Under standmg contm“ ed
Envelope Single Sideband

CESSB increases your average transmitted power
without making you sound more “processed.”

Dave Hershberger, WOGR

Controlled Envelope Single Sideband
(CESSB) is a new system that allows your
rig to output more average power while
keeping peak envelope power (PEP) the
same. Single sideband (SSB) modulation
produces large envelope peaks. To avoid
distortion and splatter, these peaks have
been traditionally controlled by Automatic
Level Control (ALC) systems, which re-
duce the transmitted power level so that the
envelope peaks do not get clipped in the RF
power amplifier. CESSB avoids the clipping
problem by not generating the envelope
peaks in the first place. CESSB is gener-
ated using a modified RF clipper system
that allows the average transmitted power
to nearly double. CESSB is not an audio
processor or something that goes between
your microphone and your rig.

introduction

Most RF power amplifiers are peak power
limited. So if the peaks are big, we must
turn down the amplitude of the entire signal
to keep it within the limitation of the power
amplifier. Conversely, if we could control
the peaks and reduce them,

Overshoots in SSB Modulators
Figure 1 shows a reference audio tone pre-
ceding speech. The peaks of the audio tone
and of the peak-limited speech input are the
same amplitude, but overshoots of conven-
tional SSB modulation upset that relation-
ship. If you input a single tone into an SSB
transmitter, you will always get a predict-
able output amplitude. If you set your audio
tone to a level producing the maximum PEP
rating of the RF power amplifier, then you
might think that is the correct peak level
for speech audio. It is not. If you accurately
compress and limit your audio signal, as
shown in Figure 2, then apply that well-
limited audio signal to a conventional SSB
modulator, it will overshoot like crazy (see
Figure 3).

SSB modulators overshoot because of the
Hilbert transform operation. All SSB mod-
ulators perform a Hilbert transform, some
indirectly. A Hilbert transform applies
an audio phase shift of 90 degrees for all
frequencies within its range. The phasing
method of SSB performs the Hilbert trans-
form directly using a phase shift network.

See the sidebar, “The Hilbert Transform.”

The initial tone bursts in Figures 2 and 3
have an RF amplitude of 1.0, corresponding
to maximum PEP of the subsequent RF am-
plifier. We end up with a 61% overshoot in
Figure 3. That means the PEP is 2.59 times
what it should be. So we must turn down
our RF output power to avoid flat-topping
caused mostly by overshoots generated by
the Hilbert transform operation. Shifting
the phase of a single frequency does not
change its amplitude. However, when the
phases of all the many different frequencies
in speech are changed, new points of con-
structive and destructive interference create
peaks that overshoot.

ALC has traditionally dealt with SSB
envelope overshoot. We sense RF peaks,
then reduce the gain of the transmit path to
avoid flat-topping and splatter. But tradi-
tional ALC acts too late in the process. The
first overshooting RF envelope peak gets
clipped, and that causes some splatter. ALC
then turns down the power of your SSB
transmission.

With current SSB technology,

then we could turn up the am-
plitude of the overall signal,
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we may compress and limit the
audio speech. We then apply

increasing our average power.

You might think that by accu-
rately limiting the audio level
going into an SSB transmitter,
the output envelope amplitude
would also be accurately lim-
ited. It’s not. You might also
think that RF clipping would
accurately control the output
envelope amplitude of an SSB
transmitter. It doesn’t. If we
accurately peak-limit audio 10
into an AM or FM transmitter,
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overshoots like crazy, so we use
ALC to reduce our transmitted
power and avoid flat-topping of
the signal.

About RF Clipping

RF clipping helps, but does not
solve the problem. Figure 4
shows how RF clipping is done
in conventional analog circuitry.
First, a double sideband bal-
anced modulator generates an

i

IF signal, which is applied to

the modulation is accurately 0
limited. This is definitely not

2 4 6 8 10 12
Time (seconds)

m the SSB band-pass filter. The
filter method will overshoot just

the case for SSB.

Figure 1 — Conventional SSB (blue) compared to CESSB (red) have the
same PEP, but the average power of CESSB is 2.28 times greater.
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as the phasing method does. We
then clip the IF signal.
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~ SSB modulators overshoot because of the Hilbert trans-
form operation (an audio phase shift of 90 de
audio frequencies in its range). A Hilbert transform occurs ‘
ort transform takes nicely
t into a peaky mess with lots of
nvelope will be likewise peaky.

in every SSB transmitter. A H
audio and turns

37. Some modern DS|
Figure A, we split the
frec
ins §(w), v
- 90-de

and combine ther

A filter-type SSB transmitter a o performs a Hilbert trans-
~ form indirectly. Think about the case where you are receiving
‘ signal with a BFO at the correct frequency. Now if
FO phase by 90 degrees, it shifts all of the
udio frequencies by 90 degrees too. There's

e phasing method of generating SSB,as
some of the earliest SSB transmitters, like the clas-

p
of ¢(w), into two paths. One
second path passes through
etwork. The output of this
form of the first path signal.
ignals to two mixers driven
0 and 90 degrees to each
ingle sideband.

egrees forall

rigs also use the
yut audio, which

inciding zero crossi

your Hilbert transform. The | and Q components of every
'SSB signal are always related by a Hilbert transform.

A Hilbert transform has a perfectly flat frequency response.
~Its phase response causes the problem by changing
" how the different frequencies add and subtract withone
* another. Where different frequency compon
subtracted before, they might add after pas
Hilbert transform, creating new peaks.

might have
g through the

' §SB Envelope of a Square Wave

‘About the worst thing you could put into a Hilbert trans- f

~ form is a square wave. Figure ‘
100 Hz square wave (blue) applied to a Hil

square wave is the summation of sine harmoni

ngs. After the Hilbert transfo

hows a band-limited
ransform. A

vingco-
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followed by a square wave, which is effec-
tively infinite clipping of a sine wave. The
red trace shows the output of a low-pass
filter that removes the harmonics. As you
can see, there is overshoot, because the
fundamental harmonic component (red) of
a clipped sine wave is bigger than the (blue)
clipped sine wave. When the harmonics are
removed, the amplitude is no longer limited.
This is a reason why RF clippers don’t work
very well.

The RF cycle overshoot problem can be
eliminated by doing baseband envelope
limiting instead of RF-cycle clipping. But
some overshoot will still remain.

Baseband Envelope Clipping

Even though an RF clipper does not fix the
problem, baseband envelope clipping is the
first step in CESSB. Baseband envelope
clipping is an improved version of RF clip-
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~ transform (red).

 Figure B — A band-limited square wave (blue) and its Hibert
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Numerator

Figure 7 — Clipping
by division.

Absolute

Input
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Output
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Denominator

ping, but it is done at audio frequencies
instead of radio frequencies. Baseband
envelope clipping is performed on the two
baseband audio signals. We limit the enve-
lope amplitude directly, rather than trying to
clip RF cycles.

Figure 7 shows how to make a clipper using
a divider rather than diodes. This is more
complicated than a diode circuit, but it can
be modified to process the complex (in the

mathematical sense) dual-path signals used
for SSB baseband signals.

We apply an input signal to an absolute
value circuit, which can be just a full-wave
rectifier. The output of that is applied to
a function whose output is the greater of
its two inputs. You can think of that max
function as an analog diode OR gate. That
makes the denominator input to our divider.
The input signal is the numerator.
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overheat, or worse. A power supply de-
signed for full power key-down CW should
be adequate.

(5) CESSB will have systems implica-
tions. Current SSB technology doesn’t do
very much baseband audio processing,
because conventional SSB overshoots like
crazy. So today’s SSB radios rely on ALC
and sometimes RF clipping. As we have
shown, those techniques are really not very
effective. With CESSB the audio process-
ing can and should be moved backwards
into the baseband audio domain. Modern
broadcast-type multi-band limiting and
distortion-canceled smart clipping can be
applied, with much better results than a
simple wideband RF clipper. I think we
will see the development of some very good
speech processing algorithms, which can be
combined with CESSB for no overshoot.

(6) Your SSB signal will be louder without
sounding more “processed.”

CESSB is something that needs to be built
into the radio (or at least allowed for) from
the beginning. If the radio is software
defined, then new code can be written to
implement CESSB. CESSB has been in-
cluded in the firmware for the FlexRadio
6000 series since the summer of 2014.
FlexRadio has made both laboratory and
on-air tests to verify the usefulness of
CESSB.

TAPR makes a family of boards that you
can use to build your own software defined
radio.* Warren Pratt, NR@V, has written
CESSB code for the openHPSDR library
for the TAPR boards.’

CESSB should be coming to new radios
from other manufacturers as well. I am
placing this technology in the public
domain and, in particular, to the “ham do-
main,” royalty free.

Retrofitting CESSB

While it is theoretically possible to retrofit
existing rigs for CESSB, it would be quite
difficult in practice. CESSB is normally
tightly integrated into the SSB modula-
tor. However, in some special situations,
CESSB processing can be done externally.
Older analog radios are generally not linear
phase, so I don’t think that there will be any
Heathkit HW-101 radios running CESSB
anytime soon.

See also, “External Processing for Con-
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Figure 13 — CESSB RF envelope at the output of the baseband envelope “more than a clipper.”

trolled Envelope Single Sideband” in the
January — February 2016 issue of QEX for
details on the external processor approach.®

Conclusion

SSB can be generated without producing
envelope overshoots beyond a defined
maximum PEP level. This allows higher
average power while controlling PEP. The
technique is nonlinear, but virtually inau-
dible, and does not make your signal sound
more processed. The technique consists of
a conventional baseband envelope clipper,
followed by a second envelope clipper
that reduces its instantaneous gain more
than a conventional clipper would. This is
equivalent to a cascade of seven or more
conventional envelope clippers.

CESSB is intended for use with voice.
Digital modes, especially those with
non-constant envelope functions, will be
transmitted with less nonlinear distortion if
CESSB is turned off.

Notes

The two audio files are available from www.arrl.
org/qst-in-depth.

2|nformation and the latest version of GNU Octave
is available from www.gnu.org/software/
octave.

3D.L. Hershberger, WO9GR, “Controlled Envelope
Single Sideband,” QEX, Nov/Dec 2014, pp 3 —
13, www.arrl.org/files/file/QEX_Next_Issue/
2014/Nov-Dec_2014/Hershberger_
QEX_11_14.pdf.

48, Cowling, WA2DFI, “The High Performance
Software Defined Radio Project,” QEX, May/
June 2014, pp 3 - 13.

5TAPR openHPSDR library project (openhpsdr.
org/).

6D.L. Hershberger, WOGR, “External Processing
for Controlled Envelope Single Sideband,” QEX,
Jan/Feb 2016, pp 11 — 14.
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For updates to this article,
see the QST Feedback page at
www.arrl.org/feedback.
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