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Abstract: A new method of carrier retrieval is described for a suppressed-carrier, vestigial-sideband data 

transmission  system.  Tests over voice grade telephone lines indicate that operation at 3000 bits  per  second 

(in some  cases, 3600 bps) can be obtained reliably over private lines with simple adjustable equalization, 

whereas fixed compromise equalization will allow speeds  up  to 2400 bps over a large percentage of lines 

in the  switched network. The  possibility of higher  speed operation using a multilevel data signal is demon- 

strated by tests at 6000 and 8000 bps over a carefully equalized private line. 

Introduction 

Double-sideband, suppressed-carrier modulation, or phase- 
shift keying, employing synchronous  detection at the 
receiver has been widely accepted as a nearly optimum 
system for  binary data transmission  in  terms of perform- 
ance  in the presence of The maximum  practical 
bit rate of such a system is limited to about 2400 bits per 
second over high-quality, voice grade channels and to 
about 1200 bps in switched network  applications, where 
poorer lines may be  obtained and adjustable  equalization 
is not empl~yed .~  
A more efficient utilization of bandwidth can be ob- 

tained  either by the use of two double  sideband (DSB) 
channels with quadrature carriers  (or  four-phase  modula- 
tion), or by vestigial sideband  transmission (VSB). Either 
method suffers only a modest decrease in noise perform- 
ance while maintaining the inherent  capability of DSB 
to work over a wide dynamic range of signal levels at the 
demodulator. A basic difficulty in both techniques has 
been the problem of carrier recovery at  the receiver for 
use with synchronous detection. For certain data patterns 
the received signal after frequency translation  in the 
channel  does not contain the carrier  information neces- 
sary to allow recovery by the methods that have been 
most commonly used for DSB.' This  problem  can  be 
avoided in the four-phase system by the use of phase com- 
parison detection. 

One straightforward  solution to the carrier retrieval 
problem has been to remove the low frequency compo- 

nents of the  data signal by filtering, allowing a low level 
carrier signal to be transmitted  without interference. The 
resulting system can be used to transmit  data by employ- 
ing dc restoration:'6  by using special signal formation: 
or by using coding which does not require low frequency 
components (e.g., four-out-of-eight coding). Each of these 
methods has certain disadvantages : 

(1) The  dc restoration  technique requires an accurate 
automatic  gain control (AGC). Furthermore,  the elimi- 
nation of the  dc component  in the  data signal causes a 
6 dB increase in the peak  line signal that occurs when 
the  data signal changes state after being in a given state 
for a prolonged interval; if the peak signal determines the 
transmission power level, the average transmitted power 
must  be reduced, and  thus a more noise-sensitive system 
will result. 

(2) The signal formation method which converts the 
original data signal into a positive pulse for  each positive 
transition and a negative pulse for each negative transition 
also requires an accurate AGC. Since the transmitted 
signal has three levels, it is somewhat more noise-sensitive 
than a binary signal. 

(3) The coding approach would be practical only  in an 
over-all data system where the serial data  are readily pro- 
vided in  the desired form. 

This  paper presents a new solution to the carrier re- 33 
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DSB phase  re- 
versal modems. This modem allows synchronous  trans- 
mission (continuously clocked) or asynchronous  trans- 
mission (clocked during  each  character, e.g., teletype 
data) with no coding restrictions on  the  data. No syn- 
chronization between the  data  and  the carrier is required. 
The system may be used to transmit  binary data directly 
or with multilevel encoding to increase the information 
rate. 

Carrier recovery for a vestigial sideband system 

The VSB system shown  in Fig. 1 is identical to a DSB 
phase reversal system to which has been added  the VSB 
and complementary VSB filters. These filter responses 
are shown  in Fig. 2a and have the combined response of 
Fig. 2b. The transmitted signal spectra for DSB and VSB 

34 are illustrated  in Fig. 3. In  the case of DSB the  total signal 

Figure 2 Characteristics of the VSB filter and of 
the  complementary VSB filter. ( a )  Their 
individual  responses; ( b )  their combined  re- 
sponse. 
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