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Why Radio Astronomy?
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Building the Antennas and Mount
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Tool of Choice: &GNURGOIO

THE FREE & OPEN FTWARE RADIO E TEM

* GNURadio is a free and open source software ecosystem that allows for
immense flexibility

* Programming with GNURadio is based on a flow based paradigm

* The hardware required is inexpensive ( as low as $30. We use a device that costs
<$200)
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The DSP Pipeline Implemented in GNURadio

Variable
10 freg
Value! 1 419G

Optiens Variable
10: top_block 10: samp _rate
Generate Optians: OT GIA Vehee: 10M
import Viariable
Impert: rp 102 vec_length
p Valoe: 4 094
Import: dxelime
osmocom Source

Device Arguments: & pack=0
Sample Rate (sps): 1M

Ch0: Frequency (Me): L 419
CnO: Freq. Corr. (ppm): O
Ch0: DC Offset Made: OF -
ChO: 1Q Balance Mode: OF
MO Gain Mode ! Moy
ChO: RF Gain (dB): 14
CNO: IF Galn (aB): 12
ChO: B8 Galn (aB): 20

SOR Source

Variable
10z wnc _samcie_loc ations
Value! ng aangel-ro g &
Vasiable

10: s

Value: np unc (snc_sample
Variable

10: custom_window

Value! snc ng hammingl 4%y

center frequency

Variable
10z integration
Value: 12

Integration Bime In seconds

Mot Sovd oerame

10z prefix
Value: homeids  oanftscany

10: timencw
Velue: 20180821 21 12 04 | Value: Tome/ds. nftscan i

Note! Polyphase Fitertens ’ Muttiply Const
[« custom -
Stream to Vector - -
o Bamnes A 000K V< Length; 4 096
Multiply Comst

o 1
Detary: 4 0%n
Detay

Note
Mote: Fiter Defrition Mm
Accwmulate: o

Stream to Vector
Delay: & 190 Nam ftema: & 096k
Delay Stream to Vector
Delay: 12 265 Num Itema: & 0%
QY GUI Histogram Sink
Number of Points: | 0J4
Number of Bins.: 100
Min x-axh: -1
Max vaws: |
Histogram Lo verify SOR gans
Variable Variable
10: freq vt | WO freq step
Value: L 4140 | Value: 2 44145
QY GUI Range QY GUI Range
10 ymn 10; ymax
Labek ymn Label: yroan
Default Valse: 0 Defacit Value: 200«
$Start 100 Staru S0
Stop: S Stop: 200k
Step: S0 Step 0

Stream to Vector
e ‘ml—.'mum_mr.

Viec Lemgth: 4 0%

4096 poirt IIT

Ve Length: 4 096

Multiply Conmst
Conatant: custom window(ve

QT GUI Choosar
10 save_toggle
Labelk Save Nie
Num Options:
Defaul Value: fane
Option 0; T e
Label ©: Write 10 Fle
Option 1: Talwe
Label 1: Not writing 10 fe

QT GUI Chooser
101 coblect
Label: Colect Data
Num Options
Defauit Value: roc s
Option 0: noc sl
Label 0: Spectru alitration
Option 1: cal
Label 1: Spectru alitration

Save Toggle

Option 2: hot
Label 21 Mot caliraton
Option 3: cola

QY GUI Push Button
10: spectrumcagture toggle
Labek Cagture . st Spectrum
Defoult Vale: fiie
Prossed: True
Released foie

Label 3: Cola calitration

Spectrum Type Chooser

Capture Spectrum Toggle

QY GUI Vecter Sink
Vector Sire: 4 0%«
XoAxds Start Vakee: | 414G
X-Axis Step Value: 2 441400
X-Axis Ladel: freqguency
Y-Axis Label Syt perature
X-Axis Unity:
Y.Axls Units!
Ref Level: 0

Display System tempersture

e

QT GUI Vecter Sink
Vector Stre: 4 0%
XoAuis Start Value! 1 4140
X-Axin Step Valoe: 2 44145k

Multiply with corgugate to get power spectrum

systemp calibration
vec_length: 4 0k
collect; nocal
samp rate: 10M
freq: 1 419G
prefin: homess odrfscay
spectrumcapture_toggle: fane

—>

hdfs sink
vec length: & 096
save _toggle: fale
Mlename; home! Iftwcan s
pointing: ALSESY
freq_start: 1 414G
freq step: 2 441400
notes: gbo hl & chout J0pm)

MDFS Nie sink
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System Gan

QT GUI Vector Sink
Vector Slae; & 096
X-Axis Start Value: | 4140
X-Auis Step Value: J 44141k
X-Axis Label Freguency
Y-Axis Label: o
X-Axis Units:
Y-Axis Units:
Ref Lovek 0

Degtay Catliberated Spectrum

Decimation: 29 2%«
Vec Length: & s
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Sum of Waves and Mystery Wave
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These lessons and activities are available online. They are hosted on the website:

http://wvurail.org/cra/
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Time was dedicated by the
teachers to work on designing
lessons and activities that could
be Incorporated In  their
classrooms

These were designed by the
teachers to work with the Next
Generation Science Standards
Teachers accessed several tools
to build exercises in DSP and
Radio astronomy

Additionally they were able to
use GNURadio program as
Interactive exercises
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Challenges of taking Radio Astronomy back to

classrooms

* The computing requirements depend on the Linux operating system
* Acquiring an appropriate LNA is expensive and building it non-trivial

* Disseminating the material:

* The teachers involved have a created a living repository of lessons and
activities created during the program

* |t is maintained on an online web page (http://wvurail.org/cra/)

* Lessons are to be added by individual teachers as they conduct them
In their respective classrooms

 The website also has instructions and resources that would allow one
to build a radio telescope on their own.



Challenges of taking DSP back to classrooms

 The teachers have access for their reference all the detailed
lessons and exercises they went through during the program

* They are available to them and all on an online web page
(http://wvurail.org/dspira/ )

» Despite conducting small DSP exercises in their schools, it has
been a challenge for the teachers to incorporate these into
regular STEM classes and still cover the required materials.

 This contrasts with Radio Astronomy, which our teachers have
been rather successful at incorporating into regular classes.




Thank You

Link to presentation and details for the program:
wvurail.org/dspiratalk

Our next session is in Summer 2019
You are all encouraged to apply: http://wvurail.org/dspira-2019/



