7 2 USC Viterbi

School of Engineering

-‘l\ Center for Cyber-Physical Systems

CCI and the Internet of Things

SOFTWARE DEFINED RADIO

USR SDR WORKSHOP, SEPTEMBER 2017 ~—/
PROF. MARCELO SEGURA

SESSION 1: SOFTWARE TOOLS N

e’
e’
N’
1



UNIVERSAL HARDWARE DRIVER 2
BRIEF HISTORY

* USRP
* Libusrp
* Libusrp-gnuradio
* Python dboard code

e C++ dboard code

* Usrp_* examples and utils

* USRP2
* Libusrp2 (linux only) -
* libusrp2-gnuradio o, @ 2 o
o . v , ;?ﬁ’:‘
* C dboard code in FW T owm W B %;f‘

e Usrp2_* examples and utils

* NOT SCALE



DEFINITION

* UHD is an C++ API, that allow to interface a host with any USRP boards.

* Instantiate device object on Matlab or GNURadio.
* SET/GET FUNCTION
« SEND/ RECEIVE SAMPLES (HOST: Ring buffer, SDR: BRAM FIFO)

FPGA

Send/Recv Samples

Device

<Link Layer

N/

Implementation
Specifics

Set/Get Properties

C++ API
Multi-USRP

UHD



MATLAB SDR DESIGN 4
NEXT GEN WIRELESS DEVELOPMENT

Antenna RE Desian Mixed-Signal Digital DSP Software | System
Design 9 Hardware Hardware Algorithms Development Architecture

Dual Cortex-A8
Processing System

ARM Core 1
ARM Core 2

REQUIRES AT LEAST 7 DIFFERENT SKILLS!



MATLAB SDR DESIGN 5
TOOLBOX

* We primarily use Comm & DSP toolbox

Algorithms, Waveforms, Measurements RF Front End Antennas, Antenna Arrays
«  Communications System Toolbox * RF Toolbox * Antenna Toolbox
* Phased Array System Toolbox * RF Blockset » Phased Array System Toolbox

* LTE System Toolbox
WLAN System Toolbox

Baseband = Fr?;i;ﬂ“é:\ d
Channel
Digital PHY

Baseband [ Fr[r.:-ilf"titEarl'ld Antenna
«  Simulink « Communications System Toolbox
+ DSP System Toolbox * Phased Array System Toolbox
» Control System Toolbox » LTE System Toolbox

Mixed-signal »  WLAN System Toolbox




DESIGN WORKFLOW

DESIGN '

SMITTER

DR Front End

Digital PHY

® @

\ RECEIVER ! l

PROTOTYPE
C Code HDL

SDR Platform

\ 4

MATLAB SDR DESIGN 6

Instrument Control Toolbox

RF Front End Anten)a
| | Digital %
Baseband - D92 L ADC "‘ 4

SDR Support Packages

Communications System Toolbox

Fixed-Point Designer
HDL Coder
Embedded Coder

Software-Defined Radio

:

IMPLEMENT
Processor FPGA ASIC J

HDL and C code generation

Multi-vendor hardware support



MATLAB SDR DESIGN 7
PROTOTYPING WORKFLOW

Algorithm design

Simulation Model RE 1/O Streaming
ID s m k TT.7
’ )+— ‘ MATLABSIMULINK
SDR testing with |
live signal I/O |
.. % |
re-
Generate HDL Code Analog e | User-Designed :
) —> K Designed —p : —>| Information
Implementation Model Front-End FPGA 1 Algorithm I Algorithms
Algorithms
A |
Verify on SDR Hardware Desktop Design and
SDR hardware | Simulation



MATLAB SDR DESIGN g
PROTOTYPING WORKFLOW

VIVADO™ Simulink

P IP Device
Catalog Packager HDL Coder | Under Test
(DUT)
IP Integrator
DUT N SDK
User IP

FSBL
Hardware platform + bitstream> +
/1 Bitstream
FMCOMMS2 4
Base Design Uboot.elf
ANAI O ; ;
 DEVICES BOOT.bin

e Start with base HDL reference design from ADI

~ “AVNET




MATLAB SDR DESIGN 9
PROTOTYPING WORKFLOW

* Create your own IP core

Processing
Dual Cortex™
MPCore™

NEON™ / FPU E-

Programmable Logic

ZYNQ

IO oscilloscope
AXI Interconnect l
DMA

AXI
ADC o User I— DAC
Interface & signal chain

N
O  Interface
(=)
ANALOG @
DEVICES AD-FMCOMMS2-EBZ

* Performance

* Interface speed

* Hardware accelerators

fr—




UHD + MATLAB 10
DEFINITION

* Matlab System objects are the base building block to communicate with SDR.

* System objects are designed specifically for implementing and simulating dynamic systems with inputs that

change over time.

* Matlab objects have a predefined structure that allow to control and send/receive date from SDR.

Memory \ MATLAB System Object

=,

n control inputs  _ _ _ . _
(object properties) _ _ _____ of Object

Ny

Various Functions

Process and
Output Data

Data out




UHD + MATLAB 1]
SUPPORT PACKAGE

* UHD ON A SYSTEM BLOCK

SDRu Data
Receiver
192.168.10.2 Bt L

SDRu Receiver

Computer USRP® FPGA USRP® RF Daughterboard RF

Filter

Digital
S. (1] com— -
p ] Upconversion 22 Stage

X7

In Phase

Complex Baseband Simplified model of the USRP | (/) (cos) n
Signal from MATLAB modulation process e (I)
goc| Quad Phase Su.s*rp—fx -
(sin) Usrp-ix
Digital Filter
S n _’
qp L] Upconversion LG Stage X
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DIGITAL UP/DOWN CONVERSION RATES

* The sampling rates should be matched with the master clock rate.

In Phase component In Phase component

' I
' I
|
I
: I
I symbols
I symbols | Pulse Shaping and '
ping an R ’ Timing
| Interpolating Filters X : X » Decimating Filters — | o o ’
| 1 |
: from RF.. 1 |
- P I i
s cosine cosine = -
: Digital m m: Dlgltal : (and baseband
: Upconverter e . Downconverter carrier synch.)
I sine |
! 1 |
| 1 |
' ' Q symbols
Q symbols Pulse Shaping and f\ : | o | Timing
| - i . [ » Decimating Filters —p [E—
I 7| Interpolating Filters '@ I X I Synch.
| I |
I I |
: Quadrature component : Quadrature component :
| \ |
S e R O R R R R R R R RERE Ry 7
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UHD + MATLAB 13

E Block Parameters: SDRu Receiver + X

SUPPORT PACKAGE

Receive data from the Universal Software Radio Peripheral (USRP).

Device
* SDRu RX block: ttorm — :
USAP serial number: |FSBAS1 e
* Serial Number of B200 mini info
Control
2 Chdnne| quping: ] SISO, [] 2] MIMO for & for T cmsat Channel mapping: f121
Source Desired Value
Center frequency (Hz): Dialog * | |2.45e9
* Center Freq: LO frequency g g k. Lo offect tm —— 5
Gain (dB): Dialog - |32
* LO Offset: offset freq to avoid LO leakage or self interference. PPS source: internal .
Clock source: Internal -
* Gain: overall gain including both analog and digital components. Master clockraie (F2) s2ee
Decimation: Dialog - |[512
o Transport data type: intls -
* Transport data: 16 bit default
Outputs
PO Enable overrun output port
* Samples per frame: to optimize Ethernet packet. sampletime: |1
Output data type: | Same as transport data type b
* Burst mode: to test systems that cannot run on real time, avoiding overrun or Samples periframe: | 362
Buffering
Underrun. Enable burst mode

0K Cancel Help




TX/RX BLOCK CONFIG

rx = comm.SDRuReceiver('Platform', 'B21@", 'SerialNum’, 'ECRB4ZDBT")

rx =

System: comm.SDRuReceiver

Properties:

Platform:

SeriallNum:
ChannelMapping:
CenterFrequencySource:
CenterFrequency:
ActualCenterFrequency:
LocalOscillatorOffsetSource:
LocalOscillatorOffset:
ActuallocalOscillatorOffset:
GainSource:

Gain:

ActualGain:

ClockType:
MasterClockRate:
ActualMasterClockRate:
DecimationFactorSource:
DecimationFactor:
ActualDecimationFactor:
TransportDataType:
OverrunOutputPort:
SampleRate:
OutputDataType:
FramelLength:
EnableBurstMode:

'‘B21@’
'ECRO4ZDBT'
1
'Property’
2458000000
2458000000
'Property’
e

e
'Property’
8

8
'Internal’
32000000
32000000
'Property’
512

512
‘intle’
false

1

'Same as transport data type'

362
false

tx = comm.SDRuTransmitter('Platform’, 'B218", 'SerialNum’, 'ECR@AZDBT")

tx =

UHD + MATLAB

comm.SDRuTransmitter with properties:

Platform:

SerialNum:

ChannelMapping:
CenterFrequencySource:
CenterFrequency:
ActualCenterFrequency:
LocalOscillatorOffsetSource:
LocalOscillatorOffset:
ActuallocalOscillatorOffset:
GainSource:

Gain:

ActualGain:

ClockSource:
MasterClockRate:
ActualMasterClockRate:
InterpolationFactorSource:
InterpolationFactor:
ActualInterpolationFactor:
TransportDataType:
UnderrunOutputPort:
EnableBurstMode:

'B214"
'"ECRB47ZDBT"
1
'Property’
2.4508e+09
a
'Property’
5]

5]
'Property’
8

5]
'Internal’
32000000
5]
'Property’
512

5]

‘intls'
false
false
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GETTING START

* Lab 1 : INSTALLING B200 on MatLab

Setup and Configuration

sdruload Load FPGA and firmware images for USRP® radio

Hardware Discovery

findsdru Find and report status for all USRP® devices connected to host computer
getSDRuDriverVersion Report UHD™ version number for the support package
probesdru Provides detailed USRP® radio information

Radio Management

setsdruip Set USRP? radio IP address
comm.SDRuReceiver Receive data from L,ISF?.F'E device
comm. SDRuTransmitter Send data to l_JSFi'.F"E device


../LABs/LAB 1_ Installing B200 on Matlab.docx

