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WARPLab Overview

e MATLAB <— WARP Link

® |nteract with WARP nodes directly from the
MATLAB workspace

® Very rapid prototyping of PHY algorithms

® Real-time Tx-Rx and offline processing



WARPLab Overview

Ethernet links



WARPLab Overview

Up to 16 WARP Nodes



WARPLab Overview

® One PC controls many
WARP nodes

e MATLAB for signal
processing

® Non-real-time
processing

® VWARP for wireless interfaces

® Real-time channel use
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WARPLab Architecture

FPGA
Radio Board WARPLab Sysgen Core




WARPLab Architecture

FPGA
Radio Board WARPLab Sysgen Core




WARPLab Architecture

FPGA
Radio Board WARPLab Sysgen Core

RX Path
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WARPLab Architecture
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WARPLab Architecture

RX

FPGA
Radio Board WARPLab Sysgen Core
Receiver
: Base-Band Amplifiers
FiEElE) Downconversion Rx | Buffer
RF Amplifier
ADC | .
To Ethernet
Rx Q Buffer
} o0
| S—
RSSI Buffer
Antenna ) ( To I:thernet
Switch PLL RSSI ADC RSSI .

-

Transmitter
RF Amplifier

Upconversion

DAC Q

DAC | |<

Tx| Buffer

rom Ethernet

TxQ Buffer

/X /X

Transmitter

Base-Band Amplifiers

RSSI buffer

¢

4096 (2'2) samples



WARPLab Architecture
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WARPLab Architecture
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WARPLab Architecture
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WARPLab Architecture
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WARPLab Architecture
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Radio Board WARPLab Sysgen Core
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WARPLab Architecture

FPGA
Radio Board WARPLab Sysgen Core
Receiver
- Base-Band Amplifiers
peceRel Downconversion ‘ Rx | Buffer
RF Amplifier
ADC | .
To Ethernet
Rx Q Buffer
} o0
\——
RSSI Buffer
Antenna ) To Ethernet
Switch PLL RSSI - >
Tx| Buffer

From Ethernet

>
L

Transmitter
RF Amplifier Upconversion Transmitter

Base-Band Amplifiers

RSSIADC always clocked at 10 MHz
10 bit number

TxQ Buffey




-

@ A

-

g M

9 [

TART

wel ¢7

NG

C A

EXILINXT
~ Xcavero™ P._

FPGA

(8] 7]
O L

v ~

® O
e a0

v ~

NGT #)

woT 97

NGT § | meememens




WARPLab Architecture
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WARPLab Architecture
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WARPLab Architecture
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® The WARPLab framework provides the following

® Reference design

® Reference M-Code

® M-Code Examples




WARPLab Architecture
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® The WARPLab framework provides the following

® Reference design
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® Reference design

® XPS project that contains all the FPGA code required

to program the WARP nodes
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® Reference design

® XPS project that contains all the FPGA code required

to program the WARP nodes

® VWARPLab Reference Sysgen - Ex: Buffers




WARPLab Architecture
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® XPS project that contains all the FPGA code required
to program the WARP nodes

® VWARPLab Reference Sysgen - Ex: Buffers
® VVARPLab Reference C Code - Ex;: Ethernet



WARPLab Architecture

® Reference design

® Bitsream (.bit) file to program the WARP nodes is
provided

® Same bitstream for all nodes.
® Any node can be Tx or Rx
® All open source

® All code required to generate bitstream is available
online
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® The WARPLab framework provides the following

® Reference M-Code
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® Reference M-Code

e MATLAB Code (M-Code) functions that allow
interaction with WARP nodes

o Ex:

® warplab_writeSMWO(Node |D,Buffer ID,M_Vector)
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® The WARPLab framework provides the following

® M-Code Examples




WARPLab Architecture
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® M-Code Examples

® |llustrate how to use the functions in the VWARPLab
Reference M-Code

® TJoday’s Lab |
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® The WARPLab framework provides the following

® Reference design

All open

® Reference M-Code
Source

® M-Code Examples



VWARPLab Flow
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VVWARPLab Flow
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VVWARPLab Flow
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WARPLab Flow

llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll
* .

| Buffer

SYNC

To DAC
-

To DAC /
-

Q Buffer

-
-----------------------------------------------------------------------------------------------------------------------------

From Ethernet

llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll
* *

| Buffer

5. Trigger the
transmission and
capture

U 6. Retrieve Rx
QBufer vectors

-
-----------------------------------------------------------------------------------------------------------------------------

From ADC
: >

) To Ethernet .

From ADC>




Tx BB Signal Requirements

® Amplitude of real partin [-1,]]

® Amplitude of imaginary partin [-1,1]

® Highest frequency 9.5 MHz (19 MHz BW)
® | owest frequency 30 KHz

® 40 MHz sampling

® Note: Buffers persist between triggers



Ix to Rx path
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VWARPLab Examples

® Hardware characterization

® Channel measurement

® Sphere detection

® Cooperative communications

® Beamforming



Lab |:VWARPLab

® VWARPLab graphical interface

® SISO communication

® Measuring the wireless channel

® Building a real bits-to-RF transmitter
® Continuous transmitter mode

® [wo-way communication

® 2x2 MIMO communication
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