MMUTATOP KOPOTKOBOJTHOBOIO PAOUOKAHAIA
[IyTos C.JI., UBanos A.II., XXykos C.B., Kamuios B.B.

Tlen3eHnckuilt Hay4HO-UCCIENOBATEIBCKUN ANEKTPOTEXHUUECKUNA HHCTUTYT,
Ilen3eHckuii rocy1apCTBEHHbBINH YHUBEPCUTET

Pa3paboTaHHBIi UMHUTATOP KOPOTKOBOJHOBOTO paJMOKaHaNa TMpeTHA3HAYCH IS WCIBITAHHUS Pa3InIHBIX
CUCTEM CBSI3U B YCJIOBHSIX, MaKCHMAJIBbHO HPUOIIDKCHHBIX K pEalbHBIM, 00CCICUYMBACT Pa3HOOOPA3HBIC KEIacMbIC
YCIIOBHUS 3KCIIEPUMEHTOB M BBICOKYIO BOCIPOHM3BOIMMOCTh MX PE3YJIBTaTOB, & TAKXKE MO3BOJSCT COKPATHTh OOBEM
HATYPHBIX HCIBITAHUI OMNBITHBIX W CEPUHHBIX OOpPa3lOB CUCTEM CBsS3M 3a CYET 3aMEHBl WX CTCHIOBBIMHU
HCTBITAHUAME. JTOT MMHTATOpP MPEACTABISICT COOOW JOTONHEHHME AN PCIICHHS KOMIUIEKCA 3aJad CBS3aHHBIX C
pa3paboOTKOM 1 OTIAAKOI AITOPUTMOB PabOTHI MOJIEMOB, a TAK)KE MPOTOKOJIOB MEpeAadr JaHHBIX.

VHTEeHCUBHBIE WCCIICIOBAHNS paJnokaHaIoB oOpa3zoBaHHBIX B KB mmamazone (wactotel ot 3 Ml mo 30
MI'1) mpuBenu K pa3paboTKe MaTeMaTHYeCKOW MOEIHM JAHHOTO KaHaya, KOTOpas MOJydiia Ha3BaHHE MOMEIH
Bartepcona [1]. lanHast Moaenb n300paxkeHa Ha puc. |, 3akperuieHa B KauecTBe CTaHIapTa JUISI IMUTATOPOB MOA00HBIX
paaroKkaHaoB [2] ¥ MOJI0KEeHa B OCHOBY pa3pad0TaHHOT'O UMHUTATOPA.

B 3T0it MoJienH Bech BBICOKOYACTOTHBIM TPakT (pajMornepenaTdrk - Cpeaa - PaAuONPUEMHHUK) 3aMEHEH €ro
HU3KOYACTOTHBIM 3KBHBAJICHTOM H 00paOOTKa BeIeTCS B YACTOTHON OOJIACTH BBIXOIHOIO CUTHAJIA amapaTypsl
nepeayy JaHHBIX.

B cBsi3u ¢ TeM, YTO B CUTHAN JJOJDKHBI OBITh BHECEHBI YaCTOTHBIC M (Pa30BbIC UCKAKEHUS, pealbHO BHOCUMBIC
B PaJHOTPaKTe, HU3KOYACTOTHBIA CHTHAJ JOJDKCH OBITh MPEoOpa3oBaH B KOMIUICKCHBIH aHANIMTHUYCCKHA CUTHAI C
OTHOCTOPOHHEW CICKTPATBHOW ILIOTHOCTBIO. DTO MpeoOpa3oBaHUE BBIMOJIHACTCS C IIOMOIIBID TPEoOpa3oBaTess
I'ms6epra B OJI0KE CIBUTA YaCTOT:

S, ()=S(t)+j*8(1) (1),

rae: S(¢) - BxomHOl curHAT MMHUTATOPA;
S () - mpeobpazosanue no ['uILGEPTY BXOIHOTO CUIHANIA HMUTATOPA;
J - MHHMast e/IMHHIA;

Sa (t) -KOMIUICKCHBIM aHAJIUTUYSCKUI CUTHAI C O[[HOCTOpOHHeﬁ CHCKTpaJ'H:HOﬁ INIOTHOCTBIO.

Hanee B O650Ke COBUTA YacTOT B CHT'HAJ BBOIUTCS YaCTOTHOE PACCOTIIACOBAHME MyTEeM YMHOXKEHHS €TO Ha
KOMIUTEKCHYIO TApPMOHHYECKYIO (QYHKITHIO:

C — < % I 2R [l ()%t
S () =8, () *e : Q).
YacToTHBII cABUT fcog(t ) COCTOUT W3 JBYX CllaraeMblX, IEPBOE M3 KOTOPBIX f pac HE 3aBUCHT OT BPEMCHH H

OTIPENIEISIETCST YACTOTHBIM PACXOMKIACHHEM 33Ial0NMX TCHEPATOPOB paauoNepeaTinKa W pPaJgHoONPUEMHHUKA, BTOPOE
cnaraemoe f, (1) onpenensercs B3aMMHBIM JBHKCHHEM PAIMOCPEACTB M MOXKET M3MEHATHCS BO BpemenH [3]. Taknm
o0pasom,

fcas(t) = fpac + f[)g(t) (3)’
f()s,(t)‘ < 3FL}/C ), GyHKIWMS.

B kauectBe f, (,s(t) B UMUTATOpPEe MOXKET OBITh BhIOpaHa MPOW3BOJBHAS (DYHKIIHS, HApUMEp, CUHYCOWIA,

rae: f,,(¢) - orpannuennas no ammmryne (‘ o (t)‘ < 307y ), u no nmpoussoaHO (

eMHUYHBIA CKAUYOK C OINpeNeSIeHHON MepeXOqHON XapaKTepUCTHUKOM, AETEPMUHUPOBAHHBIA WM CIy4YailHbI MOTOK
€IMHUYHBIX CKAUYKOB M3MEHSIONIETOCS 3HaKa U T.[I.

alee  KOMIUICKCHBIl aHanuTuyeckuii curnan S, (f)c BHeCeHHOH B HEro 4YacTOTHOM

paCCI/IHXpOHI/BaHI/ICﬁ MOCTYNACT HA JIMHUIO 3aACPIKKHU, HA3HAYCHUC KOTOpOﬁ 3aKJII0Yac€TCsA BO BHECCHUU BPEMCHHOT'O
pacxoxaAcHuss MEXKAY OTACIbHBIMHU JIydaMH. CI/II‘HaJ'II)I, CHUMACEMbIC C OTBOAOB JIMHUU 3aJCPIKKU, HUMUTHPYIOT
NOCTyHaroImue Mo pasinvHbIM TPACKTOPUAM Ha NPUCMHYIO AHTCHHY KOIIMM CHUTHAJA. Ka)KZILIﬁ N3 3TUX CHUI'HaJIOB

YMHOKAeTCsl Ha COOTBETCTBYIOLIHiA KOMILICKCHBIH KOd((HIMEHT Nepefadn JaHHoro yda A, (¢) . Boixoamoii curnan
0JI0Ka UMHUTAI[H MHOTOJYYEBOCTH UMEET BUJ:

N
S,wz (t) = Re 2 Ai (t) * Scd@ (t - ]:) (4)a
i=1
rae: N - KOIM4ecTBO HMUTHUPYEMBIX JIy4eii;
T’ - 3apeprkka 1o i ydy;

A; () - xommnexcHblii ko3 dunmenT nepeaun i-ro yqa;
Re[.] - onepaTop BbIENCHHS PEATbHON YaCTH.
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. N
Ha Bpems mpoBezeHHsl ceaHca CBA3M KOd(Q(UIMEHTH Mepenadn {Ai (l‘)}i:1 MOHO paccMaTpUBaTh Kak

CTallMOHAPHBIEC CIydYaiiHbIe Tporecchl. [IpoBeeHHbIC HCCIENOBAaHMS MOKa3anu [4], 94TO CHEeKTpalbHBIE IIOTHOCTH

KO3 PHUINEHTOB Tepenadn ‘Al. (f )‘ HMMEIOT MHOTOMOJIABHBIA XapaKTep, YTO 3aTPyAHSACT WX TOYHYIO HMHUTAIuio. B

CBSI3U C JTUM OBLIO MNPEAJIOKCHO I ONMCAHUSA AWMHAMUYCCKUX XAPAKTCPUCTHUK KB kamana mo KaXxXaoMy Jy4dy
HCIOJIB30BATh CICAYIOMICC ONPCACIICHUEC JOTUICPOBCKOTO PACCCAHMA:

[ 2 #acn)| *ar
D, =2%""F

[lacr| *ar

0

3,

¥ CIIOXHYIO PCallbHyl0 XapakTepuctuky A, (f) 3amMeHHMTHL CHEKTpaNbHONW XapaKTEPUCTHKON JIETKO Pealu3yeMoro

CHTHAJIa, IPH YCJIOBHH, YTO napamerpsl [), [uist 9THX CHrHAIOB COBIAnaroT. TaKoii MOAXO0J MO3BOISET HMHTHPOBATh
ciyJaiiHoe M3MeHeHne XapakTepucTuk KB kananma ¢ moMomnpio JaTauka CIydaitHbIX duce U GUIbTpa HU3KAX YacTOT
(puc.2). Tak kak poruieposckoe paccesuue [ Haxoautes B muamasone ot 0 no 10 T'u, To peamnsauust GpuibTpos

HU3KHX YacTOT CBS3aHA C OINPEAEICHHBIMU TPYIHOCTMH. DTO OOBICHSIETCS TE€M, YTO MUMITYJIECHBIE XapaKTePHCTHKA
TakuX (PUIBTPOB IOJKHBI OXBaThIBaTh BpeMeHHOW mHTepBad oT 0.1 ¢ mo 10 ¢ u Gonee. [Ipu THnHM4HON yacToTe
JucKperr3anun pasHoit 9600 I'n, peann3aims Takux GUIBTPOB YpE3BBIYANHO 3aTPy/JHEHA.

B paspaboranHom umunTarope pamuokanata KB pamamazona naHHas mpoOiieMa pemraercs ¢ IOMOIIBO
MHOTO3BCHHOH MHTEpPHONUpYIOLIEH Ieny, n3o0paxeHHoi Ha puc.3. B xauectee ®HY1, moakimo4eHHOTO K BBIXOIY
reHepaTopa CIydYaiHbIX YHCEll, WCIIOJIb3yeTcss HepeKypCHBHBIN Lu(poBoil ¢puibTp. Moanpukamus ero 4yacTOTHBIX

XapakKTCpUCTUK, A HW3MCHCHHA JOIUICPOBCKOTO PACCCAHUA DS, BBITNIOJIHACTCA IIYTEM 3aMCHBI MacCCHBa

K02 HUIIUEHTOB.
JlaHHBIA METO]| BRIYMCIICHHSI KOMIUIEKCHBIX KOA(GOHUIUEHTOB Mepeiadyn OTACIbHBIX Jydei M03BOJSIET TOYHO
peanu3oBaTh 3aJaHHOE IOIUICPOBCKOE paccesHue [), a Takke rapaHTHPOBATh PABEHCTBO MOLIHOCTEH CHIHAJIOB

Pa3INIHbIX leqeﬁ. 3a cuer 3TOr0 MOKET OBITh 00ECIeYeHO TH000E€ COOTHOIIECHHE MOHIHOCTeﬁ nyqei/i IMyTeM HX
aanLHeﬁmero HOpPMHPOBAHUA.
VcioBue oguHAKOBON MOITHOCTH CHUTHAJIOB Ppa3IMYHbIX nyf{eﬁ CBOUTCA K BBINIOJIHCHUIO PABCHCTBA!

T
D, = Z i (6),
i=l i=l

rae: N, - nopsizox ®HU1 k-ro myuda;

N
{a kl}izkl - maccuB kodppunmentop PHY1 k-ro nyqa;

k,1=1..3 - HOMep nyua.

JanpHeiimas o0paboTka CUTHAJIA B Pa3paOOTAHHOM HUMHTATOPE CBOAUTCS K NOOABICHHIO aTUTHBHOTO U
HHTEP(HEPEHINOHHOTO IIyMOB.

VYerpoiicTBo peann3oBaHo Ha oTianodHoM moxyie (Evaluation Module - EVM) dupmsr Texas Instruments
MIOCTPOCHHOM Ha IMQPPOBOM Tporieccope 00padoTkn curHamoB TMS320C30. DToT mpormeccop HMeEeT
MIPOU3BOIUTENILHOCTD 16 MITH. oniepanuii B CeKyHIy WIIM 33 MITH. OTIepalliii ¢ TUTaBaroOIIel TOUYKOH B CEKYHTY.

YCeTpoHCTBO MMEET aHaJOTOBBIM MHTEpdeiic padoraromuii B nuanazoHe yactoT 3000 — 34001, a Taxxke
KOHTPOJUIEP MTOCTIEIOBATEIEHOTO MTOPTA UII COBMECTHON PabOTHI ¢ APYruMHU cucteMaMu. OTIaf09HBIN MOAYIIE UMEET
2K 32-6utHoro BHyTpenHero O3Y u 16K 32-6utHoro BHemrHero cratmdeckoro O3VY. IlepeyncleHHBIX BEIIIE
BO3MOKHOCTCH OTJIAJJOYHOTO MOJYJS JOCTaTOYHO M peanmm3anmu umutaropa KB kanama mo monenu Barepcona,
(YHKIIMOHUPYIOMICH B pealbHOM MaciTade BpEMCHH.

[IporpaMmHass 4acTh WMHUTATOpa COCTOUT W3 JIByX YacTeW- MporpaMma s OTIAJOYHOTO MOIYIS W
mporpamMma Jijisl YIpaBISIOIIEro KoMmmbroTepa. [IporpaMma ais OTIaJOYHOTO MOIYJS PEaU3yeT adrOpUTM PaOOTHI
KB-kanana no mozxenn Batepcona. IIporpamMma Hammcana Ha si3bIke accembOiepa npoueccopa TMS320C30. B aroit
IIpoTrpaMMe pear30BaHbl BCe OJOKM M300pakEéHHBIC Ha CTPYKTypHOU cxeme puc.l. IlporpaMma I yrpaBisromero
KOMIBIOTEpa MpeIHa3Ha4eHa UIA CO3JaHMs YAOOHOTO TOJB30BaTENLCKOrO HMHTepdeiica, ¢ MOMOUIBI0 KOTOPOTO
MOXHO HM3MEHATH MMapaMeTpsl paboTHl WMHUTaTOpa KaHanma. JlaHHas TporpaMMa HCIONB3yeTcs Ipu padboTe B
orepanmonHoi cucreme Windows 9x/NT.
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Puc. 1
Crpykrypa umutaropa KB kanama (Mmonens Batepcona).

Pa3paboTaHHBII HIMUTATOP UMEET CIICIYIONIHE TEXHHYCCKIE XapaKTePUCTUKH:

- auamna3oH yacToT BxogHoro curHana: 300 I'y — 3400 I';

- MaKCUMaJIbHOE KOJIMYECTBO JydeH: 3;

- MaKCHMaJTbHasl BPEMEHHAs 3aJIepkka mydeit: 10mc;

- BEJIMYMHA JOTIJIEPOBCKOTO paccessHus: 0-511y

- yacToTa paccuHxpoHu3anuu: 1001 's;

- TMHAMHUYECKHUH auama3oH myma: 80ab.

PazpaboTanHbIii mMHUTaTOp 00JaNaeT CBOWCTBOM MacmTabupyeMocTH. Hampumep, HMHTATOp MOMKET OBITH
MIPOTPaAMMHO JIOTIOJTHEH JOMOTHUTENBHBIMU IIPOLIEAYPAaMH JUIS CHATHS CTATHCTHKH BO BpPEMsI CeaHca CBSI3H.

[IpuBenéHHple BBINIE TEXHHYECKHE XApPAKTCPUCTUKU YHOBICTBOPSIOT COBPEMEHHBIM TpPEOOBaHISIM U
PEKOMEHIANUAM TI0 HWMHTAaTOpPaM KOPOTKOBOJHOBEIX paJroKaHamoB. JlaHHBIE TapaMeTphl pPACCUHMTAHBI Ha
CPEIHECTATUCTHYCCKOTO TIOTPEOUTEIIS, HO B 3aBHCUMOCTH OT CHEIM(UKHA YCTPOUCTBA MOTYT OBITH JISTKO M3MCHCHBI.
CriemoBaTeIbHO WMHUTATOP MOXKET OBITh WCIOJIB30BAH JUIS HCIBITAHHS CUCTEM CBSI3M PA3IMYHOTO HA3HAYCHUS
pabotaromx B KB nmamazone. HeoOXOQMMOCTh NMPHMEHEHHS TaKOTO YCTPOWCTBA OOYCIIOBICHA HECKOIBKUMH
MpUYHHAMYU. BO-TIEPBBIX, 3TO BBITOJHO C 3KOHOMHYECKOM TOYKH 3pPCHUS, TaK KaK HE TpeOyeTrcs HaTYpHBIX
HCTBITaHNH. BO-BTOPHIX, P MCTIONB30BaHUN HMHUTATOPa 3HAYUTENIFHO COKPAIIAIOTCS CPOKH MCIBITAHUIN BCIIEICTBUE
TOTO YTO MIMHTATOP O0JaaeT CBOHCTBOM YHHBEPCAIHHOCTH H MO3BOJIIET JIETKO U3MEHATH YCIOBHS SKCIICPUMEHTA.

h(t)

() ——

Ai(t)

I12i(t) 4> h(t)

n;(t) ¥ ny(t) HE3aBUCUMBIE UCTOYHHUKH OEJI0r0 rayCCOBCKOTO IIyMa.
h(t) ¢unpTp HIKHUX YacTOT

Puc. 2
Bok ciydaifiHOro M3MeHeHus aMILTUTY b U (assl i-ro gyya

-3-
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Puc. 3
Peamuzanus ®HY B 6710Ke ciydaifHOr0 W3MEHEHUS aMILTUTYIbI
1 (a3pl B BUIE MHOTO3BEHHOI HHTEPIIOHPYIONIEH TIeTTH

Jlutepatypa
1. Watterson, C.C., Juroshek, J.R., Bensema, W.D. Experimental confirmation of an HF channel model.
IEEE Trans. Commun. Technol., vol COM-18, pp. 792-803, Dec.1970.
2. CCIR Recommendation 520-1. Use of High Frequency lonospheric Simulators.
3. Huxomaes B.W. IlocnenoBaTenpHas mepenava MUCKPETHBIX COOOIICHWI MO HEMPEpHIBHBIM KaHaIaM C
nmamsaTeio. — M.: Paguo u cBsa3b, 1988. — 264 c.
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THE HIGH FREQUENCY RADIO CHANNEL SIMULATOR
[IyTos C.JI., UBanos A.II., XXykos C.B., Kamuios B.B.

The designed simulator of a high frequency radio channel is intended for test of different communication
systems in conditions, maximum approximated to real, provides various desirable conditions of experiments and high
reproducibility of them, and also allows to reduce volume of full-scale tests. This simulator represents addition for the
decision of a complex of tasks coupled with development and debugging of modem algorithms, and also data transfer
protocols.

Intensive investigations of radio HF channels have yielded in development of mathematical model of the
given channel, which called as Watterson-model [1]. The given model is depicted on fig.1, is supported as the
standard for simulators of similar radio channels [2] and is put in a basis of the designed simulator.

In this model all high-frequency path is replaced by its low frequency equivalent and the processing is
conducted in frequency area of an output signal of the data channel equipment.

In the simulator base frequency signal should be converted to a complex analytical signal with a one-sided
spectral density. The Hilbert transformer executes this operation:

$,(=S®+ j*5 1) M.
Further the frequency offset is introduced in the signal by multiplication it on a complex potential function:
Sy =S8, (t)*e @).

The frequency shift f,, (f) consists of two items, first of which f o does not depend on time and is defined

by a frequency difference of master oscillators of a radio-transmitter and radio receiver, the second adder f, (f) is

defined by mutual movement of radio transmitter and receiver and can vary in time. Thus,
-f.vh (t) = foﬁ‘ + fmv (t) (3)

Further complex analytical signal S (1) goes into a delay line, which introduces time divergence between
separate signal paths. The signals, from taps of the delay line are multiplied by the appropriate complex time variant

coefficient of the given path Ai () . The output multipath signal is:

S, ()= Re[i A)*S, (t-T, )} ).

Doppler spread for each path coefficient is defined as:
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[£2 A =df
D =2%10° ).
JlAH[ =af
0

The complex coefficient for each path is obtained as shown in fig.2. Real and imaginary branches have an
independent white Gaussian noise sources. The shape of the low pass filter is not critical.

The HF channel simulator is realized on the Texas Instruments TMS320C30 Evaluation Module (EVM).
This processor can produce 33MFLOP performance in floating point. The device has the analog interface
(TLC320C44) operating in a frequency band 300 Hz — 3400 Hz, and also controller of a serial port for communicate
with other systems. The EVM contains a total of 18K 32-bit memory (2K internal and 16K external RAM). This
possibilities of the EVM are adequate for implementing Watterson-model simulator.

The program part of the simulator consists of two parts the program for EVM module and program for the
host computer. The program for a debugging module realizes algorithm of operation of the HF channel simulator. The
program is written in language of the assembler of the processor TMS320C30. In this program all blocks figured on
the skeleton diagram fig.1 are realized. The program for the host computer is intended for creation of the convenient
user interface, with which help it is possible to change parameters of the operation of the channel simulator.

The designed simulator has the following characteristics:

- Frequency band of an input signal: 300 Hz - 3400 Hz;

- Maximum quantity of path: 3;

- Maximum time delay between paths: 10 ms;

- Doppler spread: 0-5 Hz;

- Frequency offset: £100 Hz;

- Dynamic noise range: 80 dB.

Simulator can be used for test of communication systems of different designation operating in HF diapason.
The necessity of application of such simulator is stipulated by several reasons. At first, it is favorable from an
economic point of view, as it is not required of full-scale tests. Secondly, at use of the simulator the periods of tests
are considerably reduced because the simulator has property of versatility and allows easily change conditions of
experiment.

Inou Output

Frequency = Time —>? ? >
Channel “ Noise Interfe
simulator source rence

source

J

Fig.1
HF channel simulator (Watterson-model)

Real component

ng( ———®  h

Ai(D)

o—> .
Complex path amplitude

n;p(t) » h@®

Imaginary component

n;;(t) and nj(t) are independent white gaussian noise sources.
h(t) is a low pass filter

Fig.2 Generation of the i™ path amplitude
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