIIIOTO PO3PSLY, MOTYKHICTDH
HIyMiB KBaHTYBAaHHS BU3HAYaeTbcs K [7].

1 o
P = _8 ) (1)
712
ne 8 — kpok kBantyBaHHs AIIT (war ksaHToBanms ALIM; step of the ADC quantization).
SAxiro nanpyra oOMexxeHHs1 y k pasiB 6isibliia, Hi3K cepelHbOKBaipaTUYHE 3HAYEHHS HATPYTH

Ha BXo/i nepersopioBaya (c;), TO
u, = ko, . (2)

Axmo mxama kBantyBanHs AlLlIl Gymyerbest TakuM YMHOM, OO NIyMu OOMEXKEHHSI He BUHH-
KaJli, TO 3HAYEHHS U, Ma€ 36iratucs 3 MiKOBUM 3HAYEHHSAM CHTHAMLY. Y 1bOMY BUNAJKYy Koedi-
IieHT R € TiK-akTOpoM cUrHaTy. B 3araspHOMy BHUMAJIKy KOeillieHT R BCTAHOBJIIOE 3B’SI30K
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MiXK 3HAYEHHSIMH TTapaMeTpiB curHaty i mkasnoio ksantyBanis AUIL. Mix wu,, 6 i kizpkicrio
piBHiB kBanTyBaHHsS N MOXXe OYTH BCTAHOBJICHO TakKuil 3B’SI30K:
— B pa3i KBaHTYBaHHS /[BOIIOJISIPHUX CUTHAJIiB

N =2|u,|[8+1=2|u|/5; (3
— B pa3l KBaHTyBaHHA OJHOIIOJIAPHUX CUTHAJIIB

|5 )

Higcrasusum (2) —(4) y (1), MOKHA OTpUMATH IHIIMI 3aMUC BUPA3iB JUIS [IYMYy KBaHTY-
BaHHA. Y BUIAJKY ABOIOJSPHOrO curHaay Ha Bxomi AIIII

Y BUIAJKY OJHOMNOJSAPHOTO curHaay Ha Bxomai AIIII
o 2
14, 1Ko )

7 12 N2 12 N?
OCKUH)KI/I H_IYMI/I KBaHTYBaHHH € HOCJIiZIOBHiCTIO HeKOpeJIbOBaHI/IX iMHyJIbCiB 3 BHUITIaIKOBOIO
aMILIITY/I010, €eHePTeTUYHUI CITEKTP TaKOT TOCJIiTOBHOCTI OTMCYEThCS BUpa3oM [7]

27 2 sin (27:fr/2)

7
721 (2n fr/Z) @

G, (f) ==

Jie T — TpUBaJicTh iMmyJsbcy (anuTenbHocTb umnynbcea; pulse duration); T — mepioa AUCKpeTH3allii
(nepvopn anckpetusaumm; period of digitization); Cg — JUCIIEPCid IIyMYy KBaHTyBaHHA (aucnepcus wyma
kBaHTOBaHUsi; dispersion of quantum noise).

B pasi 3MeHIlIeHHS T eHepreTMYHUl CHEeKTp IIyMiB KBaHTyBaHHSI CTAa€ PiBHOMipHIIIUM i AJs
T — 0 1IyM KBaHTYBaHHS TIEPETBOPIOETHCS B «O6iJnii MIyM», 10 Ma€ yCTaJeHWH eHepreTuYHui
CIEKTP y MUPOKil CMy3i 4acTOT, 3HAUHO MIMPIIiH 32 CIIEKTP CUTHAJY.

[ToTy>xHicTb HM3BKOYACTOTHOI CKJIQIOBOI CHEKTPAa KBAHTOBAHOTO cUTHAJMY Pg y 12/ 7? pasis

MeHIIIa MOTYKHOCTi BXi/HOIO CHTHaJly, a MaKCHMaJbHa 4acTOTa I[bOTO CIEKTpa He MOXe Iepe-
BUIILYBATH MOJIOBUHU YacTOTH Auckperusaliii. IloTyskHicTb myMy KBaHTyBaHHS B po60Uiil cMy3i
YacTOT JI0PiBHIOE

0,57, 0,5f;, 5 2
24 4 Onft/2
p=L1 G, (rdf =L Zicg—s“‘ (2nf/2) (8)
2§ 2t o T 7 (2nfx)2)
Ha rpannuniit wacrori £;/2 apryment 2nft/2 = nt/27. dxmo t << T, TO SI?OZ/ ;)7) ~
T
Toui Bupas (8) HaGyBae BUIJILY
2 1 272 2nf 52 272
= (9)

q2nT2 qu

3Bi/iCH BiIHOIIEHHS CUTHAJ — IIYM KBaHTyBaHHA Ha Buxoi AIIII

P[P, = PYQ/ » 2 . (10)

[ng po3paxyHKiB MOXHA BBa)kaTH, 1[0 CIEKTp IIyMiB KBAaHTYBaHHSI 30CEpe/KEHUil B 30Hi
vacrorT 0+ £;/2 i Mae B Mexax I[bOTO JiaNa3oHy PiBHOMIPHY CIEKTPaJbHY I'YCTHHY HOTYXKHOCTI

2
_ % 5 _ 2
Gq(f) n—f;ZTC——qG(] (11)
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AHazi3 BIJIMBY HA/UIMIIKOBOI AMCKpPETH3allii HA CHEKTPHU
NMEPBUHHUX CUTHAJIB €JEKTPO3B’I3KY

Jlns BU3HAYEHHS MipW HAJJIMITKOBOCTI TIPU JAUCKpPETH3allii BUKOPHUCTOBYETHCS KOeillieHT
Ha/UTAIITKOBOT ckperusattii (oversampling ratio — OSR)

OSR = £,]2f, . (12)
OcKinbKM MOTYXKHICTH IIyMiB KBAHTYBAHHS JIOPiBHIOE WOTO JuCIeEpCii
G2q = £, (13)

TO CHEKTpaJbHa TYCTHHA MOTYKHOCTI 1yMiB kBaHTyBauHsa AIIl 3 Ha[UIMIIKOBOIO JMCKPETH3a-
nicro, 3 ypaxybanuam supasis (11) i (13) BusHayaeTbes sk

2

Gq (f ) =

Orpumanuii BUpa3 MOKHA BUKOPHUCTATH JJIST JIOCJI/KEHHSI CHEeKTPiB IIyMiB KBaHTYyBaHHS
MEPBUHHUX CUTHAJIB €JIeKTPO3B SI3KY Y PEXKUMi HAIJIUITKOBOI JUCKPETU3aIlii.

s tenedportoro (MOBHOrO) curHasy mik-axtop k = 5, s IEPBUHHOTO TEJEBi3iiHOrO

curHanay — k= V3, a s TapMOHIYHOTO CUTHAJNy — k= V2. Toxi CIIEKTpaJIibHa TYCTUHA T10-
TY>KHOCTI JJOPiBHIOE:
— y BHUINAJKy MOBHOTO Ta TAPMOHIYHOTO CHTHAJY 3 ypaxyBaHHsM (5)

2 2k o

G,(H)=Gp(f)y=———F ==——=—; (15)
o (1) = G (1) OSR-f."? 3 N? OSR-f,
— Y BUIQJIKY TeJieBi3iiiHoro curuasy 3 ypaxysatusm (6)
W
Gy (£) 5 16)

"6 N OSR- £

3aNeXXHiCTh CIeKTPAJbHOT TYCTHHH TOTYXKHOCTI /IJisS Pi3HUX CUTHAJIB Bijl KoedillieHTa HaI-
JIMIIIKOBOI AMCKPETHU3allii MOKa3aHo Ha PUCYHKY.

0

Gq,dB

— Gqv

—th
= sGgh

1 10 100 1000
OSR

3aJIesKHICTh MOTYKHOCTI NIYyMiB KBAaHTYBaHHS Biji KoedillieHTa HAJJIMITKOBOI AUCKPETH3AIlii
3aBMCUMOCTb MOLLHOCTU LLIYMOB KBAHTOBaHMUS OT KO3hMLMEHTa N3BbITOYHON AMCKpETU3aLmMK
Dependence of power of quantum noises on the coefficient of surplus sampling
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UccnepoBaHue JHepreTn4eckoro cnekrTpa wymMmoB KBaHTOBaHUSA

B AU goMuHUpyOLWMMK SBRASIOTCS LIYMbl KBAHTOBaHWUS, KOTOPblE HEMOCPEACTBEHHO BUSIIOT Ha
OTHOLLEHWNe curHan—iuym npeobpasoBaHus. [pu paBHOMepHON Wwkane kBaHToBaHus ALI, anga cnyyas,
Korga gmddepeHumanbHas HEeNMHEMHOCTb He MnpeBbllwaeT 1/2 eanHunubl Mnagwiero paspsiga, MOLL-
HOCTb LUYMOB KBaHTOBaHWs onpegensetcs Kak [7] (1).

Ecnu HanpspkeHne orpaHuyeHns B k pas bonblue, YeM CpeAHEKBaApaTUYHOE 3HAYEHME HAMPSHKEHNS
Ha Bxoge npeobpasosartens (o;), 70 (2).

Ecnv wkana kBaHToBaHuA LAl ctpontcsa Takmm obpa3om, YTOObI WyMbl KBAHTOBaHUS He BO3HMKa-
1, TO 3Ha4YeHne U, AOMKHO COoBMadaTthb C NMKOBLIM 3HaYeHVeM curHana. B atom cnyyae koadduumeHT
k saiBnsieTca nuk-chakTopom curHana. B obwem cnyvae koapduumeHT k ycTaHaBnuBaeT CBSA3b MeXAy
3HaYeHVAMM NapamMeTpoB cUrHana v wkanon keaHtosanus ALIM. Mexay u,, & 1 YMCrioM YpOBHEN KBaH-
ToBaHUss N MoxeT ObITb yCTaHOBIEHA crieaytoLasi CBsA3b:

— Npw KBaHTOBaHUM BMNONAPHbBIX curHanos (3);

— NPV KBAHTOBaHUM O4HOMONSAPHbIX CUrHanoB (4).

Moactaenas (2)—(4) B (1), MOXHO NONYYUTb UHYIO DOPMY 3aNUCKU BbIPAXKEHUIN AN LYMa KBaHTOBa-
Hug. [ng cnydas 6unonspHoro curHana Ha Bxoge AU (5).

Ona cnyyas ogHonongpHoro curHana Ha sxoge AL (6).

MocKkonbKy LyMbl KBAHTOBaHWS SIBASIKOTCSA NOCNEAOBATENbHOCTHI0 HEKOPPENMPOBAHHBLIX UMMYbCOB
CO Crly4aHOW aMnnuTyaoW, SHEepPreTUYeCcKUid CNekTp Takow MnocrneaoBaTenbHOCTU OMUCHIBAETCS Bbipa-
xenuvem [7] (7).

Mpn yMEHbLUEHUN T 3HEPTETUYECKUIA CNEKTP LUYMOB KBaHTOBaHMS CTAaHOBUTCSA Goniee paBHOMEPHbLIM
M npu t— 0 Wym KBaHTOBaHWS npeBpalaeTcs B «b6enbii WyM», KOTOPbIA MMEEeT yCTaHOBMBLUMICS
SHEepPreTUYeCcKnin CNeKTP B LUMPOKOW NOSIOCE YacToT, KOTopasi 3Ha4YMTENBbHO LIMpe CrekTpa curHana.

MoOLLHOCTbE HM3KOYACTOTHOM COCTaBNAOLLEN CneKkTpa KBaHTOBAHHOINO cuUrHana P; B TZ/TZ pas3

MeHbLLE MOLLHOCTU BXOOHOrO CUrHarna, a MakcuMarbHas 4acToTa 3TOro CrekTpa He MOXET NpeBbiaTth
MONOBUHbI YacTOThl ANCKpeTU3aumn. MoLWHOCTE Wyma KBaHTOBaHUS B paboyelt monoce 4acToT paBHS-
etca (8).

sin(nt/2T) 1

Ha rpaHnyHon vacToTe f/2 aprymeHT 2nft/2 =nt/2T. Ecnmt<< T, TO )
T,

Torga BbipaxeHue (8) npuHumaeT Bug (9).
OTcloga OTHOLWEHWe CUrHam—iuuym KBaHToBaHuA Ha Bbixoge AL (10).
Mpy pacyeTax MOXHO CUNTATL, YTO CMEKTP LLYMOB KBAHTOBAHWS COCPEOTOYEH B 30He yacToT 0 +f; /2

1 MeeT B rpaH1Lax 3TOro Auanas3oHa paBHOMEPHYHO CreKTpasibHY0 NOTHOCTb MOLHOCTH (11).

AHanus BNUAHUA N30bITOYHOMN ANCKpeTn3auunun Ha CNneKTpbl
NnepBUYHbLIX CUTHAJIOB 3J1IEKTPOCBA3U

[ns onpegeneHns Mepbl U3OLITOYHOCTU NPU AUCKPETU3ALUN UCNONb3YeTs KOIMMPUUNEHT N30LITOY-
HoW amnckpeTtusauun (oversampling ratio — OSR) (12).

MocKkonbKy MOLLHOCTb LUYMOB KBaHTOBaHMSA paBHSIETCA ero aucnepcun (13), To cnekTparnbHas nnot-
HOCTb MOLLHOCTM LWyMOB KBaHToBaHusA AL ¢ n3beitouHon guckpeTtunsaumen, ¢ y4etom BbipaxerHmn (11)
n (13) onpegensetca kak (14).

Mony4YeHHOe BbipaeHNe MOXHO UCMONb30BaTh ANS UCCNEefOBaHNsi CMEKTPOB LWYMOB KBaHTOBAHUS
NepPBUYHBLIX CUTHAIOB 3MEKTPOCBS3N B PEXMME N3ObITOYHON ANCKPETU3aLMN.

[nsa TenedoHHOro (pe4eBoro) curHana nuk-gakTop k = 5, 4ns NepBMYHOro TeNEBU3NOHHOIO CUrHa-

na — k =+/3, a Ans rapmMoHuyeckoro curHana — k =+/2 .

Torga cnekTpanbHas NNOTHOCTb MOLLHOCTU PaBHSAETCS:

— ONs cry4vas pe4eBoro U rapMOHMYECKOro curHana c yyetom (5) nonyumm (15);

— ONs cny4vas TeneBM3NOHHOro curHana c yyetom (6) nonyymm (16).

3aBMCUMOCTb CMEKTPanbHOM NIIOTHOCTU MOLLHOCTY ANsi pasHblX CUrHanoB OT KoadduumeHTa n3bbl-
TOYHON AMCKpeTU3aLmMn NpeacTaBrieHa Ha PUCYHKeE.

Research of energy spectrum of quantum noise

Quantum noise, influencing directly signal-noise conversion is predominant factor in ADC uni-
form quantum scale.
At uniform quantum scale of ADC, for the case, when differential non-linearity does not ex-
ceed 1/2 of the unit of least significant bit, power of quantum noise is determined as [7] (1).
If limiting voltage is K times higher than root-mean-square value at the input of converter (o),
then (2).
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If quantizing scale ADC is built so that to avoid the emergence of noise, then the value u, must
coincide with peak value of the signal. In this case k factor is peak-factor of the signal. In general
case, k factor establishes the connection between values of signal parameters and quantizing
scale of ADC. The following relation can be established between u,, 5 and the number of quanti-
zation levels N:

— at quantization of bipolar signals (3).

— at quantization of single-paler signals (4).

Substituting (2)—(4) in (1) we can obtain another form of presentation of the expressions for
quantum noise. For the case of bipolar signal at the input of ADC (5). For the case of single-polar
signal at the input of ADC (6).

Since quantum noise is the sequence of non-correlated pulses with random amplitude, energy
spectrum of such sequence is described by the expression (7) at decrease of 1 energy spectrum
of quantum noise becomes more uniform and at t — 0 quantum noise transformers into “white
noise” having stable energy spectrum in wide frequency band, which is much wider than signal
spectrum. Power of low-frequency component of quantized signal Ps spectrum is rZ/T2 times
less than the power of input signal, and maximum frequency of this spectrum cannot exceed half
of digitization frequency. Power of quantum noise in operating frequency band equals (8).

At limiting frequency f;/2 argument 2nft/2=nt/2T. If 1<< T, %Z?T)m

T

Then the expression (8) takes the form (9).

Signal — noise ratio of quantization at the output of ADC is (10).

We can assume, performing calculations, that quantum noise spectrum is concentrated in
0~ fs/2 frequency zone and has uniform spectral density of power within the limits of this spec-

trum.

Analysis of redundant digitization impact on the spectra of primary telecom-
munication signals

In order to determine redundancy level at digitization the over sampling ratio is used (12).

Since power of quantum noise equals its dispersion (13), then spectral density of quantum
noise power of ADC with redundant digitization, taking into consideration expression (11) and (13)
is determined as (14).

The obtained expression can be used for investigation of quantum noise spectra of primary
telecommunication signals in the mode of redundant digitization.

For telephone (voice) signal peak-factor k = 5, for primary television signal — k = V3, and for

harmonic signal — k = V2.

Then spectral density of power equals:

— for the case of vocal and harmonic signal, taking into account (5) — in (15);

— for the case of television signal, taking into account (6) — in (16).

Dependence of spectral density of power for different signals on over sampling is presented in
Figure.

BucuoBku

BcranossieHo, 110 nrymMp KBaHTYBaHHS y CMY3i YacCTOT [1€PETBOPIOBAHOTO CUTHAJIY MAlOTh Xa-
pakTep «06iJoro mymy» 3 ycTajJeHUM eHepreTH4YHuM crekTpoM. [TokasaHo, 10 1MOABOEHHS yac-
TOTU JUCKpeTu3alii BUKJIMKAE 3MeHIIeHHd piBHA 1nyMmiB kBanTyBanHs Ha 3 nb. Ile Beme no
i IBUIIEHHS BiJJHOIIEHHS CUTHAJ—IIYM, a OTKe i po3ainbHoi 3aaTtHocTi AIII. /[ng nmepBuHHUX
CUTHAJIB eJIEKTPO3B’sI3Ky IIyMU KBaHTYBaHHS 3ajexkaTb Bij mik-pakrtopa ta pospsaHocti AILIL.
Jlns noninmennsa mymoBux BiaactuBocreil AL moskna ¢opmyBaTu 1mymonofi6Hi curHaan 3
Bi/IMTOBI/IHIMH YaCTOTHUMU XapaKTePUCTUKAMU, SIKi MiAJSITaloThb aHAJOTO-1u(POBOMY MEPETBO-
PEHHIO Pa3oM 3 KOPHCHUMH CHTHAJAMH 3 MOJAJTBIIMM OOpPOOJEHHSIM iX 3a J[ONOMOTOI0 1udpo-
BUX (PiabTPiB.

IlepcnexktuBu. BpaxoByioun, 10 HalKpalmUMU NIYMOBUMHU BJIACTHBOCTAMM y PeXUMi Ha-
JIUTIKOBOI AucKperu3antii xapakrepusyiorbess ALl mepBunHux TenedOHHUX CUTHAMIB, IOIiJIb-
HO BUKOPHUCTOBYBATH TaKi neperBopioBadi y IudpoBux 6GaraTOKaHAJIbHUX CHCTEMaxX Iepeadi
MOBHUX CHTHAJiB Ta B 3ac06aX MOOiJbHOTO 3B A3KY.
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BbiBOAbI

YCTaHOBMEHO, YTO LUYMbl KBAHTOBaHWS B MOIOCe 4acToT npeobpadyemoro CurHana uMetoT Xxapakrep
«6enoro wyma» C yCTaHOBUBLUMMCS 3HEpreTMyeckum crnektpom. [MokasaHo, YTO yABOEHWe 4acToThbl
AVCKPEeTM3aLmMKn Bbi3blBaeT YMEHbLLEHME YPOBHS LUYMOB KBaHTOBaHWs Ha 3 ob. 3To npuBoaUT K NOBbI-
LUEHNIO OTHOLLEHMS CUrHanN—iuyM 1 Takke pasgenbHor cnocobHOCTU. [ns nepBUYHbBIX CUTHANOB 3rieK-
TPOCBSA3N LYMbl KBAHTOBaHUSA 3aBUCAT OT NuK-pakTopa u paspagHocty AL, [ng ynyyweHns WwyMoBbIX
csowctB AL MoxHO dopmumpoBaTh LWymMonogobHble curHanbl ¢ COOTBETCTBYIOLUMU HYACTOTHBIMU Xa-
pakTepuCTUKaMK, KOTOpble Moanexart aHanoro-uudpoBomy npeobpas3oBaHWo BMECTE C MOMe3HbIMU
curHanamm c nocnegytoulen nx obpaboTkor ¢ NoMoLLbo UMPOBLIX PUNBTPOB.

MepcnekTUBbI. Y4nTbiBasi, YTO HauyyllMMW CBOWCTBaMU B pPEXMME U3ObITOYHOW AMCKpeTM3auuv
xapaktepuaytotca ALIMN nepBuYHbIX TenedoHHbIX CUrHarnoB, LenecoobpasHo MCnonb3oBaTb Takue npe-
obpasoBaTenu B LUPOBLIX MHOrOKaHanbHbIX CUCTEMaxX Nepefavn peyeBbIX CUrHanoB U B cpeacTBax
MOBWMABLHON CBA3N

Conclusion

It has been determined that quantum noise in frequency band of converted signal is of,, white
noise,, character with established energy spectrum. It has been showed that doubling of digitiza-
tion frequency results in the decrease of quantum noise level by 3dB. This leads to increase of
signal — noise ratio and separation ability. For primary telecommunication signals quantum noise
depends on peak-factor and ADC word length.

In order to improve noise features of ADC noise-like signals with corresponding frequency
characteristics can be formed subjected to analog-to-digital conversion along with useful signals
with their subsequent processing by means of digital filters.

Future trends. Taking into account that ADC of primary telephone signals are characterized
by the best noise properties in redundant digitization mode, it is expedient to use such converters
in digital multi channel systems of voice transmission systems and mobile communication.
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