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Software Defined Radio in Max/MSP

A software defined radio receiver.

Works with theSoft661c2(500 KHz to 30 MHz) and theEUNCubeDongle Pr¢64 MHz
to 1.7 GHz)

Features include:

» Support for generic IQ devices and files

« SSB, AM, FM, and FMW

* AGC, Notch/Peak filter, and Noise filters

» Midi control-surface support

» iPad control-surface support via touchOSC
* Memory store/recall

» Scanner interface

» Synthesizer interface

Runs in Mac OS and Windows

Requires Max/MSP (distributed I6ycling74)
(iPad screens requiteuchOSCapp)

For downloads, support, and tutoridi$tp://zerokidz.com/radio




audio input

nhma

menu_set  radio devicelfile
m

1 currentPreset
p select Inpul 1Q recordsr e
E_\q_rac‘ord save
Pal ., _
auta

8§ 5 |~ o . o
B IQ_mm'ﬂ’ 8 preamp device status tuning step (mhz)  device freq (mhz)  actual freq (mhz) offset {khz) ‘D-Psmmg;\:ar

(o]

@

o]

o]

lowpass filter 1 b ubf

k)
5 iq_ba - - - - “I] ain
i T —— e 1
I -
B Age onepole- 600D | "oise filter
L T af gain
- req (I ) e e (I G
| oriot [ i [Il- e fowpass fiter 2
el peak [T notehipea fiter n
P'notch filter
N audio
e oo W D G = (@)

hum filter

Figure 1 - A software defined radio receiver in MaXMSP

Credits:
This project is derived from the work of the follmg developers:

» Kazunori Miura, JA7TDO - Soft66lc2 hardware/softevalesign
e Thomas Horsten - Linux soft66add control software

* Thomas Robin-Couerrier - PPC externals, conver&itesting

* Howard Long, G6LVB - FUNCube hardware/software dasi
e Alexandru Csete, OZ9AEC - QTHid FUNCube controlhwafe
e Mario Lorenz, DL5SMLO - FUNCube control software
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* David Pello, EA1IDZ - Linux FUNCube command linentm| software.

* Joseph Zicarelli, KBLURI - Project design and testi

Thank you.

Tom Zicarelli, KA1IS - November 14, 2011



Table of Contents

Software Defined Radio in MAX/MSP .........ooieariiiiiiiieiiiiieee e e e 1
(O (=T [ £ P OO U PEUPTPTPPPPPPPPPPPPPN 2
YY1 (=0 0 I LT [ | o PP PPPPPPPPP 5
(01T g [ 0] (=] 1 = od = PP PP PPPT PSPPI 7
SOMWAIE DESIGN ittt a e e e e e e 11
SOWAIE DESIGN it a e e e e e 11
SOUICE COUR ...ttt i ettt e e e e et ettt et e e e e e smmmne e e e e e e e e annnne e 11
Software Signal Path..............uuieiiiiiiimmmmem s 11
AUIO INPUL MEBNU ...ttt aeaaa e a e 12
DEVICE/IFIIE MENU.....eiiiiiiiiiiiiiiiiei ettt e e 12
1O { ] T TSP P UUPPPPPPPPPR 13
1@ o 7= 1= g o7 =T PSRRI 13
preamp/attenuator/RF gain CONLrol ...........cceemeeniiiiiiiiicic e 13
Bandscope and tuNiNg CONLIOIS ........uuuuuiiemmemeeeiiieiieeeeieeeeeeeeeeeeeeeeeveeeee e reeneee s 13
Mode SEIECT CONLIOL........ceeiiiiiie e e 13
5L USRS 14
LOWPASS fIlIET ... 14
AGC e e e e e e e reaae s 15
Detector (demMOTUIALON) ......coieiieee i 15
AUdiO NOLCh/PEaK fIltErS.......ceii it 16
HUM FIEEI ettt e e e e e e e e e s 16
NOISE FIIEEI . e e e e et e e e e e s 16
LOWPASS fIlIOE ... 17
DEVICE CONION ...ttt e e e e e e e e e bbb eeeeeeas 17
SOMBBICZ ...ttt e e e e e e e 17
[ O 5 PR PP P PPPP PPN 17
MIDI CONTIOL ..ttt e e e e et e e e e nee e s 17
USEI MANUAL......coieiiiei e ettt et e e e e e e e e e e e e e e 19
INSTAIALION. ...t e e e et e e e e e 19
HArAWAIE SEIUP......coiiiiiiiiiiiiiii ettt 19
CADIES. e ——————— 19
Y g1 (=] o = S PP 20
2 Lo 1o TSP 20
USING the PrOgIaM. ... e e e e s nennnnne 20
Sliders, buttons, and tOgQIES ..........eueiiee e 21
DSP/MIDI SEUUP....ceiiiiiiiiiiei ettt eeeeee s e e e s eeeeeenne e 21
BaSIC OPEIALiON......cciiiiiiiiiiiiiii ettt eeeeee e 21
7 Lo [T 10 V0 1 S 22
MEIMOTY PIESELS... ettt ettt e e e e e et ee e e e e e e e e e ee s b e seee e e s e e eeeeeenes 22
Controlling DeVICe FreqUENCY ............immmmmeieeiniiiiiiiiii s e emnees 23
11 S 24
Tuning tips and troublesShooting ...........oo oo s 24

AGC et 25



Yo7z 1] 1= (TR 25

Midi SPECITICALION.......ccciiiiiiiiiiii i 27
Midi FEEADACK ... 29
IPAA INTEITACE ...ttt e e e et e s 29
SYNtNESIZEN INTEITACE ... i 30
[led] diSPlay SCrEEN ......ccoe i 30
WNAE'S INEXE? L.ttt ettt e e e e e ettt e e e e e e s s e e e e e e s e e nebeenee s 31
REIEIENCES ...ttt e ettt et eeee st e e e e e e e e e e 31
Y 01 (=] 0] T T TP 31
Complex numbers and modulation .............ccccceveiie e 32
CULESDIR ... ettt e e e e et e e e e e e e annmnr e e e e e e e e 32
Digital SIgnal ProCESSING ....ccoiiiiiiie et et 32
O PP PP EPPP PRI 32
GNURAQAIO COMPANION. ......ciiiiiiiiiiiiiiie it ieetee e ettt eee e eeeeeeeeeeeeaeeseeseesesrernneeaeeeeees 32
1@ 0 = 1= T 111 SR 33
PEDDIESDR ...t e e as 33
101 (6] ] (o} T PP PPPPTPPPP 33

Software defiNe FAGIO .. .. c.neeee e e ee e e e e eeens 33



System Design

In a software defined radio system (SDR), companeatitionally built with hardware,
are implemented in software using digital signalgessing (DSP). Familiar products
like cell phones and wireless routers are exangfl&OR’s. The project described here
is a software defined radio receiver with threegatal components:

« Antenna

* RF front-end

e computer
y 4
MIDI
controller
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—_—

IQ signal to
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Device

control .
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output

In a direct conversion SDR, the RF front end sengst signals through a bandpass filter
to a mixer which shifts the frequency down into #uelio spectrum. The mixer uses two
local oscillator (LO) signals that are 90 degreatsad phase to produce “I” and “Q”
signals (in-phase and quadrature). 1Q signalslsereferred to as complex or analytic
signals. Using IQ signals simplifies frequencyftaig and demodulation.
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Figure 2 - 1Q modulator

The computer reads baseband IQ signals, via thedstard, and converts them to digital
data (ADC). The rest of the processing happessfitware. This includes mixing,
filtering and demodulation. The final result is gernted to analog audio by the sound
card (DAC).

Typically an SDR program also sets device frequemty/selects appropriate hardware
filters via a serial (USB) interface.

The RF front-end devices used in this project veetected based on cost and frequency
coverage. The Soft66LC2, designed by Kazunori Mid#&/ TDO, costs $108 USD and
covers 500 KHz to 30 MHz.

Figure 3 - The Soft66Ic2

The FUNcubeDongle Pro (FCD), designed by Howardd,@&6LVB, costs $186 USD
and covers 64 MHz to 1700 MHz.



'Figure - The FUNCubeDongle Pro

This project was developed in Max/MSP 5 (Max), fréytling74on an Apple Macbook
(OS 10.6). Max provides a wealth of audio DSP dkjadich are easily adapted to the
signal processing requirements of SDR

Max external objects for device control are writberC. They are compiled using Xcode
4 for the Mac and Visual Studio C++ Express for Udws.
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Figure 5 - A Max patch

User Interface



The radio interface is designed to fit a small sarevhile still providing access to the
underlying processing blocks. Like most SDR aggtians, the goal is to make it look
and feel like a hardware radio.

In addition to the standard Max user interface @H)ects the receiver supports remote
operation via Midi and the iPad (running touchOS@ax has an extensive library of
MIDI interface objects. This makes it possibleise control surface hardware with real
knobs and buttons to operate the radio.

A complete MIDI specification is included in thppendix. It has been tested with the
Behringer BCR2000 but any programmable Midi dedae be used to control and
receive feedback from the radio.

Figure 6 - BCR2000 Midi control surface

Remote iPad operation is accomplished using thehto&C and Airphones apps.
touchOSC sends and receives data using the Open &unntrol (OSC) protocol. Here
are examples of the iPad radio screens:

Figure 7 - iPad radio screen



Figure 8 - iPad scanner screen
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Figure 9 - iPad synthesizer screen

touchOSC communicates with Max via Wifi. Max seadslio back to the iPad via Wifi
using the Airphones App. This allows the iPad taibed as a self contained remote
receiver — using the laptop as a server for the riaardware.

An alternative user interface display using Maxi]lebjects is shown below
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Software Design

Max uses a visual design paradigm featuring olijeges and patch cords. A Max patch
looks a lot like a circuit schematic diagram. Fsging blocks can be encapsulated into
sub-patches, simplifying the top level view.

Source code

In Max, the visual representation of a patch isiant to source code. Links to files for
this project are atttp://zerokidz.com/radioYou can view code within a Max sub-patch
by double clicking its object box. Source codeNax external device control objects is
written in C and compiled in Xcode. This code W available from the same site. If
you don’t have a full copy of Max you can still rand view max patches using the Max
runtime program, a free download, from Cycling74.

In this text, Max objects are referenced in squmaekets [ ]. For example, [adc~].

For each of the following sections please refeagpropriately named sub-patches in the
source code for precise detalil.

Software Signal Path

Here’s a block diagram of the signal path. Thenea ‘right’ way to arrange the blocks.
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Prior to demodulation the signal is in 1Q formabigh facilitates frequency shifting and
demodulation. The IQ signal is called a basebagabsibecause the carrier frequency has
been “shifted out” by the front end LO mixer — efigely moving the radio signal down
into the audio spectrum.

The result of demodulation (detection) is a stati@dio signal.

Audio Input Menu

The audio input menu is a shortcut to selectingatidio signal source. For example, the
Funcube device has a built in USB audio which appea the menu as FUNcube Dongle
V1.0.

Device/File Menu

The input device/file menu selects the currentckevia radio, the default soundcard, or
an 1Q data file. IQ data files are useful for tegti especially if you don’t have a radio or
an antenna. In Max the [sfplay~] object is setltmf)” the selected IQ file, providing an
unending data stream.



1Q flip

Typically “I” and “Q” signals are assigned to lafhd right audio channels respectively.
On some devices this is reversed. 1Q flip simplyerses input channel assignments.
You can tell if polarity is backwards by watchirggtdirection a signal moves on the
scope when you change the device frequency.

IQ balancer

Correct balance between “I” and “Q” channels im@®image rejection. The balancer is
an audio panning control. Current SDR designs eyngtitaptive balancing methods to
determine levels based on signal content. In géiteranore effective to achieve correct
balancing in the LO mixer circuit of the hardwarent end. Signals which overload the
front end tend to show the worst image rejectials&images appear opposite and
equidistant from the center frequency.

preamp/attenuator/RF gain control

Levels of incoming signals vary widely, dependargdevice, frequency, and signal
strength within the passband. The preamp is aroagain control combining presets and
a variable level control. A predictable signaldeat this stage gives better results in the
mixer and bandscope.

The preamp also contains an optional automatic gaitrol (AGC) function which is
identical to the AGC used just before the detestage. Although AGC at this stage is a
convenience, it tends to increase noise levels ilatine signal path and exhibits
‘pumping’ from strong signals anywhere in the pasgb

Bandscope and tuning controls

The bandscope displays the full 1Q signal in tlegfrency domain using a fast Fourier
transform (FFT). It gives a picture of relativersajamplitudes across the passband —
which is the width of the sample rate (SR). Fomepke, if SR is 96 KHz, the passband
(and bandscope width) is 96 KHz.

Mode select control

Currently available modes include SSB, AM, FM, &MW (wideband). Mode choice
affects filter selection and demodulation.
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The mixer is a software version of the LO mixerrfdun the RF front end. It shifts the
center frequency within the passband by complexiptying the IQ signal with the
output of a variable complex oscillator havingeginency range of +- SR/2.
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Figure 12 - variable mix oscillator

Tuning within the passband is done by varying tegudency of the mix oscillator.

Lowpass filter

Following the mixer stage the bandwidth is narrodred the width of the entire
passband to the minimum bandwidth necessary toegoal of the information in a
given signal. For example single sideband (SSBjoageherally has a bandwidth <=
3000 Hz. The choice of mode determines filter widdfou can adjust the filter, while
listening, to reduce interference (narrower) oréase fidelity (wider).
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Figure 13 - Lowpass filter

Modern receiver designs usually employ filterseatesal stages. For example, roofing
filters at the front end, bandpass filters at cosiom stages, and various audio and noise
reduction filters after demodulation.

AGC

The automatic gain control (AGC) is an audio compoe. It makes quiet signals louder
and loud signals quieter. Placing AGC after thedpass filter makes it less susceptible
to strong signal interference in the passbandlsti presents a constant signal level to the
detector.

Detector (demodulator)

The detector extracts audio information from thedieand signal. SSB requires no
demodulation when using IQ signals. For amplituadelofation (AM) and frequency
modulation (FM), the IQ signal is converted to pdtam. Vector length (a) is amplitude.
The angle (theta) is phase. With AM the amplitisiie audio information.

1Q - AM Detector

Figure 14 - AM detector



In FM the audio information is the amplitude of fitease difference from one sample to
the next. This type of FM detector is called aetidntiator.

FM Detector (phase delta)
‘based on: Eric Blossom
http:/www.linuxjournal.com/article/7505
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Figure 15 - FM detector

Most modern FM detectors use the amplitude of thar signal from a phase locked loop
(PLL).

Filtering is required after the detector to remeparious artifacts of demodulation.

Audio Notch/Peak filters

Adjustable notch filters remove carriers and ofnequency specific noise. Peak filters
emphasize specific frequencies - helpful with weigikal reception in CW mode.

Hum filter

The hum filter is a notch filter set to 60 Hz.

Noise filter

The noise filter used in this radio uses logarithsmoothing algorithm with the Max
[slide~] object.



Lowpass filter

A medium “Q” (not too sharp) low pass filter (LPiB)placed at the end of the signal path
to act as a ‘tone’ control.

Device control

The two currently supported devices (Soft66lc2 BGMD) require USB control messages
to set frequency and select filters. Althoughdkgelopers supply control software, it's
more convenient to set the frequency directly fildax. It also simplifies the use of
MIDI control surfaces.

Device control requires the use of Max externate(ulefined objects written in C). The
current external objects don’t run in Windows.

By the way, if anyone wants to send me a radiby¥ite a Max object to control it.

Soft66lc2

The soft66lc2 uses the FDTI USB driver. The Mateaxal is essentially a copy of the
Visual Basic application supplied by the develop€urrently only two functions are
supported: detect device, and set frequency. riséings respond to frequency changes.

FCD

The FCD uses libUSB drivers. FCD has an extensiRefér device control, including
filtering, amplification, bootloader mode, and fueacy control. Currently only two
functions are supported: detect device, and squiémecy. Filter settings respond
frequency changes.

MIDI control

Using an optional MIDI control surface lets you ttohthe radio using real knobs and
buttons. Most of the user interface objects caodrerolled with MIDI. In general,
sliders are assigned to MIDI controller messagés) @hd buttons are assigned to MIDI
note-on messages.

Future plans include a MIDI “learn mode” for simgiempatibility with any MIDI
device.



If you have a translator program, like MIDI ox,alsility to program your control
surface, you can make it work with this project.

The MIDI implementation table can be found in tlextnsection.



User Manual

Installation

Download the latest version of the program frottp://zerokidz.com/radio

You have several options:

* Download all files (including tutorials and thisaonentation)
» Download a Max collective (Mac OS)

* Download a Max collective (Windows)

* Download the all files from current build on github

In either case follow the instructions on the wiéd. 4 recommend the first or last option

- especially if you are using the Soft66Ic2. Thare dynamic library files which may
need to be installed on your computer.

The files will be in a folder callednaxsdrb. Copy the entire folder to your home
directory — or any other convenient place.

Add this folder to your Max user file path. The maitch is callednaxsdr5c.maxpat
(or maxsdr5c.mxffor the collective version)

If you can't find the main patch — look for a fidth a similar name like
“maxsdrb5e.maxpat” - assuming the patch was upgradee recently than this
document.

Please check the fiREADME.txt in the maxsdr5 folder. It contains the latest
information and changes.

Hardware Setup

Cables

A list of cables:

» For the Soft66lc2:
o USB cable
0 stereo audio cable (1/8” “mini” jack)



0 Antenna cable (SMA)
* Forthe FCD:
0 Antenna cable (SMA)

Antennas

In practice, an outdoor dipole antenna, >= 40 limeg (~12 meters) fed with coax, or
balanced line into a balun, is an adequate geparpbse all band receiving antenna.

For specific frequencies, or to improve gain ineatigular direction there are way too
many options. Check out tARRL antenna link$o get started.

Most radios work best with when presented with mterana matched to an unbalanced 50
ohm transmission line.

In general:

» Qutdoor antennas outperform indoor antennas
» Higher, and in the clear, is better

Audio

If your device (Soft66lc2) generates computer scandlinput...

» Use a stereo audio cable

* Use the line-in jack (not microphone). In Mac Os ik set in System
Preferences.

* Make sure that system software settings for linlevels are turned up and not
muted.

The FCD has a built-in soundcard and will show sijg anicrophone device on your
computer.

Using the program

Unless you are running the standalone Mac Os vergau will need to install Max/MSP
on your computer before you can run the program.

Either the full version or the free runtime versisifl work. You can download
Max/MSP fromCycling74



Sliders, buttons, and toggles

AGC

on/off I:I threshold I I ]

Figure 16 - Max toggle and slider objects

Most of the user interface objects are sliderstagdles. To operate a slider — click and
drag.

Toggles are square buttons that show color, ottger gjray, when they are on. Click a

toggle to turn it on or off.

DSP/MIDI setup

If you are running the standalone Mac OS versienstbundcard is set to your system
default. You can make changes in System Prefesamc€ontrol Panel.

Otherwise you can set the items described belowerthe Max menu item: Options/DSP
Status.

If you are using the Soft66lc make sure you halecssd the line-in port on the
soundcard as the Max input device.

The recommended sample rate setting is 96 KHzephigjhest value your soundcard
supports. If you select a value that doesn’t waskreducing it.

If you are using the FCD, make sure it is seleatethe input device. Plug in the FCD
before you run Max otherwise it won’t show up inBStatus. You may run into
problems having both the FCD and Soft66lc pluggeat ithe same time. Or you may
not.

Note: If you are using an SDR, like the Soft66MBjch requires a soundcard
connection, use a stereo cable so that both “I"fdsignals are connected to the
computer.

Basic operation

audio input

|Internal = ]

Figure 17 - audio input menu
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Figure 18 - Input select menu
These 7 steps will help you get started.

Turn audio on (lower right corner)
Select a source from the audio input menu (if othan Built-in Input)
Select a device or file from the radio device/filenu
Adjust preamp RF gain for a reasonable level
Select mode (SSB, AM, FM, FMW)
Enter device frequency by:
a. Typing a frequency in MHz into the device tuningnpb(see below)
b. Using the left/right arrow keys (see below)
c. Using a control surface
d. Recalling a previously saved memory preset (seajel
7. Adjust main tuning slider (under the bandscope)

ogokrwnE

Audio on/off

audio
onfoff

Figure 19 - The master switch

In the lower right hand corner you will see a largggle button labeled: “audio on/off”.
This is the main on/off switch. It will turn gre@vhen it's on.

Memory presets
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Figure 20 - Presets

To save or recall a memory preset, enter the numbeethe yellow preset number box
and click the save or recall buttons. The “new’tbuitcreates a new memory preset in the
next available slot. The “clear” button clears thierently selected memory preset. Preset
number 1 is the master reset slot. Its not aviailedy user presets. Presets 2-7 contain
example settings using sample 1Q data files. Butgan overwrite them with your own
data. The tag field allows you to type in a deswmipof the memory preset that will be
saved along with the radio data.

To change default settings you'll need to unlogéset number one. Open the [pstorage]
sub-patch by double-clicking it. Look for a greeorjhment] near the center of the patch
that says, “unlock preset 1” Click on the “lock1[fessage] to the left of the comment.
Then return to the main screen, set the contrelsvly you want them, select memory
preset number 1, and click the save button.

Controlling Device Frequency

Set the device frequency in the device tuning panel

device tuning mama | i ]
fine 1 J

7.5 uhf [] arrow keys onioff [T

Figure 21 - Device tuning panel

There are several methods:



. Arrow Keys: Make sure the “arrow-keys on/off” toggle is ofihe up and down
arrows control the tuning step (from 1 Hz to 2.5 #JHrhe right and left arrows
tune the frequency up and down. Note: if you adjugain slider using the mouse,
the focus of the arrow keys will go to that objexsttead of the device frequency
control. If this happens just click anywhere in thlgite (empty) space on the
program screen.

. Manual data entry: type the frequency (in MHz) into the data enteyrber box

in the device control panel. And press Enter. kangple, type 3.850 to hear the
75 meter phone band.

. Use the coarse/fine sliderdNote: If you are using these sliders with the FCD

make sure the UHF toggle is on.
4. Use an external program to control the device fregency. Select
“defaultAudiolnput” from the input select menu.

Filters

The Lowpass filter width gets set automaticallychyposing a mode.

If you hear annoying carriers use the notch filteeliminate them. Hint: start with the

filter set wide and narrow it after you find therear. The hum filter banishes low
frequency interference. The noise filter tacklegistand electrical interference.

Tuning tips and troubleshooting

The FM detector is a work in progress. If you heeatowly growing raspy buzzing sound
that reappears every minute or two, try increasiiegignal vector sizein Options | DSP
Status. Try values of 128, 256, 512, 1024, etdil tre problem subsides. We’'re actually

not sure if this is an issue with the Funcube erEM detector.

If the FM doesn’t sound right, try re-clicking theode selection button (FM or FMW).

You can actually receive FM, using an AM detechbgrtuning off to one side of the

signal. This is called edge detection. Near theesdgmplitude varies proportionally to

frequency modulation.

Zap high pitched carriers using the notch filté&sy of the fixed filter settings (in the

detectors for example) can be changed by editiagé#tches.

If you think you’ve have messed up critical setipmgist reselect the mode. Or try

shutting off notch, hum, and noise filters. Or grédse master reset button. If all else fails

restart the program.



If the main tuning slider is at the very centetlad bandscope you will sometimes hear a
low level carrier signal caused by distortion ie thixer or outside interference. If this is
a problem, set the device frequency above or b#tewarget and move the main tuning
slider off center. For example, to tune 10.0 MHy entering a device frequency of
10.01.

Keep an eye on the input RF gain level. Keep itenrddb to minimize distortion. Use
the preamp buttons and RF gain slider to make adgrgs.

If you're hearing way too much noise, especiallyhwvthe Soft66Ic2, try disconnecting
nonessential USB devices like external hard drivedj controllers, and other radios. |
have not had any success using outboard USB aeglioa$ with the Soft66lc2. It seems
to be easily susceptible to radio interference father USB devices. | have used MOTU
firewire audio devices and they sound great.

AGC

AGC should generally be left on — although you rgaya cleaner FM sound by shutting
it off. You can decrease the threshold slideessén its effect. If you double-click on
the [AGC] object box you can change the AGC respapeed by adjusting the attack
and release sliders.

Scanner
Double-click the [scanner] subpatch to access dinéral screen
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Figure 22 - scanner patch

The scanner uses memory presets (see above).s@aeepresets, if you haven't already,
before proceeding further.

Note: currently the iPad scanner screen is a beserinterface for scanning.



The scanner uses a search engine that allowsisalégtdevice (ISM) and clock time
(hour). Set the toggle buttons and number boxesstmict the search, or search for
particular values. The ISM (input select menuhisindex of the device in the input
menu

* 0 = default soundcard

* 1 =soft66lc2

» 2 =funcube

* >2 =example data files

Time matches are done with a 24 clock based oloda time setting of your computer.

When you have set the search criteria, press taa¢h reset” button.
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Figure 23 - scanner search engine

The hit count number box will indicate the numbemamory presets available for
scanning.

At this point you can set the timing controls foetscanner and toggle scan start/stop to
begin. Memory presets will be chosen in randomorde
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Figure 24 - scanner controls

Midi Specification
Here are default Midi mappings for the Ul controlhere are two categories:

* Toggles and buttons use Midi note messages
» Sliders and dials use Midi control change (CC) ragss

The note and control numbers are mapped to Ul bb@ipt names which you can check
using the object inspector or by viewing the [pgaib] Client Window in the [pstorage]
patch.

Mappings are contained in text files.
File: maxsdr_note.txt — toggles and buttons. Bield

* Midi note number
* Max Ul script name
» Default toggle setting (not used)

1, ACCToggl e 1;

9, | QFli pToggl e 1;

7, aut oLevel Toggl e 1;

5, devi ceTuni ngArr owKeysToggl e
6

2

8

=

, devi ceTuni ngUHFToggl e 1;
1, fi neTuni ngReset Button O;
, hunti | t er Toggl e 1;
20, mai nTuni ngReset Butt on O;
10, not chFi |l ter1Toggle 1;



22, peakToggle 1;

11, noi seFi |l t er TypeToggl e 1;
12, t est Noi seToggl e 1;

13, t uni ngSt epDownBut t on O;

14, t uni ngSt epUpButt on O;

15, f reqChangeDownBut t on O;

16, freqChangeUpBut t on 0;

33, pst or ageSt or eNext Butt on O;
41, pst orageRecal | Butt on 0;
60, pst or ageMast er Reset But t on 0;
4, pst or ageSaveButt on 0;

File: maxsdr_cc.txt — (sliders) Fields:

* Midi CC number

* Max Ul object script name

* Low range value

* High range value

* Encoder Mode Flag (0 = off, 1 = on ) Encoders wiltput O to decrease, 1 to
increase

Note that all midi CC objects are assumed to haamge of 0-127

1, AFGai n -70 6 0;

2, AGCThr eshol dSl i der 0 100 0;
3, LPF1Cut of f FreqSl i der 1 128 0;
4, LPF1QSl i der O 1 0;

24, | pf 1FreqShift Slider 0 128 0;

5, LPF2Cut of f FreqSl i der 1 10000 O;
6, RFGai n -70 6 0;

7, devi ceTuni ngCoar seSl i der 0 128 0;
8, devi ceTuni ngDat aEnt r yFl oat 0 1700 O;
9, devi ceTuni ngFi neSlider 0 128 0;
10, fineTuningSlider O 128 0;

11, hunti | t er Wdt hSl i der 0 5 0;
12, i nput Sel ect Menu 0 10 0;

13, mai nTuni ngSli der 0 128 0;

14, nodeSel ect Radi ogr oup 0 3 0;
15, noi seFilterLevel Slider O 64 0;
16, notchFilterlFreqSlider 1 6000 O;
17, not chFi | ter1Wdt hSlider O 5 0;
18, t uni ngSt epNunber 8 0 0;

19, devi ceFreqEncoder 0 1 1;

20, preanpRadi ogroup 7 0 0;

21, scopeRangeSlider O 25 0;

22, noi seFil ter2Level Slider 0O 64 0;
23, pst or agePr eset Nunber 0 127 0;



The default Midi devices are set using menus irriidi_control] and [midi_fb] sub-
patches

For now, we recommend programming your Midi dev@ese the data in the text files
rather than changing the text files to match yawice. This is because the Midi
feedback to the device is ‘hardwired’ in [midi_fl§ing Max [send]'s.

Midi feedback

If your control surface accepts feedback, the radilbsend the Max Ul data back to the
same note and CC numbers specified above.

iPad Interface

One of the coolest aspects of this receiver isSRad control surface. There are two radio
screens, a scanner screen, and a synthesizer.Séx@gnple screenshots can be found
earlier in this document.

You will need to install the touchOSC app on thadRavailable from iTunes App
Store).

Install the touchOSC editor (available frdrtp://hexler.net/software/touchgsan your
computer. The radio screen file is located in ti&CQolder of the Max radio file folder.
The current filename is radio20.touchosc.

Follow the instructions on the touchOSC websitddaernload the radio screen to the
iPad.

touchOSC communicates with Max via Wifi. You wiked to know the IP address of the
computer running Max (host) and enter it into tkeéaork configuration settings of
touchOSC on the iPad.

Conversely Max needs to know the IP address ofthd. Type the IP address of your
iPad into the [textedit] object labeled OSCIP ia thwer right corner of the main screen.
Then press <enter>.

Once the network settings are complete, Max wilédeyour iPad when you select one
of the radio screens and touch a control. If tligorés running you should see activity on
the RF and AF gain meters, and the bandscope.

To select an iPad screen — touch the screen satebars at the top of the screen. The
available screens are:

1. radio standard
2. scanner
3. radio alternate



4. synthesizer
The mapping files for the iPad are:

maxsdr_note_osc.txt
maxsdr_cc_osc.txt

For more details look at the [touchOSC] and [touSKOfb] sub-patches

Synthesizer interface

You can operate the radio with a modular synthesiterface.
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Figure 25 - synthesizer module

For example, you can modulate the main tuning slidéh a sine wave. There are five
modulator modules which modulate each other too.

Open the [synth] sub-patch or use the synthesaees on the iPad to get started.

For more information chedhkttp://zerokidz.com/radifor an instructional video

[led] display screen

Figure 26 - led's

If you are using a control surface, you may bergdted to check out the alternative [led]
display screen. Open the [LEDpanel] sub-patch dok the large toggle button to start
the program.



For more information chedkttp://zerokidz.com/radifor an instructional video

What's Next?

We welcome your ideas.
Here’s what's currently on our list...

* Native cross platform support for more radios
* TV and digital modes

» Adaptive filtering - based on content

» Transmitting

» Spectrum analysis

» Communication with animals

If you have ideas or suggestions please contacttmadio @zerokidz.com

Figure 27 - mind control

References

Deserving special mention is the anonymous authtimslink:

http://www.geocities.jp/e_karakuri/sdr/contents.h{dapanese)

It describes a software defined radio in PureDsitailar to Max). The site provides
valuable insights into SDR. Its very existencensalto believe this project was possible.

Antennas

The ARRL provides a comprehensive bibliographyrtitkes related to antennas

http://www.arrl.org/antennas




Complex numbers and modulation

Katja Vetter has published a remarkable site expjosinusoids, complex numbers and
modulation with numerous examples in Max and PutaD&lere is the home page:

http://www.katjaas.nl/home/home.html#anchor2

A discussion of quadrature mixing:

http://www.katjaas.nl/guadmixing/quadmixing.html

CuteSDR

An open source multiplatform Qt based SDR by Moee¥iley, AE4JY. The Technical
manual is an excellent resource for developers:

http://sourceforge.net/projects/cutesdr/files/datdSDR100.pdf/download

Source code is available hehdtp://www.rfspace.com/RFSPACE/CuteSDR.html

Digital signal processing

A great resource for learning about DSP is Stevaitt® online book, “The Scientist
and Engineer’s Guide to Digital Signal Processiniy’s a free download.

http://www.dspquide.com/pdfbook.htm

FCD

The FUNCube Dongle Pro:

http://www.funcubedongle.com/

GNURadio companion

This site by Alex Csete, OZ9AEC, provides linketgeriments with GNURadio
Companion, an open source radio development phatianich is part of the GNURadio
project. Alex is the developer of QtHID — a contpobgram for the FCD.



http://www.o0z9aec.net/

IQ data files

Most of the example 1Q data files used in this @cocame from here:

http://www.rfspace.com/RFSPACE/Support.html

PebbleSDR

An open source SDR featuring easy to read C++ satode. The code is well
commented with references to underlying algorithms.

http://sites.google.com/site/pebblesdr/

Soft66lc2

Here is a link to information about the Soft66le/te used in this project:

http://zao.jp/radio/soft66ad/

Software defined radio

The ARRL provides a comprehensive bibliographyrtitkes related to SDR

http://www.arrl.org/software-defined-radio




