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RESUME

IT est présenté un systéme de communication qui est

en mesure de transmettre simultanément un signal audio
et des données sur Ta meme liaison radio, en particu-
lier pour assurer une liaison de données entre un avi-
on et une station au sol, & travers la liaison de com-
munication analogique commune VHF.

Deux différentes techniques de modulation sont consi-
dérées: l1a modulation d'amplitude pour la voix et la
PSK pour le données; la modulation d'amplitude pour 1a
voix et la MSK pour Tes données.

Les résultats obtenus en simulant le nouveau systéme
de communication, avec la modulation PSK et MSK pour
Tes données, sont rapportés. I1 est montré comment la
solution AM-MSK peut donner de meilleurs résultats par
rapport a 1'AM-PSK, surtout en raison de la plus gran-
de compacité spectrale de la modulation MSK. En parti-
culier, pour le systéme AM-MSK, des rapports signal-
-bruit supérieurs & 20 dB sont rapportés pour les per-
formances du canal de la voix, avec des vitesses de
transmission des données de 300 et 600 b/s (valeur qui
est considérée, en général, comme satisfaisante pour
1'application concernée).

IT est souligné 1'intéret que revet le systéme proposé
afin d'accroitre 1'efficacité des liaisons de communi-
cation air-sol actuelles et de permettre ainsi un é-
change de données trés utile, avec des couts de réali-
sation modestes grace aux faibles modifications qui
sont nécessaires pour 1'équipement de bord et de la
station au sol ainsi que pour 1'organisation du con-
trole du trafic aérien.

SUMMARY

A communication system able to transmit simultaneously
an audio signal and data on the same radio 1ink is pre
sented, in particular for assuring a data-link betwe-
en an aicraft and a ground station by using the usual
VHF analog communication link.

Two different modulation technigues are considered: am
plitude modulation for voice and PSK for data; ampli-
tude modulation for voice and MSK for data.

The results obtained by simulating the new communica-
tion system, with PSK and MSK modulation for the data,
are reported. It is shown how the solution AM-MSK per-
forms better than AM-PSK, essentially for the higher
spectral compactness of the MSK modulation. In parti-
cular, for the system AM-MSK, signal-to-noise ratios
greater than 20 dB are reported for the performance of
the voice channel, with data rates of 300 and 600 b/s
(value usually considered satisfactory for the consi-
dered application).

The interest of the proposed system is outlined to im-
prove the efficiency of the actual air-ground communi-
cation links, permitting a very useful exchange of da-
ta, with Tow cost of implementation, due to the fact

.that few modifications are required to aboard and gro-

und equipments and to air traffic control organiza-
tion. .
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1. INTRODUCTION

The present organization of air traffic control (ATC)
is based almost completely on the voice communications
between the pilot and the ground station. The control
station keeps the status of the airways updated and
regulates the whole system, communicating with all

the aircrafts in its control area [1] [2].

Communications with transoceanic or transcontinental
flights are generally performed using HF bands; never-
theless such bands aften present poor propagation. In
metropolitan areas, VHF and UHF bands are generally
utilized. These bands allow a good communication qua-
1ity, even though they can only be utilized over Ti-
mited distances. Moreover, the channels available in
these bands are often saturated due to the high den-
sity of air traffic, as in terminal areas, especially
at some peak hours. This fact often determines delays
in departure and arrival of flights and also conse-
quences on the safety of flights.

A solution to this problem, which will probably be
adopted in the near future, is the introduction of a
digital channel for the automatic transmission of a
part of the data and information that are currently
transmitted by voice to and from the aircraft. In this
way it is possible to reduce the load and the duration
of conversations between ground station and aircraft.
At the same time, an automatic process of the control
operations which today are performed exclusively by
the pilot is conceivable.

Small or medium-size aicrafts represent an important
part of the whole air traffic in many countries, as
for example in Italy. Therefore it is convenient to
create a data Tink which can be extended to these air-
crafts as well. This makes it necessary to find solu-
tions having a simple and economical implementation
and, if possible, without great modifications to the
present apparatus for voice transmission. Almost all
the solutions proposed in the literature fall to meet
these conditions.

In this paper a possible setup of a data 1ink between
station and aircraft, which satisfies the above requi-
rements, is presented. In such a system the data si-
gnal modulates the phase of the carrier utilized for
voice transmission. Therefore the data 1link can be
created by adding a phase modulator to the present ap-
paratus for voice transmission. Of course, this commu-
nication system does not perform as well as other so-
Tutions using two separate channels, the first one for
voice and the second one for data transmission. Never-
theless, in this paper, it is shown that the proposed
communication system achieves an overall performance
which can be considered satisfactory for the particu-
lar application considered here, where very high data
rates are not required. The mutual interferences bet-
ween the two modulations, amplitude and phase, are in-
vestigated using a computer simulation.

2. A DATA LINK USING A HYBRID AMPLITUDE-PHASE MODULA-
TION

The possible solutions for creating a data link betwe-
en a ground station and an aircraft can be subdivided
into two categories (3] []:

- specialized data 1ink for air traffic control, inte-
grated into secondary radar;

- VHF data Tink of universal type, compatible with the
voice transmission and not specialized for air traf-
fic control fucntions only.

The first solution, adopted for example in the DABS

system, permits a data Tink of high capacity to be a-

chieved [1] , but presents some important drawbacks.

Indeed this solution is very expensive and not easily
extendible to small or medium-size airports for many
years. At the same time, the possibility of a direct
link between aicrafts, without passing through the
ground station, is excluded. In this solution, all the
aircrafts not equipped with an SSR transponder are ex-
cluded from the data 1ink facility.

In many countries, such as Italy, small and medium-si-
ze aircrafts represent an important part of the air
traffic and therefore it is convenient to develop so-
lutions which can be extended to all air traffic.

In the second category, on the other hand, economical,
universal-type systems can be fornd. The solutions in
this category can in turn be divided into two subcate-
gories:

1) systems with separate channel, in which data are
transmitted on a frequency different from that used
for voice transmission;

2) systems with a common channel, in which data and voi
ce utilize the same channel.

A separate channel solution requires availability of

a certain number of channels to be destined solely for
numerical transmissions and would hence bring about

a further increase in the saturation of the bands pre-
sently available. Furthermore it would require doubling
the communication apparatus aboard the aircraft and hen
ce a cost that may be not neglegible for small aircraft.

In the other subcategory of solutions, on the other
hand, the numerical information must coexist in some
way with the voice signal. This limits the performance
to be expected from such solutions, in contrast to the
solutions in the first subcategory, which do not pre-
sent this type of problem.

The coexistence of voice and data in a single channel

may be achieved in various type solutions: for example
by means of multiplex with frequency division or time

division, or by orthogonal modulations.

The data 1ink here proposed lies in the second catego-
ry and therefore utilizes the same channel for voice
and data transmissions. In this solution voice signals
and data modulate the same carrier: the voice modula-
tes the amplitude of the carrier, while data modulate
the phase or the frequency of the same carrier. The
general block diagram of this system is shown in Fig.l
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Fig. 1 - Block diagram of the proposed system.

The carrier A cos(abt+9), generated by a local oscilla-

tor, is first modulated in phase by the data sequence
and therefore is of the form

s](t) = Acos[abt+¢(t)+ o] (1)
where ©
#(t) = 2_d,g(t-kT) (2)

K =00
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dk being the k-th information symbol and g(t) being

the phase pulse depending on the particular modulation
considered.

The signal is then sent to an amplitude modulator,
which modulates the amplitude of the carrier by the voi
ce signal f(t). At the output of the AM modulator is

s(t) = A1+mf(t)] cosfw, t+é(t)+6] (3)
where m is the amplitude modulation index.

A signal modulated in phase by means of a PSK modula-
tion has a constant envelope. Nevertheless, because
of the abrupt discontinuities present in a PSK signal,
and hence the considerable extent of its spectrum,
when that signal passes through a finite-band system,
the envelope of the modulated wave is no Tonger con-
stant [6].

These envelope variations are particularly damaging

in the communication system proposed, because they
introduce a distortion which interferes with the voi-
ce signal. Such a distortion of course depends on both
transmission rate and the modulation method utiiized.

Different modulations were analyzed: PSK, FSK and MSK
for data transmission.

3. SIMULATION OF THE DATA LINK AND RESULTS

The performance of the communication system described
in the. previous section was simulated by means of a
computer program. The flow-chart of the simulation
program is shown in Fig. 2.
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Fig. 2 - Flow-chart of the simulation program.

The bandpass filters in the communication chain were

modeled as Butterworth filters with the following cha-

racteristics:

- transmitter filter: fourth order, with -3dB single-
side bandwidth 7.5KHz;

- receiver filter: eighth order, with ~3dB single-side
bandwidth 5KHz.

Filtering was performed in frequency domain, while non

linear operations, as modulation and demodulation, we-
re simulated in time domain. The transformations from
one domain to the other were done using the Fast Fouri-=
er Transform (FFT) algorithm.

The signal was processed in blocks of 2048 samples; the
sampTling frequency was chosen as 19200Hz. In order to
estimate the distortion introduced by data signal and
phase modulation, the signal output from the AM detec-
tor, f,(t), is compared with the original signal f(t),
which modulates the carrier amplitude. An error signal
e(t)=f1(t)—f(t) is therefore obtained.

The simulation program gives some parameters rejative
to the above error signal. First, the mean noise power
No of this error signal is computed and expressed in

dBm, taking as reference a disturbance of TmW. Deno-
ting with S the power of the signal f(t), the signal-
~-to-noise ratio S/N0 is also computed. Another inte-

resting parameter is the maximum value e_ of the error

signal, i.e. the peak error, which indicates the maxi-
mum error which can be encountered in this transmission
system. A1l these parameters are obtained by supposing

_the communication channel as a noiseless channel; in

this way the error signal is due only to the interferen
ces of the data with the amplitude modulation.

To characterize the influence of the amplitude modula-
tion on the data, the bit error probability Pe at the

data demodulator is computed. In this case the communi-
cation channel is assumed to introduce an additive,
Gaussian noise, with a noise power density N. In par-
ticular four different signals, modulating in the voice
channel, were utilized in the simulation, as

- a tone at 937.5Hz frequency;

- a tone at 1875Hz frequency;

- a sum of five tones.

From the obtained results, the following main indica-

tions were emerging:

- PSK systems often present poor performance (the si-
gnal-to-noise ratio can be Tower than 15dB);

- FSK and MSK modulations present higher efficiency
(for example AM-MSK systems give S/N greater than
30dB and peak errors lower than 1% in almost cases).

The above differences are essentially determined by

the spectral spread of PSK.

In overall FSK and MSK modulations resulted to offer
sufficiently good efficiency for practical applica-
tions of the propsed system.
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