" Cheap and Easy SDR

‘Get your feet wet with the latest
technology for the price of a night at the movies.

Robert Nickels, WORAN

There’s little doubt that software defined
radio (SDR) will be a big part of ham radio
for a long time. While many experimenters
and homebrewers enjoy working at the
“bleeding edge” of this new blend of RF and
software, SDR is still a mystery to many
hams. This article describes how you can put
together an all-mode software defined re-
ceiver that covers nearly from dc to daylight
for less than $50, and a VHF/UHE version
for about half that.

Digital Broadcasting —

" A Game Changer
The television broadcast world has under-
gone a momentous change from analog to
digital broadcasting. DVB-T (digital video
broadcast — terrestrial) has emerged as the
standard for digital broadcast transmission
used by nearly 100 countries throughout the
world (mostly in Europe, Asia, Australia, and
parts of Africa). North American TV stations
now broadcast using ATSC (Advanced Tele-
vision Systems Committee, North American
Standard). But what does this have to do with
cheap and easy SDR?

The answer is what’s become known as the
“DVB-T Dongle” — a small, inexpensive
USB “stick” (flash drive) that was developed
to allow DVB-T viewing on a standard PC or
laptop (see Figure 1). :

USB 2.0 DVB-T Stick

» Watch DVB-T digital TV.on
your PC or Laptop
» Support both MPEG2, H.264
(MPEG4) encoding
- Suppert Windows 7 Madia Capter
- Support Time-Shif, Schedule PG

Figure 1 — DVB-T dongles are all you need for
a V/UHF SDR. They come in various shape
and sizes. s
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Figure 2 — Inside view of a typical DVB-T dongle. The RF connection is on the left, a
USB connector on the right, and in between is an SDR.

A Linux developer in Finland named Antti
Palosaari, who was working on digital televi-
sion drivers for Linux, noticed something
very interesting buried in the instruction set
of the Realtek RTL2832 quadrature decoder
chip that’s inside every DVB-T dongle.

A special Radio mode, which was intended
to allow the dongle to be used for FM broad-
cast reception, actually caused the device to
output a stream of 8 bit I/Q samples at a rate
of up to 2,000,000 samples per second. He
quickly saw the potential for a cheap and
casy SDR, and with the enthusiastic help of
other developers from the Osmocom (Open
Source Mobile Communications) group, a
set of basic drivers and utilities to communi-
cate with the complex ICs in the dongle was
developed for both Linux and Windows.

To understand why this is a big deal, we’ll

need to delve slightly into how a SDR works.

Many hams have played with a simple direct
conversion receiver, in which a local oscilla-
tor very near the desired frequency is mixed
with the RF signal to produce an audio signal
without any intermediate conversion or IF
stages. Since one type of SDR also uses this
zero frequency IF approach, the Osmocom
developers soon had the DVB-T dongle spit-
ting out a stream of I/Q data in the same
format used by existing SDR applications.
While other inexpensive front ends such as
the SoftRock rely on a PC sound card to con-
vert this stream of data from analog to digital
form, the RTL2832 quadrature sampling
decoder performs this task at speeds up to

20 times faster, and without using a sound
card at all.

This means that rather than being able to
see, for example, a 96 kHz wide segment
of an amateur band using the sound card

approach, the DVB-T chip can digitize a
slice of the RE spectrum more than 2 MHz
wide. While each sample has only 8 bits of
resolution, it turns out that this is not a limita-
tion for most uses.

This SDR starts at VHF

Recalling that the DVB-T dongle was cre-
ated for watching digital TV, it’s not surpris-
ing to learn that it doesn’t cover the HE
bands. But it does include a synthesized
tuner chip (initially the Elonics E4000, see
Figure 2) that provides continuous coverage
from 64 through 1700 MHz (with a gap be-
tween 1100 and 1250 MHz). The RTL_TEST
utility can be used to measure the actual
coverage range of each dongle, as exact
coverage can vary a bit.

A few pieces of open source software turn
the DVB-T dongle into an all mode SDR that
covers all VHF and UHF bands, and an easy
to build HF converter can extend the cover-
age range from the AM broadcast band up
through 6 meters.

Build Your Own Cheap and Easy SDR
First, you’ll need to get a DVB-T dongle.
Since they aren’t compatible with the

North American TV standard, they aren’t
easily found in North America. Most of us
have obtained ours through online sources
such as eBay. Search terms like SRINEDR82
“DVB-T” or “SDR” should produce a num-
ber of suppliers, just be sure to get one that
uses the RTL2832 and E4000 combination
for greatest coverage range, although drivers
for the Raphael Micro R820T tuner have
recently been added. The price range runs
from $20 up. A partial list of dongles
known to work can be found enline (see

the references).




Gathering the Rest of the Pieces

While you’re shopping, pick up at least one
coaxial adapter to fit your dongle that will
accept a regular TV type F connector. Most
will require what is described as “PAL Male
to F Female,” although technically it’s the
“Belling-Lee” connector that’s been used for
decades in areas where the PAL video stan-
dard was supported (see, for example, Radio
-Shack Model: 278-261, shown in Figure 3).

The DVB-T has good sensitivity, but there’s
no substitute for a good antenna. Outdoor
antennas such as the discone, collinear verti-
cal and log periodic (or even old TV anten-
nas) will do a good job on the VHF and UHF
bands, especially if connected via RG-6/U or
similar low-loss coax. The system connectiv-
ity is shown in Figure 4.

An SDR needs a PC

It would hardly be “cheap and easy” if you
had to go out and buy a new lightning-fast
PC to play with SDR. The system described
runs well on older hardware. In my experi-
ence, it typically runs at about 10% CPU

Figure 3 —A PAL to

F adapter, needed to
connect your antenna (or
HF converter) to the dongle.

7 i

QS1301-Nichols04

Figure 4 — Block diagram of the DVB-T dongle
based SDR.

I Device Options Help

utilization on my 3.4 GHz Pentium D ma-
chine, and 12% on a 5 year old Core Duo
laptop. You should be okay with a modest
PC running Windows XP or newer OS and
with one available USB port.

And the PC Needs Software

The first step is to get the dongle ranning on
VHE/UHE I suggest you read through the
complete procedure, then use the lnstall script
shortcut that will automate much of the pro-
cedure (you will still have to run the driven
utility manually at least one time to install the
proper WinUSB driver, but the script will au-
tomate the download of Zadig for you).

Driver Installation

You will need two pieces of software to in-
stall the proper driver. First, download Zadig
from Sourceforge at sourceforge.net/
projects/libwdi/files/zadig/. If necessary,
download the 7Zip archiver needed to install
Zadig from www.7-zip.org/. Use 7Zip to
open the archive and install Zadig.

Plug in the DVB-T dongle, then run Zadig,
the utility to install the custom driver. Abort
the NEW HARDWARE FOUND dialog if it
comes up. Now install the correct driver with
Zadig. In Zadig, click on OPTIONS and LIST
ALL DEVICES.

You should now see a screen that looks like
Figure 5. Click on the item that says BULK-IN,
INTERFACE (INTERFACE 0). This is your RTL
device.

Make sure WINUSB is shown in the box to the
right of the green arrow — not LIBUSB or
LIBUSBK.

Click on REPLACE DRIVER. A few seconds
later you should receive a success message.
This completes the driver installation, al-
though you may need to repeat the above
sequence if you use a different USB port, or
for other reasons the driver linkage is lost.
It should be a one-time event, however.

To double-check, open Windows Device
Manager and you should see an entry that
includes the words LIBUSB WINUSB BULK
INTERFACE DEVICE (0). If so — great,

you’re done. If not, Windows Plug-and-Play
may have automati-
cally installed TV
drivers under “Sound
Video and Game
Controllers.” If so,

Bulk-In, Interface (Interface 0)

= e these must be re-

USBID OBDA 283 D0

wem2 X

Reinstall Driver 3

Driver  WinUS8 (v6.1.7600.16385) =) WinUSB (v6.1.7600.16385) =

moved before the
dongle will work as
an SDR. Remove the

More Information
WinUSB (ibusb-1.0)
libusb-win32

lbusbK

4 devices found,

WinlJS8 (Microsoft) driver using Device
Manager, then re-run
Zadig as described

Figure 5 — Zadig main screen.

above. (There may be

slight variations in syntax due to different
versions of Windows).

This completes DVB-T driver installation but
we need one more thing: A Radio application

or app!

A “Sharp” Approach

to SDR Software — Radio Apps

A number of talented programmers have
developed very comprehensive and power-
ful SDR applications (apps), and several of
them have been modified to work with the
DVB-T dongle as the RF front-end. While
you may wish to try others, I will describe
how to get started using SDR# (pronounced
and sometimes spelled SDRSharp) — an
SDR app that I've found to be simple, power-
ful and easy to use. It’s also free!

SDR# is an open source software defined
radio application for Windows created by
Youssef Touil in Paris, with collaborative
assistance from other volunteer software en-
gineers around the world. SDR# is written in
C#, a modern, general-purpose, object-ori-
ented programming language developed by
Microsoft. SDR# is intended as a DSP appli-
cation for use with a wide range of RF hard-
ware, including SoftRock, FiFiSDR,
FUNcube Dongle, SDR-4, LazyDog’s LD-1,
SDR-IQ, SDR-14, RTL.2832U / RTLSDR,
any sound card based SDR front end and any
external input/output based SDR front end. A
script provides for one-click installation —
see the link below. The following procedure
is provided for reference.

Integrating the Software

The following steps must be followed to inte-
grate SDR# and the necessary RTL drivers
from Osmocom. Refer to the instructions at
rtlsdr.org/softwarewindows for screenshots
and a more detailed step-by-step procedure
(all this is done automatically by the Install
script).

® Download a copy of the “Continuous
Integration” or “Dev” version of SDR# from
the SDR# website: www.sdrsharp.com and
unzip it into its own directory.

® Download the pre-built Windows zipfile
RTLSDR binaries and libraries from
Osmocom at sdr.osmocom.org/trac/raw-
attachment/wiki/rtl-sdr/RelWithDeblInfo.
zip.

® From the zipfile directory RelWithDebInfo
.zip\ rtl -sdr-release\x32\ copy rtl_sdr.dll
and libusb-1.0.dll to the directory. SDR# is
unzipped to open the file SDRSharp.exe.
Config in a text editor. Scroll down to the line
that looks like <!-- <add key="RTL-SDR /
USB" value="SDRSharp.RTLSDR.
RtSdrIO,SDRSharp.RTLSDR" /> --> and
remove the leading <!-- and trailing --> so
that it looks like:
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Figure 6 — SDR# Installed screen showing broadcast FM spectrum.

<add key="RTL-SDR /
USB"value:"SDRSharp.RTLSDR.
RSdrIO,SDRSharp.RTLSDR" /> and save
the file.

= Download the SDR# RTL Plugin and éopy
the contents of the zip file to the SDR#
directory.

This may seem like a lot of work, but it goes
much faster than hours of metalworking,
soldering and testing required to build a re-
ceiver from hardware. There is a shortcut that
automates the above process, making it even
casier. Download the install script from:
sdrsharp.conﬂdowrﬂoads/sdr—install.zip
and run it, that should be all there is to it.
Refer to the manual steps and websites above
if you need further assistance.

The SDR# executable will be found in a new

directory. Since the registry is not modified,
SDR#files can be deleted, moved and rein-
stalled as desired.

Making it Play

Double click on SDRSHARPEXE to launch
the application — you should see'a screen
like that in Figure 6. Once you have com-
pleted driver installation, and have attached a
VHE-UHF antenna to your dongle, go ahead
and launch the SDR# program. Set RADIO
MODE to WFM (wideband FM). From the
topmost box, change OTHER — SOUND CARD
to RTLSDR / USB. You’ll notice the frequency
and center boxes are filled in with a default
frequency in the FM broadcast band. Click
on PLAY. You should be greeted with a
brightly colored spectrum display on top and
a waterfall display below. As you change the
frequency (or click and drag the spectrum

display chart) you should be able to hear FM
broadcast audio. Congratulations! You’ve
just “built” your first software defined radio!

Using SDR#

The SDR#human interface is intuitive and
flexible to use (see Figure 7). The PLAY/STOP
button is found at the top of the screen, along
with the ability to select live data from a con-
nected IQ stream such as the DVB-T dongle, -
or you can play back stored files.

The balance of the SDR# screen consists of
three functional areas. There are expandable
control panels along the left-hand side, tun-
ing controls and spectrum display at the top
and a waterfall display at the bottom. In addi-
tion, there are controls for spectrum ZOOM
and waterfall CONTRAST along the rightmost
edge. :

Mode selection is at the top of the RADIO
control panel (see Figure 9), with TUNING
and FILTER controls below. Default seitings
for everything else should be okay — g0
ahead and play — you can’t hurt anything
and this is the only way to learn what various
features do.

Tuning with SDR#

SDR tuning is a little different, but for those
who came up through the radio ranks with a
general-coverage or two-dial receiver, it will
seem familiar. The center box is analogous to
the MAIN TUNING in that it determines which
2 MHz-wide slice of the RF spectrum is se-
lected and visible in the spectrum display.
The FREQUENCY entry shows the exact fre-
quency the SDR is tuned to within this win-
dow, much like a BANDSPREAD control on a
two-dial receiver.

Tuning can also be performed by using the
mouse to click or drag within the SPECTRUM
DISPLAY area of the main screen. Dragging
the black background area will change the

SDR# Screen Layout

LTJ

@rag" spectrum display to change center frequencil

Highlighted

currently in use

Area = bandwidth

“Click” on peak to select
that frequency

L&

Figure 7 — SDR# main screen layout.
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Figure 8 — Tuning with SDR#.




Basic Radio Operation
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Figure 9 — SDR# radio control panel.

center frequency (see Figure 8), moving

the 2 MHz window up and down in fre-
quency. Clicking any signal peak within the
SPECTRUM DISPLAY will instantly tune to that
signal. The ZOOM slider on the right allows
you to spread out signals and see more detail.
Resolution is determined by the FFT (fast
Fourier transform) setting selected in the FFT
DISPLAY control panel.! The frequency man-
ager provides unlimited memory capacity,
and the ability to store and edit groups of
favorite frequencies. Other options are avail-
able in experimental versions of SDR# and,
if you’re a C# programmer, there’s a long
wish list of future enhancements.

The Waterfall “Time Machine”

The most striking feature of any SDR screen
is the colorful waterfall display. Previously
used in applications such as sonar, speech
processing and seismology, the waterfall (also
known as a spectrogram) display gives us a
brief look back in time as signals appear at
the top and then scroll down and off the bot-
tom of the display. The frequency of each
signal is the same as in the spectrum display
above, so the waterfall will show wiggles as
we click and drag the spectrum display to
change frequency. Since the waterfall is a
two-dimensional view (frequency vs time),
the amplitude of each signal is depicted
through the horizontal width and color of the
line painted under each signal in the waterfall.
After a few minutes of adding the visual

Greater resolution requires more CPU horse-
power, so the basic rule is to set the resolution
as high as needed, but no more. For most uses,
4096 is sufficient.

60 years ago.

sense to your radio listening, you’il wonder
how you ever got along without it.

Black indicates no signal, and shades of blue,
yellow and red correspond to increasingly
higher received signal levels. A very strong
signal will be almost solid red, while a weak
signal will consist of mostly yellow and blue.
Modulation type can be determined from the
waterfall display as well, in fact the dits and
dahs of a CW signal can usually be read ver-
tically as the display scrolls.

The rest of the radio controls are pretty self-
explanatory. It’s great to be able to tailor the
filter as you wish and gain familiarity with
the magic of using software to do what most
of us still think of as the domain of capacitors
and resistors. And if you find that the perfor-
mance isn’t quite up to the level of a com-
mercial rig, just remember that the RF part
of this receiver can be easily lost amongst
your pocket change.

Adding HF Coverage

The first thing any ham does when con-
fronted with a new radio is to spin the tuning
dial. Unfortunately, the lower end of the
DVB-T dongle is around 64 MHz, well short
of six meters and the popular HF ham bands.
But that is easily fixed, using technology that
has been an essential part of radio for over
100 years!

The HF Converter

A radio frequency mixer is a device that ac-
cepts two different frequencies as inputs, and
creates the sum and difference of them as
outputs. It is shown schematically in Fig-
ure 10.

Cheap and Easy

Every new technology in Amateur Radio represents a step
forward, and each time there are pioneers who help pave the
way by making it possible for average hams to get involved in the
latest technology. My personal interest in the early days of single
sideband provides a perfect example — the March 1956 QST
article “Cheap and Easy SSB” by Anthony Vitale, W2EWL, in
which he described his easy to make SSB transmitter.

W2EWL based his design on the same phasing-type circuit
that had been published before, and was in commercial produc-
tion. He made use of a ubiquitous World War Il command set
transmitter, which was widely available as surplus for a few
dollars at that time, and he simplified the circuit and found ways
to use off-the-shelf components. The effect of this approach was
to make it more attractive for an average ham who was interested
in SSB to give it a try.

My hope is that by combining similar low cost hardware and
proven designs, along with open source software and the ubig-
uitous Windows-based PC, this 21st century Cheap and Easy
will encourage more amateurs (and potential future amateurs) to
get their feet wet with the SDR, which | believe will have as much
impact on the future of Amateur Radio as SSB did

Think of it as mixing two colors of paint. If
we combine yellow and blue, for example,
the result will be green. A good RF mixer
will combine two radio frequencies so com-
pletely that we see only the green output,
with no yellow or blue left. For our HF con-
verter, the INPUT signal will come from an
HF antenna, such as a longwire or dipole.
For the local oscillator signal I’ve chosen
125 MHz because a preassembled CMOS
oscillator provides a “cheap and easy” solu-
tion, with the 0-30 MHz HF bands moving
up to 125-155 MHz. This frequency elimi-
nates the possibility of interference from FM
radio stations.

We can use the heterodyne mixer to build a
frequency converter for the HF range (and
beyond). Table 1 shows the relationship be-
tween the LO, Input and Output for frequen-
cies in the 80 and 10 meter ham bands:

The SDR software will automatically take
care of the arithmetic when the converter is
in use so we can have a direct frequency
display.

HF Converter Design

There are many ways to create a heterodyne
mixer, but the NE-602 and the improved
NE-612 integrated circuits were created for
exactly this purpose. They have been proven
in countless designs. It provides high sensi-
tivity, a low noise figure and low-cost in a
single device that uses a Gilbert cell circuit
that cancels unwanted signals and produces
clean output. I found that using a standard
CMOS oscillator module was the best way to
provide the 125 MHz local oscillator signal.
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