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« Powerful open source radio development
environment

« Low cost prototyping and deployment
nardware platforms

 Development environments to make real-time
embedded radios as easy as desktop
simulations

 Open reference designs

« A community and a platform to make
collaboration and sharing easier
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- GNU Radio

Low cost prototyping and deployment
hardware platforms - Deployable USRPs
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E310 SDR

Lightning Protection

Waterproof/Dustproof
Power Over Ethernet Enclosure
(POE) DC-DC
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- GNU Radio

- Deployable USRPs

Development environments to make real-time

embedded radios as easy as desktop
simulations - RFNoC



RFENoC: RF Network on Chlp
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— Transparently move computation between CPU and FPGA
— Common Software APl + FPGA infrastructure
— Handles FPGA - Host GPP communication / dataflow and control

— Provides the user simple software and HDL interfaces

« Fully integrated system-level FPGA/GPP development and
debugqging

« Scalable design, from small embedded devices up to
massive distributed processing systems with 100's of FPGAs

* Fully supported in GNU Radio and other frameworks
- Very low latency and low overhead

« Distributed asynchronous implementation of Kahn Process
Networks (aka GNU Radio blocks)

« Allows users to concentrate on algorithms and systems, not
low level details



RFNoC Architecture
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User Application - GNU Radio

RFNoC: Radio
Radio Select: A
Mode: Rx
Stream Args:
Center Frequency: 1.982G
Sampling Rate: 1M
Gain: 20
Antenna: TX/RX

FFT
FFT Size: 1.024k Logl0
l Forward/Reverse: Forward l 3 n: 20
Window: window.blackmanhar... Vec Length: 1.024k k:0
Shift: Yes Vec Length: 1.024k
Num. Threads: 1

* Example: Plotting frequency spectrum

<£ (L (L 5 | Research”'

QT GUI Vector Sink
Vector Size: 1.024k
X-Axis Start Value: 0
X-Axis Step Value: 1
[l x-Axis Label: x-Axis
Y-Axis Label: y-Axis
X-Axis Units:

Y-Axis Units:

Ref Level: 0

HOST PC

A A |

Ingress Egress Interface

v

Crossbar
vt 17 i1
Radio Core Computation Computation
Engine Engine

USRP FPGA
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User Application - GNU Radio

RFNoC: Radio
Radio Select: A FFT
Mode: Rx FFT Size: 1.024k LoglO
Stream Args: Stream to Vector 3 Forward/Reverse: Forward 3 Complex to Mag » n: 20
Il - N It :E o . Uiviald . 2l
Center Frequency: 1.982G ._ > U:?Le:rﬁv 1024k Window: window.blackmanhar... Vec Length: 1.024k k: 0
Sampling Rate: 1M JLE LR Shift: Yes Vec Length: 1.024k
Gain: 20 Num. Threads: 1

Antenna: TX/RX

A
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-

QT GUI Vector Sink
Vector Size: 1.024k
X-Axis Start Value: C
X-Axis Step Value: 1
X-Axis Label: x-Axis
Y-Axis Label: y-Axis
X-Axis Units:

Y-Axis Units:

Ref Level: C

HOST PC

i+ Radio block in GNU Radio represents
the Radio Core RFNoC block in FPGA
¥1
. Crossbar
vyi t1 }1
Radio Core Compu.tation Compu.tation
Engine Engine

USRP FPGA
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User Application - GNU Radio

Mode: ix * RFNoC provides the communication
z:ftlﬁ?tm  1onc ™ i B Eopoturoniop Y
Sampling nqate: 1:1. - IanaStFUCtu re » ;H?Jtm A o
:::;::nfa: TH/RX ‘rmu ‘.J.m- l—
Ref Level m
O
USRP Hardware Driver L
Ingress Egress Interface <
O
o 8
Crossbar L
vt v &
7))
: . )

: Computation Computation
Radio Core . .
Engine Engine

o ©
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RFNoC: Radio
Radio Select: A
Mode: Rx
Stream Args:
Center Frequency: 1.982G
Sampling Rate: 1M
Gain: 20
Antenna: TX/RX

User Application — GNU Radio

FFT
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FFT Size: 1.024k Logl0

Forward/Reverse: Forward l r # Complex to Mag n: 20
l Window: window.blackmanhar... Vec Length: 1.024k :l ! |: k:0
Vec Length: 1.024k

Shift: Yes

i

Num. Threads: 1

QT GUI Vector Sink
Vector Size: 1.024k
X-Axis Start Value: 0
X-Axis Step Value: 1
X-Axis Label: x-Axis
Y-Axis Label: y-Axis
X-Axis Units:

Y-Axis Units:

Ref Level: 0

(YW _ W _ W]

* RFNoC provides space for user logic

called Computation Engines

HOST PC
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Crossbar
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USRP FPGA
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User Application — GNU Radio

RFNoC: Radio
Radio Select: A
Mode: Rx
Stream Args:

Center Frequency: 1.982G

Sampling Rate: 1M
Gain: 20
Antenna: TX/RX

FFT
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FFT Size: 1.024k
l Forward/Reverse: Forward
Windew: window.blackmanhar...
Shift: Yes

# Complex to Mag :l »
H Vec Length: 1.024k |:

n: 20

k:0

Vec Length: 1.024k

LoglO

i

Num. Threads: 1

QT GUI Vector Sink
Vector Size: 1.024k
X-Axis Start Value: 0
X-Axis Step Value: 1
X-Axis Label: x-Axis
Y-Axis Label: y-Axis
X-Axis Units:

Y-Axis Units:

Ref Level: 0

(YW _ W _ W]

* RFNoC prowdes space for user logic

called Computatlon Engines

Crossbar
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Radio Core
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HOST PC

USRP FPGA
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RFNoC: Radio
Radio Select: A
Mode: Rx
Stream Args:

Center Frequency: 1.982G

Sampling Rate: 1M
Gain: 20
Antenna: TX/RX

User Application — GNU Radio
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FFT
FFT Size: 1.024k

Shift: Yes
Num. Threads: 1

Forward/Reverse: Forward

E l 3 # Complex to Mag :l » n: 20 :I 5
Window: window.blackmanhar... Vec Length: 1.024k |: k:0 |:
Vec Length: 1.024k

LoglO

QT GUI Vector Sink
Vector Size: 1.024k
X-Axis Start Value: 0
X-Axis Step Value: 1
X-Axis Label: x-Axis
Y-Axis Label: y-Axis
X-Axis Units:

Y-Axis Units:

Ref Level: 0

SR# Ha

Ingreés

gr

J

* Implement FFT as
a Computation
Engine in FPGA

CrObbUdl

1A
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Radio Core

v
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HOST PC

USRP FPGA
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User Application - GNU Radio ...
Vector Size: 1.024k
X-Axis Start Value: 0
Log10 :-:.A::: s:::v:luu: 1

RFNoC: Radio
: 20
" :'—.-l: ¥-Axis Label: x-Axis
y-Axis

Radio Select: A
Mode: Rx
RFNoC: FFT
Stream Args: ] EET Size: 1024 — Complex to Mag [
’ Vec Length: 1.024k :| i k:0 i
FFT Qutput: Complex i Y-Axis Label:
Vec Length: 1.024k X-Axis Units:
Y-Axis Units:

Center Frequency: 1.982G
Sampling Rate: 1M
Gain: 20
Antenna: TX/RX Ref Level: 0

HOST PC

Ingress Egress Interface

it

Crossbar

USRP FPGA

vt

Radio Core

@
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- GNU Radio

- Deployable USRPs

- RFNoC

Open reference designs - OFDM and
Spectrum Sensing in GNU Radio + RFNoC

97T
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GNU Radio OFDM Reference Desig
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Freq Mod
Schmidl & Cox OFDM synch. [ffeq orset [in | hmﬂ':r:;"ﬂ o
UHD: USRP Source FFT length: &4 i )
Samp Rate (Sps): 10k Cyclic Prefix length: 16 detect '—
ChO: Center Freq (Hz): 0
ChO: Gain Value: 0
Stream to Vector
Multiply #
Num Items: &4
h'_b
FFT OFDM Fra Ei Ii
OFDM Channel Estimation s
FFT Size: 64 FFT length: &4
Synch. symbol 1: sync_wordl
Forward/Reverse: Forward - CP length: 16
- H- Synch. symbol 2: sync_word2 H-
Window: Number of data symbals: 1 Equalizer: <gnura...25a030> >
Shift: Yes Maximum <a rrier:ﬁmt' 3 Length Tag Key: frame_len
Num. Threads: 1 ' Propagate Channel State: Yes
OFDM Serializer
FFT length: &4 Constellation Decoder Repack Bits
Occupied Carriers: [-..., 26] H E—FE Bits per input byte: 2 |out
Constellation Object: ..0= =
Length Tag Key: frame_len Bits per output byte: 8
Input is shifted: True
File S5ink
File: data.bin in
Unbuffered: Off
Append file: Overwrite




RFNoC OFDM Reference Desig

RFMoC: Radio
Radio Select: B
Mode: Rx
Stream Args:
Center Frequency: 2.4G
Sampling Rate: 20M
Gain: 10
Antenna: TX/RX
Force Vector Length: 64

RFMoC: FFT
FFT Size: 64
Forward/Reverse: Forward
Shift: Yes
FFT Qutput: Complex
FFT Scaling Word: 1.365k

RFMNoC: FIFO

- Device Format: Byte

FIFO Select: 1
Force Vector Length: &4

RFNoC: FIFO

Device Format: Complex intle

FIFO Select: 0
Force Vector Length: 64

e

RFNoC: OFDM Equalizer
FFT Size: 64

=

B - -] Vec Length: 54

File Sink
File: data.bin

Unbuffered: Off
Append file: Overwrite

N

RFNoC: OFDM Sync
FFT Size: 64
Cyclic Prefix Length: 16
Threshold: 850m
delay: 248

Max Num Symbols: &

o 9o
0

O
O Research”

A National Instruments Companv

RFNoC: OFDM Constellation Demap
FFT Size: 64
Modulation: QOPSE
Scaling: QPSE
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- GNU Radio

- Deployable USRPs

- RFNoC

. - OFDM and
Spectrum Sensing in GNU Radio + RFNoC

« A community and a platform to make
collaboration and sharing easier -
CGRAN.org + PyBOMBS 00



Community and Collaboration
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. PyBOMBS

- GNU Radio 3rd-party module packaging system
- Pain-free download/build/install process

« Automatic dependency resolution
» Cross Platform
* Integrated with Git version control system

 CGRAN.org

Browse~Checkout~Hack

Centralized location for PyBOMBS GNU Radio modules
* Currently 73 hosted modules

Standardized interfaces

Automated documentation and web pages

Free hosting

Pain-free sharing

» Together they form the App Store for SDR! o
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- GNU Radio

- Deployable USRPs

- RFNoC

. - OFDM and
Spectrum Sensing in GNU Radio + RFNoC

CGRAN.org + PyBOMBS : T T w



Thank you!

Matt Ettus
Matt@ettus.com

http://ettus.com
@EttusResearch
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