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The European Space Agency (ESA)
has investigated the use of multi-
regional highly-inclined elliptical orbit
(M-HEOQ) satellites for digital radio
systems. These studies have
demonstrated, in particular, that it is
possible to use the Eureka-147 DAB
system — delivered by six HEO
satellites — to provide a digital radio
service to Europe, North America and

East Asia.
—Now that the Eureka-147 DAB system [1] has

proved its value as a high-quality digital audio This article describes how these
broadcasting system in terrestrial propagation, it: stydijes, sponsored by ESA and

use for broac_jcasting in a satellite channel [2][3] ~a/ried out by DLR and IRT, set out to
[4] s also being examined. answer unresolved questions about

Original language: German the transmission channel and the use
Manuscript received 19/11/96. The European Space Agency (ESA) has long bee ¢ tha Eureka-147 system under

o . investigating themulti-regional highly-inclined sl e S
e e e, elliptical orbit (M-HEO) satellite concept within P :

issue of Rundfunktechnische the Archimedes programme [5]. HEO satellites
Mitteilungen (RTM) — the

mmm 1. [ntroduction

quarterly review of the IRT. make it possible to cover regions of high latitude

more efficiently — the most important economic geostationary (GEO) satellites. Screening of the
:’egﬁs?effdlgoah;z;ii?Ofthe conurbations are in this geographical region — dusignals by obstructions in the vicinity of the re-
Eureka-147 DAB consortium. to the large elevation angles when compared witlteiver occur less frequently at large elevation
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DAB

angles, resulting in a marked improvement in re-both audio and data transmissions; it will be pos-
ception — especially under mobile reception consible to radiate several DAB programme packages
ditions. simultaneously from each satellite, for different
regions.
The studies to date have been embodied in the
mediaStarconcept, proposed by Daimler-Benz In order to design the broadcast link correctly, its
Aerospace (DASA). Six satellites — in an 8-hourtransmission characteristics must be known. For
orbit with an inclination of 63%and altitudes of this purpose, theoretical studies [3] and channel
between 1000 km (perigee) and 26,800 km (apomeasurements [7][8] have been carried out. Fur-
gee) — could cover the major industrial nations irther studies are required in several respects, pri-
Europe, North America and East Asia without in-marily to find outhow the DAB system behaves in
terruption [6]. The minimum elevation angle in a real satellite channel which is exposed to inter-
these nations would be 4But, in most regions of ference. Clarification of this matter, and verifica-
central Europe, it would be greater tha? 66ee  tion of the theoretical studies made in [3], was the
Fig. 1). The planned uplink frequency will be in purpose of the “Archimedes DAB Measurement
the Ku band while the “broadcast link” (betweenand Verification Campaign” [9][10][11] which is
the satellite and receiver) will be in L-band. Thedescribed in this article.
above-mentioned DAB system is envisaged for
Abbreviations mmm 2 Measurement concept

The main objectives of the Archimedes campaign

AGC Automatic gain control
were as follows:

agl Above ground level
as| Above sea level 1. Assessmerjt of the D:’AB system in a “quasi-
_ HEO satellite channel”, under a large number
BER Bit error rate of typical conditions. These assessments
CRC Cyclic redundancy check would be based on a HEO satellite simulation
DAB Digital Audio Broadcasting in the .fo”'? of an al_rborne hovering plqtform. Figure 1
: Selective investigations would be carried out Iso-elevation
DASA  Daimler-Benz Aerospace on mobile reception, especially in critical situa®0°/40°) areas in the
DAT Digital audio tape tions where interference could be expected. three regions

The effect of varying the elevation angle and(courtesy of DASA).

DLR Deutsche Forschungsanstalt fiir
Luftund Raumfahrt (German
aerospace research establishment)

ESA European Space Agency
FD Fading depth

GIT Gain/temperature ratio

GEO Geostationary orbit

GPS Global positioning system
HEO Highly-inclined elliptical orbit

HF High frequency

IEC International Electrotechnical
Commission

IRT Institut fir Rundfunktechnik GmbH

(German broadcast engineering
research centre)

ISO International Standards
Organisation

kph Kilometres per hour

LM Link margin

M-HEO Multi-regional highly-inclined
elliptical orbit

MPEG (ISO) Moving Picture Experts Group
VHF Very high frequency
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Figure 2

The Archimedes

measurement
configuration.

44

VHF uplink

the power radiated from the platform would bewere also made using GEO L-band satellites as
considered in particular. transponder platforms (i.e. the Australian Optus
B3 [12] and the Mexican Solidaridad 2 [13] satel-

lites). However, the power radiated by these satel-
lites proved to be too weak to provide the neces-

3. Identification of potential problems, possibly Sary link margin for mobile reception. The

leading to ways of remedying them. desired variation of the elevation angle (40
80°) would also have resulted in unjustifiably high

The airborne platform would transmit a very travelling costs for the measurement vehicle.
stable DAB signal with defined parameters, and a ) )

vehicle equipped with DAB receiving and mea-Among the other alternatives which were ex-
suring equipment would travel along selecteg@Mined were turboprop aircraft, light single-
routes, recording all the relevant measueanti- engined aircraft, airships, hot-air or gas balloons,
ties. The routes to be investigated would C()\,epethereq balloons and helicopters. The helicopter
various different types of terrain where critical re-Was ultimately chosen because, among other rea-

ception conditions could be expected. sons, it has the greatest positional stability in the
hover mode. This criterion played a particularly

important role in these measurements because,
unlike pure-channel measurements, power fluc-

One of the major questions when setting up thduations —which directly influence the audio qual-
measurement configuration was: which platform'y — cannot be eliminated by “post-processing

would best simulate a HEO satellite, allowing for (1-€. later correction of the measurement results to
financial and time constraints? Several marginaf®MPensate for determinable quantities, such as
ositional variations, which falsify the results).

conditions had to be taken into account with re
gard to the platform. Among the most important-
were:

2. Verification of the assumptions about the link
design made in the mediaStar concept.

B 2.1, Airborne platform

2.2. DAB signal generation

Another point to be resolved was the type and
'method of DAB signal generation. The option of
— the range of elevation angles which it couldgenerating the signal on board the helicopter was
provide; ruled out, principally because the hardware reli-
) . . ability of the available DAB signal generators
— the height above ground level it could achievegoyid not be guaranteed in the event of the occa-
— the stability of its airborne position; sional strong vibrations which can occur in heli-
copters. The preferred transponder option was to
— the efficiency of its power supply for the mea- radiate a VHF-DAB signal from the ground and,
surement equipment; at the helicopter, convert this signal to the L-band
for re-transmissioffFig. 2).

— its availability during the measurement period

— the maximum loading it could handle.

A large number of alternative platforms were Con-ﬁ evaeshtltr:ilrs fgtri? r;vé?r dﬁgmgri?e:%\r/]? V\t;ggellj\ggg,as
sidered, including available satellites. In fact, inthe mobilge receiving stgtiog pThe audio signal

parallel with this investigation, measurementsfrom the DAB receiver, and the received 1SO-
CRC words, were recorded and used to assess the

quality of the DAB reception.

Z N\
% by m 23 Cyclic redundancy checks

In the DAB system, CRC words are inserted in the
transmitted source-coded data-stream to permit
-band reliable error detection at the receiver. Punctured
downlink convolutional codes can be used to generate areas
of the data-stream with different error protection
levels; these differently-protected areas can be
checked by means of the CRC words.

The ISO-CRC word checks the control information
contained in a DAB audio frame; for example, the

- /
ﬂ‘ . /EDD 1. The link margin is the difference (in dB) between the re-
Y A Cs
o

ceived power and the minimum power needed on a line-
of-sight link.
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DAB header, the bit-allocation information and the

scale-factor selection information (i.e. the region _pg
with the highest error protection [14]). Additional- i
ly, an area (where the scale factors are) of medium. _c [
error-correction capability is checked with four dif—% 2 V\NM —Q-  Calculated
ferent SCF-CRCs. This check is performed NS a0 0 : A Measured
every audio frame, i.e. every 24 ms. If at least one i "y
error is detected in the corresponding areas of the 35
data-stream, the appropriate CRC error flag is set.
In measurement investigations, the CRC proved to
be a suitable means of objectively assessing the —40
quality of a DAB signal [15]. It is not only easy to
handle but also allows conclusions to be drawn -45
about the subjective perception of interference.
-50
Measurements were made using a Philips DAB-
452 receiver which issues the CRC error informa- _gg

10 15 25

tion for each audio frame via a serial interface 0 5
which also allows control of the internal error- Distance from the transmitter (km)
masking strategies.

The following values were recorded in the heli- Figure 3

Comparison be-
tween the measured

m 24 Measurement routes copter:

Since it could be assumed that DAB reception—
would be error-free on routes where there was no
shadowing of the “satellite”, more demanding

routes — containing a variety of different shadow-

the power level received from the uplink at the and the calculated

transponder input; power at approxi-
. mately 500 m agl.
the power level supplied by the transponder to

ing conditions — were selected: the transmitting antenna;

the attitude of the helicopter in geographical

forests; coordinates;

avenues lined with tall trees; the position of the helicopter in the air (roll,

pitch, heading);

— villages;
— suburbs: — the inside temperature;
— inner cities: — radio communication with the car;

the exact time in order to assure the correct as-
signment of all measured data.

motorways with bridges and tunnels.

The chosen routes varied in length from about . .
400 m to 6 km. The following values were recorded in the mea-

surement vehicle:

The position of the transmission platform was_ {he nower received at the antenna connection;
determined and the course of the measurement

routes selected such that the distance to the mea- the received radio signal,

surement vehicle and the elevation angle along CRC errors:

each route could only vary within very narrow

limits. For each setting of tiower flux density — the pictures from a vertically-pointing wide-
and theelevation the measurement vehicle trav-  angle video camera;

elled along the measurement routes once in each . . . .
direction. — the position of the car in geographical coordi-

nates;

W 25 Measured quantities — the inside temperature;

A number of measured quantities were recorded radio communication with the helicopter;

in the helicopter and in the measurement vehicle. the exact time.

during each run. These were used for assessing

the quality of the DAB reception, for subsequentA detailed description of the measurement set-up
analysis of the results and to verify compliancein both the helicopter and the measurement ve-
with the parameters. hicle is given inSections 3.nd3.2
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VHF Rx L-band Tx

antenna antenna Set time
220.25 MHz 1472 MHz ¢ Commu-
P nication
05V 7 from air-
~ craft
220 V~ 2V DAT l—————————
50 Hz 1251.75 MHz DAB Tx 0 recorder
DC/AC N Synthesizer 10 dBm o power g PC 208A ))
converter i (IRT) i tran(s"[_\)’(_al_r;der rx 2V . _>))))
power
ZgX: Normal speed
(BW =5 kHz)
115 Ve~ = Roll 10V =  8channels
+| DCI/AC 400Hz (filtered i 180 mins.
28 V= converter output) >3
15A . Pitch 10V 3 5) (8))
5vVv= A A
0.1A 24 v= 5v 5V |5V
0.7A
Power _ _
supply
% GPS + DCF Heading 12 V=
I I 0.2A
28 V=, 13A SIN COS |
from aircraft 2205\§ %23\§ Y Y ‘ ‘
’ ’ Heading
Y Y Y sensor
Laptop | | GPS DCF 77
PC receiver receiver
VH'.: . 1PPS Time
communl(;atlon signal
Figure 4 134,075 M1
; : . =
qulpment in the 135 875 MHz
helicopter.
Stationary GPS data were recorded at a referenckhe recorded data were used to evaluate the quali-
ground station. A subsequent differential GPSy of reception both objectively and subjectively.
data correction was applied which significantly The objective criterion was the CRC error rate at
Figure 5 increased the accuracy of the resulting geographthe given power flux density (and hence the link
Interior view of the cal coordinates of the helicopter and the measuranargin) with the variable parametensvironment
helicoptor. ment vehicle. andelevation The received audio signal was as-

sessed subjectively. The associated video record-
ing showed the obstructions on the propagation
path from the “satellite” to the receiving antenna
during the measurement run.

The elevation angle and the power density at the
reception point were determined as a function of
time for each measurement route. This was per-
formed by means of calculations based on the
position of the helicopter and the measurement
vehicle, and the power transmitted at a particular
instant. This verified that the target parameters
had been met sufficiently accurately

mmm 3. Measurement configuration

As already mentioned isection 2 the signal
needed for the measurements was transmitted via
an uplink to the transponder in the helicopter. The
DAB signal was generated at the IRT in Munich.
This was @&AB multiplex signal (gross bit-rate =
2.304 Mbit/s) which consisted of several MPEG-1
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Receiving antenna
(M2 VHF dipole)

Bandpass
filter Oscillator
Transmitting antenna
¢ (L-band)
Amplifier : Bandpass - Variable
Mixer fier [ ] AmPlifier - tenuator
Variable Variable gain Power P
- . - . ot Bandpass Directional
attenuator amplifier splitter Amplifier filter —> coupler
‘ |
Detector
< Detector
Uplink power level ‘L

Transmitted power level

layer Il coded, audio signals at 224 kbit/s (classishown together ifrig. 3. It can be seen that there Figure 6
cal or pop music) and 192 kbit/s (pop music ands good agreement between the calculated anBAB transponder in
voice). The channel coder used a punctured cormeasured values. the helicoptor.
volutional code which applied unequal error
protection, with error protection level 3, corres-

ponding to an average code rate of 0.5. = 3.1 Equipmentin the helicopter

) ) The equipment in the helicopter, shown in the
The modulated Slgnal (bandW|dth = 1.536 MHZ)form of a block diagram |r|:|g 4 and as a

was transmitted from the Freimann transmitter irbhotograph |nF|g 5, had two important func-

Munich (seeTable ) at a centre frequency tions. Firstly, it had to receive the VHF-DAB sig-

(fmpvhp) of 220.25 MHz in DAB transmission ng| transmitted from the ground, convert it to the

mode Il (the mode for satellite transmission). 1.5 GHz frequency band and radiate it at constant

This uplink signal was received in the helicopterpower. A receiving antenna, a linear transponder

and fed to a linear transponder. and a transmitting antenna were used for this task.
Secondly, it had to record the measured quantities

Measurement regions were selectedrid around so that it was possible to verify later how accurate-

Munich by means of field-strength predictionsly the helicopter emulated a satellite.

made at the IRT. The signal from the IRT to be

received in the helicopter would have adequatgor the second task, the levels of the received and

power in these regions and would not be exposegtansmittedAB power and the position of the he-

to severe power fluctuations due to multipathlicopter — in terms of its geographical coordinates

propagation (e.g. reflections from mountains) inand its attitude with respect to the horizontal plane

the event of minor positional changes. ABC in  — were measured and recorded.

the transponder compensated for uplink power

fluctuations occurring as a result of ground reflec—rhe VHF-DAB signal was received with an an-

tions. In order to set the AGC correctly, theonna similar to a/2 dipole, mounted below the
dynamic range of the input signal needed 10 bgg|icopter, and fed to the linear transponder.
known. This was taken from the field-strength

prediction.

Characteristic Value
The accuracy of the prediction was verified by| Antenna height (m) 92
calculating the received power at a height o
500 m agl on a 28 km long flight route from the Aperture angle, HRP (degrees) 61
IRT in Munich to Oberpfaffenhofen. The re- | Aperture angle, VRP (degrees) 66 Table 1
ceived power on thls route was measurgd and g ection of maximum radiation (degrees) 210 Technical data of the
corded at a later time on a helicopter flight. Th - Freimann transmitter
calculated and measured received power argRadiated ERP (W) 500 [71.
EBU Technical ReviewSpring 1997 a7
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output (radiated) power manually. The measured
power values at the input and output of the trans-
ponder were recorded on two tracks of an eight-
track DAT recorder.

The DAB signal was transmitted omnidirection-
ally in the azimuth plane, using a left-handed
circularly-polarized, double-cylindrical spiral an-
tenna. The 3 dB angle of aperture of its elevation
radiation pattern was large (98n order to mini-
mize the effect of the attitude of the helicopter on
the field-strength amplitude at the reception point
on the ground.

e ' ; The 3-D representation of the radiation pattern is
shown inFig. 7.

The position of the transmission platform was
measured using a GPS receiver and recorded on a
notebook PC. A gyroscope and electronic com-

. ) ) ) passwere used to measure the position. The gyro-
Figure 7 . In the transponder (s€¢g. 6) the received signal scope measured the pitch and roll of the helicopter
3-D representation of s first filtered and amplified. The signal level and the electronic compass indicated its heading.
the DAB transmitting a5 set approximately by a variable attenuatorthese data were stored on four tracks of the DAT
antenna radiation according to the distance of the helicopter fromyecorder.

pattern. the transmitter so that fluctuations in its level due
to ground reflections could be eliminated by a fol-The time received from a DCF 77 clock was re-
lowing AGC loop. The stabilized signal was con-corded on another track of the DAT recorder to
verted to the 1.5 GHz frequenbgind, filtered and  allow accurate timing of the measurement data in
amplified. the helicopter and the car.
A second gain-controlled attenuator allowed anThere was also a VHF transmitter/receiver, to pro-
experimenter on board the helicopter to set theide communication with the measurement ve-
220 V~ 220 V~
i || 100°
Timecode | /RIG-B S-VHS |
generator | timecode | recorder N TV
T ) monitor
Audio L+R
Set time Set time \f/
220 V~
VHF
L;?}?ggnzx communication
*L transceiver
1472 MHz e 134.075 MHz
\f/ DAT | Comments 135.875 MHz
mIC j€&——
AudioL | 20kHz pecorder (i
DAB 1
receiver ——> Digital audio pho —))))))))) 220 V~
(IRT) 2
Audio R 20 kHz Y v
Normal speed
( (BW = 20 kHz) cps | Time&
Power 2 channels receiver —> Laptop 1
. position
meter 180 mins.
CRC : T .
Figure 8 ¢ Power \f/ 12 V= Set time
Igu
Equipment in the T ”
quip Laptop 2 DCF 77 Set time | Position
measurement < . Travelpilot >| Laptop 3
. receiver
vehicle.
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hicle, and a microphone to enable the radio mes-
sages to be recorded. A specially-construct

el
power supply unit provided the necessary suppl/

voltage for all the equipment.

AL

B 32 Equipmentin the
measurement vehicle

The equipment in the measurement vehicle.
(shown in the form of a block diagram ig. 8
and as a photographHig. 9) had three important
functions. lts first function was to receive and
evaluate the L-band DAB signal transmitted from
the helicopter; secondly, it recorded the positior
of the measurement vehicle and, thirdly, it made
videorecordings in order to document the cause o
any interference (usually obstacles on the signa
path) when evaluating the measured data.

The DAB signal was received with a left-handed,
circularly-polarized, turnstyle antenna on a groung
plane. An antenna with a constant radiation pa
tern in the 40 to 9C elevation range, and high
gain at elevation angles of less thart,48ould
have been ideal — so that variations in the elevg
tion angle, in relation to the transmitter, would not
have caused fluctuations of the received signa
level, and only weak interference (i.e. man-made
noise) would have been received from the envi-
ronment at lower elevation angles.

The antenna radiation pattern had a 3 dB aperture
angle of 90 in the vertical plane and was approxi-
mately omnidirectional in the horizontal plane
(Fig. 10)

The level of the received DAB signal was in-
creased with a low-noise amplifier directly after
the antenna. The signal was fed to a downcon-
verter which converted it to band Ill. In this fre-
guency range, half the signal was fed to a DAB

er(Fig. 11).

180§

A pulse generator in the vehicle triggered a power
measurement for every data frame of the DAB
signal (i.e. every 24 ms). Likewise, for every
frame, the DAB receiver decoded the DAB signal
and performed a CRC evaluation whereby a so-
callederror bytewas transferred to a notebook PC
via a serial interface. The individual bits of this
byte corresponded to error flags for the ISO-CRC,
the scale-factor CRCs and the time and frequency
synchronization errors. The same notebook PC
recorded the power measured by a wideband
receiver, via an IEC 625 interface. The data was
stored by a measurement program so that power
values could be assigned to error bytes at any R
time.
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Figure 9
Interior view of the measurement vehicle.

150\ -
140

Figure 10
adiation pattern of the receiving antenna in the azimuth planes at 60°
(inner curve) and 80° (outer curve).
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Receiving antenna

(L-band)

Y

Low-noise
amplifier

Low-IosL»

cable

Figure 11

DAB receiving and
measuring equipment

in the vehicle.

50

Y

DAB receiver
Oscillator DCF77 clock
CRC error
Bandpass
Mixer filter > Power splitter Laptop PC 2 r<«—
(VHF) Time
L . Bandpass ¢ Power level
OW-TOISE | filter .
amplifier (L-band) Measuring
receiver
Impulse
generator

A DCF 77 clock signal was used to synchronizeera. A second video camera took pictures in the
the internal clocks of each computer before thedirection of travel.
measurements began. This allowed the received

data to be correlated accurately with the transmitthare was also a VHF transmitter/receiver for

ter data recorded in the helicopter. communication with the helicopter, and a micro-

phone to enable recordings of the radio messages
The stereo audio signal at the output of the DABio be made.

receiverwas recorded on two tracks of the 8-track
DAT recorder.
B 3.3. Calibration of the

Two systems were used simultaneously to record measurement set-up
the position of the measurement vehicle: a GPS ) )
receiver and a Travelpilot from Bosch. The GPSAS @ link margin of only a few dB can be afforded
receiverhas the advantage that it gives the vehicldn Satellite broadcasting systems, great attention
position regardless of whether or not it is on theVas paid to the accuracy of the measurements.
road, but it has an inaccuracy of up to 100 m. Thd he components of the measurement set-up were
system accuracy was, however, considerably infirst calibrated individually, then the entire trans-
creased byhe use of differential GPS. The Bosch Mitreceive system was calibrated after installa-
Travelpilot system determines the vehicle position in the helicopter and the vehicle.
tion accurately from digitized maps — but only if
the vehicle is on a road which is marked on thea calibration flight was made during which the
maps. It also functions under bridges and in tunhelicopter took up different positions at 3050 m
nels. above sea level to give elevation angles of 40, 60
and 80, as seen from the measurement vehicle.
The Travelpilot and GPS receivers were each confhe received power was measured while the ve-
nected to their own notebook PC. The data fronficle was stationary, and compared with the com-
both receivers were recorded, together with th@uted values. Measurements were then made in
time, over the entire duration of a flight. which, firstly, the helicopter rotated around its
axis while the vehicle was stationary and, second-

A video camera with a wide-angle lens (100 ly, the vehicle drove in a circle while the helicop--
directed towards the sky, recorded the view!€’ hovered. These measurements served to verify
which approximately corresponded to the rangd!€ radiation patterns of the transmitting and re-
of possible elevation angles. The audio signaFe'V'”g antennas as measured on the test stand.

from the DAB receiver was recorded in mono on

one soundtrack; on the other soundtrack, a timé& was important that the power flux density
signal from a timecode generator was recordedshould have a constant level and that the error of
again in order to relate the pictures to the othethe measurement apparatus was reduced to a
measured data. A monitor in the vehicle wasminimum. The equipment in the helicopter was
used for controlling the setting of the video cam-responsible for this.
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Fluctuations in the level of the uplink signal were The data of the GPS and Travelpilot systems were
reduced tdess than 1 dB by the AGC in the trans-compared after a test run with the measurement
ponder. vehicle. Agreement between the respective val-

ues was good. Slight errors in the measurement of

The output power of the transponder was also inthe vehicle position had no effect on the results of
fluenced by the temperature of the device whichthe€ measurement campaign.
in turn, depended on the outside temperature and
warm-up time. In order to eliminate the effect ofmm 3.4, Link budget calculations
the warm-up time, the measurement set-up was
switched on 45 minutes before the measurementBhe helicopter was supposed to simulate the re-
were taken. A power meter, connected at the ouquirements specified for mediaStar as accurately as
put directly before the cable to the antenna, wapossible, and also as far as the power flux density at
used for continuous monitoring tife power level the measurement vehicle was concerned. This was
and for checking correct operation of the trans-also to be selected to match the receiver used.
ponder.

Table 2contains link budget calculations with a
If a helicopter is to hover at a fixed point, it has tolink margin of 6 dB taken as an example.
correct its position constantly which can result in
unavoidable rotation and attitude variations.
Thus, the transmitting antenna and its radiatio™™™ 4. Measurement parameters
pattern were selected so that the variation in pow- ) ) )
er flux density, with normal changes of position Three main parameters determined the planning
and during turns, was very low. For this purpose®f the measurements:
extensive measurements of the antenna radiation . . .
pattern were made in which even the metal struc- the radiated DAB S|gna_l power from the heli-
tures ofthe lower part of the helicopter were simu- ~ COPter (power flux density);
lated since they could have had a considerable in- the elevation angle viewed from the measure-

fluence on the radiation pattefffig. 7). ment vehicle to the helicopter:
The receiving antenna had a similar influence as e types of terrain.
:2?; eit\iggsén Atgnpgov\? ;rtegr;ighf Eh ;22 elsei\;]eihgfpg;ﬁThe mutual interaction of these three parameters
tion of the helicopter' as well as rotation and in-(Which are described in more detail in the follow-

clination of the measurement vehicle, resulted in éng) wasthe focal point of these studies. The mea-

change in the elevation angle and the azimutl?urements were structured in so-catiskes each

angle in the radiation pattern which, in turn, in-f?ne be’l’ng characterized by a particular set of
values” of the three parameters.

fluenced the level of the received power. Here
too, an antenna with maximum isotropic radiation
in the horizontal plane and minimum gain varia-
tion in the 40 to 9C elevation range was used.

Downlink (1472 MHz) Heli- HEO
copter satellite

. . | Transmitted output power 3 53
The measurement set-up in the car was also iN4gm)

fluenced by the ambient temperature. The me . —
sured values were adjusted according to correg —%"é;.” of transmitting antenna 53 29
tion values which had previously been determined @)
by measuring the temperature characteristics afGain reduction at 40° elevation 35
the equipment in the vehicle. (dB)
Cable attenuation (dB) 0.8
Since many of the power measurements WETEL oo space attenuation (dB) 108 185
taken at signal levels only slightly above the ther

mal noise level, the error due to the addition of the [Distance (km)] [3.9] | [29,000]
thermal power was caIcuIateq. The measurement,i, o receiving antenna 8 5 Table 2
errorwas less than 1 dB for signal powers of more (gsi)

than —107 dBm. . . . Comparison between

Gain reduction at 40° elevation 5 3 link budgets for the

(dB) helicoptor platform
The electronic compass and the gyroscope in the and an HEO satellite,
helicopter were calibrated on another flight. The L’gﬂ}e?fev;’%;‘;f)he down- -101 ) 101 assuming a line-of-
reaction time of the equipment was also mea sight path to the
sured. Link margin (ref: ~107 dBm) 6 6 measurement vehicle.
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52

B 4.1. Radiated signal power of the bination of both. We decided in favour of using a
broadcast DAB link constant high altitude and varying the horizontal
distance.

As mentioned before, an experimenter on board
was able to adjust the power radiated from theSetting the altitude as high as possible provides
helicopter. By determining the sensitivity of the advantages in terms of (i) minimizing the errors in
receiver beforehand, it was possible to specify ahe modelling of the satellite, due to variations in
link margin with reference to this sensitivity. the position of the helicopter [9][10][11] and (ii)
The receiver sensitivity was defined as the minireducing the noise nuisance for local residents.
mum received power at which reception was poswe selected a height of 3050 m asl which corre-
sible without any ISO-CRC violations for one sponds approximately to an altitude of 2500 m ag|
minute, with a line-of-sight link between the in Munich and the surrounding region.

helicopter and the measurement vehicle. The
link margin was defined as the difference be-
tween the power actually received on the line-of-
sight link and the sensitivity of the receiver. The

experimenter on board the helicopter set the linkrhg gelection of terrain types and measurement
margins between 0 dB and 20 — 26 dB (dependrqtegyas intended on the one hand to be as repre-
ing on the geometric conditions of the propagasenative as possible but on the other hand to cover
tion path) with particular emphasis being laid ong |5rge number of different environments. We se-

the values 2 dB, 4 dB, 6 dB and 8 dB. A meayecied measurement routes in the following envi-
surement, with the maximum available broadcastynments:

link transmission power, was also taken in every

4.3. Terrain types and
measurement routes

type of terrain and for every elevation. — rural area (open terrain, fields, forests and vil-
lages);
W 4.2, FElevation angle — suburban districts (residential area);

The elevation angle of the broadcast link changes urban area (residential area and inner city);
continuously owing to the orbital motion of a HEO
satellite. The minimum elevation angles which oc-—

cur can, however, be specified for specific regionsy | 1 test routes were in and around Munich and

in the Archimedes HEO system, they are typicallyy,o easyrements were taken at typical driving
about 60 for central Europe. Measurements Wer€speeds (between “stop and go” in the inner city

performed at elevation angles o"d80" and 80 5,4 4t 160 kph on the motorway). Here too, com-
as part of this Archimedes campaign. prehensive precautions were taken to reduce the
o . ] effects of the above-mentioned errors in the
The variation of t.he elevation _angle has an 'nﬂu'modelling. This included, for example, choosing
ence on shadowing and multipath reception, th@e|atively short test routes so that variations in the
first factor being of greater significance here,eceived power on a line-of-sight link during the
since the DAB system has good resistance to Muineasuring time could be kept to a minimum. The
tipath. The purpose of these measurements was {gytes were selected so that the maximum power
study and quantify this influence in more detail, infyctuation along the route, resulting from varia-
order to be able to provide information about CoV+jgns in the distance between the helicopter and
erage as a function of the elevation angle. the measurement vehicle, would be 1 dB. The

_ N ~ elevation angle varied by 5° around its nominal
Under normal reception conditions, the elevationyajue.

angle in the Archimedes HEO system changes

only slowly. The characteristics of the orbit canThe orientation of the routes was selected so that

be assumed to be quasi-stationary and, thus, thRey were both tangential and radial to the signal

value of the elevation angle can be included in theyropagation direction. Most routes were config-

emulation as an independent variable. ured as closed circuits so that the start and end
point were at the same place: some routes were

Coordinates for the airborne helicopter were comdriven in both directions.

puted so that the elevation angle along a measure-

ment route was largely constant for individual

takes. It would have been possible to vary th@m 5. Performance of the

elevation angle for different takes by varying (i) measurements

the height of the helicopter above the ground or

(ii) the horizontal distance between the mobile re-The verification campaign was subdivided into

ceivingstation and the helicopter or (iii) by a com- three measurement phases during 1995: phase 1

motorway (with bridges and tunnels).
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was carried out in the spring (10 — 21 April), phase-
2 in the summer (17 — 28 July) and phase 3 in the
autumn (16 October — 9 November). The third
phase took rather longer than the previous two
because bad weather and poor visibility frequent=
ly prevented the helicopter flying in hover mode,
thereby causing the planned measurements to be
postponed. _
Each phase was made up of eight different flights,
each covering a specific type of terrain and lasting
approximately 2/, hours. The flights were di-
vided up into “takes”, i.e. a measurement with
constant elevation angle and radiated power levet:

All equipment in the helicopter and in the mea-

surement vehicle was reset before each flight, on
the basis of a check list, and was re-calibrated if
necessary.

In order to make optimum use of the costly time
during which the helicopter was airborne, it was
flown to the designated positions as quickly as
possible, using a previously-prepared speech
protocol and measurement plan. The power level
was set carefully and the measurements were then
performed rapidly. -

Each take was made up of three main parts. The
first consisted of a calibration measurement last-
ing about 10 seconds which was made with a line=
of-sight link between the stationary measurement
vehicle and the helicopter. This was followed by

the measurement proper, during which the mea-
surement vehicle drove along the selected route.

DAB

conversion of the measured quantities (e.g.
voltage level) to the associated original quanti-
ties (e.g. angle);

calculation and representation of derived quan-
tities (e.g. distance, elevation and azimuth
angle between the helicopter and the vehicle);

calculation of the power at tree-top level using
the position of the helicopter (roll, pitch and
heading), the position relative to the measure-
ment vehicle and the 3-dimensional radiation
pattern of the helicopter transmitting antenna;

calculation and representation of the expected
received power, taking into account the power
at tree-top level, the orientation of the measure-
ment vehicle and the 3-dimensional radiation
pattern of the receiving antenna on the mea-
surement vehicle;

representation and evaluation of the difference
between the expected and the measured received
power;

representation of CRC errors compared with
the measured received power;

calculation and representation of an average
CRC error rate as a function of the mean power
with aline-of-sight link for every take (se&&ec-
tion 6.2.3);

evaluation of audio/video/power/CRC record-
ings in the vehicle in order to determine the
audio quality, subjectively and objectively, as a
function of the elevation, link margin and type
of terrain.

The third part consisted of another calibration
measurement lasting about 10 seconds under thg 55 \jdeo
same conditions as the first part. When possible,
it was also carried out at the same place and thys highly graphic aid to evaluating the DAB sys-
acted as an additional check for the measurememém in the satellite channel was provided by the
configuration parameters. recording taken by a video camera mounted at the
rear of the measurement vehicle. By orienting the
The length of each take was between two andamera upwards, it was possible to reconstruct
eight minutes and was thus short enough to minieptically the propagation path from the helicopter
mize any fluctuations in the power at “tree-topto the measurement vehicle. Audio signals re-
level”. The power at tree-top level is the powercorded simultaneously illustrated the influence of
measured without any shadowing at the antennahadowing and the relevance of the line-of-sight
of the measurement vehicle. link between the helicopter and the measurement
vehicle. The very fast regeneration of the DAB
signal after restoration of the line-of-sight link
was also clearly apparent. For demonstration pur-
poses, a special video tape was subsequently pro-
duced. In the first recorded sequence on this tape,
the route is shown using a forward-facing camera
Post-processing of the data had the followingto give a good idea of the type of terrain that was
functions and objectives: involved. The second sequence shows pictures
taken by the upward-facing camera, simulta-
— correction of the geographical data (computaneously combined with the stereo sound output
tion of differential GPS coordinates, trans-from the DAB receiver. The tape offers an im-
formation of the Travelpilot data); pressive demonstration of the effect that different

mmm 6. Results

B 6.1. Post-processing concept
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elevation angles and link margins have on the reside trees did cause a slight degradation of the

ceived DAB sound quality. DAB signal.
< Figure 12
B 63 Results of the CRC evaluation Fig. 12brepresents an urban residential area with Charted results of
high-rise buildings of up to seven stories. At an measurement

Subjective assessment of interference in the reelevation of 40, these buildings caused a signifi-
ception of the DAB audio signal can vary depend-cant shadowing of the propagation path; at eleva-
ing on the signal source (e.g. classical music, pogions of 60 and 80, most links were line-of-sight
music, voice) and the particular listener. In ordewith considerably lower CRC error-rates for the
to avoid these subjective influences, the CRC deSame power.

scribed earlier was used to provide an objective

criterion for the assessment of the DAB audioFig. 12cshows the results for the avenue and vil-

quality. lage types of landscape. Some of the errors here
resulted from an underpass and various two- and
B 631 Threshold three-storey buildings close to the road, while the

rest were caused by shadowing due to an avenue

The threshold is defined as the minimum recep®f trees over the road.

tion power level at which no ISO-CRC violations )

occurover a period of about 1 minute. In this con- The measurements plottedriy. 12dwere taken
figuration, the threshold level was —1@70.5 inavillage and in open countryside. Here too, the
dBm; itwas measured at all elevations for each inPropagation path was disturbed by two- to three-
dividual flight. It is included in all the diagrams Storey buildings and a few, but tall, trees.

described inhe next section as a reference line for ) _
estimating the link margin. One half of the measurement route depicted in

Fig. 12econsisted of dense woodland while the

The measured threshold value agreed well wittther half ran through open countryside.

the theoretical prediction (assuming a minimum_ . )
theoretical energy-per-bit of 6.8 dB, correspondflg- 12fshows _the results obtained over a section
ing to a BER of 16, an information bit-rate of of motorway_wnh nine bridges and a tunnel. The
1.152 Mbit/s, a code-rate 8f,, a minimum re- route was driven at a speed of about 80 kph.
quired carrier power level with respect to Kelvin _

system noise of —161.2 dBW/K, a system noisé i9- 12g on the other hand, shows the results of

temperature of 23 dBK and an implementationdiving at a speed of up to 160 kph along a motor-
loss of 1 dB). way section with two bridges.

The results for a densely built-up inner city area,
with 6-storey buildings close to the edge of the

During post-processing, an average CRC rate ané?ad, is shown ifrig. 12h At elevation angles of

B 6.3.2. Evaluation of the takes

the mean received power level on a line-of-sigh OT and 60, Ejhehpropﬁgalltion pa]:[h betwvfen hthg
link were calculated for every single take along"€/COPter and the vehicle was frequently shad-

each measurement route. These results were th@y€d: at 80, however, the CRC error-rates
charted using a different chart symbol for each o ropped dramatically.

the three elevation angles considered during th
campaign (40, 60 and 80 Separate charts were
produced for each of the different types of terrai
studied. Finally, on each chart, continuous curve
were derived by using the technique of exponen
tial curve fitting and by reducing the influence of
“outliers” obtained during some of the takes
(which arose from singular events such as lon
stops ated traffic lights or from other special traf-

fic conditions).

i reference must be established between the ob-
rjective quantity, CRC, and the subjective auditory
§ensation in order to interpret these results. After
detailed listening tests among the persons in-
volved in the measurement campaign, the thresh-
old for just-acceptable reception quality was es-
ablished at an ISO-CRC error-rate of 1 %.

If this precondition is included, the following con-
clusions can be drawn for the mediaStar system.

The charted results from measurement phaseseg Very good mobile DAB reception conditions
and 3 are shown togetherfigs. 12a-h The sen- prevail when the propagation path between the
sitivity threshold is also entered on each chart. transmitter and the receiver is not blocked

Fig. 12ashows the results for a suburban residen- (which also applies at high travelling speeds).

tial area. The single- and two-storey houses herk) In open terrain, a link margin of 3 dB is ade-
had no influence on reception but individual road- quate for elevation angles of 4@nd more.
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Table 3

Percentage of
ISO-CRC violations
as a function of the
elevation angle and
the type of terrain.

Table 4

LMcRc “gain” at
higher elevation
angles. The
differences in LMcrc
(in dB) taken from the
ISO-CRC diagrams
are shown as a
function of the
differences in the
elevation angles.
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c) Blocking of the signal by buildings, bridges, and tunnels. High speeds (measurements were
tunnels and trees usually results in severe made up to a maximum of 160 kph) do not
power losses and, consequently, in seriously- cause any problems because of the relatively-
degraded reception. high elevation angle (low Doppler effect).

d) In the_ inner city area, shadoyving by_taII bUiId'The ISO-CRC violations to be expected in the
Ings is the decisive reception-quality factor. ; oa " nqer investigation are compiledaile 3

The shadowing density here is heavily depens,q o fnction of the link margin (2, 4, 6 and 8 dB)

dent on the_ elevation angle and indicates thal 1 the elevation angle (40, 60 and)80t should
HEO satellites have a clear advantage ovepe remembered when looking at this table that, al-
absence of shadowing by buildings, the rewyerecovered in this verification campaign, it does
quired link margin is typically less than 3 dB. not necessarily represent a balanced statistical

e) Shadows caused by dense forests result in ¢gfoss-section of the distribution of landscapes.

necessarilink margin of around 10 dB. In ave-
nues, the shadowing effect of individual treesFigs. 12a-hprovide a means of estimating the link
was sometimes clearly “audible”. margins for the corresponding routes. The effect of
. ) . different elevation angles is of particular interest
f) On motorways, interference to reception isfor 3 HEO satellite system. In order to quantify
caused_predommantly t_)y _bndges and tunnelsghis, we defined two types of link margin (LM)
The ability of DAB to eliminate the effects of here, which also allowed a comparison with the
shadowingdue to bridges depends primarily on results of the evaluation of the cumulative power
the width of the bridge and the speed of thedistributions (seection 7.5.) LM1g, crcis the
vehicle. It might be possible to take advantagelifference between the threshold power and the
of the multipath capability of DAB and apply a power at which an ISO-CRC error-rate of 1 % oc-
gap-filler concept for covering wide bridges curs; LMsy, crcis the corresponding difference at

Link margin (dB): 2 4 6 8

Elevation angle 40 60 80 40 60 80 40 60 80 40 60 80
(degrees):

Suburban residential area 4 0.75 | 0.5 1 0 0 0.5 0 0 0 0 0

City residential area >10 | 1.75 0 9 0.75 0 6.5 0 0 5.5 0 0

Village avenue >10 | 85 3 9.5 4 2.5 5 2 1.75 | 35 15 15
Village, open terrain 4.5 15 0 3 1 0 2 0.5 0 15 | 0.25 0

Forest >10 | >10 | >10 | >10 | >10 | 3.5 8 4 1.25 3 15 | 05
Motorway 1 (nine bridges >10 8 - >10 | 7.75 - >10 | 7.5 - >10 | 7.25 -

and tunnels)

Motorway 2 (two bridges) 25 | 25 - 2.25 2 - 2 15 - 1.75 1 -

Inner city >10 | >10 | 05 | >10 | >10 | 05 | >10 | >10 | 0.5 | >10 | >10 | 0.5

ALM (elevation angle): LM(40°) — LM(60°) LM(60°) — LM(80°) LM(40°) — LM(80°)

Type of link margin: | ALMjgcre | ALMsycre | ALMigcre | ALMsycre | ALMiagcre | ALMsycre

Suburban residential area 25 15 1 0.5 35 2
City residential area 18 8 2 1 20 9
Village avenue 4.5 2 -1.5 >4 3 >6
Village, open terrain 6 35 5 0 11 35
Forest, open terrain 15 1 2 2 3.5 3
Motorway 1 (nine bridges - -5 - - - -

and tunnels)

Motorway 2 (two bridges) - - - - - —

Inner city - >5 >20 >15 >20 >20

EBU Technical ReviewSpring 1997
Frank, Schramm et al.



DAB

an ISO-CRC error-rate of 5 %able 4presents the shownhere can effectively be simulated by a com-
relative changes in the link margins when thebination of two Gaussian distributions with differ-
elevation angle changes; they can thus be inteent median values, standard deviations and per-
preted as the Lirc “gain” as a function of the centage weighting.
elevation.

Since this involves evaluation of the measured in-

Spaces in the table indicate either an absence Bt POWer to the receiver, two factors in particular
measurements, or measured values which could nggd {0 be taken into account. One was the zero
be read. “Greater than” signs (>) indicate a loweSYMPO! of the DAB signal which, at the selected
estimate in cases where it was not possible to intefl€asurement pulse-rate, was reached about every

polate the wanted value from the measured ones. 100 frames during the measurement sequence and
resulted in a non-corrected, slight loss of power.

Clearly visible is th tent to which the i . The other concerned the unwanted variations of
early Visibie IS the extent to which e INCrease iy, propagation path. These two factors resulted

ﬁllavatlon resultt(_edtrl1n a r?ductlon n th_e ?hecessa% a slight deviation from the ideal power distribu-
CRG €xceplin tné molorway Case: In the Urbaly,, “eyen in the case of free-space propagation

area, an increase in the angle of elevation from 40 ., \ ooy the helicopter and the measurement ve-
to 80" caused a reduction in Li¢c of more than hicle. This deviation is evident from the slight

20 dB. Even in rural areas, a reduction ind®d |eyelling ofthe line in the diagram (it should ideal-
by up to 11 dB is possible under these conditions,y pe vertical). In order to obtain a reference value
for the fading depth, the median value of the pow-
On motorways, where bridges and tunnels are ther distribution with a line-of-sight link was calcu-
principal factor in CRC error-rates, Ld¢c can |ated by analyzing the power distribution and the
actually increase with the elevation angle. Thispower as a function of time.
explains the negative value for motorway 1; the
link margin at 40 was 5 dB smaller than at 60 Fig. 14 shows the power distribution along the
The reason for this is that, at low elevation angles;oute presented ifig. 13 This time, however, it
the DAB signal may penetrate better underis shown as the probability of exceeding the refer-
bridges and into tunnels (depending, of course, oence value for the fading depth. This representa-
its direction of arrival). tion agrees with the one selected by Goldhirsh and
Vogel in [8] and thus enables a comparison to be
made with their measurement results. Their re-
sultsshow a diffeence of about 1.5 dB in the CRC
1 % value in the case of a measurement route

N . . through similar countryside, but with an elevation
Another method of estimating the link margin for angle of 45 and at a transmission frequency of

different landscape types and elevation anglesl_5 GHz ([8] ,Fig. 2). If one takes into account

which does not depend on the use of CRCs, is th . .
evaluation of the statistical distribution of the re—t‘%"]lt a different reference value was used by Gold- Figure 13

; s X .~ _hirsh and Vogel, this difference vanishes almost Power distribution
gi'vtid ,nge;o;t tESChS:ag;2IZ§3m3¥aIR/i fag\:ygcompletely and thus shows good agreement be- along a section of
eptn, rL. purpose, POWET een the two sets of measurement results. flight 14/2.
distributions were drawn up for selected takes on
all the flights in phase 2, with high transmission
power relative to the threshold. This prevented gg gg

large power losses due to shadows from causing

B 6.4. Cumulative power
distributions

the signal level to disappear into the system noise. 999 /

These power distributions were plotted on Iog-;\; 99 f

normal axes and analyzed. T o5k /
S wf /

Fig. 13shows an example of the power distribu—é 80 F //

S

tion on a section of flight 14/2, i.e. a route passing? 60 L
partly through open countryside and partlys 40 E
through forest. This measurement sequence w 20 ¢
made at an elevation angle of°40The figure 10 E
shows how two different distributions are evidents 5
on this route. The upper part of the curve predomg‘ 1k

[

vep

inantly represents the part of the route during3 g //

which there was a line-of-sight link the helicop- 01¢ !

ter. The lower part of the curve represents the 001 bbio — - 1 .. 1 .. . 1. — ‘
weaker power distribution in the forest, caused by 115 -110 -105 —100 —95 —90 -85
the shadowing effect of the trees. The entire curve Power (dBm )
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In the subsequent evaluation, particular importance
was attached — as in the case of the CRC evaluation

100
B (Section 6.3.2.} to the change in fading depths
s NG according to elevation. For this reasonJatle 5
é“‘\g N\ the fading depth differences are entered in each
?§ \\ case over corresponding elevation differences.
Sk
T 0
E% The spaces in the table for the motorway routes
5 g can be explained by the fact that no measurements
L] 10 < werecarried out here at an elevation angle of 80%.
g = N\ Thiswas not possible because of the route, and the
8 g deviation from the nominal elevation in this case
g would have been too great. It is striking that three
\ of the four motorway values are negative. This
suggests that a higher elevation does not have a
\ positive effect in the case of bridges and tunnels,
1 o N in complete contrast to the other routes where —
_5 0 5 10 15 20 25 with a _few exceptions - there was an imp_rove—
Fading depth ( dB ) ment, i.e. reduce_d fadmg depth. In particular
cases this was quite considerable, e.g. a change of
Figure 14 The 1% value and 5% value for the probability Ofgalevatlonfrom 40% to 80% resulted in a reduction

Power distribution
along a section of
flight 14/2, shown as
the probability of
exceeding the
reference value for
the fading depth.

Figure 15 >

Fading depth values,
at different elevation
angles, over a
selection of measure-
ment routes.

Table 5

Reduction in the
fading depth at
higher elevations.
The differences in the
fading depths (in dB)
taken from the
cumulative power
distributions are
shown as a function
of the differences in
the elevations.
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exceeding the fading depth were taken from thétg Egﬂgﬁaurﬁrfl irlegs in the urban area, and up

power distribution. These values are defined here

gompared with the evaluations of the CRC
results, the results described here demonstrate the
dadvantage of reduced dependence on the trans-

ission system used. Nevertheless, there are
clear parallels in both sets of results which indi-
cate a close relationship between the power and
the CRC results [15]. The considerably higher ab-
solute values of fading depth compared with the
LMcgrc are an indication of how well the time
énterleaving of the Eureka-147 DAB system can
deal with short-duration power losses.

shown in eight diagram&igs. 15a-h)covering a
selection othe diferent measurement routes use
(a short description of these routes is given i
Section 6.3.2. They demonstrate a significantly
lower fading depth for higher elevations along
almost all the routes except the motorway sec
tions.

Fig. 15cshows the result for a measurement rout
which mainly follows the course of an avenue.
Comparison with [16], where the so-called “ex-
tended empirical roadside shadowing model™ 6.5, System noise according to

(EERS) is presented, shows that in our case the the type of terrain and the

fading depth at 40was slightly higher (1 dB) receiver G/T

while at 60 it was significantly higher (FB, =

2.5 dB, Fye, = 7 dB) than was predicted in [16]. In addition to the takes described above, measure-
The reason for this was an underpass on the meaents were also made on various routes with no
surement route which strongly influenced the 1%transmittedsignal. The purpose of these measure-

value and also the 5% value, particularly at highements was to determine the magnitude of the sys-

elevations. tem noise. They showed that the type of environ-
AFD (elevation): FD(40°) — FD(60°) FD(60°) — FD(80°) FD(40°) — FD(80°)
Type of fading depth: AFD1g, AFDsgy AFD10, AFDsgy, AFD1g, AFDsgy
Suburban residential area 4.5 2.75 0 -0.5 4.5 2.25
City residential area 16 12 4 3 20 15
Village avenue 25 3.5 2 35 4.5 7
Village, open terrain 6.5 5 35 15 10 6.5
Forest, open terrain 1.25 3 6.25 4.5 7.5 7.5
Motorway 1 (nine bridges -6 -4 - - - -
and tunnels)
Motorway 2 (two bridges) -12.5 0.5 - - - -
Inner city -3 -0.5 24.5 21 21.5 20.5
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ment can cause the value to vary according to the/ith the mediaStar system, there is additional
number of objects “seen” by the receiving antenscope for making improvements: for example, in-
na. Each object that is picked up by the main lobereasing the transmission power; restricting the
of the antenna emits radiation which adds to theervice to areas with large elevation angles; im-
received thermal noise. Three different cases iproving the design of the receivers (e.g. imple-
which the level of system noise varies are dementation of improved error-masking techniques)
scribed below. and the design of the receiving antennas.
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Two achievements enhance the global market for DAB

& World

The WorldDAB Forum has welcomed two major achievements which
will contribute to the successful world-wide introduction of Digital
Audio Broadcasting (DAB).

The first is an agreement reached among broadcasters, transmis-
sion operators, consumer electronics manufacturers and the regula-
tory bodies on common frequency rasters at VHF and L-band. This
agreement allows the use on a global basis of both the CEPT (Euro-
pean Post and Telecommunications Conference) and the Canadian
frequency rasters. It will help to ensure that DAB radio receivers are
simpler and are easier to tune and, by reducing the number of pos-
sible rasters, increased costs should be avoided.

The second achievement is the successful completion of the Multi-
media Object Transfer (MOT) specification which takes DAB into a
new multimedia era. In will allow DAB inter alia to carry Internet
pages reliably to mobile and portable, as well as static, receivers.

Radio is now assured a place in the multimedia environment, capable of carrying not only CD-quality sound but
also text and graphics, still and moving pictures, and Internet pages.

Welcoming these two important achievements, the President of the WorldDAB Forum, David Witherow, said:
These two agreements have come at the right moment as we move into the consumer phase of DAB. They
enhance the global market for DAB receivers and they keep DAB on the track. These important agreements
reflect the spirit of co-operation which has characterized its development to the point where it is now the

recognized world standard.
For further information, please contact:

Franc Kozamernik, WorldDAB Project Manager

Julie Unsworth, WorldDAB Co-ordinator

Tel: +41 22 717 2709
Fax: +41 22 717 2749
E-mail: unsworth@ebu.ch

EBU Technical ReviewSpring 1997
Frank, Schramm et al.



