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RECOMMENDATION  ITU-R  F.763-5* 

Data transmission over HF circuits using phase shift keying  
or quadrature amplitude modulation 

(Question ITU-R 145/9) 

 

(1992-1994-1995-1997-1999-2005) 

 

Scope 

This Recommendation provides data transmission systems using phase-shift keying (PSK) and quadrature 
amplitude modulation (QAM) over HF channels. Information is contained in Annex 6 for data rates from 
3 200 to 12 800 bit/s. 

The ITU Radiocommunication Assembly, 

considering 
a) that there is an increasing demand for high-rate data transmission; 

b) that to meet this need, two types of phase-shift keying (PSK) modems may be used, namely 
parallel transmission modems using multi-channel voice frequency telegraphy and serial 
transmission modems using a single sub-carrier; 

c) that to compensate for the unfavourable nature of the transmission medium, the following 
techniques are available for the two types of modems: 
– various forms of dual diversity operation including separate single sideband (SSB) 

emissions or a single independent sideband (ISB) emission; 
– error detection and error correction coding combined with time interleaving; 
– variable data rate to adapt the system to the channel capacity; 

and, for parallel transmission modems only: 
– several levels of in-band frequency diversity; 
– introduction of guard times between frames to combat multipath propagation and group-

delay distortion, 

recommends 
1 that for data transmission at binary data rates up to 2 400 bit/s using frequency-division 
multiplex (FDM) and PSK systems, the system described in Annex 1 is preferred; 

2 that for data transmission at binary data rates up to 3 600 bit/s using serial transmission 
modems, the system described in Annex 2 is preferred; 

3 that reference should be made to Annex 3 for additional information concerning 
generalized PSK; 

                                                 
* This Recommendation should be brought to the attention of Radiocommunication Study Group 8. 
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4 Annex 4 describes mode/polarization diversity systems to improve the performance of HF 
PSK systems; 

5 that for data transmission at binary rates up to 4 800 bit/s using serial transmission modems, 
the system is described in Annex 5; 

6 that for data transmissions at binary rates from 3 200 to 12 800 bit/s using serial 
transmission modems, the preferred system characteristics are described in Annex 6. 

 

 

 

 

Annex  1 
 

Data transmission at 2 400/1 200/600/300/150/75 bit/s over HF circuits 
using multi-channel voice-frequency telegraphy and PSK 

1 System description 
1.1 A receiving/transmitting terminal of the system consists of: 
– a sender and receiver of digital information (e.g. computer); 
– a modem, the primary function of which is the conversion of information from digital to 

analogue form compatible with the input to a radio transmitter and conversion of the 
analogue information at a radio receiver output into digital data compatible with the digital 
receiver input. 
This modem also performs various coding functions and effects diversity combination; 

– RF receiving and transmitting equipment connected to antennas. 

1.2 At the transmit side, the 2 400 bit/s incoming data stream is fed to a serial-to-parallel 
converter. At 32-bit intervals (i.e. 13.33 ms intervals) the content of this converter is transferred in 
parallel to a 32-bit memory device, the output of which is connected to a QPSK modulator. 

The modem generates in transmission a composite audio signal consisting of a set of 18 tones in the 
band 300 to 3 000 Hz. 

Of these tones, 16 have a spacing of 110 Hz (935 to 2 585 Hz) and are modulated in differentially 
encoded quaternary phase shift keying (DE-QPSK) mode, each at 75 Bd, thus permitting a data rate 
of 16 × 75 × 2 = 2 400 bit/s. 

The tone at 605 Hz is used for the correction of end-to-end frequency errors, including any Doppler 
effect. The tone at 2 915 Hz (or 825 Hz) is used for system synchronization. 

The dual diversity combiner can accept inputs either from two receivers operating in space, 
frequency or polarization diversity mode or from one receiver operating in ISB mode. 
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When the data rate is a sub-multiple of the transmission speed, various in-band diversity 
arrangements can be implemented. As an example, a data rate of 1 200 bit/s provides a dual 
diversity (1 200 × 2), a data rate of 600 bit/s, a quadruple diversity (600 × 4) and so forth, all with a 
transmission speed of 2 400 bit/s. Utilization of the maximum possible diversity, both in-band and 
between independent channels, can thus be made according to the data rate selected. Provision is 
made for 75/150/300/600/1 200 bit/s. 

In addition to a choice of coded/uncoded operation, with selectable data rate and diversity mode, 
this modem also allows setting of the interleaving interval thus providing a flexible communication 
system as summarized in Table 1. 

The transmission signal consists of frames whose duration is 13.33 ms. This includes a time guard 
(4.2 ms) which is introduced to offset the effects of multipath propagation. 

The modem uses two techniques to reduce signal impairments, particularly those caused by 
impulsive noise and flat fading: 
– error correction code; 
– time interleaving. 

A form of BCH cyclic block code (16,8) is used. The BCH codewords are stored in a memory to be 
extracted during the interleaving process. Interleaving is obtained by considering: 
– the first bit of the last stored word; 
– the second bit of the “(m) word stored before”; 
– the third bit of the “(2 m) word stored before” ...; 
– the 16th bit of the “(15 m) word stored before”. 

 

TABLE  1 

Data rates/modes (independently selectable for transmission and reception) 

 

 

 Uncoded modes Coded modes 

Data rate 
(bit/s) Diversity modes Time interleaving 

Available time spread 
Additional diversity modes 

 In-band Channel Total (transmitter and receiver) 
(s) In-band Channel Total 

2 400 – × 2 × 2     
1 200 × 2 × 2 × 4 0-12.8 – × 2 × 2 

 600 × 4 × 2 × 8 0-25.6 × 2 × 2 × 4 
 300 × 8 × 2 × 16 0-51.2 × 4 × 2 × 8 

 150 × 16 × 2 × 32 0-102.5 × 8 × 2 × 16 
 75     0-205 × 16 × 2 × 32 
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The interleaving level (m codewords) can be chosen according to the propagation conditions of the 
radio path from 0 (no interleaving), 1, 2, 4, 8, 16, 32, or 64, corresponding to a data reception delay 
ranging from a few milliseconds to tens of seconds. As the wrong bits do not belong to the same 
coded word, a better protection against burst errors is achieved. 

In Fig. 1, the performance of the modem with Gaussian distributed noise is given in terms of bit 
error probability, Pe, as a function of signal-to-noise ratio, S/N, for both with coding and without 
coding modes, in a 250-3 000 Hz bandwidth.  

The effects of coding become prominent at the higher values of S/N. 

The curves were obtained with an experimental test set-up in which the modem was fed with a test 
pattern to produce the audio frequency tones. The output of the modem was summed with Gaussian 
noise, filtered and applied to the receiving input of another modem from which the test pattern was 
retrieved at the output. The test pattern was then fed to a data error analyzer to enable the bit-error 
ratio (BER) to be determined. 

Figure 2 indicates the results of a computer simulation of the modem performance in a fading 
channel. 

A fading channel was simulated in which two equi-amplitude paths carry signals separated by a 
multipath delay of 1 ms and differing in frequency by 1 Hz, in order to obtain fades which ran 
through the passband rather than remaining at certain fixed frequencies. 

From Fig. 2, it can be seen that the performance is improved by using a combination of the various 
types of diversity (in-band and out-of-band), error correcting codes and interleaving techniques for 
600, 1 200 and 2 400 bit/s rates. 

The modem is currently in experimental use as part of an HF link between two radio stations 
located in central and southern Italy, and separated by approximately 800 km (500 miles). 

1.3 The RF equipment performs, in transmission, operations relative to channel modulation and 
produces an emission having suitable radio frequency and power characteristics. Reverse 
operations, relative to frequency conversion, are carried out in reception so as to obtain the 
composite audio signal to be conveyed to the modem. 

The RF equipment has the following specific characteristics: 
– phase jitter: less than 5° for 10 ms time interval (100 samples); 
– group delay distortion: 500 µs in transmission, 500 µs in reception; 
– intermodulation: 36 dB below peak envelope power. 
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FIGURE  1 
Bit error probability versus S/N for various data rates using with coding or without coding 

modes with in-band diversity for a non-fading channel with Gaussian noise 
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FIGURE  2 
Bit error probability versus S/N for a selective fading channel using 

data rates of 600, 1 200 and 2 400 bit/s in the following cases 
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Annex  2 
 

Data transmission at rates up to 3 600 bit/s over HF circuits  
using a serial transmission modem 

1 General 
The modem permits data transmission in a 3 kHz HF channel. It receives and reconstitutes digital 
data at a rate of ≤ 3 600 bit/s and generates an analogue AF signal within the 300-3 300 Hz audio 
band. 
It incorporates protection against multipaths, Doppler effect and fading. 

2 Modem operating modes 
There are three possible operating modes. 

2.1 Semi-duplex forward error correction (FEC) mode 
2.1.1 This mode uses an MPSK (M = 2, 4, 8) modulation at 2 400 Bd, with a user bit rate of 75, 
150, 300, 600, 1 200, 2 400 or 3 600 bit/s (not all of the bit rates are available with all of the 
waveforms), and with frames of 256 modulated symbols (of which 128 are user symbols), i.e. 
106.6 ms. 

2.1.2 A data exchange comprises three phases, namely preamble, traffic and end of transmission: 

 

 

The preamble phase enables the called modem to detect the call and to receive the technical 
parameters (encoding, interleaving, data rate, modulation) that it needs for the rest of the 
transmission. The traffic phase contains the data to be transmitted. The end of transmission phase 
enables the called modem to detect an end of message word in order to terminate the link and return 
to traffic standby. 
The end of transmission is effected when the calling modem transmits on-hook frames. These 
frames are similar to preamble frames, but include a bit containing the on-hook information. 
2.1.3 The functions provided are as follows: 
– Emission: 

– data encoding and interleaving; 
– framing and modulation; 
– transmission of AF signal. 

– Reception: 
– reception of AF signal; 
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– detection of synchronization; 
– demodulation of received signal; 
– data de-interleaving and decoding. 

2.2 Full-duplex FEC mode 
This mode amounts to the same thing as two independent FEC-type semi-duplex links. In each 
direction a preamble followed by data and an end of message word are sent and recognized by the 
called modem. As in the semi-duplex FEC mode, this preamble specifies the technical parameters 
that are to follow. 

2.3 Automatic repeat request (ARQ) mode 

2.3.1 This mode uses an MPSK (M = 2, 4, 8) modulation at 2 400 Bd, with a user bit rate of 600, 
1 200, 1 800 or 2 400 bit/s (not all of the bit rates are available with all of the waveforms), with 
frames of 256 modulated symbols (of which 128 are user symbols), i.e. 106.6 ms. 

2.3.2 The ARQ mode is a data transmission mode involving selective repetition by block. The 
data for transmission are divided up into blocks corresponding to a modem frame. The calling 
modem sends a superframe of N blocks (N is nominally equal to 64, but may be lower than this 
during transmission of the last data) and waits for the called modem to acknowledge its receipt. 

If any blocks have not been correctly received, they are re-transmitted in the following superframe, 
which is made up with new blocks. 

The phases contained in this mode are call set-up (connection), data transmission and end of 
transmission (disconnection). In addition, the ARQ mode allows for momentary disconnection, 
caller/called party switching, flow control, and adaptive power, data rate and frequency control. 

 

 

The ARQ mode thus comprises two distinct phases, namely a transmission phase (transmission of a 
superframe at the calling end, and of an acknowledgement at the called end), and a reception phase 
(reception of an acknowledgement at the calling end, and of a superframe at the called end). 

2.3.3 Adaptive control 
2.3.3.1 The ARQ mode allows adaptive power, data rate and frequency control. Of these, only the 
adaptive data rate control is entirely managed by the modem. In the case of power control, the 
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modem indicates to the system the adaptation to be effected and continues the transmission, while 
in the case of frequency control, the modem momentarily disconnects itself after indicating to the 
system the need to find a new frequency. 

2.3.3.2 The adaptive power control procedure is based on statistical measurements of the link 
quality. Adaptive power increase is achieved very rapidly, while power decrease involves a large 
time constant. 

2.3.3.3 Adaptive data rate control is effected on three of the data rates chosen from among the four 
that are available, namely 2 400, 1 800, 1 200 and 600 bit/s. 

Adaptive increases in data rates are based on statistical measurements of the link quality, while 
decreases are based either on statistical measurement of the link quality, or on the non-reception of 
data or acknowledgements during the transmission. 

2.3.3.4 If the adaptive data rate decrease control is not sufficient to continue the transmission, a 
request is made to the system to implement adaptive frequency control. 

In order that a new frequency may be sought, the modem momentarily disconnects itself and stands 
by to resume the transmission, storing the data which have not yet been transmitted. 

2.3.3.5 It is possible to set up the modem in ARQ mode in such a way that it does not implement 
adaptive data rate control. In this case, only the frequency and power control are effected. 

2.3.4 The functions provided are as follows: 
– Send, at the calling end: 

– data segmenting, 
– data encoding, 
– framing and modulation, 
– transmission of AF signal. 

– Send, at the called end: 
– encoding of acknowledgements, 
– framing and modulation, 
– transmission of AF signal. 

– Receive, at the calling end: 
– reception of AF signal, 
– detection of synchronization, 
– received signal demodulation, 
– decoding of acknowledgements. 

– Receive, at the called end: 
– reception of AF signal, 
– detection of synchronization, 
– received signal demodulation, 
– decoding of data, 
– data reassembling. 
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3 Technical characteristics of the modem 

3.1 Modulation 
3.1.1 The modulation technique involves phase shift of a sub-carrier with a frequency of 
1 800 Hz. The modulation rate is 2 400 Bd, with a minimum accuracy of 10–5. 

3.1.2 The clock stability associated with the generation of the 1 800 Hz is 10–5. 

3.1.3 The phase shift of the modulated signal in relation to the unmodulated reference sub-carrier 
may take on one of the following values: 

 

Symbol No. Phase 
0 0 
1 π/4 
2 π/2 
3 3π/4 
4 π 
5 5π/4 
6 3π/2 
7 7π/4 

 

Symbol number n is associated with the complex number exp (jnπ/4). 

 

 

3.2 Transcoding 
Transcoding is an operation in which a symbol to be transmitted is associated with a group of 
binary digits. 
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3.2.1 Data rate of 1 200 bit/s: 2-PSK 
Transcoding is effected by associating a symbol with a binary digit according to the following rule: 

 

Bit Symbol 
0 0 
1 4 

 

3.2.2 Data rate of 2 400 bit/s: 4-PSK 
Transcoding is effected by associating a symbol with a set composed of two consecutive binary 
digits according to the following rule: 

 

Dibit Symbol 

0 0 0 

0 1 2 

1 0 6 
   
 1 1  

 4 

      
Oldest 

bit 
 Most 

recent bit 
 

 

3.2.3 Data rate of 3 600 bit/s: 8-PSK 
Transcoding is effected by associating a symbol with a set composed of three consecutive binary 
digits according to the following rule: 

 

Tribit Symbol 

0 0 0 1 

0 0 1 0 

0 1 0 2 

0 1 1 3 

1 0 0 6 

1 0 1 7 

1 1 0 5 
   
 

1 1 1
 

 
4 

      
Oldest 

bit 
 Most 

recent bit 
 

 

Copyright International Telecommunication Union/ITU Radiocommunication Sector 
Provided by IHS Markit under license with ITU-R Licensee=/, User=, 

Not for Resale, No reproduction or networking permitted without license from IHS

--`,,```,,,,````-`-`,,`,,`,`,,`---

Full document details: ITU-R F.763-5 2005

http://www.avadocuments.com/doc/itu-r-f-763-5-2005
http://www.avadocuments.com/doc/itu-r-f-763-5-2005


12 Rec.  ITU-R  F.763-5 

3.3 Frame structure 
3.3.1 The symbols to be transmitted are structured in recurring frames of 106.6 ms in length. The 
number of binary digits transmitted per frame is 128 bits at 1 200 bit/s, 256 bits at 2 400 bit/s and 
384 bits at 3 600 bit/s. 

3.3.2 A frame is made up of 256 symbols, of which the breakdown is as follows: 80 symbols for 
synchronization, 48 reference symbols and 128 data symbols. 

Figure 6 depicts the frame structure. 

3.3.3 The synchronization sequence is transmitted in 2-PSK, at a modulation rate of 2 400 Bd. It 
is used by the modem for detecting the presence of the signal and for correcting the frequency shift 
resulting either from the Doppler effect or the difference between the transmit and receive carrier, 
bit synchronization and either the equalization time in the case of equalization by recursive filtering, 
or the HF channel evaluation in the case of detection by the maximum likelihood method. 

 

3.3.4 The reference and data symbols are structured in four blocks, the first three of which 
comprise 32 data symbols followed by 16 reference symbols, with the last block comprising 32 data 
symbols. All of the reference symbols correspond to the symbol number 0. 

These 176 reference and data symbols are scrambled by a scrambling sequence comprising 176 
symbols which is repeated every 106.6 ms. This sequence is transmitted in 8 state phase modulation 
at the rate of 2 400 Bd. It is thus possible to create a frame with 8 phase states, whatever the data 
rate (1 200 bit/s, 2 400 bit/s or 3 600 bit/s). 

The scrambling operation consists in adding modulo 8, the symbol number associated with the data 
to the symbol number associated with the scrambling, which amounts to complex multiplication of 
the data symbol by the scrambling symbol. 
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3.4 Error correction coding, interleaving 
The use of error correction coding in conjunction with adequate interleaving can considerably 
improve the BER. 

On the basis of the three base modes without redundancy, namely 
– 3 600 bit/s 8-PSK, 
– 2 400 bit/s 4-PSK, 
– 1 200 bit/s 2-PSK, 

the coding permits the introduction of various redundancy possibilities. 

3.4.1 FEC mode 
This involves the use of convolutional coding in combination with interleaving which is also 
convolutional. The convolutional code used is redundant code 2 and constraint length K = 7, 
associated with the characteristics polynomial 171,133 (octal representation). 

Redundancies lower than 2 are obtained by puncturing, while redundancies higher than 2 are 
obtained by repetition. 

Among the various possibilities, we would mention the following: 

 

Data rate 
with coding 

(bit/s) 

 
Waveform 

 
Redundancy 

 
Method for obtaining this code rate 

2 400 8-PSK 3/2 Conversion of data rate 1/2 to data rate 2/3 

1 200 4-PSK 2 Unmodified code at data rate 1/2 

 600 2-PSK 2 Unmodified code at data rate 1/2 

 300 2-PSK 4 Code at data rate 1/2 repeated 2 times 

 150 2-PSK 8 Code at data rate 1/2 repeated 4 times 

 75 2-PSK 16 Code at data rate 1/2 repeated 8 times 

 

3.4.2 ARQ mode 
A Reed-Solomon (RS) coding is used, and there is no interleaving. 

 

Data rate 
with coding 

(bit/s) 

 
Waveform 

 
Redundancy Coding 

(symbols of 8 bits) 

2 400 8-PSK 3/2 RS (48,32) 

1 800 4-PSK 4/3 RS (32,24) 

1 200 4-PSK 2 RS (32,16) 

 600 4-PSK 4 RS (32,8) 
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3.5 Spectrum of the modulated signal 
The spectrum of the modulated signal after filtering and 1 800 Hz transposition is shown in Fig. 7. 
The total bandwidth is equal to 3 000 Hz. 

3.6 Frequency error tolerance between transmission and reception HF carriers  

The modem must be able to tolerate a shift of ± 75 Hz between the transmission and reception HF 
carriers (transmitter/receiver frequency error and Doppler shift included) and a frequency variation 
rate of at most 3.5 Hz/s. 

4 Interfaces with other equipment 

4.1 Modem interface with the data terminal 
This satisfies ITU-T Recommendation V.24, the electrical characteristics of the interface being in 
conformity with ITU-T Recommendation V.11 (RS 422). 

4.2 Modem interface with the transmitter and the receiver  
The input and output circuits of the modem are of the balanced to earth type, having an impedance 
of 600 Ω at 0 dBm. 
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4.3 Quality of performance of associated transmitters and receivers 
To obtain optimal performance, the following characteristics for transmitters and receivers are 
recommended: 

4.3.1 They must have a passband such that between 300 Hz and 3 300 Hz variations of 
transmission loss are at most ± 2 dB. 
NOTE 1 – The operation of a serial modem with a system bandwidth of 300 to 3 000 Hz is possible with 
reduced performances. Further study would be needed to design a serial modem with a sub-carrier of 
1 650 Hz, operating with reduced bandwidth systems. 

4.3.2 The group delay must not vary by more than 0.5 ms over 80% of this passband. 

4.3.3 The accuracy of the transmitter and receiver pilot frequencies must be at least 10–6. 

4.3.4 The time constant of the automatic gain control (AGC) circuit must be less than 10 ms for 
de-sensitization and less than 25 ms for re-sensitization. 

 

 

 

 

Annex 3 
 

Transmission systems using PSK 

1 Introduction 
In HF channels information at bit rates of over 200 bit/s is normally transmitted using multistate 
methods and complex signals. This generally involves a combination of frequency-shifted 
orthogonal subcarriers with 2-PSK. With the latter technique a bit rate twice that obtainable with 
FSK can be achieved in the same frequency band and the redundancy can be used to increase noise 
immunity. Apart from multi-frequency PSK, practical interest attaches to a more general type of 
modulation – generalized PSK, in which the information to be transmitted is contained not in the 
differences between the instantaneous phases of the sine-wave signals but in the difference between 
the phase spectra of complex orthogonal signals. The amplitude spectra of such signals coincide and 
may be matched with the channel frequency characteristic (or the interference spectrum) without 
violating the conditions of mutual orthogonality. On this basis it is possible to consider the 
construction of adaptive modems with a higher noise immunity or traffic capacity. 

The practical application of generalized PSK has been held up in the past by the well-known 
difficulties involved in the synthesis and processing of complex signals. The basic problems have 
now been solved, thanks to the theory of synthesis which has been developed, and the availability of 
microelectronic modules with a high degree of integration, which has removed the obstacle of 
technical circuit complexity. This Annex sets forth the main principles governing the design of 
modems with generalized PSK, describes a variant which has been developed and gives a number 
of test results. 
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2 Theoretical questions 

2.1 Selection of signals 
As was pointed out by Shannon, in order to achieve a transmission rate equal to the communication 
capacity in channels with a frequency characteristic of Y(ω) and a Gaussian noise of N(ω), use has 
to be made of signals characterized by a steady state Gaussian process with a power of P and a 
power spectrum of: 
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where the integration range Ω is determined from the condition F(ω) ≥ 0 and the constant B 
depends on the power of the signals. Since in practice there are always standards governing the 
permissible limits for the delay in information being transmitted, the maximum signal duration and 
the number of signals have to be limited. Under these conditions finite-dimensional combinations of 
determined orthogonal signals, the squares of whose spectral density moduli coincide with F(ω), 
may be considered as being close to optimum. However from (1) it follows that F(ω) = 0 at all 
frequencies where B < Y(ω)/N(ω), i.e. mutual orthogonality has to be preserved when individual 
portions of the spectrum are rejected. The multi-frequency signals used in existing modems do not 
possess this property. Moreover, their orthogonal spectrum shape is optimum only for channels with 
a flat frequency characteristic and white noise type interference. Calculations show that failure to 
meet these conditions may result in information transmission rate losses of up to 40% of the 
channel’s communication capacity. 

Another criterion for assessing the optimum nature of orthogonal signal combinations is the 
requirement as regards the shape of their autocorrelation function. For example, to ensure stability 
in the operation of a synchronization system, the main lobe of this function has to be narrow enough 
and the side lobes must not exceed a given level. In this case mutual orthogonality must be assured 
at a given signal amplitude spectrum which does not necessarily satisfy condition (1). 

In view of the above, in order to achieve generalized PSK, a special class of signals based on the 
use of complex systems of functions with double orthogonality was developed. Their spectral 
densities may be represented as follows: 

  Sk (ω)  =  S(ω)e j [K ψ(ω) + α(ω)] (2) 

where: 

 S(ω)2 = A
ω
ωψ

d
)(d  

 where: 
 A : constant factor 
 α(ω) : arbitrary bounded function. 

For a given amplitude spectrum, it is therefore possible to define the phase spectrum of the signals 
and therefore their spectral density. Further synthesis involves finding samples of spectral signal 
densities with different serial numbers and transforming them using a Fast Fourier Transform (FFT) 
into time samples. Synthesis of the signals may be combined with coding of the signals in the time 
domain using the Reed-Solomon code; for this purpose a number of zero samples has to be added 
beforehand to the spectral density samples and only then can the FFT be performed. It should be 
noted that this type of mixed coding (orthogonal in the frequency domain and Reed-Solomon code 
in the time domain) is most effective for HF channels. 
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