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An example of white -light holog- 
raphy which uses incoherent light to 
create a three dimensional image. 
For further details see page 68. 
Photograph by Paul Brierley. 
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Radio landing systems 

Background to radio blind landing aids and the choice of i.l.s. replacement. 
by P. R. Darrington 

EVERYTHING that goes up, barring 
the more exotic space machinery, 
eventually comes down again and, so 
far as aeroplanes are concerned, they 
start trying to get back the instant the 
wheels clear the runway. Flying, as 
someone must have said, is a controlled 
fall - a concept which can be suc- 
cessfully concealed from airline 
passengers while they cruise at 20,000ft. 
During the landing phase, particularly 
in fog or at night, pilots earn their 
salaries and nervous passengers recall 
the relevant statistic - 75% of all flying 
accidents occur during approach and 
landing or during take -off. 

Radio assistance to pilots engaged in 
locating runways and landing on them 
began in earnest during the '30s and 
experienced a tremendous spurt in de- 
velopment during the war, when thou- 
sands of hurriedly- trained pilots had to 
be rounded up. The assistance offered 
took two forms, with responsibility in 
the air or on the ground. MIT developed 
a system known as Ground Controlled 
Approach (GCA), in which the aircraft 
is tracked on radar. A wide -ranging 
p.p.i. surveillance radar locates the 
aircraft many miles away from the run- 
way and, using a v.h.f. link, the operator 
guides the aircraft into the purview of a 
short- range, more precise radar, with 
which the pilot can be 'talked down' in 
azimuth and elevation on to the run- 
way. All the aircraft needs is a v.h.f. 

A technical battle, with political and 
commercial undertones, has been 
grinding on between US and UK aviation 
organizations for some four years, with 
the microwave landing system of the 
future as the prize. Allegations and 
counter -allegations are launched with 
reckless abandon and, less than two 
months before ICAO (the International 
Civil Aviation Organization) is due to 
make its choice of system, a US 
Congressional committee is investigating 
British charges of deception brought 
against the Federal Aviation Agency. The 
FAA, not to be outdone, is retaliating 
with assertions that the British are trying 
to palm the world off with an 
under -developed system. 

receiver. This type of system is still 
used, although the short -range radar is 
now given the name precision approach 
radar (p.a.r.). Synthetic displays, 
generated by computer, are used to give 
bright displays and to handle multiple 
targets with little or no clutter from 
precipitation or static returns. The air- 
craft must now carry a transponder, 
triggered from the ground, which sup- 
plies pulses for range and angle of 
approach determination. 

The second approach, in which infor- 
mation is derived in the air from ground 
transmitters, is the basis of many 
modern systems and is at the centre of 

both leading systems of microwave 
landing assistance, of which more later. 

Probably the first attempt at this was 
the Lorenz design', later known as 
Standard Beam Approach. This was 
based on an idea by P. von Händel and 
worked out by the German Lorenz 
company - later to become part of ITT. 
The Lorenz system used a single trans- 
mitter, working at 36MHz, to provide 
azimuth and glide path indication. 
Some idea of contemporary practice 
can be obtained from the preamble to 
the article referred to: "In the best 
modern altimeters ... error does not 
exceed about 75 feet. Now, with no 
more detailed height information than 
is provided by such means as this, it is 
actually possible on a large aerodrome 
to land an aeroplane in safety, by 
throttling the engine down and 
awaiting contact with the ground ". 

Guidance was obtained in azimuth by 
switching a mildly directional beam 
from side to side of the runway as 
shown in Fig.1, the range being claimed 
as 40 miles at 3000 ft. The beam was 
switched by keying reflectors spaced 
half a wavelength away from the verti- 
cal dipole, the time spent on each side of 
the landing path being different - 'dots' 
and 'dashes' were formed in this way. 
The dots were equal in length to the 
spacing between dashes, so that on the 
centre line they merged to form a con- 
tinuous tone. The pilot listened to the 
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signals and was able to keep within a 
"few degrees' of the ideal landing path. 

Range was determined roughly by 
signal strength, but also by outer and 
middle markers radiated on 7.9m. These 
markers took the form of low -power 
transmitters, feeding horizontal dipoles, 
located 0.5 and 3km from the downwind 
end of the runway. Visual contact with 
the ground was necessary, although 
Denman said that a "completely blind 
landing (could) perhaps be made, if 
necessary". 

Glide path information was depen- 
dent on an assessment of signal 
strength: the pilot would read the bea- 
con signal strength from a meter on the 
display when passing the outer marker 
and try to maintain the same reading 
until touch down, as in Fig. 2. Indication 
of directions to the pilot was by means 
of headphones (dots, dashes for 
azimuth and superimposed tones for the 
markers) and by meter for field 
strength. Later the system was modified 
to use a similar system for elevation as 
for azimuth. 

Lorenz was used, in SBA form, until 
the '50s, with improved display and 
beam -forming aerials. It was the basis of 
the Knickebein and X -Gerät bombing 
aids used by the Germans during World 
War II, in which applications nothing 
needed modification save the receiver, 
which required enough sensitivity to 
wo: at a range of several hundred 
mil. 

This method of identifying on which 
side of the ideal flight path the aircraft 
was flying was to remain and to be used 
for many different systems. In 1935, 
three separate Lorenz -type systems 
were under test at Croydon airport, 
made by S.T.C., Plessey and Marconi. 

A radar system developed during the 
war to assist a lot of very confused 
bomber crews to limp home was BABS 
-Beam Approach Beacon System. This 
was a secondary system in that a bea- 

39 

Fig.2. Lorenz glide -path guidance. On 
passing the outer marker, the pilot tries 
to keep the signal level constant until 
near touchdown. 

con would radiate two beams, overlap- 
ping on the runway in the approved 
manner, but only when triggered by an 
airborne Rebecca equipment from up to 
20m away. One advantage was that 
distance -to -go information determined 
from go- and - return timing of the pulses, 
was continuously available and no dis- 
tance markers were needed. Presenta- 
tion was by c.r.t., which required the 
assistance of a second crew member to 
interpret the display and to direct the 
pilot. 

Several other schemes of landing 

Fig.l. Elements of the Lorenz landing 
aid. The diagram is based on one which 
appeared in Wireless World for April 5, 

1935, and the field diagrams may 
appear a little strange; though the 
principle remains. 

guidance were proposed. For example, 
in 1963 F. G. Miles proposed and deve- 
loped a television system2 whereby the 
pilot was presented with a picture of the 
airfield. A scale model was scanned by a 
television camera, the picture being 
transmitted to the aircraft by normal 
television methods. The position of the 
camera was directed in azimuth, eleva- 
tion and range by a locked -on radar, 
while roll, pitch and height information 
were derived from the aircraft's flight 
instruments and telemetered to the 
ground control. Both air and ground - 
derived sets of information were used 
by a computer to adjust the attitude, 
position and movement of the camera. 
In the report referred to in reference 2, 

the system was said to have reached a 
breadboard stage, but to have been used 
successfully by the Army in tank 
training. 

C.S.F. in France3 developed a system 
in 1953 which again used the principle of 
overlapping beams, but on a single 
transmission frequency. The scheme 
was to use a time -multiplexed switch to 
launch the signal from four aerials, 
arranged as upper and lower for eleva- 
tion and laterally for azimuth. As the 
beam was switched round the aerials by 
a 600Hz mechanical rotary switch, the 
modulation frequency was changed at 
each one to give the effect of four 
beams. A gap between sets of transmis- 
sions was used to interrogate an 
airborne transponder which gave a 
range measurement. Presentation of 
localizer and glide -path information 
was by means of the usual crossed - 
pointer instrument, and accuracy of the 
localizer was within ±0.5° at 1.5m from 
the transmitter: distance was measured 
to within 150 yd at 5 miles. 

I.l.s. 
All the systems so far described suffered 
from one or more defects. Perhaps 
accuracy was poor, or they did not fail 
safe or they presented the pilot with too 
great a work load at precisely the time 
when he needed all his faculties to be 
free to fly the aircraft. 

Instrument landing systems (i.l.s.) 
surmounted most of these drawbacks. It 
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was developed in America before the 
war and was first demonstrated by the 
Federal Aviation Agency (then the 
CAA) at Indianapolis in 1939. The In - 
ternational Civil Aviation Organization 
adopted it in 1946 in an attempt to 
obtain a world standard system. 

The system adopted was chosen 
from five possible approaches, one of 
which was a microwave localizer and 
glide path. It was decided to go for a 
v.h.f. equi- signal localizer and u.h.f. 
glide -path indicator, the CAA system 
being the final choice. It was itself a 
development by the CAA of a military 
aid, the SCS51, which had seen much 
service and was well proven. I.l.s. works 
on higher frequencies than the earlier 
systems (110MHz localizer, 330MHz 
glide path) and it was thought the ano- 
malous propagation would be reduced. 

Figure 4 shows the system in broad 
outline. Horizontal guidance is obtained 
from a large aerial sited at the upwind 
end of the runway, working at around 
110MHz, and radiating two beams 
modulated at 90Hz and 150Hz. The two 
beams overlap and give an equal 
modulation on the runway centre -line. 
Efficient a.g.c. is provided in the 
airborne receiver to avoid the effects of 
variations in transmitter power. The 
receiver produces an output proportio- 
nal to the difference between 90Hz and 
150Hz modulations, with which is 
driven a centre -zero meter, zero being 
vertical. A voice channel can be pro- 
vided and the localizer is identified by 
morse signals every 10s. 

A similar system to that used in the 
localizer is used to give glide -path in- 
formation, the array being sited at the 

approach end of the runway. Frequen- 
cies lie in the band 328.6 to 335.4MHz 
and the required beam shape to give an 
overlap at the glide -path angle is 
achieved by a combination of direct and 
ground -reflected waves. Two aerials are 
used, the effect being to produce a set of 
lobes, a large central 90Hz one and 
several smaller 150Hz ones.. The effect 
is that the overlap between the large 
lobe and the smaller gives an assymme- 
trical fly up /fly down signal. 

Outer and middle markers are pro- 
vided, as shown in Fig. 4. These are 
transmitted on 75MHz with modula- 
tions of 400Hz for the outer and 1300Hz 
at the inner marker, which sometimes 
tends to be ignored by pilots, since at a 
distance of 3500 ft from touch -down 
they rely more on altimeter readings. 
Marker signals are made to switch on 
warning lamps and provide a tone war- 
ning. 

I.l.s. has been the standard system 
since the late '40s and is to continue in 
service at least until 1985. It has been 
extremely successful in service and is 
almost mandatory all over the world. 
The system has been used for automatic 
landing4 with either a highly accurate 
version of the localizer or a Murphy 
leader -cable layout. Radio altimeter 
data plus that from i.l.s. was used in an 
autopilot computer to provide "hands- 

Fig.3. Crossed -pointer type of indicator, 
used in many landing systems. The 
centre dot represents the aircraft, the 
pointer crossing the centre of the 
approach path. 

Fly right 
and lose height 

(a) 

Fly right 
and climb 

Fly left 
and lose height 

cbl 

Fly left 
and climb 

(d) 

off" landings, although an element of 
blind faith was invoked in the interval 
between 150ft and 60ft, in which inter- 
val the aircraft would probably be flying 
over rough ground. The radio altimeter 
would not give a good height indication 
relative to the level of the runway and 
was therefore switched out, the 
autopilot maintaining the aircraft in an 
attitude based on a stored history of its 
behaviour from 2000ft until the 60ft 
level was reached. Radio altimeter 
assistance was again called upon in the 
expectation that the runway was now 
below, whereupon rate of descent was 
made proportional to height, a process 
which was intended to produce an ex- 
ponential flare -out. 

In 1967, however, it was becoming 
apparent that i.l.s. was not the complete 
answer. A paper read by Benjamin6 at 
an a.t.c. conference indicated that i.l.s. 
was just not good enough for regular 
automatic landing because of reflec- 
tions of radiated energy, noise, and 
overflying aircraft causing anomalous 
signals at the receiver. In addition, the 
signal level dropped by up to 20dB just 
before touchdown due to the beam 
directing much of its energy above the 
aircraft. The author proposed a method 
of overcoming these drawbacks, giving 
it the name. Correlation Protected I.L.S. 
(CPILS). The principle was that trans- 
mitters would be placed halfway along 
the runway at each side, their trans- 
missions being cross -correlated. The 
noise would then be 'cancelled out', 
leaving the pristine i.l.s. signal. A similar 
system was proposed for the glide -path 
plane. 

The initiative for further work came 
from the U.S. In 1967, the Radio Tech- 
nical Commission for Aeronatics 
formed its Special Committee SC -117 to 
develop a new system. Two systems 
were proposed -Doppler and a 
frequency reference scanning beam 
method. Meanwhile, the British De- 
partment of Industry, the Civil Aviation 
Authority (CAA), Ministry of Defence 
and Plessey came up with the British 
proposal, which was a Doppler system 
(DMLS). Australia put forward a time 
referenced scanning beam and Ger- 
many a distance -measuring equipment 
(d.m.e.) based landing system (DLS), all 
of the proposals using microwaves. 
France proposed AGDLS (Air -to- 
Ground Data Link System). The All 
Weather Operations Panel of ICAO 
proposed, in 1971, a development and 
testing period for the submissions arid 
the final agreement on the choice of a 
future system was to be taken in 1976. 
For one reason or another, minds have 
been changed,'systems have been drop- 
ped or discounted, one country has 
effectively "taken over" another's pro- 
posal and the three systems now being 
considered are: 

Doppler Microwave Landing System 
(UK) -DMLS 
Time - Referenced Scanning Beam 
(USA and Australia) - TRSB 

www.americanradiohistory.com

www.americanradiohistory.com


41 
WIRELESS WORLD, APRIL 1978 

v.h1. 
011 localizer 

u.h.f. 
glide -slope tx MIL 

5° overlap 

D.m.e. -based Landing System (West 
Germany) - DLS 

A decision is due to be taken in April 
1978 on the system to be adopted. 

Requirements 
The facilities required by ICAO in the 
system to be adopted internationally 
are 

- Azimuth guidance up to ±40° 
relative to the centre line and up to 
at least 15 °. - Azimuth guidance in overshoot to 
± 40°. - Elevation guidance to 20 °. - Flare guidance from -2° to 8 °. 

- Range by d.m.e. 

Doppler 
Early work on effects eventually to be 
used to advantage in DMLS was done 
by Dr H. G. Busignies7 and C. E. Strong 
and C. W. Earp8. Busignies had worked 
on propagation from a commutated 
linear array of aerials and found that 
such an array produced "a transmitted 
wave characterized by having a spec- 
trum of frequencies, the frequencies 
varying with different directions of 
propagation ". Earp's work was con- 

Fig.4. V. h.f. instrument landing system 
(i.l.s.) The aircraft recognizes the 90 or 
150Hz tone and determines its position 
in the beam in vertical (u.h.f. 
transmitter) and lateral (v.h.f. 
transmitter) directions, as shown at (a). 

The resulting indication is as seen in 

(b). 

cerned with the relationship of the ap- 
erture of an array and its site error 
suppression characteristics. 

The basic Doppler principle is seen in 
Fig. 5. A linear array of radiators is 
successively energized by a commu- 
tating switch, all having been energized 
in turn after around ]ms. The micro- 
wave frequency is about 5GHz. When 
the radiated energy is observed from a 
position normal to the line of the array, 
the frequency received is fa, but if the 
observer is to one side, as in Fig. 5a the 
commutation gives the effect of a 
moving source and a Doppler shift is 
experienced, positive or negative, de- 
pending on the observer's direction of 

offset. The amount of shift is fD =' sin 

8, where V is the speed of commutation, 
and X is the wavelength of the source. 
The angle of the observer relative to the 

array can be calculated. In fact, the 
airborne receiver sees a phase progres- 
sion which can be said to be a 
frequency. 

To make use of the principle, the 
azimuth array is placed at the upwind 
end of the runway and a similar array 
placed vertically at the approach end to 
provide glide -path guidance. The error 
which would be produced by the air - 
craft's own movement is eliminated by 
radiating a fixed reference frequency 
from one element in the array, offset by 
a small amount from the swept 
frequency. The aircraft detects the beat 
between the two signals and all proces- 
sing is therefore carried out at the low 
beat frequency. 

The short array of elements, together 
with the commutation, produces a 
spectrum whose envelope shows a peak, 
which defines the angle of the receiver 
with respect to the array normal. The 
width of the peak is inversely propor- 
tional to the aperture of the array. In the 
aircraft, a tracking filter, feeding a 
counter, measures the frequency of the 
peak in the spectrum. Range is deter- 
mined by an ordinary d.m.e. beacon and 
interrogator. 

A time -division multiplex format is 
adopted for the DMLS system which 
contains time -slots for azimuth and 
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runway 
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f 
elevation and also for flare. Before each 
azimuth or elevation slot, a preamble is 
transmitted which contains 
- unmodulated carrier for a.g.c. 

reference. 
- a 5 -bit framing code. 
- function (azimuth or elevation) 

identification. 
- Morse signal for runway identifica- 

tion. 
- 32 -bit word to give the airborne pro- 

cessor data on runway length, etc. 
- a signal to determine whether the 

aircraft is outside the system 
coverage. 

The resulting field pattern gives 
coverage to 20 nm, azimuth angle of 80° 
up to 20,000ft and back guidance for 
missed approach or take -off of 40° 
azimuth up to 5,000ft. 
During trials of Doppler m.l.s. in 
automatic landing it has been found 
that no `gap' between the 150ft and 60ft 
levels, as was needed by i.l.s. is re- 
quired, since the glide -path indication is 
sufficiently improved to offer accurate 
guidance down to the altitude where a 
radio altimeter takes over. 

TRSB 
The Australian Interscan proposal and 
American time referenced scanning 
beam system8 are essentially identical in 
principle. Differences lie in the aerial 
designs -an area in which most of the 

Fig.5. Principle of Doppler m.l.s. in its 
basic form. A full- capability system 
would have two azimuth and elevation 
aerials for missed -approach guidance. 
The elevation transmitter and aerial 
are shown in the heading photograph 

problems experienced with TRSB seem 
to have been experienced. 

The principle is simple and is seen in 
Fig. 6. In azimuth a 5GHz beam, narrow 
laterally and wide vertically, is scanned 
to and fro over the entire coverage of 
the system. The aircraft has a receiver 
and processor which determines the 
time taken for the beam to pass the 
aircraft in one direction, go to the limit 
of its sweep and pass the aircraft again 
on its return sweep. From this time 
interval, the processor determines the 
position of the aircraft in azimuth 
relative to the centre of the sweep. A 
similar beam performs the same process 
for the elevation plane. The position of 
the aircraft in azimuth and elevation, 
relative to the runway centre line, is 
uniquely determined by the two time 
intervals. 

The signal format is in the 
synchronized time -division multiplex 
mode, in which auxiliary data can be 
transmitted using differential phase - 
shift keying at 15kb /s. The azimuth 
sector of the time -multiplexed signal 
consists of an identification block fol- 
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lowed by up to three pulses used for the 
suppression of beam side lobes outside 
the required coverage volume, if 
required -a scanning -beam system is 
more vulnerable to side lobes, since the 
beam is used as a timing signal. After 
the pulses comes the time allotted for 
the scan and the pulses used for test 
purposes. The rate of angle data 
refreshment is 13.5 readings per second 
for azimuth and 40 per second in eleva- 
tion. 

The auxiliary data, transmitted in 
blocks immediately before the angle 
measurement period, is concerned with 
airport identification, deviation sen- 
sitivity scaling factors, the operational 
status of the ground equipment, data on 
the glide -slope for the airfield and which 
function is about to be measured. 

DLS 
Both Germans (Standard Elektrik 
Lorenz) and French (Service Technique 
de la Navigation Aérienne) have con- 
sidered microwave landing as only part 
of a wider scheme of integrated air 
traffic control and en -route navigation. 
Both use existing L -band d.m.e. beacons 
at around 1GHz and, in azimuth and 
elevation, are ground- derived systems, 
which means that the information is 
obtained in ground equipment and 
transmitted to the aircraft. The data is, 
therefore, available on the ground for 
use in other systems or in emergency. 

Distance measuring equipment 
(d.m.e.) is, essentially, a ground trans- 
ponder. The aircraft transmits a pair of 
pulses to trigger the beacon, which 
replies by transmitting a pair of pulses 
back to the aircraft (pulse pairs are used 
to avoid spurious beacon triggering). 
The delay between transmission and 
reception is a measure of the distance. 
Much additional circuitry is needed to 
obtain reliability, security and lack of 
ambiguity, but this does not affect the 
landing system. 

The sequence of events is that the 
airborne d.m.e. interrogator emits a 
train of pulses to the two aerials -DLS- 
E for elevation and DLS -A for azimuth, 
shown in Fig. 7. The direction of the 
incident radiation is determined by each 
aerial, the elevation data being added to 
that from the azimuth aerial. The DL- 
A station is also the d.m.e. transponder 
and, after a fixed delay, the station 
transmits a pulse pair for distance in the 
ordinary d.m.e. manner, followed by 
two other pulse pairs for azimuth and 
elevation information. The time bet- 
ween reception of the original pulse and 
each pulse pair is an indication of the 
relevant quantity. 

The aerials consist of vertical stag- 
gered dipole interferometers (up to 40) 
each with its own receiver. The outputs 
from the receivers give amplitude and 
phase data which is fed to a processor, 
which calculates the angle of incidence 
of the radiation. 

The coverage of the system is almost 
hemispherical, but accuracy is greatest 
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in the ICAO -required azimuth of ±40° 
out to 30n.m. Only a small addition to 
airborne equipment is required and in- 
dication is by numerical reading of 
range and cross -pointer meter. Flare 
guidance is provided by triangulation of 
DLS -A and E stations. 

AGDLS 
The name of the French system (Air /' 
Ground Data Link System) is almost the 
whole story. As in the German DLS, 
AGDL is part of a wide -ranging ratio- 
nalization of aircraft navigation and 
guidance, which is currently being 
undertaken by the Service Technique 
de la Navigation Aérienne. 

Again, this is an L -band ground - 
derived system, using interferometer 
aerials to determine azimuth and eleva- 
tion, but the most important point is 

that the system is basically a two -way, 
full- duplex data link, operating in the 
1500- 1600MHz band. 

Ground -to -air communication is a 

continuous data stream, which allows 
the aircraft clock generator to lock. The 
down -link is solely for responses to 
interrogation. As the aircraft is ad- 
dressed by ground control, it transmits 
data for other purposes, the incident 
angle of which can be determined by the 
aerials. The time for the round trip 
again provides distance. Data on eleva- 
tion, azimuth and distance are pro- 
cessed by a ground computer and sent 
to the aircraft as part of the data stream 
in numerical form. 

The reasons for the development of 
m.l.s. have been aired at length, but a 
reiteration may help to put the present 
situation into perspective. 

One of the main advantages of any of 
the proposed systems is the possibility 
of incoming aircraft adopting curved 
approaches, rather than being con -' 
strained to follow the straight and nar- 
row i.l.s. beam. Where the i.l.s. takes 
noisy aircraft over densely -populated 
areas, for example Hounslow, the 
change to m.l.s. should be of great help. 
Many aircraft can be handled simult- 
aneously, all of them coming in from 
different directions, if necessary. An 
aircraft could also retain its altitude 
until very near the runway. 

I.l.s. suffers from anomalous v.h.f. 
propagation, the beam being deformed 
by terrain, buildings and aircraft flying 
over the localizer. M.l.s. offers reduced 
vulnerability to these effects -the 
beams can be tailored to suit particular 
situations and the frequencies used and 
beamwidths employed avoid trouble of 
this kind, although those interested in 
denigrating any particular system seem 
to sieze on this aspect as being the least 
easily proven. 

It is said that m.l.s. will need less 
maintenance than i.l.s. equipment, 
leading to lower life -cycle costs. Dopp- 
ler has certainly been shown to require 
very little installation and setting up -3 
days is about the current par, against 3 

months for i.l.s. 
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Fig.6. Basic TRSB system of microwave landing aid. The two beams scan to 
produce time / position data. Vertical beams widths down to 1° are used for 
15000ft runway, up to 3° for 5000ft runways. 
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Fig.7. D.m.e.-based landing system 
(DLS) in schematic form. 
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Finally, the reduction of m.l.s. beam 
deformation by terrain (particularly in 
the elevation beam of i.l.s.)means that 
landing guidance can be provided at 
airports such as Berne (Belp) where i.l.s. 
is simply not possible at all. 

Pros and cons 
There has been an unedifying 
scramble between the US, UK and 

Australian candidates to have their 
systems adopted. If the writings 
emanating from each camp are 
examined in isolation it is as though no 
other system had ever been mooted, so 
completely has competitor's work been 
ignored. The Australian work was the 
basis for the American TRSB, but one 
looks in vain for any acknowledgement 
of the fact. Americans do their best to 

continued on page 56 
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General Instrument Corporation, 57/61 
Mortimer Street, London W 1 N 7TD. 01 -636 
2022. 
Harris Semiconductor, Memec Ltd, The Firs, 
Whitchurch, near Aylesbury, Bucks. 
Whitchurch (029 664) 366/7/8. 
Honeywell Ltd, Charles Square, Bracknell, 
Berks. Bracknell 24555. 
Hitachi (UK) Ltd, Hitachi House, Station Road, 
Hayes, Middlesex UB3 4DR. 01 -848 8787. 
Intersil Inc (including AMS), 8 Tessa Rd, 
Reading, Berks RG1 8NS. Agents: Macro 
Marketing. 

Intel Corporation (UK) Ltd, Broadfield House, 
4 Between Towns Road, Cowley, Oxford 0X4 
3NB. 

Matsushita Electronics Corporation, 1 

Kotari -Yakemachie, Nagaokakyo, Kyoto 617, 
Japan. 

ITT Semiconductors, Maidstone Road, 
Footscray, Sidcup, Kent. Harlow 26777. 
Monolithic Memories Inc, 1 165 E Arques Ave, 
Sunnyvale, California. Agents: Ritro, see Solid 
State Scientific. 

s 

Mostek Corporation, 240 Upper St, London 
N 1. 01-3596271. 
Motorola Semiconductor, York House, Empire 
Way, Wembley HA9 OPR. 01 -903 0944. 
Mullard /Philips /Signetics, Mullard House, 
Torrington Place, London WC1 E 7HD. 01 -580 
6633. 
Nitron, 10420 Bubb Road, Cupertino, 
California. 
National Semiconductor (UK) Ltd, 19 
Goldington Street, Bedford MK40 3LF. 0234 
211262. 
Nippon Electric Company (NEC), 43 Civic 
Square, Motherwell ML1 1TH. (0698) 
69121. Agents: Celdis, Macro Marketing. 

Philips: see Mullard. 
Plessey Semiconductors Ltd, Cheney Manor, 
Swindon, Wilts. (0793) 6251. 
RCA Ltd, Lincoln Way, Windmill Road, 
Sunbury-on-Thames, Middlesex. 
Sunbury-on-Thames 85511. 
SGS -ATES (UK) Ltd, Walton Street, Aylesbury, 
Bucks. (0296) 5977. 
Siemens Ltd, Great West House, Great West 
Road, Brentford, TW8 9DG. 01 -568 9133. 
EMM -Semi, Semi, Electronic Memories, 3883 
No. 28th Ave, Phoenix, Arizona. Agents: 
Memec Ltd. 

Signetics, see Mullard. 

Thompson CSF, Ringway House, Daneshill, 
Basingstoke RG24 OQG. Basingstoke 29155. 

Texas Instruments Ltd, Manton Lane, Bedford 
MK41 7PA. Bedford 67466. 

Solid State Scientific (SSS), agents: Ritro 
Electronics (UK) Ltd, Grenfell Place, 
Maidenhead, Berks. (0628) 36227. 

Toshiba (UK) Ltd, Toshiba House, Greater 
South West Road, Feltham, Middlesex. 
01-7511281. 
Zilog, Nicholson House, Maidenhead, Berks. 
Maidenhead 36131. 

Fairchild, Mostek, NEC and Motorola are 
also sold by Celdis Ltd, 37 -39 Loverock Road, 
Reading RG3 1 ED. 

Most of the products made by the 
manufacturers listed above are available 
through a number of distributors, and the 
British suppliers are not necessarily the sole 
agents or the only suppliers of those products. 
In other cases, British subsidiaries may refer 
inquiries to head office. 
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ignore the British Doppler in the face of 
highly successful practical tests of the 
system and rumours of skulduggery are 
rife. On the other hand, the French and 
Germans do not see the ICAO choice of 
a system as final, since their own sys- 
tems are of a more far -seeing nature and 
are intended to form part of a total air 
navigation system in the future. 
Whether TRSB or DMLS is chosen by 
ICAO, it seems possible that it will all 
have to be examined again in ten year's 
time. 

As seen by their proposers, the points 
for (very few against) their systems are, 
looking on from the outside, fairly con- 
trived, and are to do mainly with aerials 
and propagation. 

It has been shown that all systems 
proposed, with the exception of the 
m.l.s. part of AGDLS, have satisfied 
most of ICAO's requirements in all ma- 
jor particulars. (AGDLS is still a 'paper' 
proposal, although it has successfully 
performed in tests at Brétigny). 

However, the arguments will not be 
stilled until after the April ICAO 
meeting. Proponents of Doppler stre- 
nuously deny that their system suffers 
from `scalloping' -a type of signal de- 
formation by reflection from objects - 
and can point to many successful trials 
at 'difficult' airports, after each of which 
they have distributed their tracking 
results. In contrast TRSB had, until 
recently, only been tested at Atlantic 
City, and results from the tests have 
been very difficult indeed to come by. 
Now, the UK camp have coerced the 
Americans into tests at the same 
airports as Doppler and the first results, 
from Kristiansand and Brussels, show 
that there is little difference in perfor- 
mance. The Doppler men say that their 
system is easier to monitor, needing 
only a one -point field monitor, where- 
as TRSB needs monitors in several 
parts of the coverage volume. They also 
say that the Americans have had con- 
tinual trouble with aerial design, 
although it appears that they have at 
least one which performs well now - 
probably an Australian design. Plessey 
say that over 10% of the elements in a 
Doppler array can fail before any de- 
terioration in performance is seen - 
they call this a 'fail -soft' characteristic. 
In contrast, TRSB needs all elements in 
the array to be energized, with a well - 

graded amplitude and phase at each. 
(Doppler elements are fed with the same 
signal in turn). It is said that a 'thinned' 
Doppler array, with elements 'missing' 
will work well, with acceptable side 
lobes. With a shifting reference 
frequency, a vernier -like effect can be 
employed to restore the Doppler signal. 
A scanning beam with side -lobes (the 
result of missing elements) cannot, say 
the British, be acceptable and cost can- 
not be reduced by 'thinning' the array, 
although Cox and Sebring8 have said 
that 20% of a phased array can be failed 
without destroying the characteristics. 

Doppler men point to the high cost of 
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development (really rather irrelevant 
now), high maintenance costs and lack 
of flexibility of TRSB. They also point 
out that the high sampling rate of 
Doppler, whose beams exist con- 
tinuously, unlike those of TRSB, mean 
better 'smoothing' of aircraft motion. 

Those interested in the adoption of 
TRSB appear to pin most of their faith 
on allegations that Doppler will suffer 
from multipath propagation errors. The 
fact that UK workers have shown little 
confidence in Lincoln Laboratories 
computer simulation, preferring to fly 
the tests and see what happens in prac- 
tice, is seen by some Americans as a 
failing, even though practice has shown 
that multipath trouble predicted by the 
computer is conspicuous by its absence. 
Both Doppler and scanning beam pro- 
posers claim one disadvantage for DLS. 
It is said that, since it is 'open' con- 
tinuously, interference can be more of a 
problem when compared with TRSB, 
which gates the information and Dopp- 
ler, which has its tracking filter. 

In retaliation, the German and French 
companies point out the fact that the 
use of L -band techniques affords a con- 
siderable saving in spectrum allocations -a factor which may not be of prime 
importance at this time, but which 
could assume greater significance in the 
future. DLS has the advantage that it 
uses existing L -band d.m.e. airborne 
equipment with comparatively small 
attachments which can be fitted at any 
time, and can use this equipment for 
navigation as well as landing. Flare is 
also provided by triangulation of DLS 
aerial signals. 

Tests at John F. Kennedy airport are 
to take place as this is being written and 
further tests at Montreal will be under- 
taken in a few weeks. In April, ICAO 
makes its choice, which seems a pity. 
There is absolutely no reason why the 
decision must be made now - the 
deadline has been postponed once 
already and could be put back again. 

It could well be that, , gtvén a month or 
two to cool down, the French AGDLS or 
German DLS integrated systems would 
appear more attractive. A complete new 
look at air navigation methods must 
surely make more sense than another 
piecemeal alteration. 
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