Tema 6. Hupposu ymrsTHUTEIHE cucTeMu. KBanTyBaHe, KoqupaHe,
NmnysicHo-koxoBa Mmoayaanusi. JINHMIHO KOAUpPaHe, CKpeMOJMpaHe,
cunxponusanus. llndposa itepapxuss — PDH u SDH cucremu.

Oco00eHoCTH HA OITUYHOTO MYJITHILJIEKCUPAHE

HpHHHHHI/I Ha MYJITHIUVICKCHPAHE C Pa3sjac/jJsiHC HA KAHAJIUTE 110 BPEME

YnasTHsaBaHeT0 MO0 BpeMe (TDM — time division multiplexing) npen-
CTaBJISIBA MIOCJIEOBATEIHO, IMKINYHO, 32 KbCU MHTEPBAIM OT BpEMeE, MPEe0oCTa-
BSHE Ha MPEHOCHATa cpea Ha BCSAKa JABOWKA KOPECTOHAMpAIy ch aboHATH OT
MHOYKECTBO €THOBPEMEHHO MTPOTHUYAIIM CEaHCH.
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AMILUTUTYIHO-UMITYJICHA MoayJaanus: 7, — nepruoja (MHTEpBaj) Ha TUCKPETU3AIIUS

Fy—uecrora Ha quckperusanus; T, — KaHAJIEH UHTEPBAJ
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Teopema Ha Koresinukos - Halikyucr:

| 1
T\ = < . — .
0 Fa 2fmaX ; F() ]/Ta, TpH6Ba Fa 22Fmax

Hmnyncno xkoooea mooynauusa (pulse-code modulation - PCM).
Tpu 0OCHOBHU onepaluu:

e Jluckperuszanus 1o Bpeme (sampling)
e KganryBane (quantizing) (A - cTbIIKa Ha KBAHTYBaHE)

o Kouupane (encoding).

—
JuckpeTHzarms 1 f
Y

Jponuen Ksanty- Ts —

KO/ pane Py
111 7
110 6
101 5
100 4

011 3 R -

010 2 I i
000 0 ,

-U(]

e 0 000 0

Kowpane [0 [N [0 L

101 111 111 101 000 001

[Tpu udpoBO MyNATUIITIEKCUPAHE B pAMKHUTE Ha €IMH HHTEPBAJI HA JTUC-
kpetusanus T, (HapuuaH Beue MUKBJ) CE pas3nojaraT KOJOBUTE KOMOUHAIIUN
Ha BcuukutTe N yIUTbTHSBAaHU CUTHaIU. Ha BCekr CUTHAN ce moJiara e1uH
KaHaJIEH MHTEpBaI:

| €
NBbPBHU UKD 1 BTOpH HUKBDBI f

_T, .
- KaHaJEH UHTEpPBAI: T = N-Opoii Ha KaHAIIUTE

- IIyM OT KBaHTyBaHE
- TakToBa uectota: f; = F, N m, xbJieTo m € OposiT Ha pa3psAnuTe
B KOJIOBaTa KOMOMHAIMs Ha IUGPOBUS CUTHAI
m = log , [Gpoii Ha KBaHTyBaHWTE HKBA ]
3a TeneOHEH KaHal:
o F,...=3400Hz F,=8000Hz>2F,, =6800 Hz

e 1niepuoj (MHTEpBal) HA AUCKpeTu3anus 7, =1 - 125 us
8000
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e 256 HUBa Ha KBaHTyBaHe, m = 102,256 = §, T.e. 8-pa3psaIH1 KOMOWHAIIUU

® CKOpPOCT Ha MpeAaBaHe Ha e€auH HUGPPOB TeaedOHEH CUTHAI
B,=8000x8 = 64 KBaud= 64 kBit/s

e c(eKTUBHA IIMPUHA Ha CIIEKThpa Fer =7t =32 KHz, T.e. cera CUrTHaJIbT

3aeMa 8 IbTHU IHO-IIHUPOKA YCCTOTHA JICHTA OT Ta31 HAa aHAJIOI'OBHA

PasaHomepHo (JIMHEIHHO) 1 HEPABHOMEPHO KBAHTYBAHE

JINHENHO KBAaHTYBaHE

U Keanmyeanu Huea —>

bpo

HennaenHo kBaHTyBaHe

UI/ISX
Py

UBX

KoMIIpecus + €KCIIaH3UusI—
=KOMITaHIUpaHEe

3axkonu 3a komnpecupane: A-3akoH (ITU-T 3a Espona) , -3akoH (3a Amepuka)
A-3aKOHBT C€ MPEACTABS C

-

1+1In A‘x‘ 1
sgn(x).————— 32 —< ‘x‘ <1
y(x) = I+1In 4 4 ,kpaero A = const = 87,6
Ax | 1
— ——<x<—,
1+1n4
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Bbaokosa cxema Ha YTC ¢ UKM 30/32

Om opyeume 31 —
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- f,=F,mN=8000x8x32 = 2,048 [MBaud = Mbit/s.]

125
- T, — Kananen unmepgan = i 3.9 us

Crpykrypa Ha mukbeiaa Ha MKM 30/32
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CunxpoHu3anus B (U(PPoBUTE MYJTHILIEKCHI CUCTEMHU

e TakroBa
o Iuxaona (Cunxpocuenan 0011011)

CBp'bXIII/IKJ'IOBa CUHXPOHM3aNIUA - CHUIHAJIM 3a YIpaBJICHHUC KW B3a-

umoericteue (CYB) - Habupane Ha TeneOHHUTE HOMEpPA, 3a€MaHe Ha
ChOPBHKEHUATA B KOMYTAI[MOHHUTE BH3JIM, TAKCYBaHE Ha Pa3rOBOPUTE,
pasmajzaHne Ha Bpb3kaTa (CBpbXuUMKBJI: 16 1ukbiaa no 125 us ce

obOenuHsBaT B eAuH UK oT 2000 445 3a 1eUTE Ha CHHXPOHU3AIUATA)
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JIMHNITHO KOAUPaHe U CKpeMOJupaHe

Heo0xoaumMocCT OT JTMHUIHO KOJAMPAHE

JINHUIIHU KOI0OBE: MPUHUBOBU U O8YHUBOBU

mupop™ ] o [T 1° [T b Lo i o
NRZ; | ? ? _I
I v T S e SR RS o T o B RO o N

L L e e b
ISD N -—.I _l__ | _'__ —

Ckpemoaupane - ioruvdecka o0padoTKa - MOJJI0XKECHUS HA CKPEM-
OnmvpaHe KOJ ce CymMupa MOOUTOBO MO «MOMYJ 2» ¢ MPEAUAYIIN TAKTOBE U CE
IoJTyJaBa pe3yJTaHTeH KO, KOWTO ce m3mparia kaTo guHueH. [lo TakbB HauwmH
TOBOPHUTE CUTHAJIM C€ MOJIU(HUITUpAT TaKa, 4e CTaBaT Hepa3OoMpaeMH.

Oob6JgacTi HA U3NMOJ3BaHe HA INGDPOBOTO MYJITHIIJIEKCHPAHE

Meirncoysv3noseu coeOunumenu Kanaau

Cucmemu (Digital Loop Carrier — DLC) mepmunanen mynmuniexcop
(Remote Terminal - RT). Hanpumep upe3 SLC-96 ¢ 4 nuaNM ce ymibTHABAT
96 3ByKOBHU KaHaja

Jocmbn 00 mpesrccume 3a npeoasane na oannu: Internet, ISDN.

ﬁepapxnn B IU(GPOBUTE YILILTHUTEJIHU CUCTEMH

1. Ilne3noxponna uudposa epapxusn (Plesiohronous Digital Hierarchy -
PDH)
e HN3uckBanus
- oOemuHsBa, pa3zeis M TPAH3UTUPA PA3TUIHH IO CKOPOCT ITU(POBU
CUTHAJIA U TTOTOIIH;
- W3II0JI3Ba CTaHIAPTHU3UPAHU CKOPOCTH
- 0a3upa ce Ha OCHOBEH IU(PPOB KaHAT ChC CKOpOCT 64 kbit/s.
e CpmHOCT
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34/140
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—4
8,448Mb/s i
E3
34.368Mb/s E4

139,264Mb/s

EBponeiicka MyJaTuiieKCHa uu@poBa Hepapxus

O3HaueHue Ckopocrt Ha
npexaBane bpoti Jlonycmumu
Kanau OMKNOHEHUS]
Mbit/s
E1l 2,048 Mbit/s, 30 1+50.10°
E2 8,448 Mbit/s, 120 1+30.10°°
E3 34,368 Mbit/s 480 1+20.107°
E4 139,264 Mbit/s | 1920 1+10.107°

‘ Mpod. Neopru CtosiHoB, TenekomyHukauum - nekuum, Tema 6, OHP 6




e IlIpo6aemu B PDH:

- CHHXPOHHU3aIUsA

- (asupane, npurLIL3BaHe, JHKUTEP (fitter)

- HEOOXOAMMOCT OT MOETAITHO MYJITUILJICKCUPAHE U IEMYJITUIIIICKCUPAHE
“o0patHo 1o Bepurara’”

2. CunxponHa uudposa iiepapxus (Synhronous Digital Hierarchy - SDH

e CunxponHa ontuuecka Mpexa (Synchronous Optical Network - SONET).
B SDH e Bb3MOXHO:

e CkokooOpa3Ho ot 2 Ha 155,52 MerabuToBO MyJITUILJIEKCUPAHE;

e lI3BaxxgaHe ¥ BMBbKBaHE HA MTPOU3BOJICH 2 — MErabUTOB MOTOK;

e JIMpEKTHO B3aUMOJCHCTBHUE MEXKY MbPBUYHUTE 2-METaOUTOBU MOTOIIH.

OcnoBuara ckopoct Ha SDH e ompenenena ot ITU-T na 155,52 Mbit/s.
CrangapTHUTE HUBA Ha Hepapxus ca:

1. 51,84 Mbit/s 3. 622,08 Mbit/s 5.9,95328 Gbit/s
2. 155,52 Mbit/s 4.2,48832 Gbit/s 6.39,81312 Gbit/s

Jlpyru Meroau 3a i poBo KOAMPAHE HA peuyTa

NKM e cranmaptusupan npe3 1970 r., a oT Torasa ca cb31aIeHU MHOXECTBO
HOBH U MO-e(pUKACHU METOIU 3a Kogupane. [Ipu Tax Moke 1a ce moyryd mo-
100po KauecTBO (MpHU CHITUTE CKOPOCTH HA MpeJaBaHe Ha nHpopmanusata — 64
Kbit/s) nau chimoTo kadecTBo (Ipu 1mo-HUCKU ckopocth). [Ipu GSM, Harmp.,
U3IOJI3BaHaTa CKOPOCT 3a npeaaBane Ha ped € 13 Kbit/s wu qopu 7 Kbit/s.

MetoauTe 3a KogupaHe Ha ped MOTaT Jia Ce pa3AeisT Ha 2 KaTeTOPUHU — KOOU-
pawu popmama Ha curnana (karo UKM) u Taka HapedeHUTE 860K00epu
(vocoder ot voice coding), ©3M0a3BaIIU XapaKTEPUCTUKUTE HA YOBEIIKHS TJIac.

Aoanmuena UKM (APCM). Tosa e Bapuanus Ha KM, nipu kosTo ce usnpa-
ma “HQGOpMAaIKs MEPUOJUYHO 32 CHJIaTa HAa CUTHANA, KaTO JOMBJIHCHHE KBM
CTOMHOCTHUTE HA OTYETUTE.

HHugpepenyuanna UKM (DPCM). Tyk ce mpeaaBa caMo pa3jinKaTta MKy JBa
MOCJICTOBATEITHU OTYETA U ThH KaTO T OOMKHOBEHO € MaJiKa, MOXKE J1a Ce U3-
MOJI3BAT MO-MAJIKO OUTOBE. 3a OlIe MO-TOIIMO HaMaJsiBaHE Ha CKOPOCTTa MOXKE
71a ce TpaBy MpeCcKa3BaHe HAa CTOWHOCTTA Ha CJIeBAIUS OTUET Ha 0azara Ha
HSIKOJIKO MPEAUIIHU oTueTa. Torasa ce nmpeaaBa camo Tpelikara oT mpeacKas-
BaHETO.

Aoanmusna ougepenyuanna UKM (ADPCM). Tyk ce KOMOMHUPAT MPETHUTE
JIBa METOJA.

[IpenaBaneTo ¢ mo-manka ckopoct upe3 usnonazBaie Ha ADPCM (Hanpumep
16, 32 Kbit/s) e crannaptuszupano ot ITU-T u ce n3nomn3Ba B mpakTUKaTa.
Hanpumep 3a rosiemu pazctosiHust (oABOIHU KaOEIN) WIK B YaCTHU MPEKU
(KaHAJIUTE, HACTU OT KJIMEHT 3a CBbP3BAHE HAa YUPEXKJECHCKATa My LIEHTpaia,
MOrarT Jia C€ HaMaJlAT, HalpuMep HAIMOJIOBUHA).
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Koaupane na peura npu GSM

B GSM ce uznonsa komouHaius ot Bokoaep 1 ADPCM-koxaep. [lpuHiumnst €
cieaHusT. PeueBusaT CUTHAI MBPBO CE pa3fieis Ha OTpsA3biM oT o 20 ms. Bee-
KM OTPSA3BK CE M3CIIeBa 32 OTKPUBAHE Ha CUHYCOUIM B Hero. CHHYCOUaTHUTE
CBhCTaBKHU C€ U3BJIMYAT OT PEUEBUS CUTHAI M TaKa aMIUIUTYaTa Ha TOCIEHUS
ce HaMaJIsIBa CHJIIHO.

CunyconaIHUTE KOMIOHEHTH (KOUTO ca BUCOKOEHEPTUITHN) HE ce MpeaaBar, a
ce MpeJiaBaT TEXHUTE napaMmeTpu. OCTaThbUHUAT CUTHAN C€ MpeiaBa uype3 KOJIH-
pane ¢opmara Ha cuMTHaia C mpeackasBaHe. [lopamm mankata amIUIMTyza ce
M3HUCKBAT MO-MaJIKO KOJIMUYECTBO OUTORE.

CpaBHeHne HaA MCTOAUTE 3a KOAUPAHE HA pedTa

Haii-criiHo HamasieHue Ha CKOpPOCTTa Ha pedeBus IU(GPOB MOTOK CE MOCTHUTA C
Bokojiepu. Ho kauecTBOTO Ha mpeaBaHe ype3 KOAUpaHe Ha popMaTa Ha CUT-
Haja € MHOTo no-100po. PenpoayuupanusT (4pe3 BOKOJIEp) IJ1ac 3ByYd CUHTE-
TUYHO. Taka BOKOAEPHT HE yAOBICTBOPSBA U3UCKBAHETO B TeIePOHUATA — Ja

MOJKC 1a CC Pa3Illo3Hac C'I)6GC€I[HI/IKT>T.

JIlnanoroBusAT XapakTep Ha TellepoHHATA TeJeyCayTa MOCTaBsI H3NCKBAHUS 32
JIOMyCTUMOTO 3aKbCHEHHE Ha CUTHaJa OT 00paboTKaTa IpHu KOJUpaHeTo. Y ce-
IIIaHETO 3a BJIOIIaBaHE HAa KAYECTBOTO CE MOJIyYaBa IPU CyMapHO 3aKbCHEHUE B
nBeTe mocoku Haja 180 ms. 3a BUCOKOKAYECTBEHO MPEIaBaHE HE CE IOy CKa
TOBa 3aKbCHEHUE J1a € Hall 150 ms, a CIIOKHUTE KOJWPaHUsl YBEJIMYaBaT JOCTa

3aKbCHCHHECTO Ha CUTHAJIUTC.

OreHKa Ha Ka4eCTBOTO TMPHU Pa3IMUYHA METOIM Ha KOJUPAHE CE MPaBH 4Ype3 T. Hap.
cpeona excnepmua oyeuxka (MOS - Mean Opinion Scare), KOSITO OTpa3siBa
CpPEIHOTO MHEHHE Ha TpyIma Xopa 3a kauecTBoTo.MetoasT MOS ce ¢ u3mon3Bai
HSKOTa, KOraTo JUHUUTE ca owum jommw. [Ipu kadecTBeHUTE TUGPOBU TenehOHHU
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CkopocT Ha npeiaBaHe Ha
peura (Kb/s)

3asucumocm na Kayecmeomo om cKopocmma Ha
npeoasane npu paziudHume Memoou Ha Kooupame

KaHAJIA W3T0JI3BAaHETO MY CTAHAJIO
oe3mpeameTHo. [[Hec, koraTo 3apanu
BB3AYIIHUS UHTEpdelic Ha MOOMITHUTE
arapaTty W 3apajik MaKeTHATa TeJle-
donus (VolP), ce n3mon3par CloxHH
00pabOTKH C YyBCTBUTEITHO HAMAaJICHUE
Ha CKOPOCTHTE, HO ¥ C U3BECTHO BJIO-
IaBaHe Ha Ka4eCTBOTO, TO3H METOJ €
OTHOBO aKTyaJieH.

ITU npenopbky 32 nu(ppoBo
Koaupane Ha roBop: G.711 — 64 kbps
(MKM); G.726 — 32 kbps (AJUKM);
G.728 — 16 kbps (LD-CELP); G.729 — 8

kbps (CSA-CELP) Bcuuku ¢ MOS=4.0; G.723.1 — 6.3 kbps (ACELP)c MOS=4.0.

‘ Mpod. Neopru CtosiHoB, TenekomyHukauum - nekuum, Tema 6,

OHP 8




