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SDR 4

Xilinx Zynq-Based Radio
ZC706, ZedBoard, PicoZed
ADI FMCOMMS1/2/3/4

Xilinx FPGA-Based Radio
Virtex-6 ML605, Spartan-6 SP605
ADI FMCOMMS1, Epig FMC-1Rx

USRP Radio
USRP2, N200/210 R
B200/B210, X300/310 %‘i

E310 2 ~>

Analog Devices ADALM Pluto Radio

RTL-SDR Radio
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M MATLAB SZ8$=:
Add-Ons - Get Hardware Support Packages

. .
| & Analyze Code |ﬂ| E H@ Preferences I g 0 £3 Communiy
L{:,? Run and Time [~ Set Path
Simulink ~ Layout Help  Request Support
u Clear Commands Library - ““ Parallel + - -
CODE SIMULINK ENVIRONMENT .
L’aé Get Add-Ons e

E Package Toolbox
E Package App

- m Get Hardware Support Packages

Check for Product Updates

M MATLAB & 41TH O
>> supportPackageInstaller
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4 Support Package Installer

4\ Support Package Installer
Configure network connection on the h:

The host computer communicates with the ra Select a drive
automatically, select it from the list, provide Insert a 4 GB or larger SD memory card into a memo
If your network connection is not listed or thi
steps in the "Configure Network Card on Hosf
'Skip this step..." checkbox and click 'Next' to

Select a NIC to connect with the radio hard

Select the drive letter that corresponds to the memory
Drive: e Refresh

No memory card found

Intel(R) Ethernet Connection 1219-LM (In W 1¢ 6, 4o not find the memory card reader in the list o

and click 'Refresh’.

Name. i : Ethernet If the automatic SD Card configuration is not successfi
Description : Intel(R) Eth® steps listed in the "Select a drive" section. Once config
MAC Address : 50-7B-9D-F§ the 'Skip this step..."' checkbox and click 'Next' to conti
IP Address : 172.18.43.1]

1P Address
Subnet Mask

o
R
25

|:| Skip this step if your network card is alre

D Skip this step if your SD card is already configured

Connect the hardware

4\ Support Package Installer - I

4 Support Package Installer

Verify setup

Test results for the radio hardware are as follows:
o Ping network card on the host computer - SUCCESS

@ Ping Zynq radio - SUCCESS

Q Read hardware information from the Zyng radio - SUCCESS
o Test data path between host and RF card - SUCCESS

Setup of radio hardware is complete.

Additional setup steps for targeting

If you plan to target SDR algorithms to the Zyng FPGA fabric, you must install the HDL Coder Support Package for Xilinx
Zyng-7000 Platform.

If you plan to generate code for targeting the ARM portion of the Zynqg device, you must install the Embedded Coder Support
Package for Xilinx Zyng-7000 Platform. You must follow additional steps for setup of ARM targeting.

Click the "Setup for ARM Targeting" button.

Setup for ARM Targeting

Get started with an example
The receive tone signal example shows how to perform a simple loopback of a complex sinusoid signal at an RF carrier frequency.

Connect a loopback cable with attenuation or attach appropriate antenna between the 'RX' and 'TX' SMA connectors before you
run the example.

Run Example

View the documentation for this example to learn more.

Open Example
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Zyng-SDR Radio 1/0 #EO#&3k (Simulink)

Block Parameters: ZedBoard and FMCOMMS2/3/4 Receiver

SDR. Receiver

Receive data from a Zynq radio and ADI AD9361/AD9364 device.

Main  Advanced
Radio Connection

Radio IP address: |{192.168.3.2

Info

Radio Properties

Source of center frequency: Dialog

Fenter frequency (Hz): 2400000000
Source of gain: Dialog
Gain (dB): 1
Channel Mapping: ‘1

NBaseband sample rate (Hz): ‘3840000

[] Enable burst mode

Data
QOutput data type: |int16

Samples per frame: |3660

Enable output port for Lost samples indicator

Simulate using: Code generation

Cancel

Help

Apply

data [p
SOR
Receiver data length P
lost samples [»
ZedBoard and
FMCOMMS2/3/4
Receiver

RFEFLHER (TOMHz to 6GHZz)
KHEESNE (EZE 61.44MH2)

A[EE S, Burst 53,

4\ MathWorks
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Zyng-SDR Radio I/0 #O R HR (MATLAB)

[

Main

Show all properties

DeviceName:

IPAddress:
\\\\\\ﬁs GainSource:
CenterFrequency:

ChannelMapping:
//,/€78a5eband5ampleRate:
EnableBurstMode:

OutputDataType:
SamplesPerFrame:

ks Create receiver system object for radio hardware
rx = sdrrx('ZedBoard and FMCOMMS2/3/4")

comm.SDRRxZedBoardFMC234 with properties:

'ZedBoard and FMCOMMS2/3/4°
'192.168.3.2"'

"AGC Slow Attack!'
2.4000e+09

1

3840000

false

‘intle’

3660

7/5] MATLAB #8114, T A% Zyng System Object.

5>
>

»» doc sdrrx
»» doc sdrix

Je >

‘k Command ... - O

X

Radio 10 System Object

comm.SDRRxPicoZedSDR
comm.SDRTxPicoZedSDR
comm.SDRRxZC706FMC234
comm.SDRTxZC706FMC234
comm.SDRRxZedBoardFMC234
comm.SDRTxZedBoardFMC234

RF Fi 3R (70MHz to 6GHZz)

EKHESIE (EZE 61.44MH2)
A[E1EZE, Burst 21

14
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SDR B EE X B ThEE

tx = sdrtx( ZedBoard and FMCOMMS2/3/4’, ...

BasebandSampleRate’, 520. 841e3, ...
- Repeated Waveform Transmitter =23\ Coterfeaene, 2
"o 5 . howAdvancedProperties’, true, ...
— %%1%-15& MATLAB Tﬁﬂi}ﬁ ' BypassUserLogic’, true) ;

transmitRepeat (tx, zynqRadioQPSKTransmitData) ;

— Ff#T SDR &, HHEAEXRZEE ., EELAIE ‘
— FAFER LTE. WLAN izt S8 2

SIS S & % %

A MATLAB
& HW Support Package

LTE System Toolbox >
WLAN System Toolbox

Over —the - Air
............... >

transmitRepeat

SDR platform

15
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Demo: LTE 514935 - Zyng (Zedboard) #1 AD9361 (2x2)

&

- FH—IRFENKRE, FIF “Repeated Waveform Transmission” $#3X %1%
3
- EFR—EAENKREZL, BEGES. RREGHFHBERENGEITER (BER M
EVM)

&

Available here

16


http://in.mathworks.com/help/supportpkg/xilinxzynqbasedradio/examples/transmit-and-receive-lte-mimo-using-a-single-analog-devices-ad9361-ad9364.html

LTE ¥ E4b

.15

‘\ MATILAB & LTE System Toolbox™

LTE Transmitter ———— ——  LTE Receiver
channel
----------------- \\\
- \
el L T
S e
- S o e FDM | |
scramb , 2 Over L - Julation
————— E iayci I o .
i mapper‘ | |Recape ¥ | T
RECEIVER
OFDM channel .
— —> : . equalisation >
demodulation estimation
| | |
1| synch. |1 I'| decode
R OFDM channel "
— > : . equalisation [
demodulation estimation

Propagation

"

4\ MathWorks
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% Initialize SDR device
txsim = struct; % Create empty structure for transmitter

txsim. SDRDeviceName = ' ZedBoard and FMCOMMS2/3/4" - % Set SDR Device
hdev = sdrdev (txsim. SDRDeviceName) ; |% Create SDR device object

txsim.RC = "R. 7" ; % Base RMC configuration, 10 MHz bandwidth
txsim. NCellID = 88:; % Cell identity

txsim. NFrame = 700; % Initial frame number

txsim. TotFrames = 1; % Number of frames to generate

txsim. DesiredCenterFrequency = 2.45e9: % Center frequency in Hz

txsim. NTxAnts = 2; % Number of transmit antennas

txsim. Gain = —50;



http://in.mathworks.com/help/supportpkg/xilinxzynqbasedradio/examples/transmit-and-receive-lte-mimo-using-a-single-analog-devices-ad9361-ad9364.html

% Create EMC
rme = 1teRMCDL (txsim. RC) ;

% Customize EMC parameters

rmc. NCellID = txsim. NCellID:

rmc. NFrame = txsim. NFrame:

rmec. TotSubframes = txsim. TotFrames*10: % 10 subframes per frame

rmc. CellRefP = txsim. NTxAnts: % Configure number of cell reference ports
. PDSCH. RV5eq = 0;

% If transmitting over two channels enable transmit diversity
if rmec. CellRefP == 2

rmec. PDSCH. TxScheme = ' TxDiversity’ ;
rmc. PDSCH. NLavers = 2.

rme. OCNGPDSCH. TxScheme = ' TzDiversity’ ;

% Pack the image data into a single LTE frame
_eNodeBOutput, txGrid, rme] = 1teRMCDLTool (rme, trData) ;



http://in.mathworks.com/help/supportpkg/xilinxzynqbasedradio/examples/transmit-and-receive-lte-mimo-using-a-single-analog-devices-ad9361-ad9364.html

% *Prepare for Transmission

tx. BasebandSampleRate = rmc. SamplingRate: % 15.36 Msps for default RMC (R.
% with a bandwidth of 10 MHz

tx. CenterFrequency = txsim. DesiredCenterFrequency;

tx. ShowAdvancedProperties = true;

tx. BypassUserlLogic = true;

tx. Gain = txsim. Gain;

x. transmitRepeat (eNodeBOutput) :


http://in.mathworks.com/help/supportpkg/xilinxzynqbasedradio/examples/transmit-and-receive-lte-mimo-using-a-single-analog-devices-ad9361-ad9364.html

rx = sdrrx(rxsim. SDRDeviceName) :

rX. BasebandSampleRate = rxsim. RadioFrontEndSampleRate:
rx. CenterFrequency = rxsim. RadioCenterFrequency;

rx. SamplesPerFrame = samplesPerFrame;

rx. QutputDataType = " double’ :

rx. EnableBurstMode = true;

rX. NumFramesInBurst = rxsim. FramesPerBurst:

while rxsim. numBurstCaptures
for frame = 1:rxsim. FramesPerBurst
while len ==

% Store one LTE frame worth of samples

[data, len, lostSamples] 3 step(rx);
burstCaptures (:, :, frame) = data: %Zok<SAGROW>

end



http://in.mathworks.com/help/supportpkg/xilinxzynqbasedradio/examples/transmit-and-receive-lte-mimo-using-a-single-analog-devices-ad9361-ad9364.html

Demo: Zynq (Zedboard) #1 AD9361 (2x2)
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- FIF Zyng SDR Support from Communications System Toolbox, R 7] LA B 1E

1% AD9361 Y%

& E] MATLAB #1 Simulink =

— R/ ALI A RS HITH

- SDR f@HAEH over-the-air 5535128 E (LRI ST SRR

- 7 PC i, £ MATLAB/Simulink 32 Z R RIEIEFES
— BEXRIREME SIE NN/ B
— LTE. WLAN ¥R/ FcL IR

= L7 MATLAB 1 Simulink _ESCI

0IE1T — &

- Zynq EEBRKA

— Zynq BJ ARM A IBESITEEE, HiBFUKMER
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http://www.mathworks.com/hardware-support/zynq-sdr.html
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- FAanA

— B EE 2 SoC?

— X4 FPGA f@ &% it F1ARM
g1t ?

— % 1tFPGA #1 ARM #0?
- &t SoC EHSHRFZO?

— F% ARM/FPGA &E3£?

MATLAB/Simulink
Algerithm Design

SoC FPGA’s
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SDR HW/SW Co-design
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« HDL # C X2 BT Rk
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_ |
|
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Embedded
Coder

HDL Coder

* HDL Verifier 3Z#F co-simulation 1 FPGA-in-the-loop verification

VHDL

Verilog

Embedded Coder:
— iRy C/IC++ K15
— ERAT MCU f1 DSP (E&. iF&3H)
— SIL, PIL{HE

HDL Coder:
— B#RMIZAAI4RE HDL {KHS
— iERTF ASIC #1 FPGA (E & FRXH)
— 4 HDL Testbench, FIL{FE
— ModelSim and Incisive* BX&{HE
— &ERRAY Xilinx and Altera 24 TEEO

29



Demo: QPSK Wk 8%t aIHW/SW Co-design HiE

TOTOOTT1

TCP/IP

QPSK AHI/#RAFR /7 7 FPGA SLI)
RIS EETE ARM S2IR

ARM 3B5r &4 SR AT i
HEXRZ&BESW.

Zynq Board
ARM (PS) FPGA (PL)
____________ | 4] AXI - e
____________ = e Lite | =
X
@
> > .
1‘; o Data l, > > s [y 00 RLdIO»OUt
\\ < Generation w
8. and AD9361 AXI - QPSK |0_‘7 AD9361
2 Message <R_ Tx/Rx Block | DMA | Tx/Rx < T e adio In
% Display X 'Q adio
= T

A 4
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1. £/ HDL IP #%

Simulink Model
MATLAB # Simulink
SRR T N

—
& HDL Coder
4 Rk HDL IP #% .
{£/H HDL Coder
4 Bk HDL IP #%
AXI Lite
Accessible ‘4_
Registers l
AXI4-Stream Video In Algorithm
from e External
MATLAB/ |g-t— Ports
AXI4-Stream Video Out Simulink

Programmable Logic IP Core




2. MARRGERK

MATLAB # Simulink
A ARG T

%/ HDL Coder
4k HDL IP #%

BRARRG R

FPGA Bitstream
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Simulink Model
MATLAB # Simulink
BEMARG 1T
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HW
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&£ HDL Coder
4 gk HDL IP #%
SW
HRARRG R 4 paR O R & B OEE
FPGA Bitstream - SWI |/O .,
Driver
—* Blocks ™
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witBahit: HDL Workflow Advisor TR

(&) HDL Workflow Advisor - zynqRadioHWSWQPSKAD9361AD9364SL/HDL_QPSK

File Edit Run Help

Find: V| 5

v (8 HDL Workflow Advisor
v [0 1. Set Target
] ~1.1. Set Target Device and Synthesis Tool
| ~1.2. Set Target Reference Design
| ~1.3. Set Target Interface
v |l_1§] 2. Prepare Model For HDL Code Generation
| 2.1. Check Global Settings
| ~2.2. Check Algebraic Loops
| ~2.3. Check Block Compatibility
| ~2.4. Check Sample Times
v [ 3. HDL Code Generation
> |L_.§| 3.1. Set Code Generation Options
.| ~3.2. Generate RTL Code and IP Core
v |1_,: 4. Embedded System Integration
| 41 Create Proiect
1 4.2 GCenstate-Softwate-Interface-Modal—
1 4.3. Build FPGA Bitstream
| 4.4. Program Target Device

1.1. Set Target Device and Synthesis Tool
Analysis (" Triggers Update Diagram)
Set Target Device and Synthesis Tool for HDL code generation

Input Parameters

Target workflow: IP Core Generation

Target platform: ZedBoard and FMCOMMS2/3/4

Synthesis tool: |Xilinx Vivado

Family: Zyng 5

Package: clg484 '

Project folder: |hdl_prj

Run This Task

Result: | | NotRun

Click Run This Task.

4\ MathWorks
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RE, KB EATEER

[%al Code Generation Report
L]

& Find:

Code Generation Report

HDL_QPSK_ip_src_Quadrant_Mapper.vhd
HDL QPSK ip src CORDIC lteration.vhd

4
5  BEGIN - —
6 - <819>/luise Fixpt < €  Find: ‘ 4 v Match Case

] ] u luise fixpt : HDL QPSK ip src luise fixpt A 21 f#define zyngRadioHWSWQP DMATimeoutValue (0.0002) A
HDL_OPSK ip sre Quadrant Correction.vix FoRE MAE( i;:e::iltéset, Contents 22 {idefine zynqRadioHWSW ProbabilityOfZero (0.5)

HDL QPSK ip src Complex to Magnitude
HDL QPSK ip_src luise fixpt.vhd

HDL QPSK_ip_src_LookUpTableGen.vhd
HDL_QPSK_ip_src_WaveformGen.vhd
HDL_QPSK_ip_src NCO HDL Optimizedl.vk—

enb 1 2 0 => enb 1 2 0, - . .
Ini re => std logic vector (Delay 23 {#define zynqRadioHWSW SamplesPerFrame d (5000.0)
Inl_im => std_logic_wector (Delay Summar!{ 24
offset => luise fizpt cutl -—- 1 _ . ) _
): Subsvstem Report 25 /* Block signals (auto

. e21095/NCO HDL Optimizedl Z6 B _zyngRadioHWSWOPSKAD9361AD93 T zyngRadioHWSWOPSKAD9361AD93

storage) */

7 u_NCO_HDL_Optimizedl : HDL_QPSE_ip_src_NCO HN 2

: 198 PORT MAP( clk =» clk, M
‘HDL_QPSK_ip_src_Coarse_Frequency_Comg 199 reset => reset, Report 28 /* Block states (auto storage) */
HDL_OPSK_ip_src_Matched_Filter.vhd P gl fN om i e 29 DW zynqRadioHWSWQPSKAD9361AD9 T zyngRadioHWSWQPSKAD9361ADI3

201 = - pt_outl, int T bl‘t R rt i — —
HDL_QPSK_ip_src_Modulus_block.vhd 202 validin => Constantl outl, raceability Repo 30

= 203 complexexp_re => NCO_HDL Optimiz — D 4 v /

HDL_QPSK_ip_src_ MATIAB Function3.vhd I 204 complexexp_im => NCO_HDL Optimiz Static Code Metrics 31 /% Real-time model *#*

205 i = imi - . .
HDL_QPSK_ip_src_QPSK_Demodulator_Base o e i Report 32 RT MODEL zyngRadioHWSWQPSKADY T zyngRadioHWSWQPSKAD9361ADI3
HDL QPSK ip src Data Decoding.vh 33 RT_MODEL zyngRadioHWSWQPSKADI T *const zyngRadioHWSWQPSKADI!
HDL QPSK in src FPGA to Hostyhd Code Replacements 34 &zyngRediol SKAD3361AD9I36 M ;

Report 35

HDL QPSK ip_src MATLAB Function

. . . € * Forwar r local functions *,
HDL QPSK ip src Digital Filter.vhd CESS (clk, reset) B ‘
static wvo 34Base set CenterF(comm internal 85I
HDL_QPSK_ip_src_Loop_Filter.vhd i Generated Code . 1T - = - -
) s PETay2 outl =d (16#0000%, 16 o real
HDL_QPSK LooklipTableGen_black. ot im e o e - . . . . ‘
—APSK_ip_src_LookllpTableGen_blocks 217 Delay2 outl im <= to_signed(16£0000%, 16§  [-] Main file 39 static voi ZyngFMC234Base set Gain(comm internal SI
HDL_QPSK_ip_src_WaveformGen_block.vhe o ELSIF cli'EVENT AND clk = '1' THEN . - - - -
219 IF enb 1 2 0 = 'l' THEN ert main.c 4 real T wval);
i imi 220 DelayZ?_outl <= I i gned; = ) L. :
HDL_QPSK_Tp_src NCO_HDL_Optimized.vhc 221 D;:iizﬁtlﬁz . Iz:i:zigz:d; 41 static void SDRTxZyngFMC234Base SetMultiCha(real T param, r:
HDL_QPSK_ip_src_NCO.vhd jj:é ENEN?F?F; [-1 Model files 42 static void SDRTxZyngFMC234Bass assignTunab (comm internal S
HDL QPSK ip_src_Fine_Frequency Comper 224 END pRoc]::SS Delay? : ; 2 43 3 i
. i e elay2_process ‘7vnaRadioHWSWaQ static int32 T SDRTxXZyngFMC234Base getlIntEncod(const char T
o i | > < ! - 44 int32 T what sizes[2]);
zyngRadioHWSWQ 45 static void zyngRadioHW PUP packProperty dO(int3Z T intenc,
zvnaRadioHWSWQ 46 packedvVal[15], uint8 T pbytes[23]);

il atatimn rezsl T 7 SNRTwZunaFMT? 3dRaca anmimTaTnt (ArAaneat
>



Zynq HW/SW Co-Design &itiig /NG

External Mode AXI| Interface

Host Computer

A \| Embedded
~Ethernet ) SW on
N~ TV ARM

ST NS\
% SIMULINK¢

CAXI ) IPH(? L
N1/ ore
Zynq

- EFH#RER Zyng HW/SW Co-design #3342
— ARM : 5 Simulink EE##EEH + SBEHEDO + REEE

— FPGA: WEHEX +
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To RF card
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Time to market High-speed digital signal proc;/eéﬂrlj_i;z 6 GHz

Fast proof of concept ARM Cortex A9 Low noise amplifier

Short deS|gn CyC|eS Model-Based DeS|gnR|: expertise

HDL simulation
Quadrature

" A modulator
QOver-the-air 3
T MATLAB #1 Simulink \'.‘:.\ u&ﬁ:ﬂL SDR @, WENEL TIREAME
Fﬂ%#%%% ﬁEM%mM&

1

cace  KUGD

pPaCRage
memory

speed data Receiver -controller
~acquisition sensitivity
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