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PaccmoTpeHbl pesynbTathl MOAENMPoBaHMs npeobpasoBaHus cnektpa JIYM curHana Ha
BuaeodacTtoTe ¢ ucrnonb3osaHnem DDC.

B kauectBe DDC ucnonb3oBancs crneyunanbHbiin npoueccop AD6620.
dyHKUMOHaNbHast cxema uccnegyembix NpyM MOAENMPOBaHMM YCTPONCTB NpMBeaeHa Ha puc. 1.
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Puc.1 q)yHKLWIOHaHI:Haﬂ cXema, ucnolnb3yemas npu mogenupoBaHumn

dopmupoBatens curHana Ha N4 reHepuposan JIYM curHan Ha npomexyToudHomn vactote f,=30 My
¢ vactotomn auckpetusaumm f,;=24 MI'u. Mpu mogenmposaHum Bbinun BeIBpaHsbl cnegyowme napametpsl JIHM
curHana:

T=21.65 mkc — gnuteneHocTb umnynbca; W=1 MIy — geBnauusa yacTtoTbl. PaspsaaHocTe curHana
7ot 13k

[MepeHoC MPOMYACTOTHOrO CrnekTpa Ha HYNEeBY YacTOTy OCYLLECTBNSAETCHA C MOMOLLBbI OMOPHOro
konebaHus ¢ Yactoton f,;=6 MIu,
MN3BecTHO:

1
COS Pgx'COS Pon= 5 {cos (@ex- Pon) + COS(Paxt Pon)}

1
sin Pex'COS Pon= 5 {Sin(q)ax' (Pon) + Sin(q)ax"' (Pon)}

COS (Pax- Pon) U SIN(Pex- Pon) — ABNSATCHA MNOJNIEIHBIMU CUTHANAMM.
B kauyecTBe COS Qg — UCMNOMb30BaNUCh YeTHble cocTasnsowme JIUM curHana, a sin @gy —
HeYeTHbIE.
COS Qon ANCKPETM3NPOBAH C YacToTom f,= 12 My,
Mockonbky fon kpaTHa fh2, TO COS Pon MPUHMMAET 3HAYEHMA 1.
Taknm obpasomM, pesynbTupytoLme chopmynbl NpuobpeTatoT BUA:
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I, = (=1)* cos 27t@2k+ﬂ 2k
24 T |24

30 W (2k+1Y
= (=) cos| 2w 2k + 1)+ ——| ==
O, =( )COS[ 24( ) T(24)J

Mpn geunmaum OCyLLECTBAETCA CHUXEHWe 4YacToThbl auckpeTusaummn B 5 pas go f;=2.4 Ml'y, T.e.
BbIUMCIIIETCH CpedHeKBaapaTUYHOE 5 OTCHETOB.
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TpaHBepcanbHbi PULTP UMEET CUMMETPUYHYIO UMMYIbCHYIO XapaKTepUCTUKY, UCMOMb30Banocb
40 otcyeTos ¢ f;=2.4 MI'y. OH npeobpasyeT curHansl nNo opmyne:
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Tem) =57 S Q)

1 39
Opyr(m)= T %W(i)Q(Zm +i)

C Bbixoga cdunbTpa MHGopmaums bepeTcs yepes pas, TeM caMblM Ha BxoAe (hunbTpa curHana
obecneunsaetca f,=1.2 MI'u.

Ona oueHkn kayecTBa npeobpasoBaHua pesynbTupyowmn JIYM curHan noctynan B unbTp
oKatua, roe ocyulecTsnanacb csepTka ¢ korven JIYM  curHana, wumetowlen paspAOHOCTb  4p+1s.
MopgenupoBaHne npou3BOAMIOCE AN KONUM C MNPSIMOYronibHOW orubatoliern M Konuu, B3BELLUEHHOW
dyHKUMEN TUNa Cos Ha nbegecTane.

BbiBOAbI:

BrnvsHne pgeuumartopa cBogutca K B3BewwmBaHuo JIUM  curHana, 4TO  He  yxygwaert
pe3ynbTUPYOLWME XapaKTEPUCTUKN uUNbTpa CKaTus T.K. MOXET OblTb Y4TEHO Npu BbIOOpe BECOBOW
dyHKUMN.

TpaHBepcanbHbIit PUNbTP, YTOObLI HE NCKaXaTb LUMPOKONONOCHbIN JIYM curHan, gomKkeH UMeTb He
bonee aOByx oTcuyeToB C KO3a(hduuneHToM, paBHbiM 1. OcTanbHble KOIMUUMEHTBI OOMKHbI BbITh paBHbI
HYI0.

Mpn cBepTke npeobpasoBaHHOro ¢ wucnonb3oBaHnem DDC JIYM curHana (6asza TW=21.65,
konnyectso amckpeT N=26) c konuewn, B3BELUEHHON (PyHKUWEN Tuna cOoS Ha Nbedectane, cXaTbll curHan
nmeeT ypoBeHb BOKOBbLIX nenecTkoBs -26 Ab, WnpWHY nuka no yposHio 6 Ab~3T,

CymMapHble noTepu npu 3Tom He npesbiwatoT 1.5 ob.
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EFFICIENCY ESTIMATION BY SIMULATION OF CHIRP SIGNAL FREQUENCY TRANSLATION TO DC
USING SPECIALIZED SIGNAL PROCESSOR - DIGITAL DOWN CONVERTER (DDC)
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Simulation model results of chirp signal frequency translation to DC using DDC are discussed in
report.

There was 30 MHz IF chirp signal on the generator output, which was sampled by 24 MHz rate.
Chirp signal had following parameters:

pulse width Ty, = 21.65 us, frequency deviation W = 1TMHz, binary digits width with sign N = 8

The final translation to DC and separation to the in-phase and quadrature components were
performed by the multiplication with complex digital sinusoidal signal of 6 MHz, represented as exp(jnk/2), k
=0,1,2,.... Thus, in-phase component was reconstructed using even samples of chirp signal with weights %1,
and quadrature one was reconstructed using odd samples with the same weights. Sampling rate reduced
from 24 to 12 MHz. The resulting equations were:

I, =(— )¢ cos[2ﬂ2k (Zk)J
24 T \24

0, = (-1)* cos(Zn(2k+1) . (2’;1]]

Next stage was five samples moving average filter (CIC5 filter — cascaded integrating comb filter)
with decimation factor of 5, so sampling rate reduced from 12 to 2.4 MHz:

CICS(” 21(5n+l)

i=0

chcs ZQ(Sn +1i)

After CIC5 fllter low sampling rate enabled to use a FIR filter with 40 weighted samples moving
window length. Decimation factor equal 2 on the filter output reduced sampling rate to 1.2 MHz finally. The
resulting equations for last stage were:

F,R(m S ZW(z l(2m+l)

QFIR ZW )Q(Zm 'H)

i=0
where M was scaling factor.
For the estimation of translation quality resulting chirp signal was compressed with its copy in
appropriate filter. Copy had 5 binary bits width with sign. Simulation was made with rectangular windowed
copy and with copy weighted with (cos+bias) window.

Conclusion

The samples used for reconstruction of in-phase and quadrature components were even and odd
respectively, so quadrature component had time offset equal quarter of sampling period, and it caused an
insignificant asymmetry at the beginning of signal (~3%).

The influence of CIC5 filter with decimation was reduced to weighting a chirp signal; however it
would not make worse resulting performance of compression filter because it could be taken in account with
choosing window function.

In order to minimize distortion of wideband chirp signal the FIR filter must have only two weights
equal 1 and others must be zeroes.

After compression of translated chirp signal (number of samples 26) using DDC with its copy
weighted with (cos+bias) window, resulting compressed signal had following characteristics: sidelobes level
less than -26 dB, pike width on 6 dB level ~3 1s. Total loss was less than 1.5 dB.
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