Digisonde 4D Overview

Ryan Hamel

— =g Lowell Digisonde International, LLC

LOWELL
DIGISONDE
NNNNNNNNNNNNN

XIV INTERNATIONAL GIRO FORUM - -23 MAY



Digisonde 4D

Station ¥Y¥Y DAY DDD HMMMSS P1 FFS S AXN PPS IGA PS
MILLSTONE HILL 2008 Bpxl5 106 000000 RSF 1 514 100 04+ A2

STATION NAME YYYY DATE DDD HHMMSS AXN PPS IGP
TRIVANDRUM 2009 Febl7 048 005800 417 100 -8D

o ONDE
DIGIS orth

XIV INTERNATIONAL GIRO FORUM « 20-23 MAY
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* Digisonde System Introduction
* Transceiver Hardware Overview

* Current Work and Future Digisonde
Development




Key 4D Innovations

e Digital Transceiver

— Superior accuracy, precision, and resolution of amplitude
and phase measurements

e Precision Echolocation for skymaps
e Improved lonogram fidelity

— Simpler to build and maintain
e Embedded platforms
— Faster processors and interfaces

— Fast enough to record time do
— No more pauses within ¢




Key 4D Innovations (2)

e New Signal Processing
— RFI Mitigation technigue (~30 dB SNR improvement)
— Faster measurements (2 sec ionograms)

e Software and Data Analysis

— New DCART terminal for real-time data monitoring and
processing, experiment planning and system commanding

— New passive mode for reception of signals fron
transmitters-of-opportunity

— Fault isolation to LRM with ir
* Exact Reproducible Timing
e Automatic bi-static sc
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Milstone Hill, MHJ45

Improved lonogram Fidelity
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Precision Echolocation
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Millstone Hill, MHJ45
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Survey, SA0 Explorer, v 3.4.11
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Rapid lonograms
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Simplified Architecture
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Embedded Systems

Dual-core Pentium Dual-core Pentium

Pre-
processor

Ethernet

.....................................

Windows XP
Embedded




DPS-4D Digital Transceiver Block Diagram
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Digisonde 4D General Layout
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Development of Topside Sounder

 Much of the Digisonde 4D digital transceiver
technology is applicable to a topside sounder

e Current transceiver hardware is unacceptable for
space

* Implement a digital transceiver that is suitable for
space (in FPGA)

* Use the development knowle
the ground system
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Field Programmable Gate Array (FPGA)

* An integrated circuit designed to be configured by a customer or a
designer after manufacturing — hence “field programmable®

 Contemporary FPGAs have large resources of logic gates and RAM
blocks to implement complex digital designs

 The FPGA configuration is specified using a hardware description
language (HDL) code

* FPGAs can be used to implement any logical function that
could perform

* The ability to update the functionalit
configuration of a portion of the ¢
engineering offer advantages

an ASIC

xxxxxxxxxx



Future Direction of Digisonde

Implement transceiver in Field Programmable Gate Array (FPGA)
— Consolidation of components (Transmitter / Receiver / Pre-Processor / BIT)
— Functionality is implemented as firmware (code) and is more portable
— Greater control over functionality
— The resulting IP can be applied to different devices to suit various applications (space, for
example)
Replace RTEMS (Real Time Executive for Multiprocessor Systems) with Real Time
Linux
— Better Hardware support allows more flexibility in choosing future computers
— Large support community

Selected PCl as transceiver / computer interface (i

— More than fast enough for our future need
— Good life expectancy




Digisonde 4D Transceiver Layout: Current System

= PT for control of hardware
in card cage

="|DE DMA delivery of
receiver data

"RTEMS hardware support
limits computer options

POWER DISTRIBUTION



Digisonde 4D Layout: Fully Implemented Transceiver

mAll transceiver functionality
implemented as a single
transceiver PCle card
=Replace RTEMS with RTLinux
=Integrate function of Control
and Data computer into a
single platform

TRANSCEIVER

POWER DIST.



Benefits

* Single interface to computer means any computer with
a PCle bus is a candidate for our system

* Replacing ASIC components with firmware
implemented on FPGA provides us greater
development control

* All our technology on one device (ideza
* Good platform to expand functic
More flexible to keep ug
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2-Channel Digital Transmitter

Link to
Control
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Tracker Filter

Band6: 15 — 32MHz
Band5: 7 — 15MHz
Band4: 2.9 — 7MHz
Band3: 1.2 — 2.9MHz
Band2: 0.5 -1.2MHz

Band1: 0.1 — 0.5MHz

Prevent ADC saturation

Band Filters

To Receive

DC to Varicaps

From Control
Computer
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Digital Receiver

Link to
Control
Computer

Antenna Switch
control

Data stream
to Pre- Processor

XIV INTERNATIONAL GI;O FORUM - 20-23 MAY



Preprocessor Card

Link to
Control

Computer
i
1.
Link to
Digital
Receiver

8]

16070 580 2

¢ IDE Interface

e DMA support

g X
=103 TPSTPBIPR

e &) crs7
e RFIM

UMASS * LOWELL

CENTER FOR ATMOSPHERIC RESEARCH

PRE-PROCES! “REV B 01/09
5021301

XIV INTERNATIONAL GIRO FORUM « 20-23 MAY



BIT-Card
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Power Distribution Card
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Digisonde 4D Transceiver Layout: Pre-Processor as PCle Card

="Move Pre-Processor
functionality to PCle card on
Control Computer bus

POWER DISTRIBUTION



Change

* |nitially implement Pre-Processor as PCle card

— Minimal changes to current system

* Eventually migrate the digi
a PCle card



