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The invention relates to a single-sideband system com 
prising a transmitter and a receiver for the transmission 
of speech, the transmitter comprising, as usual, a single 
sideband generator controlled by the speech signals to 
be transmitted, the receiver comprising a single-sideband 
ldemodulator. 

It is known that, as compared with other modulation 
methods, for example, amplitude modulation, frequency 
modulation, pulseaduration modulation and the like, the 
single-sideband modulation has considerable advantages. 
The frequency band required for the transmission is 
small, i.e. primarily equal to the frequency band for 
low-frequency signals. With unfavourable signal to noise 
ratios of for example 20 to l5 db at the receiver input 
a single-sideband communication system permits, more 
over, a serviceable speech communication, so that a 
comparatively low transmitter power may suiiice. How 
ever, a single-sideband transmitter must be proportioned 
in accordance with the peak signal load and in contradis 
tinction to a frequency-modulation transmitter it is nor 
mally not fully loaded which is a disadvantage. 
The invention has for its object to obtain a high trans 

mission eflìciency in a single-sideband system for the 
transmission of speech in a manner such that on the one 
hand the transmitter is substantially fully loaded in nor~ 
mal operating conditions and that the signal-noise ratio 
at the receiver input may have a lower value than with 
the normal single-sideband system: thus with a given 
distance between transmitter and receiver a comparatively 
small transmission power permits of obtaining a prac 
tically serviceable speech communication. 
To this end, in accordance with the invention, the 

transmitter of the single-sideband system of the afore 
said kind comprises a limiter coupled with the output 
of the single-sideband generator, the output signal of 
this limiter being `a single-sideband signal of substan 
tially constant amplitude and, moreover, a single-side 
band filter to suppress distortion products occurring in 
the limiter, the output signal of this single-sideband filter 
being transmitted to the receiver, in which it is supplied 
via a limiter to the single-sideband demodulator. 

In order to improve the quality of the transmission of 
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the speech signals, more particularly with respect to the l 
recognizability of voices, in the` transmitter the speech 
signals preferably are supplied, via a pre-emphasis net' 
work to the single-sideband generator, the receiver then 
'requiring a deemphasis network between the single 
sideband demodulator and the reproducing device. 

According to another aspect of the invention a further, 
very considerable improvement in the quality of the 
transmitted signals is obtained, both at favourable and 
unfavourable signal to noise ratios, by supplying in the 
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transmitter the single-sideband signal on the one hand to l ; 
the limiter and on the other hand to an amplitude> de 
tector, followed by a low-pass filter to obtain a signal 
envelope, which contains at Vthe most the lowest of the 
_speech frequencies to be transmitted and which, apart 70 
from the limited single-sideband signal, is transmitted to i; 

2 
the receiver, in which it governs a modulator connected 
between the limiter and the single-sideband demodulator. 
The signal envelope obtained in the transmitter may 

be transmitted to the receiver in _the form of a modula 
tion of a pilot signal which occupies a frequency band 
adjacent that of the limited single-sideband signal. It 
was found experimentally that in some cases the signal , 
to noise ratio of the output signal of the receiver then 
is more favourable than the signal to noise ratio after 
transmission of the limited single-sideband signal 4and of 
the signal envelope in frequency bands remote from' one 
another. y 

When using the system described in the preceding 
paragraph, for example, for radio transmissions, in which 
the speech frequency band to be transmitted is about 0.3 
to 3.4 kc./s. and the frequency band of the signal enve 
lope may be, for example, 0 to 250 c./s., a speech com 
munication of very satisfactory intelligibility is obtained 
with signal to noise ratios at the receiver input of only 
12 to 9 db for the single-sideband signal, whilst with 
favourable signal to noise ratios of for example 40 db 
and more a quality is obtained which is normal for tele 
phone communications. 
At low signal to noise ratios of l5 db or less the signal 

to noise ratio occurring at the receiver output appears to 
be determined primarily by the signal to noise ratio of 
the pilot channel, so that for the transmission of the (uni 
polar) signal envelope narrow band frequency modula 
tion (module about 2 to 3) is to be preferred over am 
plitude modulation. Moreover, a further restriction of 
the frequency band of the signal envelope to be trans 
mitted is conducive to improve its signal to noise ratio. 
This frequency bandV may, for example, be`restricted 
to 100 c./s. or even to 40 c./s. However, the latter re 
duction produces a slight reduction of the qualityY of the 
incoming speech signal at favourable signal to noise 
ratios at the receiver input. ’ 
The invention will be described Vmore fully with ref 

erence to the figures. Y 

Figs. la and lb show a simple :embodiment of a trans 
mitter and a receiver for a single-sideband system‘accord 
ing to the invention. , . 

Fig. 2a shows an improved embodiment of a trans 
mitter according to the invention and Fig. 2b shows a 
preferred variant of an embodiment of the channel for 
the signal envelope for use in the transmitter. . 

Fig. 3a lshows an improved embodiment of the receiver 
and Fig. 3b shows the channel for the signal envelope for 
use in the receiver corresponding to the signal envelope 
channel shown in Fig. 2b. v _ 

'In the single-sideband transmitter shown in Fig. la 
the signals obtained from a microphone 1 are supplied 
via a pre-emphasis network 2 and a iilter 3, passing the 
desired speech frequency band, to a single-sideband 
generator 4. The single-sideband generator comprises 
Ya ring modulator 6, connected to a crystal-controlled 
carrier-wave oscillator 5, this modulator being followed 
by an amplifier 7, comprising, as usual, a single-sideband 
filter to select the desired sideband. ` 

In accordance with the invention the single-sideband 
signal obtained from the single-sideband generator 4 is 
supplied to a limiter 8, which produces a limitation such 
that the output signal is a single-sideband signal of sub 
stantially constant amplitude. The limited single-side 
band signal is supplied by way of a single-sideband ñlter 
>9, which serves to suppress the distortion products of 
the limiter, to a class C-ampliñer 10, to which a trans 
mitter aerial 11 is connected. It has been found by ex 
periments that the use of a single-sideband filter after 
the limiter does not produce an appreciable reduction 
of quality of the transmitted signal. y _ ' g ` 

»The limiter 8~passes the single-sideband'compoxient 
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having the largest input amplitude in a more satisfac 
tory manner than the components having a smaller input 
amplitude. In order to improve the transmission quality 
it has been found to be favourable, with respect to this 
property of the limiter, to supply the speech signals 
from the microphone 1 by way of a pre-emphasis net 
work to the single-sideband generator 4. The use of the 
pre-emphasis network 2 provides an amplitude-equaliza 
tion of the single-sideban‘d components, so that in the 
limited single-sideband signal the higher speech fre 
quency components of a speech-frequency band of for 
example 0.3 to 3.4 kc./s. are fairly well represented. 
The ñnal stages of the transmitter described above may 

be normally fully loaded by the limited single-sideband 
signal of substantially constant amplitude; thus, as is 
known with frequency-modulation transmitters, use may 
be made of class C-ampliñers in the final stages of the 
transmitter. 

Fig. lb shows the receiver to be used in conjunction 
with a transmitter shown in Fig. la. The signals ob 
tained from the aerial 12 are supplied by way of a se 
lective high-frequency pre-amplifier 13 to a limiter 14, 
which, like that of the transmitter, is constructed in a 
manner such that the limited single-sideband signal has 
a substantially constant amplitude. The limited single 
sideband signal is supplied, in order to reduce the noise, 
preferably to a simple single-sideband ñlter 14’ and then 
demodulated in the conventional manner by means of a 
single-sideband demodulator 15. The demodulator com 
prises a mixing stage 16, which is connected to a local 
carrier-wave oscillator 17. The low-frequency signals 
obtained are supplied through a filter 18, passing only 
the speech-frequency band of for example 0.3 to 3.4 
kc./s., a de-emphasis network 19 and a final amplilier 
20 to a reproducing device 21. 
The use of the limiter 14 provides a material reduc 

tion of the interference of the incoming single-sideband 
signal; noise peaks are limited etîectively and noise volt 
ages slightly lower than the signal voltage are attenuated 
owing to the limiting eífect of the limiter with respect 
to the peak portion of the signal voltage. The de-em 
phasis network 19 in the low-frequency circuit is, of 
course, required to compensate for the amplitude dis 
tortion produced in the transmitter by the pre-emphasis 
network. 
The receiver shown in Fig. 1b may be constructed 

in a manner such that during the speech intervals the 
limiter is not completely driven by the noise then re 
ceived. With such a proportioning of the limiter and the 
preceding amplifier(s) a certain dynamic range is re 
tained in the transmitted speech channels, which is con 
ductive to the intelligibilty. 
An improved suppression of noise during the speech 

intervals may be obtained by adding in the transmitter, 
prior to the limitation, a pilot signal, which is weak with 
respect to the normal speech signals (for example -10 
to -20 db), to the single-sideband signal, for example 
in the position of the suppressed carrier wave. To this 
end the input of the limiter 8 of Fig. la is connected 
through an adjustable attenuator 7’ to the carrier-wave 
oscillator 5. The output signal of the limiter then con 
tains the pilot signal with an amplitude which is in 
versely proportional to the speech signal intensity. The 
pre-amplifier 13 then includes a single-sideband ñlter 
preceding the limiter 14 in the receiver which is con 
structed in a manner such that the pilot signal reaches 
the limiter with an amplitude suflicient for fully load 
ing the limiter during the speech intervals. 
With the last-mentioned transmitter construction the 

receiver to be described with reference to Fig. 3a'may 
also be used. Y 

It has been found that the single-sideband system 
shown in Figs. la and lb permits of obtaining readily 
a speech communication at very low signal to noise 
ratios of for example v12 to 9 db at the receiver input. 
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4 I 
The quality of the transmitted speech, however, is ma 
terially lower than with the use of normal single-side 
band transmission, particularly owing to the failing of 
dynamic signal properties. 
In order to improve the system according to the in 

vention in the last-mentioned respect, use may be made 
of transmitters and receivers of the kind shown in Figs. 
2 and 3. 

In the transmitter shown in Fig. 2a the speech signals 
obtained from a microphone 22 are supplied through 
a filter Z3, passing only the speech-frequency band of 
for example 0.3 to 3.4 kc./s., and a pre-emphasis net 
work 24 to a single-sideband generator 25. The single 
sideband generator 25 comprises a ring modulator 26, 
controlled by the speech signals and connected to a 
crystal-controlled carrier-wave oscillator 27. The modu 
lated signals then obtained are supplied through an am 
pliñer 28, selecting the desired sideband, of the kind 
shown in Fig. la, to a limiter 29, which brings about 
a drastic limitation of the single-sideband signal supplied 
thereto. The limited single-sideband signal is supplied 
via a class C-ampliñer 30 and a single-sideband filter 
31, serving to suppress the distortion products in the 
limiter, to a transmitter aerial 32. 
The single-sideband signal obtained from the single 

sideband generator 25 is also supplied to an amplitude 
detector 33, followed by a low-pass filter 34, in order to 
obtain a signal envelope, which contains at the most the 
lowest of the transmitted speech frequencies. With the 
aforesaid speech-frequency band of 0.3 to 3.4 kc./s. the 
cut-olf frequency of the low-pass filter 34 may, for ex 
ample, be equal to 300 c./s. or less (100 to 40 c./s.). 
The signal envelope thus obtained controls an ampli 
tude modulator 35, connected to a pilot signal oscillator 
36. The modulated pilot signal is supplied through an 
amplifier 37 and a ñlter 38, adapted to the bandwidth 
of the amplitude modulated pilot signal, also to the trans 
mitter aerial 32. 
The pilot signal oscillator 36 may, for example, be de 

tuned by 3.7 to 4 kc./s. with respect to the carrier-wave 
oscillator 27, in a manner such that the pilot signal modu 
lated in amplitude by the envelope is emitted in a fre 
quency band adjacent that of the limited single-sideband 
signal from the channel 29, 30, 31. As an alternative, 
the pilot signal oscillator and the carrier-Wave oscillator 
27 may be tuned to nearly the same or even equal fre 
quencies. In the latter case the carrier-wave signal to be 
supplied to the modulator 35 may be obtained not from 
the pilot signal oscillator 36 but from the carrier-wave 
oscillator 27. The modulated pilot signal is then emitted 
with a frequency corresponding to the suppressed carrier 
wave of the single-sideband channel 29, 30, 31. 

-It should especially be noted that the signal obtained 
from the envelope detector 33 contains a considerable di 
rect-current component and is unipolar. It is advan 
tageous to have the pilot signal modulated by the uni 
polar envelope, in a manner such that in the absence of 
speech signals the pilot signal is emitted at the maximum 
amplitude, which decreases at increasing intensity of the 
speech signals. This is favourable to suppress noise dur 
ing speech intervals, as will be described more fully here 
inafter with reference to the receiver shown in Fig. 3a. 

It has been found that in the .transmission of single 
sideband signals by means of a transmitter of the kind 
shown in Fig, 2a and a corresponding receiver, the signal 
to noise ratio of the incoming signals, particularly if the 
signal to noise ratios in the transmission path are un 
favourable, for example lower than l5 db, is primarily 
determined by the signal to noise ratio in the transmis 
sion channel of the signal envelope. 

It is, in this respect, favourable to construct the en 
velope channel in a manner such that at low signal to 
noise ratios an optimum signal to noise ratio of the re 
ceived envelope is obtained. This may be obtained, not 
only by restriction of the band-width of the envelope 
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channel, but also by replacing in the transmitter shown 
in Fig. 2a the amplitude-modulation envelope channel 33 
to 38 by a frequency-modulation envelope channel as 
shown in Fig. 2b. This envelope channel comprises an 
envelope detector 39, the unipolai output signal of which 
is supplied through a low-pass lilter 40 to a frequency 
modulator 41 to control the frequency of a pilot signal 
oscillator 42. YParticularly with respect to the transmis 
sion of signals at low signal to noise ratios, the envelope 
channel shown in Fig. 2b is preferably constructed in a 
manner such that the module of the frequency-modulated 
pilot signal is lower than 3. It should be noted that owing 
to the unipolar envelope signal the frequency sweep is 
only unilateral. 
An important advantage of the transmission of the en 

velope signal by means of frequency modulation resides 
in the fact that then the direct-current component of the 
envelope signal at the receiver end can be determined 
unambiguously. When transmitting the envelope signal 
by means of amplitude modulation this is not possible, 
already owing 'to normal fading phenomena. 

Fig. 3a shows a receiver to be used in conjunction with 
the transmitter shown in Fig. 2a. The signals obtained 
from the aerial 43 are supplied through a high-frequency 
amplifier 44 to a channel for the limited single-sideband 
signal and to an envelope channel. The limited single 
sideband signal which was limited at the transmitter end, 
is selected by means of a single-sideband filter 4S and 
supplied subsequently via an amplifier 46 to a limiter 47, 
which suppresses drastically amplitude variations of the 
single-sideband signal produced in the transmission path. 
The signal envelope transmitted by means of amplitude 

modulation is selected by means of a filter 48, passing a 
narrow band of for example 100 to 500 c./s. and then 
supplied via an amplifier 49 to an amplitude detector 50, 
from the output of which the signal envelope is obtained 
via a low-pass ñlter 51. The signal envelope thus ob 
tained modulates, in an `amplitude modulator 5-2, con 
structed for example as a vario-losser, the single-sideband 
signal obtained, if necessary via a simple single-sideband 
filter 47' from the limiter 47, -in order to obtain a single 
sideband signal having both phase modulation and am 
plitude modulation. This single-sideband signal is sup 
plied, subsequent to ampliiication in an amplifier 53 to a 
conventional single-sideband demodulator, comprising a 
modulator stage 55, connected to a local carrier-wave os 
cillator 54. The detected speech signal passes a speech 
band ñlter 56, passing only the speech frequency band 
of for example 0.3 to 3.4 kc./s. and is supplied via a de 
emphasis network 57 and an amplifier 58 to a reproduc 
ing device 59. 
As stated above with reference to the transmitter shown 

in Fig. 2a, it is advantageous, in order to suppress noise 
during the speech intervals, to use an amplitude-modu 
lated pilot signal, which has its maximum amplitude in 
the absence of speech signals. When using such a pilot 
signal, the modulator 52 in the receiver shown in Fig. 3a, 
in which the limited single-sideband signal and the signal 
envelope are united, must, of course, be constructed in a 
manner such that at an increase in amplitude of the de 
tected signal envelope the output voltage of the modulator 
52 decreases. ' 

It is furthermore possible to provide such a bandwidth 
for the input filter 45 for the single-sideband signal that 
not only the single-sideband signal but also the pilot sig 
nal is passed. Thus the limiter 47 in the receiver is 
driven during the speech intervals by the pilot signal, 
which then has the maximum amplitude and not by noise 
voltages, as Would be the case in the absence of such a 
pilot signal. In the presence of speech signals the single 
sideband signal provides, of course, a full loading of the 
limiter 47. 

Fig. 3b shows the construction of the envelope chan 
nel in the receiver to be used in conjunction with the 
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6 
frequency-modulation envelope channel shown in Fig. 
2b inthe transmitter. y y ` . , 

The frequency-modulation envelope channel shown in 
Fig. 3b comprises an inputflilte'r 60, an amplifier 61 and 
a limiter 62, as employed usually for the reception of 
frequency-modulated oscillations. The output signals 
of theplimiter 62~are supplied for detection to a fre 
qu'ency`4 detector 63 of conventional type. Theenvelope 
signal then obtained is supplied via a low-pass filter 64, 
having a cut-off frequency of for example 300 c./s. to 
50 c./s. to the amplitude modulator 52, shown in Fig. 
3a. 

It should be noted herein that with signal to noise 
ratios of about 10 db and less, wide band frequency mod 
ulation is not effective to improve the signal to noise 
ratio of the incoming signal. 
As stated above with reference to the transmitter 

shown in Figs. 2a and 2b, use is preferably made of a 
module which may be at the most for example 3 with 
envelope frequencies of 40 to 100 c./s. Of course, the 
input filter 60 for the frequency-modulated pilot signal 
must have a passband adapted to the bandwidth of the 
incoming signal. Since the signal envelope is unipolar, 
a bandwidth of the filter 60 equal to the three-fold of 
the maximum frequency of the signal envelope suûices 
with the use of a module 3. 
With the receivers described with reference to Figs. 

lb, 3a and 3b a slight improvement in the signal to 
noise ratio of the output signal appeared to be obtain 
able by connecting a single-sideband Vfilter between the 
limiters 14 and 47 and the next following modulator 
stages 15 and 52 respectively. 
What is claimed is: 
1. A single-sideband communication system comprising 

a transmitter having means for producing a single side 
band signal, a first limiter connected to limit the ampli 
tude of said signal, a single-sideband filter connected to' 
the output of said limiter to suppress distortion products 
of the limited signal, and'means for transmitting said 
limited single-sideband signal, and a receiver having 
means to receive said transmitted limited single-sideband 
signal, a single-sideband demodulator, a second limiter, 
and means connected to apply the received signal to said 
demodulator through said second limiter. 

2. A system as claimed in claim l, in which said trans 
mitter includes a source of a pilot signal, and means con 
nected to apply said pilot signal to said lirst limiter 
whereby said pilot signal is limited along with said sín 
gle-sideband signal. 

3. A system as claimed in claim 1, in which said trans 
mitter includes an amplitude detector connected to the 
output of said means for producing a single-sideband 
signal to detect said single-sideband signal and produce 
the envelope thereof, and means connected to said am 
plitude detector to transmit said envelope, and in which 
said receiver includes means connected to receive said 
envelope and a modulator connected between said de 
modulator and said second limiter to modulate the lim 
ited received signal with said envelope. ' 

4. A system as claimed in claim 3, in which said means 
to transmit the envelope comprises a pilot signal gen 
erator and a modulator connected to said pilot signal 
generator and to said amplitude detector to modulate 
said pilot signal with said envelope, and in which said 
means to receive the envelope comprises a detector con 
nected to receive the modulated pilot signal and adapted 
to detect said envelope from the pilot signal, and means 
connecting the output of the last-named detector to an 
input of said modulator. 

5. A system as claimed in claim 4, in which said pilot 
signal has a frequency lying in a frequency band adja 
cent to the frequency band of the single-sideband signal. 

6. A system as claimed in claim 4, in which said modu 
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