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— L = EDIIGERZ000; - \ ?
HPSDR IS OPENHPSDR :

* An international group of SDR enthusiasts.

* Developing open-source hardware and software.

* Having a o of fun working with each other,
challenging each other, and learning as we develop
and test new technology.

* Partners (separate entities) include TAPR and

Apache Labs.

©2014 Warren Pratt, NROV
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NEW ITEMS THAT Al

» WDSP — New DSP library

» Pure onal — Adaptive pre-distortion

» EER / ET firmware & software

AGIHVEDEVELOPMENT

* New Communication Protocol

* Direct Fourier Conversion & New Architectures
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- * New Communication Protocol

)

* Direct Fourier Conversion & New Architectures
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SINCEZ2006

Developedforour current and FUTURE openHPSDR needs
» Readily useabl for other SDR projects

, l\/larly.ep and new fur ctions

»@pen-source, GNU GPL version 2
fng Language — Close to the hardware & Efficient

TN hipping NOW! ( But, always opportunities to do more! © )

©2014 Warren Pratt, NROV
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Channel
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‘receiver or transmitter.
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203 DS 2001 a5

Channel Blocks

omprises BLOCKS, each of which performs a specific

function such as Filter, AM Modulator, or ALC.

©2014 Warren Pratt, NROV
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Channel Blocks

> Each CHANNEL is completely independent of all others —

nnels share nothing — No shared data or settings.

©2014 Warren Pratt, NROV
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Channel Blocks

MEACHICHANNEL is completely independent of all others —

.chanjf share nothing — No shared data or settings.

» You can have as many channels as you want.

©2014 Warren Pratt, NROV
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unit Channel Blocks

NEBCHIGHANNEL is completelying _endent of all others —
ehannels share NOTHING — No shared data or settings.

slYourcanrnave as many channels as you want.

» The CHANNEL structure is always exactly the same, no

matter what type of unit is housed within it.

©2014 Warren Pratt, NROV
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Channel Blocks

to add new types of units — very uniform

structure to “splice” them into channels.

©2014 Warren Pratt, NROV
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Channel Blocks

ning a BLOCK, you can use that definition as
many times as you want within a single unit and you
can use that definition in other units.

» BLOCKS a 50 have a very uniform structure.

©2014 Warren Pratt, NROV
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hannel Blocks

n UNIT structure, and
uniform BLOCK structure support easy re-use of technology

and more rapid development.
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“_hannel Blocks

A r]gh_} sortment of BLOCKs has been included!
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) AVAILABLE BLOCKS

S Ereguency-shifter (complex oscillator + mixer)
» Signal Generators
* sine, pulse, two-tone, triangle, noise, sawtooth
» Adjustable bandpass filters
» AlVI squelch & transmit noise
» raised-cosine transitions
b continuously variable tail length
- * AM Demodulation
- ¢ basic & synchronous modes
e sideband selection (lower, upper, or both) — true
phasing separation, not filtering
e carrier stabilization

©2014 Warren Pratt, NROV
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I AVAILABLE BLOCKS

 EIVIFDemodulation

» de-emphnasis

» CTCSS block
> FM Squelch
» raised-cosine [Ions
» continuously variable ta
» Equalizer
» continuous-gain (as opposed to gain by band)
~especify gain at any number of frequencies
Automatic Notch Filter (LMS algorithm)
e automatic variable leak
- » Automatic Noise Reduction (LMS algorithm)

e automatic variable leak

ength

©2014 Warren Pratt, NROV
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AVAILABLE BLOCKS

ics of an RF speech processor
» AM rrudJJ to
» Zero carrier shift
* absolute 100% n
» EIVl modulator
* pre-emphasis (either before or after limiting)
» CTCSS tones
) Hrserr ptive NoiseBlanker
| ew time, advance time, hang time control
- * Diversity mixing
- » PureSignal transmit linearity correction
* Audio Peaking Filters for CW & RTTY

odulation control available

©2014 Warren Pratt, NROV
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‘ AVAILABLE BLOCKS

AGC //ALC / Audio Leveler
» ZERO® overshoot (total amplitude control)
» automatic fast decay mode for transients
* hang tunctionality
» s|ope functionality (strong stations sound louder)
» get / set functions for controls on panadapter
> Patchpanel
» select | or Qor |l and Q
s copy I=»Q or Q=>|
Utual and separate I, Q gain controls
* use for input select, audio pan, binaural output
selection, etc.

(1)

©2014 Warren Pratt, NROV
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AVAILABLE BLOCKS

vVieters

» peak, average, and gain modes

» Phase & scope displa

» Panadapter / Spectrum display

» [arge FFT support for weak signal

» stitched spectra for wider display

» adjustable frame rate (independent of sample rate and
FFT size)

»'spur elimination for Cyclops spectrum analyzer
resamples to chosen pixel width

* selection of window functions

e selection of averaging modes

e AND MORE ...

©2014 Warren Pratt, NROV
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PSDR TOPICS
- PAcIFicoN 2014
NEW ITEMS THAT Al

» WDSP — New DSP library

) - pureSignal — Adaptive pre-distortior

» EER / ET firmware & software

AGIHVEDEVELOPMENT

* New Communication Protocol

* Direct Fourier Conversion & New Architectures
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BIP -c/ DDC RECEIVER

is

PROCESS DIGITAL . DIGITALDOWNCONVERT

N

Process in | "“ ADC
Software DSP |~ l ‘J

N

[\

Digital Signal ‘ Digital Preamp/ATT
Generator Oscillator Filters

\

SVl Withieomplex Oscillator To Generate Baseband (0 Hz IF) Signal

e DecimatesbowniFrom The Sample Rate Of The Oscillator & ADC (122.88 Mhz)

©2014 Warren Pratt, NROV
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openHPSDR

GENERATE DIGITAL S

Process in

MIC > ADC DAC

“l Software DSP
7}

\

/

Digital Signal ‘ Digital \ o
[ Generator Oscillator Amnplifier

\

J

. Complex Dugi al Sig

©2014 Warren Pratt, NROV

s Interpolate Up To The Sample Rate Of The DAC & Oscillator (122.88 Mhz)
VIix With Complex Oscillator To Generate The RF-Frequency Digital Signal



DIGITALUPCONVERSION

Digital Amolifier
s Amplifie
Oscillator J

14180 14.185 14.190
-20
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Digital
Oscilligy®

14.185 14.190 14.195
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14190

DIGITALUPCONVERSION

U

Digital
Oscillator
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Digital
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14180 14.185 14190 14.195
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14.185 14190 14.195

IVERSION

Digital . I j
" Amplitier J
Oscjly/ - J
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©2014 Warren Pratt, NROV

the aamplifiris NOT perfectly linear!

30
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—-Eo0s AMPLITUDE NON-LINEARITY

openHPSDR

0.1 l po.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Amplifier Input

©2014 Warren Pratt, NROV

Ideal
Actual
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- WSIAcE2005 BY PREDISTORTION

openHPSDR

Ideal
Actual

PD Input

0.4 0.5 0.6
Amplifier Input

0.7 0.8 0.9 1

©2014 Warren Pratt, NROV
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L) A D APTIVE BASEBAND PREDISTORTION

i

) ) \
DUC DAC

Apply
Correction

V.
V.

Basic Concept
Generate ] LU
Signal "

~ Correction

\

,
Amplifier ]—_
\,

N\

\

Compare
Signals &
Calculate

Correction 4 DDC ADC

N

. A c ection to the out-bound signal
- » Calculate Correction by Comparing the Input & Output of the Amplifier
* BASEBAND — [,Q Before Up-Conversion / |,Q After Down-Conversion

* ADAPTIVE — Repeat the process to Adapt to Changing Conditions

©2014 Warren Pratt, NROV
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OPENHPSDR TOPICS
PACIFICON 2014

NEW ITEMS THAT £

» WDSP — New DSP library

» PureSignal — Adaptive pre-distortion

ﬁ » EER / ET firmware & software

AGIIVEDEVELOPMENT,

- * New Communication Protocol

)

©2014 Warren Pratt, NROV

* Direct Fourier Conversion & New Architectures
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HIGHLY-EFFICIENT POWER AMPLIFIERS

EER (Envelope Elimination & Restoration)
ET (Envelope Tracking)

FIXED DISSIPATED SUPPLY VOLTAGE DISSIPATED
SUPPLY VOLTAGE AS HEAT

©2014 Warren Pratt, NROV
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SOFTWARE (PC)

Adjustable
Delay

\

/

Generate

[ Amplifier

N\

J

Baseband TX (

Signal Up-Conversion Delay

N

Adjustable Calculate | 240Khz Swpgsvh;:g
Delay | Envelope I d PWM I
Supply

]

PS Filter Delay

©2014 Warren Pratt, NROV
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PACIFICON 2014

NEW ITEMS THAT £

* \WWDSP — New DSP library

» PureSignal — Adaptive pre-distortion

J -/ ET firmware & software

AGIIVEDEVELOPMENT,
-1 j\Je Communication Protocol

)

©2014 Warren Pratt, NROV

* Direct Fourier Conversion & New Architectures
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* DDC feeding DUC — linear translator

©2014 Warren Pratt, NROV Credit — Phil Harman, VK6PH
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;. NEW PROTOCOL FEATURES

i

d on streams

» Stream format defined when opened

-

» Stand ard stream tys nitially defined
* New -ream types easy to define and add
»'Use UDP port numbers to identify streams

- Port number assigned when stream opened

©2014 Warren Pratt, NROV Credit — Phil Harman, VK6PH



~ ., NEW PROTOCOL FEATURES

— port 1024

— port 1025

port 1026

©2014 Warren Pratt, NROV Credit — Phil Harman, VK6PH
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NEW ITEMS THAT £

» WDSP — New DSP library
— Ada

» PureSignal ve pre-distortion
» EER / ET firmware & software

AGIHVEDEVELOPMENT

* New Communication Protocol

- * Direct Fourier Conversion & New Architectures

©2014 Warren Pratt, NROV
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o _)LJJ TAL DOWN-CONVERSION
| The Current Model

0 R0

Digital
Oscillator

1 Don"_ the time domain, in an FPGA

From ADC

DDC requires replicating the FPGA resources
Each different frequency slice requires another DDC

* FPGA programming is less productive than software

©2014 Warren Pratt, NROV



- - R )up DOWN-CONVERSION
The DFC Model (Simplified !!)

openHPSDR
] Inverse | .
o
FFT
-rom ADC —52 FFT
<

» Done the frequency domain, in an SBC or PC

Frequency
Bins

* Al'DDCs use the same forward transform (the big one)
e Each different frequency slice requires an IFFT

- * Programming is in software, e.g., in C

©2014 Warren Pratt, NROV
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| The DFC Model
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Nvidia Jetson TK1: Quad-core ARM, 192 Cuda Cores, S 192
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Simplified
SDR
Hardware

Single
Board
Computer
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