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This Report describes tests performed at Manchester to determine the multi—
path environment at the airport, and to assess the accuracy and coverage of the
Doppler Microwave Landing System in this environment.

High levels of azimuth system multipath were found close to runway threshold
but azimuth systems with as small an aperture as 20 wavelengths (1.2 in) gave the
equivalent of ItS Category III accuracy. No isolated sources of elevation multi—
path were found and a 39 wavelength aperture system (2.3 in) gave the equivalent
of  ILS Ca tegory I I I  accuracy f o r  30 approaches.

The coverage requirement of 20 n mile range and ±400 azimuth was achieved
at heights sufficient to give clear line of sight, but at elevation angles below
about 1.5°, shadowing caused signal loss and large errors.

Autolands were demonstrated using the 54 wavelength aperture systems.

• No specifically technique related effects were seen and the results are
regarded as representative of typical C—band MLS performance. 
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1 INTRODUCTION

• I Background

The trials of DMLS at Manchester International Airport formed part of a

series conducted at operational airports during 1977/78. This series was in

specific response to ICAO state letter SD 23/1—77/127 in which the Council

encouraged proposers of MLS to carry out real trials at typical airports prior to

the All Weather Operations Divisional Meeting scheduled for April 1978. The air— 
S

ports visited in the trials programe were Brussels’, Stansted, Ga tvick2, Kjevik 3

(Norway ) ,  Manchester, Berne4, Tehran, John F. Kennedy5 (N ew York) , and Dorval
(Montreal) and each of these sites forms the subject of a separate report.

The primary information from these trials was submitted to ICAO prior to

the April 1978 meeting in a series of working papers. This Report is intended as

a more permanent and readily available record of the work and also looks at the

results in more depth than the working paper. A full description of the Doppler

Microwave Landing System used in these trials is given in Ref 6.

1 .2  Local details

The DMLS equipment was tested at Manchester international Airport on runway

24 from 23 October to 9 November 1977. This included site preparation and

clearance. The tasks were done in conjunction with the Plessey Company who

installed and maintained the equipment, and the Civil Aviation Authority

(TELS N3) who made planning arrangements for the trials and acted as liaison with

the Airport Authorities. RAE RN2 Division conducted ground and flight tests

(using Andover XS646) and FS2 Division demonstrated autolands in the RAE Bedford

HS748. Flight checks of the ILS were done by the Civil Aviation Flying Unit

before and after the MLS installation. Photographs of the DMLS equipment and of

the local airfield environment were taken by Printing Branch, RAE.

The primary objectives of the tests at Manchester were:

(a) to investigate the performance of standard and reduced aperture systems on

a humped—runway site;

(b)  to demonstrate and record the autoland performance on a humped—runwa y site;

(c) to obtain further general data on typical performance in an operational

environment to extend the data base for ICAO.

The opportunity was also taken to film the equipment installation and air—

144 c ra f t  autolands for a television programee (Tomorrow ’s World) and for a publicity

f i lm.
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2 SITE DESCRIPTION

Manchester International Airport has one two—directional operational runway,

06—24 of length 2744 in (9000 ft), and the DMLS equipment was installed to serve

the 24 direction which has a Category II ILS installation. Fig I shows the ICAO

approach chart for this runway , Fig 2 shows a plan of the airport with the

positions of the MLS installation, and Fig 3 gives detailed siting. A significant

feature of the Manchester site was the runway hump, the profile of which is shown

in Fig 4. Also shown are measured azimuth multipath levels near threshold (see
• 

• section 4). Line of sight from the DMLS azimuth was blocked for aircraft below a

height of 40 ft at threshold on an approach to runway 24, thus giving rise to

• 
• significant attenuation of the guidance signal in the threshold region. The

terrain in front of the DMLS arrays was level ground covered in short grass,

which under the prevailing wet conditions gave strong reflection of the C—band

• signal at low elevation angles. A view from the azimuth transmitter site along

the runway centre line shows the runway lights, and a marker post which was used

• to set the array centre line with respect to the runway centre line (Fig 5). It

is seen that the lighting pattern was slightly offset relative to the array centre

line.

• The site included several structures of interest from the multipath point of

view. Building 521 was a large hangar parallel to the runway and half way along,

and gave rise to reflected azimuth system energy in the threshold region. A view

of the hangar is shown in Fig 6a with a close—up of the surface detail in Fig 6b.

Another feature, which affected azimuth guidance signals in orbital flights, was

the brickworks’ chimney in Fig 7a. This was at an azimuth angle of 32° left (as

seen from the aircraft) and subtended an elevation angle of 3 9 0 
Additional

items were the control tower building , Fi g 7b, and a radar tower, which again
affected azimuth orbital data. A general sky—line elevation angle survey is

shown in Figs 8 and 9 for the azimuth and elevation sites respectively. Also

shown are orbital flight paths and flag details (see section 5.4). Apart from

the chimney already mentioned , the highest elevation angles subtended by

obstructions in the airfield vicinity were approximately 1 . 5
0 and were associated

with trees within or just outside the airfield boundary. The high ground of the

Pennines (maximum height 550 m (1800 ft)) is beyond 20 n mile range and thus sub-

tends elevation angles lower than the objects in the immediate vicinity of the

airfield.

‘44
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3 DIARY OF EVENT S

Single slab concrete bases and power supply lines were installed prior t o

• equipment arrival.

flay I October 21 Concrete bases drilled

Day 2 October 24 Equipment arrived and unloaded into hangar

Day 3 October 25 Re—assembly of elevation switches and phase checking

Day 4 October 26 Installation of azimuth and elevation

Day • October 27 Continued installation , ha lt  of  d.tv 1. ’~.t duo t o

vehicles stuck in mud

Dt v ~S ()~ tohe  r .~8 A t imu h I I na 1 a t  ignme’ n t — no I l v i  ng dLIe t o  An dovo r

eng ine 1 .111 It . ILS f l i g h t  ~-a I i b r a t  ion checks by

CArD .

ia v 7—8 October .‘~~~ — W No f l y i n g  at weekend

~~~ ‘~ Oct ober  ~l No f l y i n g  due to  h i g h  cross winds

• Day 10 N ovember I F l i g h t  1 5 5/ 14  and l~~5 ! l S . t~ autolands

Day 11 November 2 Andover t I ight  (~T35 — au t o  land I l i g h t s  I 5 5 / I

1 5 5 / 38

Day 12  November Andover t l i g h t t1T3t~ — (racked a m int Ii and cov ci  •~~e

flay I 1 November 6 Andover t t igh t  UTI 7 — t r acked ci evat ion and UW runc

Day 14—IS November S—6 Weekend — no fly ing

• Day lb Novembi’ r 7 Mu i t i p a t h  tests on runway in  RAE t es van

D.lv I? Novembt’ ,- 8 Andover I light 11T38 — I ong r angi’ cover age and

orbits

flay 18 November 9 Dp i it t equ ipmen t  and pack ready I or I t  I .il s at  V~erne .

It should be not ed that t h e  i n s t a l l  at ion was done on an .ie t i v e t unwav
(e i t  her  06 or .‘4 in operation) and i n  poor weather cond i t  ions . A I I i  ~~ht ch,’ck of

the  I IS I oca Ii set and g I i  de p at h  h. id to he ilone as soon as p. ’ s s i h l~~’ a I t ci I he

arrays were inst at led , so t h a t  t h e  U.S . o i i ld  be rest ot t ’.l t o  .if egor v 11 opet a t  i o n .

It wa~ f ound that the  pre sence of t he  MLS I n s t  a l  Z a t  ion d i d  not .i( h’. t h e  a c cu r acy

of t h e  11.5 se r v i n g  runway 14 . The M LAA (Man ch es  t or lot et-nat I .‘na I A l  rpor  I Au t 31. . i i v

pr ovided  e x c e l l e n t  I .ic i Lit ics Inc I ud i ny . lay i ng a t emporary road t o  I he a .  I mu C h

I 4.. ~ it e when conit  t ( ions  became too muddy I or inst a ll .i t i on w or k .



6

4 MULTIPAT H CHECKS

It has been the practice , at each test site , to take measurements to deter—

m i n e ’  mu ltipath Levels wherever possible. The first landing at Manchester in the

RAE Andover i n d i c a t e d  an increase in  azimuth guidance noise just after threshold ,

and i t  soon became obvious  that building 521 (Fig 6a&b) was the likel y

cause. A series ot measurements was therefore p lanned  to  investigate this region

in  detail both in the air and on the ground , in addition to the norma l multipath

checks .

4 .  I (;rt~ut~d—b ased m u t t  i p at  Ii measurements

A veh i c l e— moun ted  mast  was used for  measurements  up to  a he igh t  of 9 . 1  m

it) t t and a t r a i l e r — m o u n t e d  pneumat ic ma st  I or tne ’asur eme’nt s up to a h e i g h t  of

I I . I in ( 70  I t )  . A small horn an tenna  was used in each case w i t h  a coverage of

• ..O° between 1 dB p o i n t s  i n  .e~ imut  ti . The’ a z i m u t h  pat t e r n  of the  horn was f l a t  to

I 1° , so that he’ mu i t  ip a t  Ii l e ve l  I ron b u i l d i n g  5 2 1  was un af  f e e t  ed , and a reduction

of I .0 d~ occu l  red f o r  mu i t  i p a t h  sources  out .i t ± IS
O in at imu t  ii. Three sets of

m e a s u r em en t s  were’ made d u r i n g  veh I e t c  runs a long t he runway , w h i l e  u s i n g  the

vi’hic I c m a s t

a r e c o r d i n g  norma l re ’ee V e’l out  put and AL~~ lev e l;

h )  t ,‘eord lug  r eci’ I ye r :\~~~ I rom a t ’W s I gn.e 1 r a d i a t e d  I rom a s t ug  Ic  t’ I ement of

t h e  a z i m u t h  a r r a y ;

1, .- )  r e c o r d in g  s i g n a l  code s pe c tr a  t rout a c a l i b r a t e d  s pe ct r u m  an a l y s e r .

Th~ ti .i e let mast was used 1 or s p ect r a  me’ a su i- e’me ut  s at  a f t xed p o s i t  ion on the

1 1111W .1 V

~~. I . I V e h i c l e  r e in s  record  in& r e c e i v er  e~~j~~t

The resti its from the veh i c ’ 1 e runs  r e c or d i n g  r e c e i v e r  out put , are sununar i sed

i n  F i g  I Oa—c . It is seen t h a t  the si gna l leve l f e l l  o f t  s ha rp ly over the c r e s t  of

t h e  runway hump , and t h .i t he mu i t  i p a t h  $ i gna 1 f r o m  h u t  1 d i n g  SI I took over f rom

the ’ direct s i g n a l  at  d i s t an c e s  bey ond 2600 iii f r o m  t h e  azimuth transmitt er. Error

bars on t he AGC and angle plot s i net i cat e peak to p eak e x c u r s i o n s  . The t t ’ cci vet

rcm.i I ned locked to t he  d i re .  f signal as I ar as 28th) m on the ’ ve’hj c i  e’ run .ivav f r o m

the a z i m u t h  t r ansu t i  t t  er , due to the  r ece ive r  eonf i deuce c i r c u i t  w h i c h  enabled the

ri ’ce ive r t o  ignore a m u l t i  p a t h  g r ea ter  t h a n  the di  roe t s i g n a l  f o r  a p rede t  ermined

l e n g t h  01 t ime . Larg e’ angu I er var  l a t  ions  (0.  1
0 peak to  peak) on t h~’ gui  dance

s i g n a l  we’re seen in the  r eg ion  2700 ne f r om  the a~ imu t h t r a n s m i t t e r .  A had r e’ce ’ I v et

I I .ig cond i t ion occurred dur lug  the change—over  I rom d i r e c t  to  mul t i p a t h  s i g n a l  . 133

L A l  so showi i on F i g  I Oa . I I O  I boo r e t  ic  a 1 v a t  ucs of s i g n a l 1 cv.’ I (see sect ton S . I . 1)
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4.1.2 Vehicle runs recording receiver ACC from a CW transmission

Two vehicle runs were done recording a CW transmission from a single element
of the azimuth array . The first with the vehicle mast at 4.5 m (IS ft) was done

from 05 to 24 (200 m to 3000 m from azimuth transmitter) and the second with the

mast at 9.75 in (32 It) from 24 to link A (3000 in to 2150 in from azimuth trans—

mitter) . These recordings enabled an assessment to be made of the difference in

levels of multipath and direct signal , but were ambiguous as far as determining

which was the greater signal. The recordings also gave some indication as to the

coherence of the reflected inultipath signal. Relative multipath level plots are

given in Fig h a  and l ib , for these two runs, for the 521 building reflection

region. It is seen that  large f l u c t u a t i o n s  in multipath level occurred whilst the

vehicle traversed the specular r e f l e c t i o n  region fo r  bu i ld ing  521 , and high levels

of m u l t i p a t h  (almost up to unity) occurred on the 4.6 m (IS f t )  run , outs ide the

specular region. Beyond threshold on this run (ie at 4.6 m) the m u l t i p a t h  level

was somewhat indeterminate, since other m u l t i p a t h  s ignals  were present , as well
as that  from 52 1 bui ld ing . A s tudy of the photographs of bu i ld ing  521 in Fig 6

shows that the surface was not the flat metal sheet assumed for buildings in many

ai rpor t  s imula t ion  s tudies , but had three gable ends , glass sections and protruding

girders . The surface was also of corrugated metal. Thus it  is not surpr is ing tha t

variations in reflection level occurred as the reflection zone moved across the

bui ld ing . The mul t ipa th  levels in excess of unity were deduced from spectral

measurements , since AGC variations alone were not sufficient to determine which

was the greater signal . The cyclic beat between the direct and multipath signals

can be used to check the offset angle 0 of the reflector with respect to the

runway centre line, as seen from the receiver. Thus , if d is the distance moved

during one cycle , then

d = A / ( I  — cos 0) , ( I )

where A is the wavelength. Thus for variations on the 4.6 in run, near to the MLS
elevation site, a cyclic spacing of 3.48 m was estimated , corresponding to an

- offset angle & of 10.60. This agrees well with the specular angle measured from

the airfield chart of 10.5°. A section of the AGC recording is shown in Fig 12 ,

and illustrates the variation in multipath level.

Although the main azimuth multipath source for the runway region was

reflection from building 521 , other lover level niultipath signals were present ,

and can be used to illustrate the validity of the multi path assessment techniques.

• 144  
A section of the ACC record in Fig 13 shows the e f f e c t s  of m u l t i p a t h  at a d is tance

_  _  _
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of approximately 1000 in from the azimuth transmitter. The multipath was present

along a region of approximately 100 m of the runway , and unlike that in the 521

building region, the multipath level faded away smoothly on either side of the

peak value . The maximum level was —9 dB as deduced from the peak to peak ACC

variations . The offset angle from centre line, as seen from the receiver can

again be deduced from the periodic spacing of the AGC variations . A linear spac—

ing between maxima of 0.33 in implied an offset angle of 340, but gave no informa-
tion on which side of the centre line the reflector was situated . Spectral 

- 

-

measurements described later show that it was offset to the north of the runway ,

at an angle of about 32°. Inspection of the airfield chart identified the

reflector as ‘BIB centre ’. This was a brick building , about 5 m high (H) and

22 in long (W). The building can be seen in the photograph from the azimuth site

in Fig 14. The dimensions of the building were such that H and W sin 0 are

of the order of the first Fresnel zone F’ at that point (F /~~ I )/2 4 m) and

therefore the building should be an effective reflector. Previous measurements of

C—band reflections gave a reflection level of —5 dB for a brick surface so that

the additional loss can be attributed to path length differences (1.5 dB) and the

horn radiation pattern (2.5 dB).

The specular reflection region should extend for 44 m along the runway and

the AGC measurements show that this corresponded to multipath levels within about

3 dB of the maximum but with no sharp cut—off beyond these points.

A further low level multipath signal occurred at a distance of 1 200 in to M
1 500 in from the azimuth transmitter. From the periodic spacing of AGC variation ,

an offset angle from centre line of about 250 was deduced , and spectral measure—

ments (described later) showed that the reflector was again to the north of the

runway and offset about 25°. The airfield plan and the photograph in Fig 14 show
• that the reflection was due to the airfield boundary fence which ran parallel to

the runway . This fence was aboug 3 m high and of wire mesh supported by concrete

posts. The multipath level from the fence was about —1 5 dB. Such a level is

insignificant on an azimuth system , but in other situations could be troublesome ,

eg for an elevation system, if giving an ‘in beam ’ multipath .

4.1.3 Vehicle runs recording analyser spectra

The use of a C—band spectrum analyser , with an array scanning set to be

continuously bi—directional (ie no TDM), and no reference signal radiated ,
enabled recordings to be made of the received spectra. A section of such a

recording is shown in Fig IS. This shows the direct signal spectrum , together

with the multipath spectrum from building 521 during the runway run with vehicle 144

_ 

L~.
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mast at 9.75 m ( 3 2  i t ) .  The levels ot direct and mu tt ip a t h  signals can be

measured , and also the ang l e cod ing offset ang le as seen from the transmitt er.

Plots of the direct and inu l t i p a t h  l e ve l s  deduced f r o m  t h e  s p e c t r a l

recordings are shown in Fig 1 6a&b for a vehicle run at 9.75 in (32 f t ) and

4.6 in (IS ft) respectively, for the 521 building multipa th region. There is

good agreement with the CW ACC measurements in Fig IIa&b . it should be noted

that the spectrum analyser sweep time of I s lim ited t h e  iiumher ot samples  during

a run , so t h a t  some u I  t he  d e t a i l e d  v a n  at  ions  of t h e  CW measeeremetit s are

i nov i t  ah l v  m i s s  i ieg . I) i f  I rae t ion ‘ f r i n g e  ‘ e l I  oct  s i an be seen in F’ i g I t~a at  t h e

edge of the  specie t a r  re le c t  ion region • and a dot  t ed  curve shows ~-a 1 cu I at  ed

d i l t  r ac t  ion var i a t  ions us iteg Fr cse i t ’ 1 i ut  e’gra is  and B.ib i ne t  ‘s 1r i t ic I p t e’ . T h e ’

agreement is re ,isonab lv  good . (No a cc ou n t  was t ak e n  of g round  ref 1 oct  ion.

3. 1 .4 F ixed  p o s i t i on  p o  I t ’  t e s t  , r e c o r d i n g  au,e l y s o r  sp e c t r a

The van and pneuma t t c mast were  pu s I t toned at lb 50 in t r une the .iz i nut  Ii

t r a n s m i t t e r , on the  r u n w ay  centre lin e , and s p e c t r a l  p hotograp hs were  t a k en  at  a

st ’r it ’S ot he i gh t s , f r o m  9. 75 en (31 1 t ) down t o  3 in , 10 ft ) , u s i n g  the v eh i c  t o  mas t

F ig  17)  . The pu s i t  I on chosen  was in  t h e ’ c e n t r e  of the  SI I b u i l d i n g  s p ecu l a r

r e t  icc t ion r eg ion , and t he pliot ogr aphs show t h a t  the mu i t i pa t  Ii leve l  was equal t o

the d i r e c t  s i g n a l  a t  a ~e e ig h t  of 8. S en (17 1 t ‘Ii i i)  and he low t h i s  hei ght  , the mu i t  I —

p at h  l eve l  pred orn i nat  ed . At t he  lowe’s t he I g u t  , b o t h  s i g n a l s  were  almos t down t o

the  a n a ly s e r  noise l e v e l .

A cont  inuous  liv r ecord i ng was made at  t h e  same toe at ton , w h i t e  t h e  ~‘oh Ic It’

mast  was lowered I rom 9 . 7 5  in t 3 1  It ) to in (10 it) and the estimated d i r e c t  and

m u t t  i p a t h  s i g na l  leve is ar e  shown in F ig  18. A s i m i l a r  r e c o r d i n g  was made u s i ng

the p n e u m a t i c  mas t , fo r  a hei ght  v a r i a t i o n  of I I .  I in (7 0  f t )  doWn to 5 .2 in

( 1 4  f t )  , and the  r e s u l t s  are shown in Fig Ii) . I t  i s  seen t h a t  m u l t i p a t h  l e v e l s

onl y a few dB lower t h a n  the  d i re c t  s i g n a l  were e n cou n t e red  up t o  he ig h t s  of

21 .3 in (70  I t ) ,  and that below a height of about 8.2 in (17 i t )  • the  m u l t i p a t h

si gnal was predominant . (It should  be noted t h a t  the CW • and spect rum van r u n s

and the spectral pole t e s t s  were done d u r i n g  a norma l op er a t i o na l eIa~- , t h a n k s  t o

the co—opera t ion  of Arc and ground movements . ’)

4. I .5 Suninary of ground—based mu ll i pa th m e a su r e m e n t s

These measurements we re’ confined tO tite ’ JZ i me e  I ii SY S t e m  and m a i n l y  t o  the

m u l t i p a th  a ssoc ia ted  w i t h  b u i l d i n g  S 2 I .  ‘rho t h r e e  t y p e’s of measurement • v i z

normal guidance si gna l  , CW r ad i at ion and s pe ct r a l  neeastu t’uient s , gav e’ con s i s t  cut

144 r e s u l t s , and showed t h a t  mu I t  I p a t h  l e v e L s  greater t h a n  te n i t  v were produced by

~

- ~~~~~~~~~~~~~~~~~~~~ - -  -~~



h O

building 521 , below a hei ght oc 8.5 in (28 It) and extending for approximately

200 in along the runway . For a slowly moving vehicle , eq a taxii ng aircraft , this

w i l t  g ive  [a l so  gu idance  i n f o r m a t i o n .  The e f f e c t  on the guidance ot a land i ng
• aircraft is discussed in s e c t i o n  4 . 2 .  O t h e r  lower level mu lti path signal sources

were  i d e n t i f i e d  as a small brick building and an a i r f i e l d  boundary Ience . These

mult ipa th levels and otfset coding angles were such that no guidance errors were

soon, or would be expected .

The measured mu ltipath levels from 521 building have been plotted in Fig 4

as tines of constant multip ath to direct signa l ratio.

4.2 Airborne multi path measurements

The airborne mu tt ipath measurements were confined to  A~~~ recordings of CW

rad iat ion from s i n g l e  ar r , ev  e l e m e n t s .  Sp ect  r a t  m e a s u r e m e n t s  s i m i l a r  t o  t hose  done

as p a r t  01 the ground—based m easurements were not f e a s i b l e  i n  r e a l  t ime w i t h  a

u~ ’t l V C t i t iut ;a l  a n a l y s e r  h ec ,eus e  of t h e  r e l a t  i v e lv  slow a na ly s e r  scan r a t e  and the

h i gher  a i r c r a f t  speed.  The a i r b o r n e  r e c o r d i n g s  of a z i m u t h  CW AGC f rom two 3
0

approaches to low overshoot  . are  shown in F i g  lOa6h , where  the  t h r e e  i r a c e s  t
—

I )  the  a i r c r a f t  whee l  he i gh t  t a k e n  d i r e c t l y  f rom the  r ad i o  a l t i m e t e r  output;

(2) the instantaneous ALC l e v e l  on a I as t ga lvan om ete r  , s h o w i n g  the  in t e r f e r e n c e ’

p a t t e r n  genera ted  be tween  the  d i r e c t  and m u l t i pa th  CW s i g na l s ;

(3) the envelope of mult ipath signal a m p l i t u d e  as deduced t rout the a m p l i t u d e  u t

t he  i n t e r f e r e n c e  p a t t e r n .

On both t l i g h t s , peak mu it i p a t h  levels of near  0 dB were seen w i t h  t h e  t o t a l

s i g n i t i c a n t  region  c o ver i n g  a d i s t a n c e  of 240 m and lasting some 7 s ,e t t he

approach speed of 11 5 ku t y p i ca l  fo r  the Andove r .  The whee l he igh t  was around 7 in

( 2 1  I t ) ,  corresponding to an antenna height of 1 1 . 3 rn (37 It) for the reg ion

between threshold and link B (2800 in to 2650 in f rom a z i m u t h  t r a n s m i t t e r ’) .  The

antenna height at the  s t a r t  of the conc re t e  was about 1t rn ( 52  I t ) ,  and hi gh m u l t i —

p a t h  levels extended beyond t h i s  p o i n t ,  even though t h i s  was w el  I c l e a r  of the

• s p e c u l a r  region of 521 building . Similar variations on si gnal amplitude to t h ose

on the ground CW A (C tests occurred throughout the reflection reg ion. Th.

scalloping (or fading) f requency increased f rom 10 ilz to 17 H~’ th r o u g h  the  reg io n.

The e f f e c t  of such hi gh love is of mii i t i p at h  on the  a z i m u t h  gu idanc e  s i g n a l

depends on the cod ing  s epara  t ion aug Ic of the mu 1 t i p at h  si g na l  . The se’~~.e r a t  ion
0 . 0a n g l e  was around 10 or 10 h ea mw i d t h s  t or t h e  I S 3\  aperture) system , hu t  onl  133

2 . 5 bea~~idths for the 4° (15\ eq u i v a l e n t  ap e r t u r e)  system . It is  to  he expected

_ _ _ _
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t h a t  the  r e s u l t a nt  e r r o r s  would increase’ for the larger beamwi .th system , but

still be acceptab ly bel ow the ICAO limits of 0.054 ° (2e) for a full capability

sys tem . If the aircraft flight pa .h was such that the antenna wont below d.5 m

(28 It) in  the multi path region , then the mu lti path leve l would exceed the direct

signal , so that larger errors would result , but the time of exposure to this hi gh

leve l (say 3 s) would be short enough for t he  receiver to ‘rid e throug h’ with out

locking to the m u l t i p a t h  signal. Actu al flight results on aircraft approaches are

discussed in section 5.2.

4.2 .1 Airborne mu lti pa th measurements on elevation subsystem

Measuremen t s  of receiver AGC from a CW signal radiated from a single

e l e v a t i o n  e lement  were  pe r f o rmed  d u r i n g  3
0 a p p r o a c h e s .  No v a r i a t i o n s  were  n o t e d

w h i c h  could be a t t r i b u t e d  to b u i l d i n g  r e f l e ct i o n . Th is  resul t was to be e x p e c t e d

f r o m  the  s i t e  su rvey  (F i g  ~) ,  which  showed t h a t  the on ly  si g n i t i c a n t  b u i l d i n g , t he

a i r p o r t  h o t e l  at 32 °R az imuth , subtended an e l e v a t i o n  a n g l e  below 1
0
, fe w e l l

below the  normal  g l ide  s lope angle . This  is  c o n f i r m e d  in a p ho tog raph  t aken  f r o m

the e l e v a t i o n  s i te , shown in  Fi g 21.

5 SYSTEM TESTS ON ACCURACY AND COVERAGE

The p r ev ious  s e c t i o n  has described multi path measurements made at the air-

field , p articularly for the azimuth subsystem ; this section describes measurements

made on the ground and in the’ air , of the system accuracy and the coverage achieved.

The accuracy limits against which the measured values were assessed are those

defi ned by ICAO Working Group A , and are shown in Table I for a Full Capabilit y

System and Table 2 for a Reduced Capabilit y System. The limits in azimuth at

threshold for the full capability system (for a 14000 it  or 4870 in runway) are

0.054 0 (2 o ) for noise and for bias. The corresponding limit for elevation is 0.07
0

(2u) for noise and for bias . These limits arc as good as those for a Category Ill
ILS localis er , and better than those for a Category III glid e path system.

5.1 Ground measurements

5 .1.1 Vehicle runway runs — guidance accuracy

The multipath aspects of runway runs recording receiver angle have already

been described in section 4. These runs showed that with an antenna height of

4.6 in (15 it), f a ls e azimu th gu idance , originating from building 521 , was obtained

by a slow ly moving vehicle , in the threshold region. Relativel y large varia t ions
in guidance ang le also occurred (0.3

0 
peak to peak) for the 27\ transmissions, when

not locked to the false guidance signal. Once clear of the multi path reg ion from
1 44 building 521 , both 54\ and 27\ azimuth si gnals gave angle noise of <0.02° peak to

_ _ _ _  —~--—•-— ~~~~~~~~ ••
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peak . Plots of receiver azimuth angle during three runway runs are shown in

F i g  2 2 a — c .  Two runs done with the transmitter radiating in a 54A mode showed a

mean b ias  of 0 .05 0 
lef t of runway centre line at 2400 in from the transmitter ,

reducing to zero at abou t 400 in from the transmitter. This is consistent with

an angular misalignme nt of 0.05
0 

and an offset of approximately 0.3 m (I It) left

(see Fig 22c). The photograph in Fig 5, taken from the array centre line shows a

meta l  post to which  the a r ray  was aligned . This post was to the right of the

ligh ting pattern , and probably also of the runway white line . These measurements

are with respect to the runway white line which was followed by the vehicle to an

accuracy of approximately 0.3 m (1 ft). Thus any deviations of the white line

from a straight line would show up as a weave on the receiver output trace. There

was a deviation of about 0.05° righ t at 1150 m from the transmitter on each of the

54A runs which could be caused by a I m deviation of the white line . However , the

devia tion did not show on the 27A run so that another explanation is needed. The

devia tion occurred in the region where there are low level (—15 dB) reflections

from the airfield boundary f e n c e , but receiver processor error curves show that it

is unlikely that such a leve l of multipath at an offset angle of 25° could cause
these errors. In terms of the equivalent physical disp lacement error of I m on the

Manchester runway , the error is of course negligible. The cause of the weave

remains uncertain.

The 27A vehicle run showed a mean angular misalignment of 0.09
0 

left of the

white line . The difference between the misaligninents at 54A and 27A (0.04°) is

attributed to the phase distribu tion of the elements across the array, ic the mean
phase front across the short section of the array was different from that across

the whole array .

5.1.2 Vehicle runs — signal level meas uremen t

Fig IOa—c shows signal level measurements during vehicle runs along the

Manchester runway with an antenna height of 4.6 in (15 ft). The measurements were

taken with a small horn aerial with an estimated gain of 10 dB and using a 9.1 m

(30 ft) cable with a loss of 10 dB. Thus the overall unity gain of the installa-

tion is similar to an installation in a large aircraft , using low loss cable and
an ‘omni’ antenna. The signal level fell rap idly beyond the runway hump and was

estimated to be approximately —93 dBrn in the region beyond the 24 threshold. This

level was some 10 dB above the receiver threshold. The ICAO requirement is for

azimuth guidance down to a height of I m and while measurements were not done at

this height , it is doubtful if useful signals would be received , even in the

absence of the rnulti pa th signal from building 521. The Lincoln Laboratory report 7 144



r
I t

on Mu 1 t i p at  Ii Par attic’ t e r Compti t  at  i ott s U S ON  .1 paper by W a i t  and t onda ’ ii ordi’ i t o

i’st m a t  t ’ shadt~w i  ii~ by i uiiw.iv humps. The t l f t ’t h od e t  I t o t  I v i ’ ly  giv e s .i cot t i ’ o t  t o l i

t er m  to  ho added t o  c l a s s i c a l  k n i t  o edge ( l i l t  i act ion t l t t ’ tl ry  at t emma I i on .

coi l o c t  i on I o tnt is ctt ’pe ’uden t on t he t ad i us ol (hi’ hump ; he I a r go I he i ad i its o I

cit I v a t t i r e , t hi’ g i t ’a t  t ’ t t h e  d i  Vi ’ rgi ’uct’ I row t he knit e t’dgt’ 0. 1 s t ’ • amid t he g i t ’a 1 em

th e ’ at t e m n i a t  ion  t o t  a ~ onst ant d i tt i . l c  t i o t t  a ng l e  ~ . liii’ m a t  o ot t in’ i l i t  I raot i’d

- • wave (0 1 t ’t ’ sp ice t gna I i s  g i v en  as

- [ t
.x i ~~~~~ i~~~ (rt~.) - F~~~ a)) - 

~~l~
- ’) t ’ x ~~ 

- ( . ‘ )

w h o t e  X - ~k a / . ’) / ~

ii
— , .~1kS

1 S , / t ~~ 1 ~ ~~~~

a — tad i l l S  ot cu i  V at  c i t e

— i l l  i t  t act i on  . i n g l t ’

k —

I 
S , — t . m ug e u t  i a i  d i  sI .tiu’ t ’ t i t in t i  . t n s t n l I t  t ’i , t i t ~I t ’~~~i ’ i v , ’i I , ’ h u mp , and

— t I i  , - s n , - l  i u i t t ’g i  . t l

I’h , ’ I r’~ t t w o  t t ’ t n t S  m m  t (lit ’ kit i t t ’ t ’Jgt ’ a t  t e u i i i a t  t o n  and t lit’ t I i i  i d  I c~u m  I s t h e

inilup t ad i its ~
-
~‘i u oct  i o n  I i ’ i m .

l”ot t lie ~t t i i , l i i ’~~t or  i t u t i w tv w i t h  ( l i t ’  t t miism i t t  em a t  a h ei g h t  ot  I . ’~ in i, t I t )

.iiitl .t t t ’ oe  I V t ’ i l i t ’ i gh t ot  -~ . ( i  in ( I  S t t ‘I a t  ,t t ango ot  1000 to , ( Lii ’ d i l l  t ic I ion

aug i t ’ — 0 . t I ~~ ot  “ . •* mt .md . ‘I ’ I t t ’  t id I i t s  ot  c i i i  v . i t  i i i , ’ ol I ho hump was t ’ st  u i - i t  i’d

i i  l~~’ ~‘5OO() in.  V a liii ’ s have ht’t’~ cal cu I . i t  i’d t o t  t l i t ’  hump shadow i img loss u s i n g

equa t ion  I, I )  and art ’ ~
‘ I o t t  i’d i i i  I - i  g 10.1 . I t  c s soon I h i t  t het e is vi ’ t v good .t~~i oe

meui t  w i t  It t l i i ’  nu’asum t’tl v.m I ut ’s I o u  I hi ’ i . Ii in ( I ‘
~ I I ) r u n w ay  i tin. Al so shovut -u e

i a  L o u  I at  e~l .tt I emma t t o n  v i i  U t ’s t Ot 1 in Iii ’ i glt t i t  .‘( iO()  in and I ou ~ in md I .‘ in at

10(1(1 in. In i t  I t , l s t ’s t lti’ I lieore t tea t si g n u lo v e  I i s  a t  l t ’,lSt ~ tilt al’ovt ’ I iii ’

t t ’ t ’ e ’ L V ( ’ t  .i~~q i t j  s i t  ion levi ’  I and ti i i ’ i ‘ I i ’ u t - shou ld lie . i d t ’q i i a t  e , i t  IIO u n t i l  t I C I I  Ii

s u gna I wt’ 1,0 pm u ’S t ’t i t  . Itt’ t’.itis * ‘ I iit ~ pos t t i on ot I hi ’ I iuun l i  i S 0 l o s t ’ I I o I lii ’ .‘ i I h u t ’s —

ho Id I % t. tn  t o  I Ito Oh I l i t t ’s t i t ’  hI • i l l  I I u t o t  i Ott .tiig l i’s woti l i i  hi’ ~ u t ’.tI  t ’t  I ot m u

ins t a t  hit ion g i v i n g  giii da uit u ’ l ot , i l i l i i o l t ’ t m I ’S t o  Oh t I i i  t ’~ l i o l d  . ‘l’het iuet t i - al

. 1 1  I i ’u iu ia t  I O t t  V I  l i i i ’s I ot such rn l u s t  i i  i - i t  i t O t  l i t ’  C I  \‘ t ’fl I I I  F i g  -
‘ I .  l o t  a lit ’ gu t  i ’I

‘i .1 ’ in ( l i  i t )  a l i i i v t ’  I l i t ~ i u i u t w a v  • .1 t n , i x i i m i m  _ I t  I i ’ u i t I a t  i o n  ot  I I  t I l l  I i’t  t’il i t t  .‘d II aI ‘i- i
i auig ,’ ot .‘ h i t i ( l  in , iflil I l u i 1 t ’ , t i ’lli ’S 11-i , I l t  101 . 1  I O t t ’ I V  ~ t i~~ h i t  t ’ i i i l . i llt ’~ li t ~~I



‘4

3 m (10 ft). This latter value would give a signal leve l of — 102 dBm for a

receiving installation of similar overall gain to that i n  the test vehicle , and

would be at the limit of receiver operation . Such conditions mi ght arise in the

case of an executive jet at or close to touch—down in the flare region . Roll out

guidance could also be effected after an early touch—down .

Another aspect of the large attenuation of the azimuth signal by the runway

hump , is that it occurred at the sante time as high signal levels from the eleva-

t i o n  t r a n s m i t t e r .  This is illustrated in Fi g 24 which  show s a p l o t  of azimuth and

elevation signal level during an approach to land . Shortly after threshold there

was a 30 dB difference between the two signals , w h i c h  rose to 39 dB close to the

elevation transmitter. This dynami c range requirement caused no problems to the

DMLS receiver , s ince each subsys tem si gnal  was handled ~epara tel y by a fas t ac t ing

ACC loop . There is a danger , however , if a common AGC was used for azimuth and

elevation , that the gain could be depressed so that the azimuth signal l o ll below

t ime  r ece iver  a c q u i s i t i o n  l eve I,

5.1.3 Pole tests on elevation subsystem

Accuracy fligh ts tracked by the CM telecroscope gave no measure of the

absolute accuracy of the elevation system as no absolute bias term was available.

Pole tests were therefore done at distances of 75.9 m (249 ft) and 401 m (1316 ft)

in front of the elevation transmitter , and pl ots of the error angle between the

DMLS receiver angle and the theodolite measured angle are given in Fi g 2 5a—d f or

54k and 27A. The measurements  at 54\  show a b ias  error  of _ 0 .04 0 at 401 in

(1316 ft) and —0.03° at 75.9 m (249 ft). The sepa ra t ion  a n g l e  be tween the  direct

and ground reflected signal (assuming fla t ground) is marked on the sca le  and also

the  corresponding side lobe angles . A r ece iver  processor  er ror  curve f o r  54.k

elevation with a —3 dB m u lt i p a t h  is g iven in Fig  26 and the s lowl y va ry i ng e r r o r

for 54A at  401 in (1316 ft) (Fig 25c) is consistent w i t h  the error distribution in

Fig 26, and implies a (ground reflected) multipath in the reg ion of —3 dB. The

measurements at 27X show a positive bias of 0.0350, and this difference in bias

between the 54A and 27A con f i g u r a t i o n s  (0.07°) was probabl y due to the differen ce

in phase distribution across the two arrays. (The 27A array used t h e  - - en t r e

portion of the 54A array.) The 27A curves in Fig 25h and 25d tire a g a i n  c o n s i s t e n t

w i t h  a ground reflected multipath in the region of —3 dIt (see Fig 27), except for

an error of #0.5° at 16.5 in (54 ft) on the 401 m (1316 ft) curve , and for two

large negative errors at 7.8 in (25.6 ft) and 8.1 m (26.5 ft) on the jS .9 in

(249 ft) curve . Some form ot abnormal operation is suspected for these points.

When relating the error curves from static poie tests to the performance in flight . 144
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the aircraft elevation angle can he taken to be half the separation a n g l e .  Thus ,

as far as the specular ground—reflected si gnal is concerned , the 54A configurati on

should give acceptable performance at elevation angles down to about 1
0
. in  t h e

case of the 27A configuration , unacceptab l y large errors (greater than 0.10)

occurred at elevation angles in excess of 3°, which is a standard aircraft approach

angle. It will be seen later that flight tests show that specular ground ret icc—

t ions  are probably  not the sole  l i m i t i n g  f a c t o r , but a c o m b i n a t i o n  of t h i s  w i t h

scattered si gnals from other objects , giving effectively ~ j i~ beam ’ multipath.

5.2 Approach accuracy fli ght tests

5 . 2 . 1  A z i m u t h

Accuracy flight tests were performed in the RAE Andover , and f o r  c e n t r e  l i 0 t ’

approaches , the a i r c r a f t  was t r acked  by the t t ’lecroscope opera ted  by CM p e r s on n e l .

The f l i g h t  r eco rd ing  sys t em and t racker opera tion are described in a separa t e
repor t

4
. As stated earlier , t he  Ic lecroscope  was not used to measure system b i a s ,

so t ha t  the mean b ias  e r ror  was set n o m i n a l l y to zero for  each run . I t  was not

possible to mount the telecroscope at the phase cen t re  of e i t h e r  a r r a y , and i n  t l i i ’

case of the azimuth system it was offset by 2.7 in to the side of the array .

Consequently there was an increasing bias differenc e between the lM’ll,S angle and

the  te lecroscope angle  as the a r ray  was approached.  T h i s  b i a s  v a l u e  has been
c a l c u l a t e d  and is p l o t t e d  on the  e r ror  p lo t  in curves (b) below , t o g e t h e r  w i t h  t h e

0
ICAO limi ts of ±0.054 for 2o noise .

Two p l o t s  are shown fo r  each approach :—

(a) the  raw DMLS r e c e i v e r  o u t p u t  w i t h  no smoo th ing ;

(b) the e r ro r  t r ace  (raw DMLS m i n t i s  t e l e c roscop e  t r a c k e r  a n g l e )  w i t h

major  t o l ec ro scop e  d r o p — o u t s  censored b y hand .

An examp le is g iven in Fig 28 of the te lecroscope t r a c k e r  a n g l e , and the

untouched error trace , in addition to (a) and (b) above , so that the type ot hand

censoring can be seen.

Tracked azimuth approaches w i t h  the system operat i iig wi th apertures of 541

and 21A are shown in Figs 28 and 29. The system performance i s  w e ’ l l  i n s i d e  t h e

ICAO Full Capability System noise ’ limits for the ’  longes t  ru u t w ay . There is o u i i v  a

very small effect due to the hi gh leve l mu lti path signal just inside’ t hr e s ho ld .

At Manchester some fli ghts were made wit ii the ret’’ i ver mod i I I eil to use  o n l y

the 20X cur ISA centre posit ion of the 2 7 A  ground system. T h i s  was t ’as l i v  done dot’

144 to the sequential nature of the  ground radiated si gnal thus enabling a quit -k

evaluation of the per f o r nu an c e  of very sma L I  aper (tires on a long het mpt’e (— t u t t i w  av s i t  o
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Re’su I t s are shown in I” i gs 31) ~~iiiI  I I . At 20A .tpe r tu te (~ ~ m wi di’) t l i i ’  r t -

was a geuwl’ a t  L i l t  10 .1s t ’  L I I  she i t t t ’ t i n  ito i Si’, a t  t itotmg ii i t  was  St  I I I v e t  v snt.i I 1 .

There was al so some iv i deitci’ ot a 1 cu l t s  pe’ n o d  bend tiut ’ in5 t h e  Last mi It ’ o I I lie

a p p r o ach .  Ov er .t l  1 p e r t  ormat ie t’ I ies juSt itis ide the 1CM) F u l l  Capabi Ii ty Syst e’m

n o i s e  limits . At 15k dpe ~r t u t u t ’ (emi ly 0.9 itt )  t i l t ’ short t t ’rut t  noise was s t i l l  well F1
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goi’d r i su  I t  t rout such a s l teu  r t apt’ i t  u r  i ’

There’ was an i ncI’ easi~ i i i  the a l i gum 1 . 1  u no i s t ’ due  t ii I h i ’ iii glt level mu It i I’ m t it

1 ruin hu i I cli rig S 2 I , j u s t  i n s  liii ’ t l t t t -  Sl i t ’  Id  • be’ I t ig  .t ma x i  m u suin o t  ()~ ( ) 7 0 
po. tk  t cu pe ’.tk

at 20k and 0. Ib~ at  I ’l t  ~~. Tiut ’ t a t  tt ~t witu Iii he out  s l i i i ’  l i m i t  s I e lF  a F i t i  I & ‘ .tp .tb i l i l y

System on ~m umax i mum I i’mtg t ii F imt tw.t v , hem t i t  is  nut I ik e  lv I i t . i  I Si l t ’ Ii .1 8111,1 1 1 ct pe ~ F litr e ’

system would  be’ u sed I or s t tc ’ it  Out’ i .11 m c O t S  , clii  .i I cutg i u m m t w . t v  .

The 1 omug period he’ ui d d t m r  i ng t tue las  t m i  I t ’ 0 t t lit’ .tp p m’ oat ’ tu j s a t  t i  I b i t t  i ’d I

sc - a t  t er i utg t rum the’ 06 app r o.t~- Ii 1 1  g lt t i ng in  t r o u t  I ii I t i i i’  .t ? i n t u i t  ii .t u i  iv . h ue I t ’

t h e ’ misaligitment ot t i i t ~ irnay wit It Ft .spt ’i ’t  t o  t lit . I igl it S ( S e e ’ F i g  5) , o ue r  ~ v

scattered (rum t u e i i gi t ts was coded si ig hit ly cl i t t t ’r, ’ ti t iv I i o n  t t m . i t  g o i n g  c l t t t ’ t t  l v

to the .uircraft

A comb i nat ion c ’ t  s i g n a t s  Sc ’ .il t o m  ~‘J I ruin ,u ttunil ,i ’ t i t t  t Ito 11 g lt t s t o n  I t t  g I V t

r i se  to the er r o r s  scou t , i t  c l i i i ’  assilltte ’s .1 t o t a l  s cat  t i ’ r i m t g  liv e I 01 .I I ’pt O X ii ui .It c l v

—IS dEl . This i s .t surprisingly higl t 1~~ve’ l wltt ’ti it i s i i ’a l l s t ’t l that t l t t ’rt ’ t~~ - i

separa t ion in t I t o ye’ rt i c,tl pt ant’ ot app to x i  iui.e t o  lv I . ~~~~‘ 
, wit h i t  ~,t ~~’et Id t- c~ s til t i t t  .u

relative at  t e n u i t t  iou  of some’ 7 dEl c u t  t Itt’ st ’.tt I d ccl s u  i i i  I , Ju t e ’ I t ’  t i l e ’ V i i  I I ~‘a I

ape ’r t u r e  of the azinmuth a n t  euuui.i . It is pt ’ss  i t~ It ’ th at t i i c ’  .1111 c -iot a WI’ - n o t  t t a  I is tug

the l u l l  ground cut c u t  t pot cut ia I clot i tig t hi’ l i s t s . llowi’vc’t , I Ito i ’t t ~‘ t s  p m  ~ luc i’d

arc’ w i t h i n  the 1CM) t o l e t  .iiit e ’ f o r  a t i t l I c a p a h i  l i t , ’  s v s t i ’ l u t  t ’xt ’ -~’I  I e ~~ t il e ’ I

aper tu re , which is itnl ik oly t o  he usi ’c l l o t  such t a t  t ’~~ot v I a u i t l i uigs

‘).2.2 Elevation

A series ot approaches was nt~ di ’ t e l  t- i t t iw a v  .‘ -s w i t  It t lii ’ t e ’lt ’t-ros~’ t ’i~e ’ I r , i~~k er

pus it I oned [or t r a c k  i n g  i n  o l i v  , m t  ion. it was s i t  i’d o I OSi’ I o t ilt’ m unw .uv edge , so

.ts to  give’ ma i n !  Y P l an . t t ’  u mu ct v e ’m i ’nt ot t l i i ’ t racket’ lit ’ati itt (lit ’ Vt ’t  I I o ,t I p l a t t e , w i t  Ii

t h e’ a i r c r a f t  i t t  as o lo St ’ .IS tht re ’siiold . The’ I O t t ’ and .t t ’ t p o s i t  i on  ot t i l e ’ I t’ ,uc k t ’r

was chatiged f o r  the t i l l  I o r i ’nt  i’ I ev .mt  i’fl a u g  It ’s ~‘I .11)1’ t’ e ’ac ’h . Two P l i lt s . iF i ’ g I ~‘e’tt

for each approac Ii , as I or the ’ .i~~ i ntuit It t r .ic ’kt ’ tl r uns , .t t ic l h m .15 c l i i  Vi ’s out t he’ e’ i i cu t

* For a I S\  ape r t u n ’  (4 0 
bt ’,tn ~~ i cit !t ) t It o ‘2 I h u t  i i  c l i  og ,  coiled i t lO~ p u t t  s i i i  gli

one rgy into the I irs t side lobe’ 0 t t h e ’  mu I t  i pa t ii t t ’s po ut s  i ’ curve. I 44 

~~~~~~~~~~~~~~~~~~ - ~~ - -‘- -~~ _ _ _
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1ilots (b) show the eII e ’e’t of the of (set pos i t  ion ot the ’ tracker with respee’t t o

the array phase ci’ u it r e ’ . The ICAO limits of t O . O 7 ° f o r  2o noise  arc’ shown

relative to the tt’[etnoscopt’ bi as c’urve. Additional plots arc g iven  in  Fig I,’

in order to illustr ate the hauid censoring applied to the error p lots.

Tracked elevation appnoai’htes with .m s y s tem  a p e r t u r e  of 54k a r t ’  shown i n

Figs 32 , 13 and 34 t o t  approach ang les c it  4 ° , 1
0 

and 2
0 respec t  i v c ’iy .  There’ was

an increase ’  in the’ nul st on t ime’  er ro r  p l o t  fo r  t h e  2° approach • hu t  i t  was St I I I

w e l l  vi thin the ICAO 2 ’  l i m i t s .  The ine ’re’asi’ I nol sc’ was p r o b ab ly  due to si guta i s

scat  tered f r o m  ub j t’c I s subtend I mi g .tut ci i ’ V , m t  lou t  a n g l e  above’ the he iri  zon ta  I Fe ’ I at  ly e ’

to  the  at ray phase ’ cen t  re’ and hence gi vi ug coding ang le ’s  w i t h  i t t  the ’ m a i n  er rc ’r

lobe cu t  t h e’ re’ e’e’ ive ’ r e r ro r  curve ( a p p r o x i m a t e’  ly 2. 1
0

) , as se’et t it t  the e r r o r  
~‘ 
lot

of Fi g 26. l’he i’t Ii’ i’ts of d e’ c rea s i ng  the’ system aperture’ are shown i i i  F i g s  IS ,

16 and 17 which S i m e u W  I approaches for  .ipe’r t or e ’s ol 39k  • 30k and 27k re’spec t i Vt ’ I y

For the’ 39 \ .tpe’r t t i re  , w i t  It a ma l i t  e’r rot I cibe c u t  approximate I y 2 .9~~, Si’ at t e’r i tug

ob ject s  have cod i utg atig Ii’s out side ’ t h i s  lobe and t here was on lv  a s m a l l  inc rt’~u se

i n  angu tar t i t l i s t ’ . However , lot  the  It ) \ . lper t  ore (main error lobe’ 1 .80) and t i l e ’

2 7k ape r t tire’ (ma j u t  e’r neir lobe 4 . 2 
ii

) s c a t  I. e ring objects had cod ing aug It’s i ris j i l t ’

t Ime’ ma in error lobe and re 1 at lvi’ I y 1 argi’ e r r o r s  resul ted . The cit cc t s ot sp i’e ’um l a n

ground re’ 1 1 oct ion t’ari ,i Iso he’ s ci ’ 0 as I otigi’ r Ite’r I od weaves. Both  t Ite sc ’ an r . u v

aperture’s gave’ em t cut s which we’re out si eli’ (lie’ ICAO tt e uj St ’ limits f o r a l i t  I I

c a p a b i l i t y  sy st e m , bi t t  w o u l d  be’ just ins ide ’ t i t t ’  reduced capah i lit v 11 111 1 ts ol 0.

2cu ) , espet ’ i . i  E l y  w I t hi he ’ add it lonal smcuot h i  ug I nhe ’renl i i i  an a i r c ’ r ,m I t auut op II ot

sys  t em * . I t  i s  os t im a t e ’ei t h a t  mii i t i p a t h  l e v e l s  cit t i t t ’  tu r d i ’r  cu t  — 1 8  dll you Id hi’

ite’c’eS s ary to give t h e  a n g u l a r  n o i se  exjie ’ r i  eute ’ed . ‘liii S c’cui t It1 he made rup 0 t

s o t t  t ered s igt t a Is I rem many o hj  t o t S  S i t  ua ted c’ lost’ t O  t ile’ appro ach cii  r e t ’ t ion. A

pltot ograph t, akeut I rom t Itt ’ e’ 1ev at i on si te ’ , ~titc l l ook ing  .i long t h e’ appro itcit (Fi g 18)

shows thtat t l te sk y I i  t ie’ o ut ccit t re ii it o i s c ’omposed cu t lt ousc ’ root ’ s at  abe u u t  +0.  
-

‘

e’ Ievat ion , vi th t rees  at about 0.5
0 

elev .tt lout within 10
0 

in azimuth of cent t’ e’ 11 t ie’

(See Fig 9 ) .  I t  is thus  a ‘cicaut ’ sit e , w i t h  no i s o la t e d  m u l t i p a t h  sources

affecting centre ii tic appr c ae’itt’ s and the re s et  I t s  can be t .ikeui as t vp cal ot t h i os

to be expected f o r  an uncluttered elevation sit e .

5.3 Coverage radials

The des ign  l i m i t s  of a n g u l a r  coverage I cur the l)Ml,S s y s t  em i t s e ’ ,l at  M an c ’he ’s I o u

were ±40
0 in azimu th amid ~0 

to 10
0 in c’ I i’vat ion. No az i m et th  sv St i’m i nfe i rn t a t  I out

was avai lab It ’ beyond th e’ 40° limi t becaitse of’ a re’ci’ i ver  f l a g  set cu c u j u i ’r a It’ .i I

144 * A bandwid th  of 2 . 5 Hz i s  es t i mated  f o r  (h i ’  i)t~~S aug 1 e’ pr oce ’ ssor out t p utt

—-

~

- ‘-

~
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this point . Elevation system informati on extended to ±900, although itt practi ce

it would not be used beyotid ±4 0 °~

Untracked coverage radials were flown inbound f rom 32 ii mi le at azimutit

ang les of 0
0 ±20° and t390 with respect to the azimuth site and at a height of

3500 t t , w i t h  a r r a y  a p e r t u r e s  cu t 54k. The centre limte radial was repeated with

an azimuth system array aperture’ of 27k , and Ottt ’  approach was made freum 100 n mile

a t 10000 It out centre line. The results from tiit’se Il i ghts are given itt

Figs 19 to 50. The di git al data was nut recovered from the’ 390 right radial , and

henc’e no plots are given. Coarse scale plots , t rom 00 to 30
ti 

~~ e l e v a t i o n , show

the coverage limits in range and elevation ang l e’ cu t  t h e ’  e l e v a t  ion sys t em. The

flag marker trace shows t u e  t u p o r a t  iot i  of t he  d i g i t a l  t lag wit I cli re’sponds to

individual missing function id en t it ie ’s and wou ld  o n l y  be’ accompanied by t he  ove ’r—

a l l  sy s t em (analogue ) I lag , it the function identity code was  missing or e’rroneous

[or a period of I s. Expanded scale plots of e l e ’vat  ion a n g l e  are ’  g ive t t  f o r  some’

radial flights , by using .t crude pseudcu tracker angle derived front range and

h e i g h t  i n f o r m a t i o n ,  The u t i t r a e ’k~ d az imu m t li r a d i a l s  are given as p lo ts to a sca l e

of 0.05° per cm . The’ coverage obtained is sununat’ised in T a b l e  I .

A comparisoti with the skyline elevation ang les , in Fi gs 8 and 9 , show s t ha t

th e range was not limi ted by blockage in  the  case of the  e l e v a t i o n  s y s t e m , oxc’ept

for tue 39°L radial where trees limited the range to  2( it m i l e .  In the ’ 1’ , t s e ’ of

the azimuth system , the elevation angle was almost coincidettt with the surveyed

sky line on acquisition. The angular uioise tin t i te’ twci sys tems at range was q u i t e ’

different. For examp le’, on U T J 6 / i 4  ( F i g s  45 and 46), the a n g u l a r  u o l s c ’ on

e l e v a t i o n  at 20 n mile was 0. 1 0 
peak tet peak , whereas at the same’ r ange , t h e

azimuth angular noise was about 0 .025 ° peak to peak. This is due to the fact tltat

t h e  e’levation system is s u s c e p t i b l e  t o  scattered grouitd sigm ta l s coming f r o m  a

wide range of azimuth angles , whereas tlte azimuth system is onl y susceptible tc u

the scattered ground signals within att azimumth code range of ±20 ( f o r  a 54k

system). Thus Fig 46 shows that the elevation noise became negligible at ranges

less than 14 it mi le when the elevation angle’ was above’ 2.25
0
, or 1.850 above the

local skyline . This then put scattere d ground sigitals outside (lit’ m a i n  error Itibe

of the receiver characteristic. Measurements c i t re’cc’ived s i g n a l  l evel  show t h a t

acquisition took place out each system at a si gtial l c ’ve ’I ot  — l O b  eh llt im .

The coverage achieved at 3500 ft on the rad i ,tls whi ch were checked , was

t h u s  in  excess of the ICA() requireme’nt of 20 n m l i i ’ , auid t in ull eist c i t  t iu i ’  r a d i a l  s

it approached the ICAt) recousuendat ion of 32 n mile. The lowe’u’ lim it ot cover .ugi’

in the ICAO requirement is the obstacle cle ’araui c - e’ I hit’ of ,u I itt 50 s lope , g i v i n g  14 4



~~~
‘
~~~

-

an elevation angle of 1.14
0 

and the measured coverage for t ite’ elevati on system

went below this angle except on the 39°L radial. The low autgle coverage on the’

azimuth system was limited to 1.2
0 

by the skyline , except on centre line where

coverage went dowti to 0.90. The long range radial at 10000 ft gave coverage down

to elevation angles of 1.5
0 

and 1.2
0 

for the aaimutht and elevation systems

respectively.

S.4 Coverage orbits

Semi—orbits were flown to assess the coverage of the system at 20 it mile

range and at heights of 3000 f t and 6000 f t using the 5 4 k  aperture for azimuth

and elevation. The 6000 ft orbit was repeated with the 2 7 k apertetre t’or azi muth.

The r e s u l t s  are g iven  in Figs SI to 56 , wi th the following plots for each orbit.

(a) Azimuth coarse sca le  p lot (±60 0) .

(b) Azimuth control motion filtered plot , 0.05° per cm.

(c) Elevation raw angle plot , 2 . 5
0 

per cm .

(d) El evation control motion filtered plot , 0.05° per cm.

Flag data is also plotted , and the azimu th flag was pre— set in the receiver

to operate at ±40
0
, so that no azimuth data is presented for angles beyond this

limi t. In most cases the azimutit transmissions continued to g ive successful

f u n c t i o n  i d e n t i t y  decoding beyond these  angles , and th e ang le information was

used to opera te  the  o v e r a l l  sys tem f l a g  w h e n t h e  measured angle  exceeded 400 
t rom

c e n t r e  l i ne . No f a l s e  course i n f o r m a t i o n  occurred  ott t l te  a z i m u t h  sy s t e m  ( t l t i  S

would have been ittdicati’d by a good f lag out side the ±400 s e c t o m ’)  , c ’\’ i ’t t  t lt cuug it t l t t ’

OCI (ou t  of coverage i t t d i c a t i o n )  antennas  were not being used .

The limit s ot’ succ essfu l fuutction identity decoditig are siumnu arise ’d i n

Table 4 for the coverage orbits.

The 3000 ft orbit gave elevation angles of just over 1
0 

wltich was very c’lcuso

to  the skyline in a z i m u t i t , and blockage took p l ace  fo r  obs tacle s such as the”

brickworks chimney and radar towe’r and di sh , and p~ rt cu t the  t r e e ’ sk v l  i nc . Th~’

errors close to the  ch imney  and radar  tower were of t h e  eirdt ’r of 0. 2 Y ’ peak to

peak . The coverage of the  a z i m u t h  sys t em t ilt ’ this orbit was tlte’refeire nei t s i t  i ’~—

factory becautse of high tioisc and loss of signal caused by t he  a i r f i e l d  en v i r o n —

metit. The elevation system gave a tioisy (greater than  0.1° peak to peak) angulam

guidance signal for most of the orbit , with a c’learance’ above the elevation sky-

line of abou t 1
0

. At about 20
0 

lefI of c e n t r e  line , the t’l e’vation ang le ’  fell to

144 about 10 
and thus  droppt ’ cl he I ow I he’ tops  cut some’ c i t titi’ t r e e s  c’ l o se  to  t Ito a i r  I i i ’ Id

‘ ‘
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0 . . . . . 0
A large positive angle spike of 0.5 coincided with the position , 28 left , of
att isolated tree which is shown in Fig 57. An angle scale was photographed in

front of the tree , such that I ft represents 1°, and it is seen that the top of

the tree is at 1.6° above horizontal , with the 1
0 

elevation angle of the aircraft

path passing behind a substantial part of the tree. At the time of the measure—

memtts , the t ree was in full leaf , and the apparent effect was that the aircraft

ret’e’iver ‘read ’ the ang le of the top of the tree because of the signal diffracted

over the tree , and the loss of the direct signal. The effect of other trees can

be’ seen further round in the orbit , before the aircraft dropped too far below the

sky line to be able to receive a usable signal. The elevation system was thus

barely usable for most of t h i s  o r b i t , and gave large errors when the line of sight

was partly obscured by tree ’s.

The orbit at 6000 ft and 20 n m i l e  in Fi gs 53 and 54 is for  the 54A aperture

azimuth system . The coarse—scale azimuth plot in Fig 53a shows no flag operation
0 . - . . .within the ±40 coverage , and the control motion filtered p lot in Fig 53b shows

at’ceptable noise of less than 0.050 peak to peak , except for angles close to the

limits of coverage . At the left hand end , the brickworks ’ chimney interc epted

tite line of sight and large errors of up to 0.3° resulted . Near the right hand

end of the orbit there was an increase of noise to 0,13
0 peak to peak , which may

be associated with the radar tower at 36~ right , even though this was 1 0 below
the flight path. The elevation system plots in Fig 54 show acceptable noise over

±40°, but near ~~~~ l eft , there is another example of diffraction over trees giving

errors of +0.3
0
. The trees subtended an elevation angle of about 2.8 0

, and the
f l i ght path was at an elevation of 2.4° at that point. The shape of the top of

the t ree can be seen on the angle plo t , even to the extent of the double tree

formation. A similar effect is seen in the second orbit at 6000 ft in Fig 56 , but
in this case the fli ght path was at 2,3

0
, and loss of si gnal was experienced

behind the highest point of the tree , at a diffraction angle of 0.5°. A photograph

~,u f the skyline showing the trees is given in Fig 58.

Fig 55 shows the results from the 6000 ft orbit using the 27k azimuth system .

There was a general increase ’ in noise , compared with the 54\ system p lot in Fig 53

a;td the brickvorks’ chimney gave 0.35° peak—to—peak noise. The ICAO l imits for

the full capability system arc shown on Fig 55 and it is seen that because of the

degradation in accuracy allowed for range and azimuth angle , the noise limits

were still met .  (This was of course after the app lication of the control motion

filter , so that bias terms were not included.)

144
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5.4.1 Summary of coverage measurements

The radial and orbital coverage flights show that the DMLS installation at

Manchester on runway 24 did not quite meet the ICAO noise requirement for low

angle coverage down to a I in 50 slope. The failure to do so was due to the local

airfield environment of buildings and trees which subtended elevation angles above

1.140 and affected both the azimuth and elevation system . In clear line of sight

conditions, such as occurred within ±12° of centre line , both systems met the

requirement , including a 27k aperture azimuth systems . Obstruction of the line of

sight for the elevation system gave errors up to +0.5~ , ie in a fly down sense ,

The azimuth and elevation angles at which this effect occurred , mean that the

errors are probably not operationally significant, A brick chimney which obscured

the line of sight , caused large errors in the azimuth systems . The performance of

the system is totally consistent with the operating frequency of 5 GHz and the

results obtained reflect the behaviour that would be expected from any type of

5 GHz MLS having similar system apertures and multipath rejection techniques.

The coverage of the system can be largely predicted from the following

criteria:

(I) azimuth coverage down to skyline angle over trees;

(2) azimuth guidance disturbed by obstacles (eg masts , chimneys) 0.5
0

below the f l i g h t  p a t h ;

(3) elevation coverage down to 10 above skyline , to a minimum elevation

angle of 1. 4 ° (10 beaniwidth system) .

The resultant predicted coverage at Manchester , for  a 1
0 

beamwidth system ,

is shown in Table 5. A similar technique could be used at other airfields .

5.5 Autoland flights

Four autoland flights were performed at Manchester , w i t h  a t o t a l  of 17

landings , 15 using MLS guidance from the 54k aperture antennas , and 2 using the
standard ILS transmissions . The automatic landing trials using DMLS guidance was

conducted by Operational Systems Division , Flight Systems Department RAE Bedford
using a MS 748 aircraft. The autopilot installed in the aircraf t was a SEP 6

certificated for Category II operations. Experimental glide path  ex tens ion  and

flare modifications gave a full automatic landing capability; the glide path

extension commenced at 150 ft and flare , using radio altimeter guidance , at 45 f t .

A vertical acceleration terms was included in the vertical guidance control , which

had not been used in the first DMLS autolands at Gatwick . The autolands were

included with normal airfield traffic , resulting in a large variation in starting
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heights and distances from threshold , and necessitating some low drag configura-

tion approaches. All the autolands on DMLS signals (which were used without

additional smoothing), gave consistent touch—down performance , with no noticeable

effects due to the runway hump shadowing or the high azimuth multipa th in the

flare region . Recordings were made of the MLS and ILS guidance signals , indicated
airspeed , pitch attitude , roll attitude and radio altimeter height and a selection

of such recordings is shown in Figs 59 to 63. The scaling on the guidance signals

is ±150 pA which is equivalent to ±0.67° for elevation (ICAO 2o limit ±0.07°) and
± 2 . 2 ° for  azimuth (ICAO 2o limit ±0.054°). Thus, on ly coarse ef fec t s can be seen,
two of which are immediately apparent:—

(I) propeller modulation effects on ILS glide path;

(2) aircraft overfly effects on ILS localiser.

The ILS glide path and MLS antennas were both sited in the nose of the air—

c r a f t , but  the MLS guidance  showed none of the p rope l l e r  m o d u l a t i o n  e f f e c t s  seen

on the ILS. The propeller effects on the ILS glide path were very variable from

run to run , and depended on aircraft attitude and propeller speed and possibly

propeller pitch . U
The effects due to aircraft overflight of the ILS localiser were as large

as ±0.4
0
, whereas they were only just discernible on the DMLS trace , occurring

approximately 8 s ea r l i e r , w i t h  an es t imated  magni tude  of ±0 .05 0 . The reason f o r

the earlier occurrence of the e f f e c t s  on DMLS is that  th i s  is probab ly a shadowing

e f f e c t , j u s t  a f t e r  the i n t e r f e r i n g  a i r c r a f t  leaves the runway , whereas the ILS

effect is mainly a reflection effect as the aircraft passes overhead of the

localiser.

It is also apparent from these recordings tha t  the DML S e l eva t i on  system

gave usable guidance at heights below 9 m (30 ft), whereas the ILS g l ide  path

guidance became very noisy below about 21.3 m (70 It). ‘

The final recording in Fig 64 shows the DML S azimuth locked to the multi path

signal during a take—off by the Bedford MS 748 from runway 24. It should be noted

that the MLS azimuth and ILS localiser recordings were in opposite sense.

6 CONCLUSIONS

The tes ts  at  Manchester  were done on a medium sized airport with a single

runway . The notable feature of the airport is the humped runway , which gave

severe attenuation of the MLS azimuth signals at threshold , and was also assoc-

iated with a large hangar giving azimuth system multip ath reflections in the

flare region. This mul tipath , together with the shadowing by buildings within 144
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t ite  ±40 0 
~ , p~e~~~~ t hat Manehes t er was a di f t  I c u l t  sit e ’ tom a: imu t h s~’s

o p e ra t i o n .

The’ t e s t  s de’momts t rat i’d the ease of ns a I i  at  I ott o I I)ML S eq em I pmen em r lug

norma I a i r i  e’ Id oper a t ions  
* 

a i t  hough very wet  w e a t  h er  d id  e .IuSt ’ some dc ’  1 .tv S . I i i ,

DMLS e’qu i pment c aus~ d no i n t e r  t erene e to t he e x i s t  i ng Cat egom v 11 1 i S  i n s t a l l  a -

t ion and was pos it ~ oue’d t o g ive ’ the s ame’ m- os sing i t t’ i gh t as t h e  11.5 , t or a L ’

approach , so titat the’ two s vs t ems w e r e  e’ompat i b i t ’ amt ~t gave  s irnu It amtt ’oems Opel  a m  on

Au to land tests u s i n g  a si nip I cx an t o  l and s v s t e m gave  s a t i s t ac t  om v pe’ rIot mim .mtme c

us i ng the’ D~ll..S S i gna ls  attd tad o .m I t  i me’ t e’t ’ , and showed no ads’ ers ~‘ e I I i’ c t s due o

the’ shadowing o t a: i mu t Ii si gmt a 1 s by the’ hump , o due’ t o t he a: i nu t  it mu I t  i p  a t  ii mm

the’ I I are l e g i o n . V t t  i’c t s seen on the ii S I oe.t I i  sec gui d.mmict ’ tic t o  ~‘vcm I l v i  mig

a i r e  ra I t  and pr ope ’  l i e ’ !  niodti 1.i t Ott  on the’ I 1.5 g l i d e ’ pat it Wt’te’ not pr e Se mt t on t he

MI.S g u i d a nc e .

Mu It m pat h i miv C’s t g.m t io ns at  he a i r p o r t  sitowe’d t hat the comb mta t lOU 01
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positive fly d own error as large as 0.5 0 . Since the aircraft was alread y at an

elevation angle of 1
0

, it is unlikely that such an elevation ang le would be

demanded and the fly down guidance followed . However , it does mean thi’t in

shadowing conditions large fl y down errors can be produced , and this will also

apply to other microwave landing systems using this frequency band .

The coverage measurement s showed that the ICAO requirement of guidance down

to a I in 50 slope from threshold , over ±40
0 

is unlikely to be met at typical air-

ports such as Manchester and will certainl y not be met at hill y or mountainous

sites. A visual inspection at an airfield can be quite misleading in this respect ,

and it is reconinended that sky line surveys should be made at proposed MLS azimuth

and elevation sites , i tT  low angle coverage is in  q u e s t i o n .

In all aspects the total system behaved in a log ica l  and c o n s i s t e n t  manner ,

w i t h  no equipment f a i l u r e s  and the o b j e c t i v e s  of the t r i a l s  were f u l l y  m e t .  
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