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Abstract The HF band data communication link has been traditionally desired
by many of the large range transmission systems although it is associ-
ated to unfavorable performances as low transmission rate, large delay
and low confidence in terms of link establishment and maintenance. Al-
though transmission rates may be high enough to transmit digital voice,
delay, usually over several second, has been the main handicap to let
the systems provide interactive digital voice links. Indeed, there is no
unclassified equipment with this capability. The main achievement of
this proposal is that we are able to guarantee digital voice transmission
with low latency, around 135 msec (modem+codec), providing a full
interactive digital voice link. Performances of two new 2460 bps. HF
modems are presented versus the 39-tone 2400 bps MIL-STD-188-110A
modem, working over an ITU-R moderate channel. Futhermore, these
results are corroborated by real tests carried out in a 1800 Km. link.

1. Introduction

1.1 The HF Channel
In the HF band, long distance communications are feasible thanks to

the use of the ionosphere as passive reflector. However, the atmospheric
nature of this reflector makes the systems to face a very hard commu-
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Figure 1. Time-Frequency representation of the HF channel

nication environment. Multipath effects are always present and have to
be considered in depth, beside the very fast time-varying characteristics
of the channel. The main parameters used to measure channel behav-
ior are frequency coherence (∆fc) and time coherence (∆tc) [12]. The
first one (∆fc) gives information about how narrow must one modulated
carrier be in order to consider the channel flat. Typical values in HF
channel are close to 1 KHz or less. The second parameter (∆tc) sets
the time separation between two pulses with different attenuations. Its
inverse is known as doppler spread (fd) and in HF it is usually about 0.1
to 2 Hz. This multipath environment makes efficiencies over 0.5 bit/Hz
very difficult to achieve. It is common to find channel characteristics
as shown in Figure 1, where several deep nulls spread over the narrow
transmission band and move arbitrarily over it. Usually, the bandwidth
of HF transmissions are less than 3 KHz and the best performances in
data communications are obtained usually by the combination of power-
ful codes and very long interleavers, which introduce an important delay
in the communication and make interactive digital voice link impossible.

1.2 State of the Art
Single carrier schemes have been typically used for facing the hard

conditions of the short-wave radio communications. Indeed, most of
the systems designed for data transmission in the HF band use single
carrier techniques beside powerful coding [6]. Optimum coding per-
formance needs the use of long interleaving matrices in order to cope
with burst errors introduced by the channel. Interactive digital voice
communications are not feasible with this kind of systems due to this
unacceptable delay. Most of present data modem applications are based
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on the standard MIL-STD-188-110A [9] as a military data transmission
system, or in the standard STANAG 4285 [15]. The modem described by
the standard MIL-STD-188-110A [9] specifies data rates range between
75 and 2400 bps. Transmission process uses an 8-states convolutional
encoder with 8PSK modulation scheme with variable interleavers. This
standard also describes in two appendixes, two multicarrier schemes:
one of them is non-orthogonal 16 tones DPSK where channel estima-
tion is not required, but also spectral efficiency is reduced. The other
operating mode is an orthogonal (OFDM) 39-tones including a (14,10)
Reed-Solomon encoder with a frequency diversity degree selected de-
pending on the channel state. This modem has to be considered as one
of the first HF-band military systems published in the open literature
and thus, it is one reference for this kind of systems although it does not
provide support for an interactive digital voice link. Indeed, nowadays,
there are no unclassified systems to support this kind of links.

1.3 Multicarrier Modulations
One of the main problems to consider when a HF modem is being

designed is related to the long impulse response length of the channel.
The first strategy to deal with this problem is to reduce transmission
rate reducing multipath distortion to a small symbol fraction. Required
data transmission rate might be obtained by means of Multi-Carrier
techniques, and in particular with Orthogonal Frequency Division Mul-
tiplex (OFDM), thus giving maximum spectral efficiency. The perfor-
mances of OFDM schemes in HF channels have been deeply analyzed by
C.Cook [4], also published by E.E. Johnson [6], considering a large set
of parameters as interleaving length, robustness against impulsive noise,
behavior in front of co-channel interference, relationship between aver-
age and peak power, equipment specifications, synchronization issues,
and spatial diversity techniques applicability. In these studies, OFDM
based modems have demonstrated to be more efficient than single carrier
systems when long interleaving and powerful coding are avoided.

2. Data Modem Design
Two schequematic block diagrams of the developed modem are pre-

sented in Figure 2 and Figure 3. They represent the transmitter and the
receiver respectively. The design of the new modem has been focused
on three main topics: the use of continuos channel sounding distributed
in the frequency-time grid, the use of MC-CDMA techniques to avoid
deep-nulls effects, and completely avoid coding and interleaving to pro-
vide interactive digital voice links.
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Figure 2. Block diagram of the transmiter

Figure 3. Block diagram of the receiver

2.1 SS-MC-MA Techniques
SS-MC-MA techniques provide a robust mechanism to avoid the ef-

fects of the deep-nulls introduced by the channel (Figure 1) without the
need of powerful coding and long interleaving. Work showed in [14]
and [11] firstly introduced these techniques in this kind of systems and
demonstrated, in a simple simulated environment, that SS-MC-MA is a
valid technique to provide interactive digital voice communications over
ionospheric links. Using SS-MC-MA, the serial symbols are transmitted
over all frequencies so the information affected by deep-nulls can be re-
stored with the unaffected carriers using frequency diversity mechanism.

Taking [14] and [11] as a starting point, this paper presents a step
forward in the field of SS-MC-MA techniques applied to short-wave ra-
dio modems. As it was seen in the block diagrams, coding has been
completely removed from the previous versions as its benefits with no in-
terleaving have been overcomed by MC-CDMA techniques. These tech-
niques are common in researches related to new mobile communications
systems (i.e. [7]) but have not been exploited in this kind of systems. The
lack of coding and interleaving is not a problem as the new advanced re-
ception patterns have increased performance thanks to the correct use of
frequency diversity. Different detection strategies are used such as Global
Minimum Mean Square Error (GMMSE) and Interference Cancellation
techniques [2], all of them adapted in order to fit into new transmission
schemes. Two new modems have been developed. One of them uses
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Figure 4. Interference Cancellation Process

GMMSE with a two-stages Interference Cancellation scheme. The sec-
ond one performs a Parallel Interference Cancellation (PIC) following
the hints given in [14] and [11] with Equal Gain Combining (EGC). The
combination of GMMSE with standard PIC structures is straightforward
as can be observed in the Figure 4; where Q() is the standard symbol
detector by minimum distance criteria and M represents the interference
regeneration process:

M = (CHGHC− diag(CHGHC)) (1)

where diag() operator means a diagonal matrix whose inputs are the
corresponding elements of the processed matrix, G is a matrix calculated
following GMMSE [2] criteria, C represents the spreading matrix where
ck is its k-column and ik is the interference of the whole users over the
k-user.

3. Results Analysis
Simulated results are shown in the Figure 5, where MIL-STD 39 tones

modem ( [6], [4] and [9]) efficiency are presented beside the two new
modems performances. These results were obtained with a Moderate
Channel Watterson HF Channel (2 rays, time spread 1 msec, Doppler
spread 0.5 Hz). The two new modems operate at 2460 bps and the
39-tone MIL-STD-188-110A operates at 2400 bps. It can be seen that
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Figure 5. Performance of the two new modems vs. 39-tone MIL-STD-188-110A
and [14]

the two new modems overcomes the MIL-STD performace. It is very
important to recall that these results are obtained without any kind
of interleaving matrix, so the data delay is kept extremely low. This
delay does not goes over 135 msec Considering that the 2400 bps MELP
vocoder [8] will operate satisfactorily with error probabilities below 10−2,
we can guarantee modem operability for SNR in 4.8 KHz above 10 dB.

It is also presented in the Figure 6 the performance of the two new
modems in a five hours real link. This link was established between
Canary Islands and Madrid in the 18 MHz band. It can be seen the par-
allelism between the simulated results and the real link performances.
The main difference between the simulated and real link results is a SNR
offset. This difference have its explanation in the fact that no real and
variable channel will behave as a simulated CCIR channel. Deeper stud-
ies are considered in order to obtain actual channel conditions. Never-
theless, these results suppose a step forward in the way of demonstrating
the system robustness.

4. Conclusions and Future Research Lines
Present work has shown the real feasibility of interactive digital voice

transmission over the HF channel. This accomplishes a significant achieve-
ment in comparison with conventional analog transmission with a sig-
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Figure 6. Performance of the two new modems in a 5 hours real link

nificant subjective improvement in terms of quality and intelligibility.
The key issues are the following: the use of OFDM modulation and the
use of MC-CDMA techniques inspired in mobile applications, increasing
system robustness in front of deep spectral nulls and homogenizing per-
formance over different subcarriers. Furthermore, once the transmission
scheme has demonstrated to be efficient, complementary analysis, relax-
ing the delay constraint for data transmission [13], is a promising path to
achieve new goals. This operation mode will increase data rate, by the
increase of the constellation size and the use of combined interleaving
and channel coding strategies.

Acknowledgments
The work presented in this contribution was supported by the Spanish

National Project TEC2004-06915-C03-01/02 and AENA (Spanish Air-
ports and Air Navigation) projects 00/49 and 00/50. It is also partially
supported by the Spanish National Project TIC2003-09061-C03-01

References
[1] Khaled Fazel and Stefan Kaiser, Multi-Carrier and Spread Spectrum Systems.

John Wiley and Sons, 2003.

[2] J.-Y. Daudais, J.-F. Hélard, J. Citerne. An Improved Linear MMSE Detection
Tecnique for MultiCarrier CDMA Systems: Comparison and Combination with



H. Santana-Sosa, I. Raos, S. Zazo-Bello, I. Pérez-Álvarez, J. López-Pérez
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