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Amateur Radio communication began with a 

digital signal: a Morse coded ON/OFF keying of 

the RF carrier (CW).

The spark gap

transmitter and

receiver was

rather primitive.
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However, Amateur Radio

soon adopted the analog

amplitude modulation (AM)

then used for entertainment 

radio broadcasts.

The AM transmitter

and receiver was

more complicated

and expensive.
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Analog single sideband amplitude modulation 

(SSB-AM) was also developed early. The first 

U.S. patent application

for SSB modulation

was filed in 1915 by

John Carson.

The U.S. Navy

experimented with

SSB before WW I.



Whatôs All This Digital Voice Stuff?

SSB first entered commercial service in 1927 

on the transatlantic radiotelephone circuit

between New York and London with the 

ñantenna farmò in Lawrenceville NJ.
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Amateur radio operators began serious 

experimentation with analog SSB after WW II. 

The Strategic Air Command established SSB 

as the radio standard for its aircraft in 1957 

due to General Curtis LeMay W5EZV

Collins KWM-I

HF SSB

transceiver

(1957)
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Amateur Radio then adopted

analog frequency modulation

(FM) invented by Edwin

Armstrong in 1936. FM was

used primarily on the

emerging VHF and UHF bands.  
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Edwin Armstrong (1890_1954) 

was an American electrical 

engineer who developed not only 

FM but also the regenerative and 

superheterodyne AM receivers.
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Edwin Armstrong held 42 patents 

and received numerous awards,

including the first

Medal of Honor

awarded by the

Institute of Radio

Engineers.
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Although Amateur Radio CW, RTTY and later 

audio frequency shifted keying (AFSK) packet 

radio and WSJT are digital text modes, they 

are not digital voice modes.
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A digital voice mode requires the sampling and 

quantization of an analog voice signal 

producing digital data followed by compression 

to limit the transmission bandwidth.

A voice signal displays a large range of 

amplitudes and pauses in normal speech.
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Sampling is the process when periodic samples 

of an analog signal such a voice is measured 

by a sample-and-hold device.
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Quantization the conversion of the periodic 

samples to a digital value that can be 

processed using an analog-to-digital converter.
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Compression processes the original data rate 

of the digital values in bits per sec (b/sec) of 

the voice signal and reduces that number to 

effectively limit the RF transmission bandwidth.
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Decompression attempts to restore the original 

data rate of the compressed digital values in 

bits per sec (b/sec) of the voice signal after RF 

reception.
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The analog voice signal is sampled (a value is 

recorded) at a fixed interval (the sampling period 

TS).

For a communications quality voice signal (up to 

3 kHz) TS = 0.125 msec (or a rate of 8 kHz).
TS
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After the analog voice signal is sampled, the 

recorded values are quantized (converted to an 

approximate digital value) by an analog-to-digital 

converted (ADC).

The example here is

an analog sinusoidal

signal quantized to

only 3 bits of

resolution or 8

possible values at the

sampling period TS. 

TS
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Quantization accuracy is affected by the tradeoff 

of the sampling period (TS) and the number of 

bits (n) in each sample.

The data rate (rb) is:

rb = n / TS   b/sec
TS
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The 3 bit example here is encoded as follows:

111 = 7 101 = 5 011 = 3 001 = 1

110 = 6 100 = 4 010 = 2 000 = 0

This is straight binary

encoding.

The data rate for

even this crude

example is

3 x 1/TS = 3 x 8000 =

24 000 b/sec

TS
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For a reasonable sounding voice, 8 bits of 

resolution is used (as in telephony) resulting in

8 x 1/TS = 8 x 8000 = 64 000 b/sec = 64 kb/sec.

Simple modulation

techniques for binary

digital data include

amplitude, phase

and frequency shift

keying (BASK, BPSK

and BFSK). 

TS
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BASK ïBinary Amplitude Shift Keying

BPSK ïBinary Phase Shift Keying
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BFSK ïBinary Frequency Shift Keying

BASK and BPSK require a transmission 

bandwidth of four times the data rate, while 

BFSK requires a transmission bandwidth of 

four times the data rate plus twice the 

frequency deviation (for 95% power).
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A transmission bandwidth of four times the data 

rate of 64 kb/sec or 256 kHz for BASK and BPSK 

or greater for BFSK is unacceptable for Amateur 

Radio use and data compression is required.

If the original 64 kb/sec could be substantially

reduced by data compression, then the 

transmission

bandwidth would

be also reduced

appropriately.
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Data compression can be accomplished by a 

specialized processor implementing the Advanced 

Multi-Band Excitation (AMBE) algorithm.

The first AMBE processor was developed by DVSI 

in 1997 (AMBE-1000) and used

to produce a vocoder (voice

encoder) to compress the

quantized voice signal from

64 kb/sec to as low as

2.4 kb/sec.
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AMBE is a codebook-based vocoder that 

compresses the 64 kb/sec data to bitrates of 

between 2.4 and 9.6 kbit/s at a sampling rate of 

8 kHz in 20 msec frames.

A 20 msec frame of data is correlated to a 

preconfigured codebook of possible

values by the processor to reduce

the data rate.
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AMBE is based on the original Multi-Band 

Excitation Vocoder (1987) and

improved by DVSI.

AMBE is used by the Inmarsat 

and Iridium satellite telephony

systems and the APCO Project

25 public safety systems.


