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XapakTepucTuku paspabaTtbiBaemMon pagnopenemnHom

cTaHUuU
CKOpPOCTb AaHHbIX 2.048-155.520 M6ut/c
Bung moaynauum 64QAM, 32QAM, 16QAM, QPSK
KoauposaHue Duobinary Turbo Code (1/2, 3/4, 9/10)
MepeanckpetTnsauma/aeumumanms dunbtp dGappoy
JKBanansep LMS
CMHXPOHM3aLMA NAKeTOB CornacoBaHHbIN GUNLTP
dopmmrpoBaHMe MMNYIbCOB MPUNOSHATbIN KOCUHYC

AnnapaTtHas naatdopma ZYNQ-7 ZC706 n ADRV9371



https://www.fpga-systems.ru/

[locTpoeHne cncteMmHoOn Mogenu

| equalizer 1
File Tools View Simulation Help -

- Q-3 -8B

9-&awre

7Y EVM/MER

Constant:Value

Reset BER Lo— ]

CTAaHOBKA CKOPOCTH BbIBOp 3KBanansepa BbIBOP KOAWPOBAHWA  YCTAHOBKA pexnMa TaKToBas paccTpouka

T
rannel consttal o ENTOT Rate
= T=0000784 nnel_constalation I Calcuon

R

oz

Downsample Downsamste!

: :

equalizer

o mERGER poesem .
o ‘ onf—sle i
D
int Ou1 +—q int I
Bemouli £
I_.| o T
‘ Fiie il Saue ot ) C—
Encoder Equaizers o
ErE

FPGA-Systems.ru

Coobuectso FPGA paspabornkos



https://www.fpga-systems.ru/

Peanunsaunsa aybuHapHoro Typbo Kogeka

1. TpaHcdopmauma CTpyKTypbl Ans apdekTMBHOM peanusaunm Ha annaparype
2. [lepeBog apndmMeTnKM B PUKCUPOBAHHYIO TOYKY

0, 1
3. K /
. 1,LOHBeVIepVI3aLI,VIFI 107 ¢
osiress n ‘\\\\
FwdStatesTab = struct (' ev', zeroa(32,1), 'as', zeros(32,1), 'branch', zeros(32, 4)) i “{:g\\__“
Bud%ate ab = FwdStateaTab: [»! an ' \‘\'\:_ -
start O
=
-.I'eHepauua koga — ,
f r s = 0:7 n -
for b = 1:4 -
[y, w, s_next] = CTC _ConstituentEncoder (logical (AB(b,:)), s):
Current st ard d n) O
BwdStatesTab.s \Q\\ i
wh we came (backward direction) N
Bwds tatssTab s_prev(c; = 3_nextr \\\\
BwdStatesTab.branch(c, :) = 2*[RB(b,:), y, w]-1: \
c= ctly \\
end AN 4
end \\\\
NN
for 5 = 0:7 \\‘\ QJ
Ind = find(BwdStatesTab.s _prev==s); "-\\
FwdStatesTab.s (1+s%*4: (s+l)*4) = s; ~ ~ \\‘ |
FwdStatesTab.s_prev(l+s*4: (s41)*4) = BwdStatesTab.s(Ind): N\
FwdStatesTab.branch(l+s*4: (s+1)*4, :) = BwdStatesTab.branch(Ind,:): \
end .
~
I I I I L —
W = zeros(B, N+l):
' 1.5 2 2.5 3 3.5 4

EbNo
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OTtnagka owmnbok

Konn4yecTBo olMBOK HalAEeHHbIX C MOMOLLbIO pa3fNYHbIX METOAO0B OTNaaKM

OThagka Ha mogenu 85%
OTnagKa Ha moaenu ¢ 3aXxBaYeHHbIMU JAaHHbIMMU 10%
FIL TectTupoBaHue 2.5%
OTnagka c ucnonb3osaHmem sctpoeHHoro B8 MNJINC 2.5%

NOTNYECKOro aHainm3atopa

FPGA-Systems.ru
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[Tpumep oTnagkm Ha MOAENN U Ha MOAENN C
3axBaye€HHbIMM JaHHbIMU

Peanusauuns yHKUNM OTKNOYEHE aKBanansepa
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YnyyllleHne xapakTepucTuk paspabdartbiBaemMom
CUCTEMBI

* [lepBbin pesyneraT pexuma QPSK % - 9 gb SNR gna 1e-5

* AHanuna 6rogxeTta BbISIBUIT YTO HanbOIMbLUYKO BKNag BHOCUT dKBanamnsep u
KaHanbHbIN KOOEK HA CKOPOCTU ¥a.

« 3ameHunun sKkBanamsep c¢ AByMs1 OTCHETAMM Ha BbIXOAHOW CMMBOJ1, HAa OOHO
OTCYETHbLIN HA BbIXOAHOW CUMMBOJ, YMEHbLLUWSN LUAar.

* YBenu4unu Konnu4ecTBo Utepauum kogekac 2 0o 5

* [lomeHsann nopsiaok BbikanbiBaHUsS BUTOB

* Tekywmnn pesynerat pexuma QPSK % - 7.2 ob SNR ana 1e-5

)= FPGA-Systems.ru
Ceoblectso FPGA paspaboTumnkos
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KoHBenepusauus

[Ons obecnevyeHnsa obpaboTkM OTCHETOB Ha YacToTe He MeHee 122.88 Ml

boolean
» NOT > 2 )
valid
o
double
mode
sfix16_En14 (c sfix18_En15 |c|
H = convert = ) > IN_eq sfix21_En15 (c)
sfix18_En15 ( - Out_eq
g = P Switch_eq sfix16_En14 (c)
\ boolea Tt - data
uint32 uint16 0 " ) lraining_eq sfix18_En15 (c)
ICode B QU2 » sfix18_En15 (' in_feed_tab to_feed_tab
sfix18_En15 ( i e
Codec uighs K 1 uint1 boolean fix18 Ed15 (o) emp_in sfix18 Bn15 (c
P iQut2 > —» <32 STt (, mode temp_out1 - @
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QAM1BY ) | 631 > DFET W
ujg *
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Qutt » convert
preamble

delayMaichs.
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Ontumun3sauma HDL koaa

«  OnTumMKM3auusa Ha ypoBHE anropuTMa YyacTto paboTaeT nydlle, Yem

ONTUMM3aLMA Yepe3 TOHKME HAaCTPONKN CUHTe3aTopa U pa3Bogdnka

[n3ainH c 6onbLunm Yncnom fanouts —
pasBoauTcs ¢ TauMmuHrom -0.2 ns

%% write to buffer
if valln
switch nIn
case 30

writeInd30 = fi(writeStart+(0:29),0,6,0,hdlfimath);

buffer (writeInd30+1l) = dataIn((1:30)+2)s;
otherwise % case 32

writeInd32 = fi(writeStart+(0:31),0,6,0,hdlfimath);

buffer (writeInd32+1l) = datalIn(l:32):
end

writeStart(:) = writeStart + nIn;

curLength(:) = curlength + nIn;
end

66 cTpoK Koga

FPGA-Systems.ru

[un3anH ¢ MmeHbLIM Yncnom fanouts —
pPa3BOANTCS C NOSTOXUTENBHLIM TAUMUHIOM,
Ha 50% MeHblwe LUT

R YMEHbLUIEHHbI
if wvalid && ready
switch nIn na3mep oydepa
case ©
writeInd30 = fi(writeStart+4(0:5),0,4,0,hdlfimath); S$wrap
buffer (writeInd30+1) = buffer out((1:6)+2):
otherwise % case 8
writeInd32 = fi (writeStart+(0:7),0,4,0,hdlfimath); %wrap
buffer (writeInd32+1) = buffer out(1:8):

end
writeStart(:) = writeStart + nIn; %wrap
curLength(:) = curLength + nIn;

end

136 CcTpoK Koaa
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PGByJ'I bTraTbl TECTUPOBAHUA

TecTupoBaHWe ¢ UMUTAaTOPOM KaHana

Pa3pa6aTb|Baemas| paumopenePlHaﬂ cTaHuun4
oTpaboTtana 6e3 oWwnboK Npu TECTUPOBAHNN
yepes MmnTaTop KaHana npu cnegyrowmnx
napameTpax KaHana:

» 3amupanus Painca

* BekTop amnnutyp - [-24 0 -9 -14 -19 -23] ab

* BekTop 3agepxek — [0 23.1 30.8 38.5 44.2 50] HC
« Jonnep—-0.5Tu

CoBnano c pesynsraTaMmy MOLENMPOBaHMS
(Tarke Npu 3agaHumn TponocdepHOro kKaHana
(bonbluMe 3aepXKKn Mexay nydyamum), cuctema He

3apaboTtana kak Mmogesnu, Tak U ¢ UMUTaTopoMm
KaHana)

FPGA-Systems.r
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KntoyeBble acnekTbl yCKOpUBLLME pa3paboTky

« bubnunoteka rotoBbix GIOKOB U Nepeuncnorib3oBaHne 610KOB N3 APYrmx NPOEKToB
* bonblon NpoueHT HaxoXaeHust owmnbok Ha mogensax (~95%)
* bbICTpoe HaxoXaeHne CKPbITbIX OLUMBOK CBA3AHHbIX C NEPENOSTHEHNUSMU

» ABTOMaTM4yecKasi KOHBeNpu3aums

« CokpallieHne utepaumm oT UISMEHEHUS! anropuTma K nony4eHuto pabo4yen NpoLLINBKU
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CTaTucTuKa npoekTa

KaneHpapHoe Bpema ~ 10 mec.
daKTnyeckoe Bpems ~4-5 mec.
Bpems pa3paboTkm nepBoro npoToTMna ~3 mec.
Bpema ontummnsaumm cuctembl ~1 mec.
Bpemsa TecTMpoBaHuA C U3IMePUTENbHOM annapaTypom ~1 mec.
Crpok VHDL koga ~250 000

FPGA-Systems.ru

0 FPGA p:
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OLeHKa Ka4yecTBa CreHepMpoBaHHOIO Koaa

319
738

329
680

400
790

873

633 712

417 MHz 1,446 1,008 1,177 15 1
391 MHz 211 148 213 0 1
445 MHz 222 204 224 0

286 MHz 1,112 1,077 1,180 10

375 MHz 3,664 3,900 4,017 10 1
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M = Detailed Reports Timing summary:
i - [3] SynthesisRepot | ||| —-—m—mmm—
[E Translation Report E
E Map Report Timing errors: 0 Score: O (Setup/Max: 0, Hold: 0)
. . [ Place and Route Report
Slice Registers 316 [} Post-PAR Static Timing Report Constraints cover 511909628200718560000000000000 paths, 0 nets, and 9716 connections
Slice LUTs 2,571 QY Power Report
4 [ Bitgen Report Design statistics:
LUT-FF 2,572 [=- Secondary Reports Minimum period: 36.905ns{1l} (Maximum frequency: 27.03THMHz)
DSP48 10 =2 -Map Static Timing Minimum input required time before clock: 39.109ns
Maximum output delay after clock: 9.648ns
BUFG 1 Post-Map Static Timing Report
- Top of Report
- Timing Report Description FoOTnot
Informational Messages 1) The minimum period statistic assumes all single cycle delays.
- Timing Constraints
- Data Sheet Report ZAnalysis completed Tue Apr 09 10:54:23 2013

Timing Summary
- Trace Settinas
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OnTnmmnsaumnsa onepaumnim ¢ PUKCUpoBaHHON TOYKOW
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. . Power Report
Slice Reglsters 475 E Bitgen Rei:crt Design statistics:
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- Timing Censtraints
- Data Sheet Report Analysis completed Tue Apr 09 16:57:28 2013
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KoHBenepusauus
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- Timing Report Description
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Constraint=s cover 90331 paths, 0 nets, and 5632 connections

(Maximum fregquency: 538.503MHz) >

olock: 32 :iﬂ“na

Design statistics:
Minimum period: 1§:ns{l}
Minimum input regquire S

Maximum oucput delay afrer clock:

9.377ns

Footnot

1) The minimum period statistic assumes all single cycle delays.

Bnalysis completed Tue Apr 09 17:30:51 2013
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NTUManbHbIN pea3yribraTt
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DSP48 10 Post-Map Static Timing Report
- Top of Report
BUFG 1 - Timing Report Description Footnot
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IP agpa

i FPGA-Systems.ru

ID_.ID

Ludposaa o6paboTka curHanos
Pedepenc ausainH
becnposopnHas cea3b

Cucremni LTE

Cucremn! 5G

Henpocetn

KomnbiorepHoe speHue
KoauposaHnue

Uundpoebie UHTepdencol

FfeHepauua kopa
ANSA BCTPAMBAEMbBIX CUCTEM

https://exponenta.ru/news/ip-yadra-dlya-plis
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> AKCGJ‘IepaLLMFI — OpraHusauusa B3auMoencTaus ¢ KPynHbIMN KOMNaHNAMU
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