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1. Introduction 
Interest continues to grow in amateur radio digital voice/data communications on both HF, VHF, and above.  The 

most common means for implementing digital modes in recent years has been with a soundcard and a PC.  This paper 
explores the use of some new IC’s that have become available to implement an experimental stand-alone digital 
transceiver. 

2. D-Star System 
An existing digital voice/data system has been developed by JARL and ICOM called D-Star.  This system has 

various layers including not only the point to point digital voice links but more elaborate repeater and Internet connectivity 
for worldwide coverage using VHF/UHF radios. 

There are other articles detailing this system so this paper will concentrate on a few relevant topics. 
 
 

2.1. Packet Data Format 

 
 

The following description is of the header data encoding process.  Decoding is the reverse order of operations. 
The Voice Data packets begin with a 64bit bit sync word and 15 bit Frame sync word.  The following 328 bits of header 
data is transformed into 660bits for transmission in the following manner: 
 

1.  The 328 bits are expanded into 660 bits by running through a ½ rate, constraint length 3 convolution encoder.  2 
extra zeros are shifted in at the end to create the final 660 bit packet. 
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2. The 660 bits of convolution data are then interleaved using a 28 by 24 matrix.  This adds time diversity to the bits 

making it easier for the convolutional decoder to correct bursts of errors. 

 
 
3. Finally, the interleaved bits are scrambled to help break up any long runs of 1’s or 0’s.  The scrambler is 

implemented with a polynomial  S(x) = x
7
 + x

4
 + 1. 

 
 
 
Following the header are alternating 72 bit voice packets and 24 bit aux data packets.  The voice data packets are 

fed directly into the AMBE2020 vocoder chip at a rate of 3600bps. (72/(72+24) * 4800).  The AMBE2020 data packets 
contain their own FEC encoding for an actual data rate of 2400bps compressed voice data.  The AMBE2020 then 
decompresses this into 16bit, 8000sps audio data ready to go to the audio codec. 

 

AMBE2020  W0 msb AMBE2020  W0 lsb AMBE2020  W1 msb AMBE2020  W1 lsb 

AMBE2020  W2 msb AMBE2020  W2 lsb AMBE2020  W3 msb AMBE2020  W3 lsb 

AMBE2020  W4 lsb User Data Byte 0 User Data Byte 1 User Data Byte 2 

 
 
The 24 byte auxiliary data packets are scrambled but contain no FEC.  The first data frame and every 21 data frames 

thereafter contain only synchronization patterns.  The final data packet of a transmission contains a unique sync word to 
indicate end of transmission. 
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Currently data packets contain text data as well as periodic repeats of callsigns allowing sync and identification even 

if the receiving station misses the main header packet.  Only the 3 User Data bytes are scrambled with the scrambler 
reset each frame. 
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3. DVX Experimenter Board 
The experimenter board was designed to be able to test out various ideas and components that are used in digital 

voice radios.  It can be used to just do voice data compression/decompression or can be used to play with the ADF7021 
transceiver chip on various bands. 

 

3.1. Block Diagram 
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3.2. Prototype PCB 
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Ver. 1.03  2007-04-28    9 

3.3. TLV320AIC23B  Audio Codec 

This TI 16 bit codec was chosen because it contains a built in microphone preamp as well as other parameters that 
can be changed using its I2C control port.  It is a little strange in that it is a stereo codec so only one channel is being 
used. 
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3.4. AMBE-2020 Vocoder 

The same AMBE-2020 Vocoder Chip that D-Star uses was chosen so that a compatible system could be 
implemented.   The chip has many other bit rates and FEC rates so various other formats can be tried.  Things such as 
touch tone encoding/decoding, VOX, and background noise addition are some of the many features of this chip. 
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Below is a table showing many of the various data rates and modes of this chip. 
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3.5. ADF7021 80 to 940 MHz RF/Mod/Demod Chip 

The RF section is comprised of a single chip from Analog Devices that is meant for use in narrow band short range 
digital data applications.  It is fairly new and contains a complete modulator and demodulator that supports many modes 
including GMSK.  It is a low power device and its filters are probably not sufficient for use in a real radio system, but it was 
chosen as a simple way to play with various modulation schemes and bit rates without having to tear apart an existing 
radio. 
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RF Matching Network topology: 

 
 
RF Modulator block diagram: 

 



Ver. 1.03  2007-04-28    14 

3.6. Controller 

The main controller is an Atmel SAM7S256  ARM7 microcontroller.  This single chip solution has plenty of memory 
and MIPS to allow lots of experimentation with packet formats and various FEC schemes.  The software can be written 
using completely free GNU development tools.  All of these tools and a real time debugger and IDE are available using 
Eclipse. 
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4. Test Results 
The basic DSTAR voice data format was implemented to be able to evaluate the performance of the DVX board.  A 

fixed header was used and the user data was not implemented in the transmit direction. 
 

4.1. Transmit Power 

First the Transmit RF signal was measured and analyzed.  Power output was about 10dBm.  The chip spec is 
+13dBm so about 3 dB was lost in the matching network. 

4.2. Spectral Purity 

Spectral purity was analyzed using an AR5000 receiver and SDR-14 spectrum analyzer and compared against a 
Yaesu FT530 transceiver output. 

. 
 
First just a CW carrier output was measured for wide and close in purity. 
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4.3. Modulation Spectrum 

 
The GMSK modulated spectrum was measured and compared against an Icom Dstar radio. 
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4.4. Receiver Sensitivity 

The DVX receiver sensitivity has not yet been measured but a graph from the ADF7021 data sheet is shown.  As a 
point of reference, most of the Icom Dstar radios specify a sensitivity of around –116 dBm for a Log bit error rate of -2.   
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4.5. On the Air Experience 

The first contact between the DVX transceiver and an Icom D-STAR radio was with N4IP on 2007-4-8 spanning a 
whopping 100 yards or so.  A few other contacts were made all within about a ½ mile radius.  The DVX is very under 
powered but proved the possibility of a non-Icom D-STAR radio. 
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5. Alternative Data Formats 
One of the main purposes of this project was to have a means to try various alternative formats to the D-Star 

standard.  There may be some tradeoffs that can be made to allow better speech quality or better weak signal 
performance with improved FEC.  Perhaps a new mode that is voice only or even a wider bandwidth mode for good voice 
quality could be explored.  

Another idea is to double the data rate and bandwidth an implement a full duplex voice radio.  No more waiting for 
the long winded guy to finish, just butt in and tell them to shut up! 

6. Future 
At the time of this writing, no product plans have been made as this is just an exploratory project to learn about digital 

voice over RF.  If anything useful comes of this, then a real product could possibly be spun off. 
 
Possible Product spinoffs: 

1. AMBE 2020 USB Dongle for PC/Soundcard  based applications. No radio interface, just the voice 
compression/decompression 

2. D-Star( or custom) Interface to non-Icom, non-DSTAR radio interfaces. Use CMX589 chip. 
3. Stand alone Radio for homebrew use. Add power amplifier and maybe a preamp. 

 


