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BiHHHIbKHI HAI[IOHAIBHUI TEXHIYHUI yHIBEpCHTET, Y KpaiHa

A ®POBUI AHAJI3ZATOP CIIEKTPA PAJIIOCUTHAJIIB

Y po6omi npedcmasseHo memod cnekmpa/abHO20 aHanizy padiocueHasnie Ha 6as3i nonepedHbozo Yugpposozo
06p061eHHs1 Macugy ubipok 00cAidxncysaHoz2o cuzHaay. IlIpu ybomy 3's1845€mbcsi MoKHCAUBICMb cymmego nidsuwjumu
PO3pIi3HI08A/IbHY 30aMHICMb  BU3SHAYEHHS CNEeKMpa/bHUX CcKAadosux padiocuzHaaie ma 3abe3nedumu  pexcum
PyHKYiOHY8aHHS 3ac06i8 cneKmpa/ibHO20 aHAI3y padiocusHanie 8 yMOBHO-peaabHOMY Macuma6i yacy.

Pospobaeno cmpykmypy yugposozo aHasrizamopa cnekmpa padiocueHasis, sskuil no6ydosaHo Ha 6a3i anapamHo-
npozpamHoi peasizayii ma xapakmepulyemucCsi BUCOKOIO HACMOMHOIW0 po30inbHOKW 30amHicmio 1 MIHIMAAbHUMU
anapamypHumu 3ampamamu.

Karouoei cnosa: padiocueHanu, yugpose 06pobaeHHs cuzHaie, cnekmpaabHUll aHai3, po3diabHa 30amHicmb
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DIGITAL ANALYZER OF THE RADIO SSGNALS SPECTRUM

In the paper, in order to increase the frequency separation of spectra of radio signals, it is proposed to use the partition of the
input sequence to be studied in a number of segments. As a result of such an operation, the spectrum of the processed subsequence moves
from the high-frequency range to the region of low frequencies. Preliminary processing of the signal makes it possible to reduce the volume of
the processed sample of the signal in b times. The spectrum of the received signal realization is found by executing a discrete Fourier
transformation (DFT). This transformation is repeated for each of the sub sequences of the radio signal. Finding the power spectrum by
splitting the input signal into a series of subsequences with subsequent processing by means of a DFT increases the frequency resolution. It is
proved that the frequency resolution of the spectral analysis of radio signals according to the proposed method depends on the size of the
sample of the formed data sequences.

In order to improve the technical and economic indicators, the digital spectrum analyzer is implemented as an automated
software and hardware complex based on a personal computer. Highly efficient processing algorithms are laid in the program part of the
complex, and then they are executed with the help of a computer. The hardware approach is implemented with the help of high-speed blocks
of pre-processing of radio signals.

The incoming radio signal under investigation through a broadband amplifier and a low pass filter, through which the formation
of the characteristics necessary for further transformation, enters the fast-acting analog-to-digital converter (ADC). From the output of the
ADC, the digital equivalent of the incoming radio signal is cleared and memorized in the buffer memory block, which is intended to
temporarily reconcile the output of the converter with the following blocks of the complex. The algorithm for separating the spectrum of a
signal into a series of narrowband implementations occurs in a digital filter unit.

Finishing procedures are performed using the digital spectrum calculator. The resulting data arrays are transmitted through the
standard USB-3 interface to a computer where final processing and display of radio signal analysis results are performed. Such an
automated software and hardware complex operates in a conditionally real time scale. That is, the input realization of the investigated radio
signal is converted by means of ADC and is memorized in the buffer memory block without loss of information within the processing sample.
Then the spectrum analyzer enters the mode of autonomous processing of the data array and the output of the obtained results. The
developed digital spectrum analyzer is characterized by high frequency resolution and minimal hardware costs.
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Beryn
CydacHi U(ppOBi aHATI3aTOPU CIEKTpa 0a3yOThCs Ha BUKOPUCTAHHI METOMIB IU(POBOro 0OpOOICHHS
CHTHAIIIB, a camMe — aJroputMiB Ha ©0a3i guckperHoro meperBopennst Dyp'e (AIID) [1]. Hudposi

CIEKTpoaHali3aTopy, 1o BuKopucToBYloTh JII®, XapakTepu3ylOTbCs BHCOKOIO TOYHICTIO Ta IIMPOKHMHU
(YHKI[IOHAJTPHUMH MOXXJIMBOCTSIMH. Pa3om 3 THM, Ipu po3B’si3aHHI 33/1a4, IOB’ I3aHHUX 31 CIEKTPAIFHUM aHaTi30M
pamiocHrHajiB y TEIeKOMYHIKAlliHHUX 1 pajiOTeXHIYHHX CHUCTEMaxX, PO3[UIbHA YacTOTHA 3[AaTHICTh iCHYIOUHX
METOIiB i 3ac00iB CIEKTPATBLHOTO aHAITI3y BUABIISETHCSA HEMOCTATHLOIO [2].

OcTraHHIM 4YacoM 3alpoOIIOHOBAHO JEKiJIbKa MOIM(]IKOBAHMX METOJIB CIIEKTPAJIBLHOrO aHalizy Ha 0asi
anroput™iB JI1®D, sxi Oyno po3pobiieHO AjIst TOro, mod MocnaduTH OOMEXEHHS 32 PO3IUIBHOI0 3/IaTHICTIO IO
gacroti [1, 3, 4]. He3Baxkaroun Ha TMEBHI pe3yJabTaTd, AOCATHYTI y 3a3HAYCHHX BHIINE MyOJiKamisX, MTHTAHHSI
MTOKPAIICHHS PO3/IIbHOI 3AaTHOCTI IM(POBOrO CIEKTPAIBHOIO aHATI3y PaJiOCHTHAJIB SK 1 PAHIIIC 3aJIUIIAE€THCS
aKTyaJIbHAM.

HaBenena aprymeHTanisi miJTBEpKye CBOEYACHICTh Ta aKTYaJIbHICTh ITOCTABIEHOI HAYKOBO-TIPAKTHYHOL
3a/1adi, po3B’ A3aHH AKOI MOTPeOye PO3BUTKY METOIIB Ta MPAKTUYHUX MOJ0KEHB I ITOOYIOBH 3ac00iB UGPOBOr0o
CHEKTPaJbHOIO aHANI3Y PaiOCHTHATIB.

MeTtow po0OTH € MiIBMIIEHHS YaCTOTHOI PO3AIIBHOI 34aTHOCTI 3aC00iB CINEKTPAJBLHOIO AHAJTI3Y
paaiocurHajiiB 3a paXyHOK NonepeaHboro o0pooaeHHsi BUOIPOK J0CTiIKyBAaHUX CUTHATIB.

Jlyis mocsirHeHHs 3a/1aHOT MEeTH HeOoOXiZIHO PO3B’ sI3aTH Taki 3a/1a4i:

- BHKOHATH PO3POOKY METOIY CIIEKTPATBHOTO aHaNi3y paiOCUTHAIIB;

- 3JIMCHHUTH AOCIIKEHHS PO3UTHLHOI 3IaTHOCTI METOy CIIEKTPaJIbHOTO aHAIli3y PaJiOCHIHAIB;

- pO3pOOHTH CTPYKTYpHY cXeMy IH(POBOr0 aHaNIi3aTOpa CIIEKTpa paliOCUTHAIB;

MeTon nu(ppoBoOro CeKTPaJILHOr0 aHAJI3y pagiocurHamiB

OCHOBHOIO 33/1a4€l0 CHEKTPAJIBHOI'0 aHAIli3y PaJiOCUTHAIIB € 3HAXO/KEHHS Ta MOJAJIbIIE JOCITIHKEHHS

MmapaMeTpiB CIEKTPIB IMOTYKHOCTI YacoBUX peaiizamid. Po3BuTok mudpoBHX 3ac0o0iB OOpOOKH CHUTHATIB JaB
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MONITOBX JI0 CTBOPEHHS LM(POBUX aHAJTI3aTOpiB CHEKTpa, sAKi 3a CyKymHicTio BXigmumx BuGipok N narors

MOYKJIMBICTh OLIHUTH CIIEKTPH MOTYKHOCTI PaiOCHTHAIIIB HA OCHOBI BUKOpUcTaHHs anroputmy JAI1® [1]
2

N
— 18 Ky
S(k) =la x(MWy"| (1)
n=1
e x(n) — MUCKPETHE 3HAYCHHS CUTHAIY B YaCOBii 00JIACTi;
B Ipnk
W,\I,(" = N — MOBEPTAI0Yl MHOYKHHUKH.

Peamizariist anroput™iB 1IM(POBOro CHEKTPAJIHHOIO aHali3y paJiOCUTHANIIB OOMEXKYEThCS HHU3BKOIO
YaCTOTHOIO PO3/iNbHOI0 31aTHicTio f;. To6TO, st MOcArHeHHs Mamux 3HaueHb | y Bumamky fy>>f, ne fy —
MaKCHMaJlbHa YaCTOTHA CKJIa/I0Ba CHEKTpa JOCHTIHPKYBaHOI'O CUTHATY, HEOOXiTHO 00po0iaTH Benuki o0®MU JaHuX
N, sxi BianopinaroTs onHiii yacosiii peanizamii curnamy [2]. B mudpoBux crekTpoaHamizaTopax pamiOCHTHANIB
BHKOPUCTOBYIOTBCS IIBHAKOMIIOYI OydepHi 3amaMGiToByroui TpPUCTPOi 3 OOMExXeHHMM O00&MOM 3amHMCyBaHOL
iH(opMaAIlil, TOMY JIOCATHEHHs] BUCOKOI TOYHOCTI BUMipIOBAHHS MapaMeTpiB YaCTOTHHUX BiTiKiB 3rimHO BUpasy (1)
yTpyaHioeThes [3].

3 MEeTOIO ITiIBUIIEHHS YaCTOTHOT'O PO3Pi3HEHHS CIIEKTPIB PaJiOCUTHAIB POIOHYETHCSI BAKOPUCTOBYBATH
PO3OUTTS BXiTHOI JOCHTIHKYBAHOI MOCTIAOBHOCTI Ha P CerMeHTiB. JIJi IOro BXIAHUN CHUTHAI 3a JOIIOMOTOIO
JHINKKA CMYToBHUX (UIBTPIB MOTPIOHO PO3ALIMTH Ha BY3bKOCMYIOBI mijmnociigoBHOcTi. Oneparito By3bKOCMYT0OBOI
¢inbTpalii Mo)kKHa BUKOHATH 32 JIOIIOMOI'0I0 BUCOKOZOOPOTHHUX aHAJIOrOBHX (PibTpiB. AJle Ul OTPUMaHHS 3aJaHIX
XapaKTepPUCTUK JOCIHIPKYBAaHUX CHTHANIB HEOOXIHO YCKIAJHIOBATH OJIOKH TIOMEPEJHBHOro O0OpOOIeHHS
aHayti3aTopiB cnekrpa. OKpiM TOro, aHajuoroBi (QUIBTPH MalOTh HECTaOULIBHI Yy Yaci XapaKTepPUCTUKH, MapameTpu
SKHX B 3HAYHIM Mipi 3aJIe)KaTh Bijl BIUTMBY 30BHIIIIHIX YHHHUKIB [4].

VY TtenepimHii yac B uugpoBux 3acodax oOpoOIEeHHS paaiOCHIHAJIiB BHKOPHUCTOBYIOTH IIBUAKOJIIOYI
aHayoro-udposi meperBoproBaui [5, 6]. BukopucTaHHS NMIBHIAKICHHX IEPETBOPIOBAYIB 03BOJSE BHKOHYBATH
Oe3rocepeHbO JTUCKPETU3AIII0 paliOCHTHATIB, HE 3aCTOCOBYIOUM aHAJIOTOBUX IIPUCTPOIB MOMNEPEIHHOTO
06pobnenns. OTpuUMaHy T/l aHATOro-IMPOBOTO MepeTBOpeHHs mociinosHicTs manux X(N), ie N= 1, 2, ... N,
MOXKHa OOpOOHMTH 3a JIONIOMOIOI0 aJTrOpUTMIB I(poBoi ¢inbTpamii Tak, mo Ha Buxoni ImppoBoro QimbTpa
dopmyetses mocinosricts X(M), ie M= 1, 2,..., M. Hexaii BXinuuii curuan po3ramosaHo y Takiii cMy3i yacTor
(puc. 1,a):

fLETET,, @

e f|_ — MiHIMaJIbHA YaCTOTHA CKJIa/I0BA CIIEKTpa.

Toni micis momepeaHsLOro MUGPOBOro O0OPOOIICHHS YACTOTHHH Jiama3oH 0O0pOOIIOBAHOI MOCIIIOBHOCTI
nexuTh y emysi (puc 1,0)

a
Arefer, ©
N N
Jec f p~ 4acToTa IEPETBOPEHHS CUTHAILY,

A1, Ao — KoediIieHTH, SAKi 3aJIeKaTh BiJl YACIIa OOPOOIIOBAHUX CETMEHTIB TaHUX.

Jlnst 3amaHuX 3HAYCHb KOE(QIIEHTIB dj, AP, YUCIO OTPUMAHMX IiAMOCITITOBHOCTECH CHUTHAITY MOXHA
OOYHUCITUTH SIK
a
b=—2—. 0
- q
Jlami HeoOXiHO BUKOHATH NEPEHECEHHsI CHEeKTPiB OOpOOJIIOBAHMX MiANOCIIAOBHOCTEH MaHWX, SKi
3aliMalOTh CMYTY YacToT, o0uucieny 3rigHo (3).

[lepeHeceHHs CIIEKTpa MO OCi YaCTOT HA BEIUYUHY L MIPOBOIUTHCS NUITXOM MHOXKCHHSI BiJUTIKIB CHTHAITY

i j2me
x(m) Ha BIJJTIKU TUCKPETHOI CKCIIOHCHTH € M , TOOTO
j2me 5
—_ ; 5
yi(m =x(me M .

B pesynbraTi BUKOHAaHHS Takoi omepamii CHeKTp 0OpOOJIIOBAaHOI MiAIOCHIJOBHOCTI I€PECYBAETHC 3
BHCOKOYACTOTHOI'O [liana3oHy B 001acTh HU3bKKX 4acToT (puc. 1.B).
Tonepenns 06pobka CHrHaNTy Jae MOXIMBICTh 3MEHIIMTH 00%&M 06po6moBaHoi BuOIpKH curHamy B D

pa3iB. CIleKTp OTpUMAaHOI peai3alii CHTHATY 3HaAXOUThHCS IIISIXOM BUKOHAHHS TUCKPETHOro neperBopeHus OypE
. 2pmL

M
o Sl
x(K)=bg yi(me M wi¥, (6)

m=1
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LIe NEPETBOPCHHA IMOBTOPIOETHCA I KOXKHOI

3 Ny migmocmimoBHOCTEH pamiocurHany. CrHekTp s
MOTY)KHOCTI TaKoro CurHany 3 ypaxyBaHHsMm (1)
JIOPIBHIOE
n a)
S(k) = 1o K 2
( )—n—a |Xi( )| -
b i=1
(7 5% A Fu S
TakuM  4YuMHOM,  PE3YNBTYIOUHI  CHEKTp
CHTHAJy Ma€ B JOCIIPKYBAaHOMY YaCTOTHOMY Jliarta3oHi
3rimHo (3) Take po3pi3HEHHS TI0 YaCTOTi 6)
f
fI -_P )
Mb
o A Ly f
(8
[Ipu npoMy iHAEKC N 3MIHIOETBCSA B MEXaxX BiJ
ba; 1o bay. o
Y  pa3i  Oe3mocepeqHbOro  0OPOOJICHHS
pamiocurHa y JUisl OIHIOBAHHS CIIEKTpa MOTYXKHOCTI
PO3pI3HIOBAJIbHA 3JATHICTH IO YacTOTI JJIS CTaJoro i f
06&my Bubipku N nopisHioe Puc. 1. Ilpouemypu momepeaHboi 0OpOOKH
CHEKTpa JAOCITIHKYBAHOTO PaliOCUTHAITY
2f
M
fI 3 . (9)
N

3HaXO0JPKEHHS CIIEKTPa MOTY)KHOCTI MIUITXOM PO30OHTTS BXIJIHOT'O PaliOCUTHAIY Ha PSI IiAMOCTITOBHOCTEH
3 MOAAJIBIIOK0 TX 00p0obKor0 3riaHO (5) — (7) Jae TaKky 4aCTOTHY PO3PI3HIOBAIBHY 31aTHICTH

f32fM
' M

TakuM YHHOM, YaCTOTHA PO3PI3HIOBAJbHA 3JATHICTH CIIEKTPAIBHOTO aHai3y pPaaiOCHUTHANIB 3TiIHO
3aIpOIIOHOBAHOTO METO/Y 3aJIEKHUTH BiJl 00CsATY BUOIpKH CcpopMOBaHOT ITiAMOCTIJOBHOCTI JaHUX.

CTpykTypa undpoBoro aHajnizatopa cekTpa pajaiocurHauiB

CrpykTypHa cxema HU(ppOBOro aHajli3aTopa CIIEKTpa paaiocUrHaiiB Ha 0a3i kommnGorepa, sIKMI peamizye
3aIpONOHOBAHUI MeTON 0OpOOKH, HaBeIeHA Ha pHC. 2. 3 METOI MOKPAIICHHS TEXHIKO-CKOHOMIYHUX TOKa3HUKIB
mUQpoBUIl  CHEKTpoaHalli3aTop  peayli3oBaHo  SIK
ABTOMATH30BaHHUI MPOrpaMHO-aNapaTHUH KOMILICKC
Ha 6a3i nepcoHanbHOro kommnGorepa [6]. B mporpamuy men [ ®HY —=

YaCTUHY KOMIUICKCa 3aKJIaA€HO BI/ICOKOHpO):[yKTI/IBHi ]\
—==

(10)

BEII

aIropuTMU OOpOOKH 3 TONAIBIINM iX BUKOHAHHSM 3a
JIOTIOMOT OI0 komnGorepa. AnapaTHuii maxizg
peai3oBaHO 3a JIOMOMOTOI0 IIBHIKOMIFOYUX OJIOKIB BK
MOIIePEHBOI 00OPOOKH PaIiOCUTHAIIB.

BxigHuil qocnmimKkyBaHUN pagioCHTHAN depes
mmpokocmyrosuit  miacwtoad  (IICIT) ta  ¢imstp
HwkHIX wactor (PHY), 3a pomomororo —sKHX oM [ a3 — 1oC
BUKOHYETbCS.  (DOPMYBaHHS ~ HEOOXiITHHX IS — —
MOAAJIBIIOrO TIepETBOPEHHS XapaKTEePUCTUK,
HAJXOIUTh N0 HIBUAKOIIFOYOrO aHaIOro-Iu(poBoro
neperBoproBaua (ALIIT).

3 Buxony ALII 3HiMaeThcs UQPOBHIA €KBIBAJICHT BXIJHOI'O paJioCUTHAIY Ta 3amaMGiToByeThest B Oori
Oytdepnoi mam@Grri (BBII), skuit mpH3HAYEHO JUI YacOBOIO Y3TO/DKCHHS BUXOAY MEPETBOPIOBAYA 3 HACTYIHUMH
OJI0KaMH KOMILIEKCA.

Besnocepents nepenaya nanux 3 ALl Ha G10ku 1MDPOBOro 0OPOOICHHS CUTHATIB HEMOXKJIMBA, TOMY IO
OCTaHHI (DYHKIIOHYIOTH 31 IIBHKICTIO, SIKA B IECATKU pa3iB HIDKYA BiJ yacToTH auckperusaii ALl [6]. Anroputm
PO3IiNIEHHS] CIIEKTpa CHTHAlly Ha psiji BY3bKOCMYIOBHX peanizaiiii BinOyBaeTbcs B Ousomi mudposoi dinbrparii

(BLI®).

Puc. 2. CTpykTypHa cxeMa i} PoBoOro cnekTpoanaiizaropa Ha 6asi
komnGorepa

[porieaypu o6pobaeHus 3rifaHo Bupasis (6) Ta (7) BUKOHYIOThCS 3a JOMOMOIrO0 HMU(GPOBOro 06UHCIIOBaYA
cunekrpiB (IIOC). Orpumani MacuBu ganux 3 L[OC 3zaBmsku amantepy 3BGKy (A3) mepemaroTbes depes
cranpaptHuil inTepdeiic USB-3 B kommnGotep, 1€ BUKOHYEThCS KiHIIEBE 00POOJICHHS Ta BiIOOpaXKEHHS pPe3yJIbTaTiB
aHayTi3y pagiocursamni. /s cMHXpOHi3alii Ta 3a0e3MeyeHHs] HOpMaIbHOTO (DYHKIIIOHYBaHHS BCiX OJIOKIB Ta BY3IIIB
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(poBOro CIEKTpoaHamizaTopa CIyKuth Omok kepyBanus (BK), skuit depes A3 BHKOHYE OOMIH KepyHOUHMH
cUrHajgamu 3 komn@orepom.

Takuii aBTOMaTH30BaHHUH MPOrpaMHO-aNapaTHUI KOMILIEKC (YHKI[IOHYE B YMOBHO-pEIbHOMY MacuiTadi
gacy. ToOTo, BXimHa peaii3alis IOCTIHKYBAHOTO pPaJiOCHTHANIY IIEPETBOPIOEThC 3a gomomororo AIIIl Ta
3anam@iroByetsest B BBIT 6e3 Brpatu iHpopManii y mexax oOpoOmroBanoi BuOipku. [loTim criekTpoaHaiizaTop
MIEPEXOJIUTH B PEXKHUM aBTOHOMHOT'O 0OpOOIIEHHS MACHBY JaHUX Ta BU/a4i OTPUMAHUX PE3YJIbTATIB.

BucHoBku

3anpornoHoBaHuii MeToA UHM(POBOrO aHai3y CHEKTPIB pPaiOCUTHAIIB A€ MOMKIMBICTD ITiJBHIIUTH
PO3IUTIOBANBHY 3[aTHICTh OI[IHIOBAHHS YAaCTOTHHUX CKJIaJOBHX CIEKTpa 3a PaxyHOK IOINEepPEeIHbOro OOpOOJIEHHS
JIOCNI/DKYBaHUX CUTHAJIIB B 4YacoBili oOmacti 0e3 yckmajgHeHHsm OydepHux 3amamMGITOBYIOUHMX IPUCTPOIB
CIEKTpOaHaIi3aTopiB. 3aBAsSKU LIFOMY MOXXJIMBA IIPOrpaMHO-allapaTHa peajizalisi HUPPOBOro CleKTpoaHaizaTopa
Ha OCHOBI BUKOPHCTaHHs CTaHAAapTHOro komm@orepa Ta Hemoporoi eneMeHTHOI 0a3u 3arajJbHOTEXHIYHOI'O
TPU3HAYCHHSI.
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