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ABSTRACT 

A conceptually new approach to predicting the quality of discrete message transmission via a 

narrowband shortwave channel is described. This approach is based on using the simulation model 

of the channel and enables to account for special design of transceivers (including antennas) and 

actual mechanisms of radio wave propagation in magneto-active spatially non-uniform ionosphere in 

connection to specific helio- and geophysical conditions. Resultantly, the quality of transmission is 

predicted with the use of expected structure of the field at a reception site, and time variations of 

signal level. This approach provides the possibility for real-time prediction of the transmission 

quality. 

 

1.  INTRODUCTION 

Modern methods of predicting the quality of discrete message transmission via radio channels with 

stochastic parameters have been developed with the use of a priori information for describing 

statistical and correlation properties of a signal and interference. However, for an ionospheric 

channel which typically affects propagating signals in a complex stochastic way, it is not always 

possible to interconnect a priory and actual data. As for such traditional measure given by known 

channel quality predictions as average signal-to-noise ratio, it was practically shown [1] that this 

indicator cannot be sufficient for characterizing the quality of transmission of digital information. 

Whereas an alternative qualitatively new approach to this problem suggests using the simulation 

models which can accurately represent real mechanisms of radio wave propagation for the purpose 

of predicting reliability of sky-wave communication.  This paper describes the realization of such 

approach applied to prediction of errors in digital information transmitted via narrowband shortwave 

channel. 

2.  PREDICTION ALGORITHM  

The prediction procedure is realized as a software package which is described in the Fig. 1 in the 

form of a block-diagram. The package comprises five blocks:  (1) model of a digital test sequence 

generator, (2) simulation model of shortwave signal field, (3) model of a noise (interference) 

generator, (4) model of a decision circuit, and (5) error detection block. 

Test sequence generator outputs binary sequences (blocks) which have essentially same parameters 

as a data signal. It is possible to select any mode of data keying, and so the generator acts also as a 

modulator.  

Noise generator (generator of additive interference) produces a sequence of samples of narrowband 

noise with given correlation and probabilistic characteristics. It is worth noting that a reception 

interference meter can be taken as noise generator. 
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Model of decision circuit implements the algorithm of processing a received message, i.e. it 

simulates the demodulator.    

 
 

       Fig. 1 Block-diagram of error prediction procedure 

 

In error detection block the initial test sequence is compared to the sequence at the output of 

decision circuit, which gives the number of errors in the received message. In addition to number of 

errors, the proposed algorithm is capable of predicting such statistical characteristics of 

communication quality as rate of code word distortion, distribution of words with respect to the 

number of errors, distribution of intervals between errors, etc. 

The main block of the package is the author's simulation model of HF narrowband channel (HF 

signal field) [2, 3]. The starting statements of the model are following: 

– total field at the reception site is set as the result of interference between few spatially 

discrete rays with time-varying amplitudes and phases; ray parameters are found by 

trajectory tracing in two-dimensional non-uniform along a ray path ionosphere; 

– variations of an individual ray and the total field parameters are attributed to terminator travel 

and travelling ionospheric wave disturbances (TIDs).  

The model inputs the following parameters: 

  coordinates of transmitter and receiver; 

  transmit and receive antenna patterns; 

  time of communication session: year, month, date, hour; 

  solar activity; 

  operating frequencies; 

  disturbance (TID) parameters: period, wavelength, initial phase, amplitude. 

The two-dimensional spatial distribution of ionization is set at equidistant node points along the 

great circle arc connecting transmit and reception sites. In these points, non-disturbed altitude profile 

of electronic density is described by the model of seven quasi-parabolas. The parameters of quasi-

parabolas are found by using the algorithms put into the basis of International Reference Mode IRI 

[4]. For the purpose of real-time prediction of communication quality, spatial ionization distribution 

can be adjusted by means of special technique making use of current diagnostics data. The TIDs are 

accounted for by a multiplicative model of two or three travelling monochromatic waves with 

horizontal direction of a wave vector. 

With altitude dependency of electronic density set in the above form, the process of calculating ray 

trajectories reduces to summation of closed-form functions. The point-to-point (boundary value) 
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problem is solved, and space loss is found by using the standard techniques. Ionospheric absorption 

along the trajectory of each ray is calculated by using generalized theorem of equivalence taking 

geomagnetic field effect into account [5]. As a result, phase path, group path, and Doppler shift 

values are found for each ray. With transmit antenna pattern taken into account, field strength 

amplitude of the j -th ray is given in dB by the following expression: 

KLLLLPA rpsj  lg108.107 , (1) 

where P  is transmit power in kW, and all the next values are in dB, L  is ionospheric absorption, sL  

is space loss, K  is transmit antenna gain, rL  is Earth reflection loss; pL  is loss  due to polarization 

mismatch. The latter loss is calculated by known technique based on theory of limiting polarization. 

Calculation of rL accounts for reflecting surface conductivity at intermediate points of incidence of 

multi-hop rays.  

Distinctive property of a narrowband channel is that it allows for neglecting frequency dispersion of 

partial rays within a signal bandwidth. Due to this very circumstance the simulation model can 

operate in real time.  

The use of proposed algorithm is shown for predicting the quality of communication in a simple case 

of binary message transmission with amplitude shift keying (ASK). The signal which has travelled 

along a discrete ray trajectory takes the following form at the output of the channel: 

 

   

   (2) 

 

 

Here  f0 is carrier frequency, Δfj and Ψj are amplitude and phase of Doppler shift respectively,  Tj is 

the period of variation of Doppler frequency which is the same as the period of TID, S(t) represents 

binary test sequence, and τj is group delay. 

For N rays the instant amplitude of total field of the signal with additive noise )(t is given by 

 

  

 (3) 

 

When going from field strength to voltage at receiver terminals, the polarization pattern and 

effective height of receive antenna are accounted for. 

Next, the 20-minute sample of the total field of received signal is simulated. For this value of 

sampling duration the error of estimating the sample mean does not exceed 1 dB [5], which allows 

for minimizing the error of signal-to-noise ratio forecast. 

For ASK detection, the decision circuit realizes the integral reception (method of accumulation). 

Integration is performed over duration of a binary chip. Further, the threshold value is subtracted 

from the sequence of samples obtained that way. After processing in the decision circuit, the 

received sequence of samples enters the error detection block where it is compared with the initial 

test sequence. Test sequence is run through the simulated channel several times for different TID 

parameters. The number of runs is determined by duration of a test sequence, and time available to 

complete the prediction. Resultantly, the algorithm predicts the distribution of errors in a message 

for a given signal-to-noise ratio. 

3. EXPERIMENTAL TESTING OF THE METHOD 

The efficiency of the algorithm was tested experimentally. Over three months at the path of about 1000 km 

binary ASK sequences were received from 11 a.m. to 2 p.m. To minimize intersymbol interference, the 
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duration of binary chip was selected at 150 ms. The reception was performed in the bandwidth of 3 kHz. The 

total 180-minute data record was segmented into 20-minute telegrams by sliding a 20-minute window over 

the data with a time shift of 5 minutes. Next, the number of errors was determined for every telegram at a 

fixed signal-to-noise ratio. The decision circuit with variable threshold was used. The signal was selected by 

digital 20 Hz bandpass filter. The noise level was selected by setting the filter bandwidth from 20 to 1000 Hz. 

The results of processing were used to obtain the dependencies of error rate on signal-to-noise ratio. Typical 

examples of such dependencies are shown in the Fig. 2 for operating frequencies of 8.5 MHz and 10.9 MHz. 

The similar dependencies were found by using the prediction algorithm. The test sequence was run for 

several times (not less than six) through the channel model each time with different combination of TID 

parameters. The parameters of ionospheric model were corrected by using the data from vertical sounder 

located at the transmit site. The examples of such predicted dependencies averaged over three hours are 

shown in the Fig. 2 by solid lines. From the Fig.2 it can be seen that predicted curves match experimental data 

fairly well. 

 

4.  CONCLUSION 

The technique of predicting the quality of binary message transmission via a narrowband shortwave 

channel has been developed. This technique is based on using the adaptive simulation model of a channel 

which accounts for principal mechanisms of short wave propagation in magneto-active spatially non-uniform 

ionosphere. In addition to error distribution the proposed algorithm is capable of predicting such statistical 

characteristics of communication quality as rate of code word distortion, distribution of words with respect to 

the number of errors, distribution of intervals between errors, etc. The proposed technique may also be used 

as a channel simulator for modem testing. 
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