NMPUHUUMNBbI OOQHOBPEMEHHOW MEPEOJAYX PEYM U OAHHbIX B Y3KOMOJIOCHbIX KAHAJIAX
cBA3U
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AHHOTauua. B paHHOM cTaTbe paccMmaTpuMBaeTCd MOCTaHOBKA 3ajayu WM MeToabl
peanusaumMm nepefadn peynm B Y3KOMOSIOCHOM KaHane B MNPUNoOXeHun K cetn ¢
pasgensaemblM KaHanoM aHHbIX.

1 BBegeHue

B HacTosiLLee Bpems B cMcTeMax TenemeTpumn, TeNeMexaHnku U B aBTOMaTM3MPOBAHHbBIX CUCTEMAX
yrpaBneHus TEXHOMOIMYeCcKMMn npoueccamm npuv [obblie W TpaHCMopTUPOBKE HedpTM U rasa
ucnonb3ytTcss 6ecnpoBogHblE NUHUM ONiA NepefayvyM AaHHbIX B Y3KOMOJIOCHBbIX KaHanax cBssn YKB
JuanasoHa 4acToT.

B nepvoa ocyliecTBneHus TEKyLero pemMoHTa o0OopydoBaHWsl U OCYLLECTBIIEHUSA PErfaMeHTHbIX
paboT Ha nyHKTax TenemexaHwku, TpebyeTcsi HanuumMe rornocoBOW CBS3WM AN COrnacoBaHUsA OENCTBUMA
peMOHTHOM Gpuragbl C onepaTopoM MyHKTa yrpaBneHus CeTbIo TeneMeTpuun.

Ha Tekylwimi MOMEHT AN CBS3M C OnepaTtopoM peMoHTHasd Gpuraga AoMmkHa MMETb B Hanmyuu
pagnocTaHLMI0 rofocoBON CBA3M, NMOO OCYLLECTBMATL CBA3b Yepe3 MUKPOMOHHbLIM BXOL4 paguocTaHuum
"3apsa-AT", ncnonesyemon onsa nepefadv AaHHbIX TENEMETPUN.

B poaHHOM cTaTbe paccMaTpuBaeTCsl MHOW MOAXOA K OpraHu3almu roflocoBOM CBSA3M B MOO0GHOMN
ceTu — nepegaya oundpoBaHHON peyn COBMECTHO C AA@HHbIMW TENEMETPUMN.

2 MNocTaHoOBKa 3agaun

MmeeTca ceTb C pasgensieMbiM KaHanoM AaHHbIX U LMKITMYECKMM LIeHTpanmn3oBaHHbIM OMPOCOM.
CeTb uepapxunyeckas (gBa ypoBHSA mepapxum). Ponb y3rnoB BTOPOro YpoBHsi B AaHHOW CETU CBOAUTCS K
HaKoMMeHo 1 nepegayve MHpopmaunm No BHELUHEMY 3anpocy (OT y3na NepBOro YpoBHsl), @ Takke npuemy
N MPUMEHEHUIO yNpaBnsiowen MHgopmauni. Y3en nNepBOro YpOBHs OCYLLECTBNSeT cOop, aHanus u
XpaHeHve WHdopMauMK, a Takke yrnpasreHne obopyaoBaHMEM MyTeM Mepefayn CUrHanoB ynpaBneHus
y3riam nepBoro ypoBHSI.

O6MeH aaHHbIMK B paccMaTpuBaeMol CETU MPON3BOANTCSA HENPEpPLIBHO — 6e3 nays.

B pamkax npoTokona paHHol cetn TpebyeTcs opraHu3oBaTb OOMEH KOLMPOBAHHOW peyblo B
nonyayniekCHOM PEXMME COrflacHo CrneaytroLemy CLueHapuio;

- BbI30B;

- 0DOMeH pe4veBbIMU COOBLLEHNSMMY;

- oTbon cBA3y;

Mpu aTOM cnegyeT CBECTU K MUHUMYMY U3MEHEHUE TpadinKa CeTU.

lMockonbky B OaHHOWM CeTU nepefadyM  [LaHHblX  MOXeT MMeTbCs 00opydoBaHuMe, He
nogaepxuBatoliee oOMeH KOAMPOBAHHOW pedbio, crnedyeT npegycMOTpeTb COBMECTUMOCTb C UCXOOHbLIM
NPOTOKOIOM.

MonyoynnekcHbIM pPeXum [OSPKEH peanu3oBbiBaTbCA MNporpaMMHoO, T.e. 6e3 Mcnonb3oBaHus
nepekntovartens npuem/nepenaya.

3 AHanus 3agaum

KogoupoBaHHasa peyb NpefcraBnsieT cobor HenpepbIBHbIN MOTOK C ONpeAeneHHON ANCKPETHOCTLIO,
nepegaya KOTOPOrO B YCIIOBUSAX CETUM C KOMbLEBbIM LLEHTPanvM3oBaHHbLIM OMPOCOM MOTpebyeT Hemanoro
3anaca no Npov3BoAMTENBHOCTM U Bydepnsauum BXogHbIX AaHHbIX.

B kauectBe mMeToOa KOAMPOBKM B OaHHOM cCrydae MOXeT ObITb UCMNOMb3oBaH Nobon mMeTon,
obecneunBatomn pasdopumoctb peun He xyxe lll knacca no TOCT 16600-72 1 MMEKLWUn CKPOMHbIE
TpeboBaHus k ckopocTu nepedayn peun (LPC-10, LPC-600).

3.1 NMpoueaypa BbIzoBa

Mpouenypa MHUUManNu3aumMn peanm3yet obMeH COOBLLEHUAMN, NPEALLECTBYIOWMIA HavYany ceaHca
obMeHa 1 UHULMUPYIOLLNIA YCTAHOBINEHME KaHana CBA3U.

PaccMoTprM MeToabl opraHnsauum gaHHoW npouenypsbl:
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1) Ncnonb3oBaHne HeagpecyemMbiX COOOLLEHNIA.

Cwncrtema HeagpecyeMbix COOBLLEHN XOPOLLO BMMChIBAETCA B CTPYKTYpy OOMeHa, T.K. UCnomnb3yeT
CTaHAapTHble BO3MOXHOCTM npoTokora. B kadectBe nogobHoro poga CoobLEHUA MOTYT MCMONb30BaTbCH
nobble He3afenCTBOBaHHble BWAbl MAKeTOB (Hanpumep, nNakeTbl OOMeHa AOMarHoCTMKOW), a Takke
LUMPOKOBeLLaTeNbHble COOBLLEHUS.

[aHHbIN MeTon XOpoL, Korga ceTu co3gatoTcd Ha 6ase LUMPOKO M3BECTHLIX NMPOTOoKoroB: AX25,
ModBus n 1.n. Kak npaBuno, nx Habopbl KOMaHz He UCNONb3YKTCS B MOMHOM 06beme.

B cnydae e, korga npoTokon paspabaTtbiBancst Nof KOHKPETHY 3ajadvy M pesepBbl KOMaH4
OTCYTCTBYIOT, AAHHLIA MeTOn HENPUMEHUM.

2) Wcnonb3oBaHne He3aaenCTBOBAHHbLIX aapecos

Mpeanonaraet Hanuune uHgopmMalmm 06 agpecHOM NpocTpaHCTBE cMCTeMbI (MMbBo faeTcsa cpasy,
nmbo nomnyyaeTcsd MNocrne HEKoToporo HabnogeHusa 3a paboTonm cetn). Hemcnonb3yemble agpeca ectb
npakTuyeckun Bcerga. B n3BecTHol cTeneHn aToT MeToA SBMSETCs pa3HOBMAHOCTLIO NpeablayLuero.

3) Micnonb3oBaHue NHTepBasnoB NpoTokona

B pabote nogobHbIX MPOTOKONOB BCE BPEMEHHbIE COOTHOLUEHMS, Kak MNpaBWUIIO, XEeCTKO
cobrogatTes, T.K. OMPOC CUHXPOHHBIA, @ HewTaTHble CcuTyauun BecbMa pegkn. Hanpumep, c¢
YBEPEHHOCTLIO MOXHO YTBEPXAATb, YTO OTKIMK Ha 3anpoc NpUXOOUT Kaxabl pa3 B OOHO M TO Xe Bpemsi.
HecmoTpss Ha 370, pas3paboTyMkaMu MPOTOKONIOB BCE K& MNpefycMaTpuBaeTCsl Hanuune HeKoTOporo
BPEMEHM OXMOAHWSA OTKNMKa (pasyMeeTcs, B Npeaernax Tanm-ayta). To ke OTHOCUTCS U K 3adepXKKe Mexay
BO3HWKHOBEHMEM HECYLLEN B KaHare 1 Ha4yarnoM nepegayvv gaHHbIX.

Takum o6pasom, MpU3HAKOM Hadyana nepedadv nNpu BEPHOCTU BCEX BbILENPUBELAEHHBLIX
paccyXOeHUN MOXeT SABMATbCA YANMHEHVWE OOHOro M3 MHTepBarioB MPOTOKOMa (ykopayumBaTtb CIOXHee —
MOryT 6bITb pr3nYecKMe orpaHUYEHNS).

HecmoTps Ha HEKOTOPYH aBaHTIOPHOCTb 3TOFO METOAA, OH XOPOLU MaribiM BAIMSTHUEM Ha CKOPOCTb
obmeHa B kaHane.

3.2 O6meH peueBon UHhopMaLmen

MponyckHaa cnocoBHOCTb KaHanoB nepefadn TenemMeTpudecKkMx AaHHbIX BeCbMa orpaHuyeHa
KaHanbl nepefaun TenemeTpuyeckmx [AaHHbIX BecbMa Yy3kornorocHble (1200-9600 6wut/c), noatomy
hakTM4eckn peyb MAET O BCTpaMBaHWM MOTOKA TENEMETPUYECKON MHGOPMAaLMU B NOTOK KOOUPOBAHHOM
peun. MHoroe, KOHEYHO, 3aBMCUT W OT MeETOAOB KOAMpOBaHMS, HO B kaHane 1200 6ut/c paxe
ncnonb3osaHne LPC-600 (600 6uT/c), 0gHOro M3 caMbiX 9KOHOMHbIX METOAOB KOAMPOBKW, CyLLECTBEHHO
neperpyxaet KaHarn.

Moatomy cneayeT pelwatb 3agadvy, Korga noToku TeneMeTpuyeckux AaHHbIX U KOAUPOBAHHOW peyn
KaKk MMHMMYM COMOCTaBUMbI.

Pelwwenve 3agaym nepegayum KOAMPOBAHHOW peYvM BO3MOXHO NWLb MPU KapAWHANbHOM U3MEHEHUN
pexuma onpoca. OTo TpeboBaHMe He MPOTUBOPEYMT TpeboBaHMAM O COBNIOOEHUN COBMECTUMOCTU C
NCXOOHbIM MPOTOKOMOM, T.K. B CETU LEeHTPann3oBaHHOro onpoca oWwnbKkn Tuna KOnnmM3um n notepu AaHHbIX
WCKIMOYEHbI MO OnpeaerneHunio.

OpraHusaums norM4eckoro kaHana And obMeHa peybid MOXeT CTPOUTbCH MobbiM U3 MEeTOLOoB
n.3.1. NMakeT ¢ KoAMPOBaHHOW peYbto OyaAeT BbISIBNATLCA NO O4HOMY U3 CreayoLmMX NPU3HAKOB:

- KOMaHpga, B cocTaBe KOTOPOW nepeaalnTcs AaHHble, B UCXO4HOM MPOTOKOSE HE UCMONb3YeTCs;

- ajpec KomaHAbl HAXOA4MTCS BHE afpeCHOro NpocTpaHCcTBa CeTy;

- W3MeHEeHbl BpEMEHHbIE COOTHOLLEHMS MPU Nepeade nakeTa;

Kpome BbillenepeyncneHHbix MeTodoB AN nepedady nakeToB pedy MOXHO MCMoNb3oBaTh elle
OfHY BO3MOXHOCTb. B nakeTtax ¢ KOOMPOBaHHOW peybld MOXHO, HE MEHsis agpeca nakeTa nepegaBaTb
3aBeomMO owwmnbo4vHbin CRC (Hanpumep, WHBEPTUPOBAHHBLINA). OTO MOHWXAET B 2 pas3a BEpPOSATHOCTb
NpaBWbHOIO NprYeMa MakeToB (T.K. BO3MOXEH BapuaHT npuema naketa, y kotoporo CRC nHBepTupoBaH
BCIeACTBME MHOXECTBEHHbIX OLIMOOK). B ycrioBmsix ceTu ¢ BbICOKOM NMOMEXOYCTONYMBOCTBIO TakoW METOA
BMOJIHE NPUMEHUM.

VMcnonb3oBaHne Takoro HeOoObIYHOrO MeTofda, PasyMeeTCcsl, BO3MOXHO fMWb MpuM OTCYTCTBUM
CUCTEMbI LIMKIIMYECKUX MoaTBepXaeHun. Hannune npoueaypbl NoaTBEPXKAEHUS NPaBUBHOMO nNpyema ans
KOOMPOBAHHOW peuyn He 00si3aTeNnbHO — B Clydae HEeBEPHOro MpuemMa HeT BPEMEHW Ha MOBTOPHYHO
nepegavy (T.K. BOCNPOU3BEAEHNE NPOUCXOAUT B pearibHOM BPEMEHM).
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3.3 3apepxka u 6ychepusauus

lMockonbKky BO Bpems nepefaym pedn HeobxXxoamMMo OCYLLECTBNATb Takke 0OMeH TeneMeTpruyeckon
nHdopmaumen, TpebyeTca opraHusaunsi BpEMEHHbIX OKOH B HEMNpPEepbIBHOM MOTOKE KOAMPOBAHHOW peyn.
Pa3mep BpeMeHHOro okHa onpegensieTcs cneaylwmMmm napameTpamm:

- BpeMeHeM, HeoOXoaUMbIM 4115 OpraHM3auun ceaHca 3anpoc/oTBeT (OrpaHnUYeH CHU3Y);

- MakcuMmarbHOW 3agepXKOW, AOMYCTUMOWM MpU U3MEHEHUN HamnpaBfeHUs NOTOKa KOAUPOBaHHOM
peun (orpaHnYeH ceepxy).

- MNPONYCKHOW CrnocobHOCTLIO KaHana (3a WHTepBan Mexay OKHamu [OormkeH ObiTb nepenaH
06beM KOOUPOBAHHOW pPeuYn, HaKOMMEHHbIA B TEeYeHUe MpOLIeALlero OKHa W TeKyLero
WHTepBana).

Pasvep BpeMeHHOro OkHa sBnseTcA Oonpeaensiowenr BenMYMHON B pPeryrnMpoBaHUM CKOPOCTH

obMeHa TenemMeTpnyeckKUMn JaHHbIMU Ha )OHE NOTOKa KOAUPOBAHHOMW peYn.

Pa3smep 6ydepa HakonneHust onpegensieTcs kak 00bemM KOAMPOBAHHOW peyun, HakanimBaemMoun B

TEeYeHne BPEMEHHOro OkHa. BpemeHHble auvarpaMmbl HAKOMMAEHUS U BOCNPOU3BEAEHWUS MPVBEAEHbI Ha
pucyHke 1.

3.4 CmeHa akTUBHOro aboHeHTa

B cnyuyae, ecrnu B peun akTMBHOro (ropopsiiero) aboHeHTa BO3HUKAET naysa ANUTENbHOCTbHO
Bonee HEKOTOPOW XapakTepUCTUYECKON BennUnHbI (1-5 C), cuctema nepexoanT B peXxnm OXnaaHus peyu.

Pexum oxmnaaHua 3akaHumBaeTcsl, korga oavH n3 aboHEeHTOB HauMHaeT (MpoJosnkaeT) pasroBop.
ABOHEHT, Ha4YaBLLMI FTOBOPUTL NEPBLIM, Aanee CTaHOBUTCS akTUBHbLIM.

Haqancf nepegayn YckopeHHasa nepegava | May3a

I I I
WHTepBan BocnpounsseaeHns

|
[
WHTepBan HakonneHus

PucyHok 1 — HakonneHue n BocnpousseaeHne

3.5 Mpoueaypa otbon
MpuHUMNuaneHo npouenypbl 0T60S HUYEM He OTNMYaeTcsl OT NpoLeaypbl Bbi3oBa, NO3TOMY BCe
paccyXaeHusi OTHOCUTENbHO NpoLeaypbl BbI30Ba OCTAOTCS B CUSeE.

4 MpakTu4yeckas peanusauus

Bce npobnembl 1 MeTOAbl UX peLleHusl, MpuBeaeHHbIE B JAHHOW cTaTbe Oblnn cchopmMynmnpoBaHbl
npu paspaboTtke Groka uMdpoBor 06PaboTKM peun C BO3IMOXHOCTbIO OAHOBPEMEHHOM Nepeaayn gaHHbIX.

HaHHbIi OMOK npegHasHayeH AN opraHvM3auuMy royloCOBOM CBSA3M MexAy OrnepaTopoMm MyHKTa
yrnpaeneHus (y3en nepBoro ypoBHS) U Bbl€3AHOM Opuragon, Npov3BoasaLWEN pernameHTHble paboTbl Mbo
OCYLLECTBNAOLLEN TEKYLLMIA PEMOHT Ha KOHTPONMPYEMOM CETbIO TeneMeTpum obbekTe.

Bce npuBegeHHble B cTatbe pelweHus ObinM  NPOMOAENUPOBaHbl C  WCMOSNb30BaHUEM
HM3KOCKOPOCTHOW fOKaribHOM BbIYMCIUTENBHOW CETH.
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PRINCIPLES OF SIMULTANEOUS DATA AND SPEECH TRANSFER IN THE DIGITAL LOW-SPEED
CHANNELS

Hohlihin D.
FSUE NIIIS named after Yu. Ye. Sedakov, Nizhny Novgorod

Abstract. Basic principles of simultaneous data and speech transmission in low-speed network
with multiplexed data channel are considered in this article.

1. Introduction

In the automatic systems of gas and oil transportation low-speed radio networks are used.
During repair and maintenance mobile groups are need of speech communications. Now they are using
analog voice-band transceivers.

Another method of such communications is based on the modern methods of digital speech
processing. Such methods are described in this article.

2. Task Formalization
There is double-level hierarchy network with multiplexed data channel. All data exchanges are
implemented according to the request-response scenario. First hierarchy level station continuously initiates
request-response cycles addressed to second-level stations.
Our task is to provide the following scenario of speech interchanging via procedures of available network
protocol:
- call
- speech interchange
- hanging up.
All traffic changes shall be minimized.

3. Task Analysis

3.1. Call Procedure
The goal of this procedure is the primary message interchange following by logic channel creation.
It is necessary to utilize available protocol resources to avoid network collisions. Some types of such
resources are:
- command resources (some commands may be unused)
- address resources (some addresses may be free)
- time resources. All time intervals in such networks are more or less determinated. To send call
message we can increase one of the protection intervals of the nearest corresponding frame.

3.2. Speech Interchange

Coded speech frames may be transferred by any of protocol resources described in 3.1. Another
way of speech transfer is to use frames with changed CRC (i.e. inverted). This algorithm increases the
ability of damaged frames reception, but it may be fully implemented in low-noise networks.

3.3 Buffers and Delays
To operate in a normal request-response cycles mode we must terminate continuous flow of coded speech
in the data channel. To obtain this speech buffer must be created. Size of such buffers are depended on
the size of the time-windows in speech flow.
Minimum flow termination time is the standard request-response time. Maximum is determined by the
difference between the transfer ability of the channel and the requirements to ones for speech
interchanging.

3.4. Hanging Up
Hanging up procedure is based on such principles as a call procedure. All methods of 3.1 are
available.

4. Conclusion
All described problems and solutions are formalized during the development of the unit for digital speech
processing with ability of simultaneous data and speech transfer.
All solutions are mentioned above were simulated using low-speed LAN.
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