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The TRSB system_.4(monstration at JFK in December 1977 w~~ installed on Runway l3L and
consisted of a lWphased array azimuth subsystem, a l.5~ elevation subsystem with an
antenna of the Rotman lens design, and a precision L—Band D)~~. A new laser tracker,
previously untried in the field, was provided for precise aircraft position data, but
due to calibration survey errors and data processing software problems, the tracker
data was considered unusable. However, TRSB airborne recordings are available for
several flights and provide a useful data output.

During the operational demonstrations, national and international observers in the
NASA 8-737 aircraft flew the ~Canarsie approaches,~ under fully coupled and manual
flight conditions to touchdown and rollout. These demonstrations highlighted the
important capability of MIS to provide precision guidance over complex approach paths
to a busy international airport.
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INT R ODU CTI ON

Seve ral years  ago th e  Fede ra l  Av ia t i on  A d m i n i s t r a t i o n  (F A A )  e i ba r k e d
on a pro gram to develop a M i c r o w a v e  Landing System (M L S) . Two desi gn
tec hniques .  T ime  R e fer e n c e  Sca nn ing R ean~ ( TRSB )  and Doppler scan were ’
a nal yzed  and developed for comprehens ive  compa r a t i v e  eva lua tion .  N u m e r o u s
t e s t s  were  condu c tcd  at the FAA ’ s Nationa l A v i a t i o n  Fac i l i t ie s  E x p e r i m e n t a l
C e n t e r  (NA FEC), A t l a n t i c  C i t y ,  New J e r s e y.  before  t he  FAA selected the
T R SB  s y s t e m  as the  chOic t ’  f o r  f ina l development .  TRSB M 1.S is the  U n i t e d
S t a t e s / A u s t r a l i a  ( I n t e r s c a n )  candidate ’  submis s ion  to th~ In t er n a t i o n a l C i v i l
A v i a t i o n  Organ i .’a t i on  ( ICAO) as t h e  eventua l r ep lacemen t  for  I I  S.

In M a r c h  1977 , fo l lowing  a 15-month per iod  of i n t e n s i v e  and cou ip re -
h e n s i v e  a s se s smen t  of a l l  c o m p e t in g  m i c r o w a v e  landing  s y s tem s , the  1CAO
A l l  W e a t h e r  Op e r a t i o n s  Panel ( A W O P )  recommended ‘FRSU as t h e  p i  e t e r r e d
ca n d i d a t e  mic rowave ’  l and ing  sys tem for  in t e r n a t i o n a l  adop t ion .  Th i s
a s ses s ment  involved  more  tha n 100 l ead ing  i n t e r n a t i on a l e x p e r t s  in m icr o -
w a ve  l and ing  sys t em s .

Fhe  A ir  N a v i ga t i on  Com m i s s i o n  ( At ~ C) t o r w a r d e d  t h e  A WOP r e c o l n m t ’n—
dat ion to the ICAO C o u n c il , whe reupon  t h e  Counci l  schedu1~~d a w o r l d w i d e
meet ing fo r  A p r i l 19 i’S , to a d d r e s s  t h e  ques t  ion of s e l e c t i n g  t h e  new m t  ~n at i o n a l s t a n d a r d  for  a n  ap p r o a c h  and l a n d in g  g u i d a n c e  sy s t t ’In . in  he
in t e r  im , in consona  uc e w i t h  t h e  ICAO C o u nc i l  s ugge st  ion t h a t  p ropos ing
Sta tes  c a r r y out  de inons t  r a t i o n s  at  op er a t io n a l a i r p o r t s , t h~’ FAA has
developed a p r o g r a m  to conduct  ope ra t i ona l demons t  r a t  ions of se v e r a l  l R S l ~
h a r d w a r e  c o n f i g u  ra t  ions at s d e c  t e d  a i r p o r t s  in t h ~’ U n i t e d  States am ! a b ro a d .
( t i e  rea f t e  r fe~ t~ s i m p l i c i t y.  ‘ T R Sl ~ M I S ’  w i l l  b~ r e f e r  red to as ‘1 RS1~. 

I )

These d e m o n s t r a t i on s  a re  in tend ed  to show tha t  the ’ ‘1RS~ si gna l f o r mat  and
sys tem d e s i g n  a r e  m a t u r e  and s a t i s f y  t he  f u l l  r ange  of r e q u ir em e n t s f rom
genera l a v i a t i o n  use to scheduled a i r  c a r r i e r  ope ra t i ons , t’or C~i1e’gury I
to Category  Lii auto land.  A d d i t i o n a l l y,  t hese demons tr a t  ions provide
op p o r t u n i t i e s  for  r e p r e s e n t a t i v e s  and o f f i c i a l s  of the  in t e  m a t  tona l a v i a t i o n
communi t y to gain  f i r s t  — h a n d  knowledge  of FRS13 and its app l i c a t i o n  t o
t h e i r  pa r t i cu l a r  r e q u i r e m e n t s .

E)ISC IJSSION

The T R S l~ fl i g h t s  of l)ecei~~ber  ‘~ t h r o u g h J anua r y 4 , 1978, at John  F.
Kennedy I n t e r n a t i o n a l  A i r p o r t  r ep resen t  the  f o ur t h  in a series of opera t  ton a l
d emons t r a t i ons  at i lon ie st  ic end t o r e i g n  c i v i l  a i r p o r t s .  These den~on st r at  ions
had severa l  object ives .  F i r s t , t he  use of l RSB for  au tomat ic  gu idanc e on
an ac tua l com plex path u sed for noise abatement and to resolve t r a f f i c
c o n fl i c t s  w i t h  i aGua  rd ia  A i rp o r t , was p lanned for detc i onst ra t i on .  Collect ion
of eng inee r ing  data on ‘I RSII was a second objec t ive  wh ich  had the  t w i n
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goa ls of p r o v i d i n g a data base for further vat idat ion of multipath com pu t e r
s in iu la t  ions ~tn d  tor  c ol le c tin g  pe’ r or ni anc e data to be used in the  bilateral
data compa r i s on  of i)M i S  and i HS}1.

ih e  o p e r a t i o n al  d e m o n s t r a t i o n s  were a cco m p l i s h e d  wi t  hoot d i f f i c  u l t y ,
and a v i a t i o n  o f f i ci a l s  and i n t e r n a t i o n a l t e c h n i c a l  e x p e r t s  observed  and
p a r t i c i pa ted  in coup led and m a n u a l l y  c o n t r o l le d  f l i g h t s  of TRSL ~ equipped
a i r c r a f t  at  t h i s  L a r g e  and busy i n ter n a t i o n a l a i r p o r t .  The o p e r a t i o n a l
f l i g ht p r o f i l e s  w e r e  p a t t e r n e d  a f t e r  the ’ J FR noise  aba tement  p r o f i l e s  to
Ru n w ay  1 ~ I • known as t t i t ’  ‘‘( ‘ana r s ic ’ approach .

I he r e q u i r e d  eng i flee r ini z dat a  to sat i s t y  t h e  second ob j e c t i v e  w e  s un-
usable ’  due  to p r o b l e t i e s  c o n n e c t e d  w i t h  the ’ t hue  c o r r e l a t i o n  of the ’ p r ee’ is  ion
r a c k e r  da ta  an d  t h e  F R SU  r e c e i v e r  an g l e  o u t p u t  re ’corels , and the  assoc  t a t e ’d

t r a c k e r  a l i br a t  ions  and c o mp u ter  so f twa  re’ re’qui red to p r o c e s s  and r educe
he d a t a .  Subsequent l y, the ’ eng inee  r i n g  da ta  col~~ct ion e f f o r t  at  1 FR w a s

r e sc’h e ’duled fo r  e a r l y  in M a r c h  1(178 , W h i ch  would be’ i m n e e di a t e l y p r i o r  to
t h t ’  sc’ i i ec lu let l  l ) Nt  I S t e st s  at  1 FIS. t h i s  would  a l low su f f i c i en t  t itue  to
r e s o l ve ’ t h e  t r a c k e r  da ta  p roces  s ing  pr o b l e m s  and t h e is  ch ow propt ’  r suL i I ) t )  r t
of bo th  t h e ’ I R S I t  an d  D M 1 5  t e s t  e f f o r t s .  Fhe se  l a t t e r  e f f o r t s  w e r e ’ su c c e s s —
f u U v  c o n d u c te d  d u r i n g  M a r c h  l~~7S: t h e  r e s ul t s  a r e  t h ’  subjec t of a s e p a r a t e
r ep o r t  on t h e  c o m p a r a t i v e  t e s t s  of l)M l S and ‘l ’RSfl a t  J F K .

Sit e Se le ct io n

F i g u r e ’ 1 shows th e ’ s i t i n g  of t he  V N S I ~ eq l i i ptue ’nt , et  t h e  1 FR a i r p o r t
on R ‘wwa v 1 1 . No t~’ t h a t  two l o c a t i o n s  a r e  in d i c a t  e~l for the ’ e l e v a t i o n
s u b sy s t e m .  A ni ixed’’  1 RS1~ s y s tem  was  inst  .ille ’d c o n s i s t i n g  of t he l~a s
\\ ide ‘ t e s t  bed ’’ a ‘ im ci t ii subs  vs t e r n  a iid tht ’  l~~i s ic  Na r r ow e l ev a t i o n  su b —
sy st e m .  A l t h o u g h t h e  ftc s i c  Wide ’ ‘ t est  bed’ ’ w a s  t h e  d e s i g n a t e d  sv st c i i i

to bt’ used in th ~ compa ra t  i ye ’ t e~~t ing ,  ~ tht ’ e l e v a t i o n  a r r ay  had been r et u r n e d
ca r l ie  r t o  the ’  ma ni t fa  c t t i r e ’  r l~ end ix Corpora  t ionl  for  re’ f u r  bi s htuen t  a
p a c k a g ing  in a ca se ’  su i t ab le  for mobile  fie ’ld detuonst  r a t  tons , and  had not
b ecome ’ a v a i l a b l e ’  at t h e  t l ine sched~~ted for  t he deneons t  r a t  ions .i t .t FR .

l h ’  Ua sic \V Ide’ ‘ ‘ t e’st bed’’ a in cu th  s u bsy s t  e’nl is a co n v e n t i o nal  10
beamwi dt h phased a r r a y ,  and p rov ide s  ut)0 propo r t iona l gu idance , w it Ii
V e r t i c a l  coverage ’  iii) to ~0°.

The Bas ic  N a r r o w  e l e v a t i o n  subsys t em ha s la tera l  covera ge’ in t’~~’ess
of 400 , and vert ical proportiona l coverage to 16 0. The antenna  is a
t i icrowave optics (Rotnian lens) design which has a 1.50 beaniwidth.

~NorE: By bilateral  agreement between the t IN CAA and the FAA , i FR
and two othe r a i rpor t s  were chosen for comparative l ) M l S  and
F US U t r i a l s  and spec i( tc  g round sys tem component s we’re
e $ i gnat ed.
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In order to provide comp lete TRSB coverage of the “Canarsie ”

approach from centerline to the Canarsie (CR1) VOR , lateral azimuth
coverage to about 450 and lateral elevat ion coverage in excess of 550
are required. Thus , the ± 600 azimuth unit is well suited for this
approach , but the elevation signa l is attenuated more than desirable
near the CR 1 VOR due to the increased pattern roll-off beyond the
400 coverage specification. The Basic Wide “test bed” elevation sub-
system with its wider coverage capability would be the preferred choice
for this installation.

The available Basic Narrow elevation array was installed on the
north elevation pad for the demonstration flights. This left the south
pad open for the Basic Wide “test bed” array when it became available,
without  disrupting the demonstration schedule. Also, computer simu-
lations suggested that measurable effects due to reflection of the elevation
signal  by the hanga r line to the north of Runway 13L would be observed.
Siting on the north pad would provide the best chance to acquire data
app licable in fu r the r  validation of the computer simulations, although
the elevation signa l quality would be somewhat degraded in the -2 5° to
_ 300 az imuth  region (about halfway between the center line  and the CR1
VOR).  Siting the elevation on the south pad would be the normal installa-
t ion at JFK. This would also reduce the signal shadowing by the hangars
to the north , and move any hangar reflection on the Canarsie approach
to wider az imuth ang les (beyond 35°). This more typ ical operationa l s it ing
was the p r e f e r r e d  location for the DMLS/TRSB comparative tes t ing.

In the final analysis , the test bed elevation subsystem did not become
available in t ime for installation during the demonstration period , and the
demonstrations were completed using the Basic Narrow elevation sited on
the north pad. Difficulties with deploying the newly acquired laser t r acke r
and achieving integration into the data collection and processing systems ,
plus the late availability of the designated test bed elevation subsystenc
required that the comparative profiles be accomplished at a later time.
Thus , no e r ror  data with precision tracking was obtained during this
demonstration period , although the available airborne receiver ang le
records (see A ppendix B) can provide some support to the simulation
validation efforts.

System Insta llation

Runway 13L is 10, 000 feet (3, 048 meters) in length , but has thres-
holds displaced 1, 000 feet (305 meters) at both ends , yielding a usable
length of 8 , 000 feet (2 , 438 meters). The azimuth subsystem was sited
along the extended centerline 2 , 170 feet (661 meters ) beyond the stop end

3
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of the runway. The elevation subsystem as sited on the north pad was
250 feet (76 meters)  perpendicula r to the centerl ine and 769 feet ( 234 meters)
fran c threshold .  In less tha n 3 workdays from equi pment a rrival at JFK
A ir por t , instal lat ion and alignm ent were completed. This was accomplished
tinder ex t r emes  of weathe r conditions. Addit ionall y, in the course of
in i t i a l  equipment set- up the electronic scan was inadvertently set to scan
less tha n the 

~ 
600 , and th i s  was corrected before demonstrations and

data ga t h e r i n g  was under taken .  The TRSB sites with respect to Runway
1 3 L a nd su r r o u n d i n g s a r e dep icted in F igure  2. Figure 3 is a general
view of the  TR SB elevat ion s i te  in the v ic in i ty  of the hangar  l ine to the
nor th .  F i g u r e  4 is a closer  view of the Basic Narrow elevation site ,
and F i g u r e  5 shows th i s  site f rom the opposite side. The JFK a i rpo r t
con t ro l  tower  and some of the a i r l i n e  t e rm ina l buildings at the a i r p o r t
can  be seen i n t he back ground of t h i s  fi gure. Figure 6 detai ls  the mount-
ing o f the  e leva t ion  antenna on the  concrete  pad. Al thoug h not shown in
t h ese v iews , t he f i e ld  m o n i t o r  horn  antenna for the elevat ion subsys tem
was located l OOt) feet (30. 5 me te r s)  d i rec t ly  in f ront  of the e levat ion
antenna.

It is appa ren t  f rom the perspect ive  in Fi gures  2 and 3 that the
t h r e e - h a n g a r  comp lex adjacent  to the site has the potential to provide
both r e f l ec t ion  and shadowing effec ts  at lower elevation angles .  “ H o r i z o n ”
p r o f i l e s  for  both the n o r t h  and sout h elevation si tes  are  shown in F igure  7.

Fi g u r e  8 shows the a z i m u th  subsys tem instal la t ion.  The antenna
and e l ec t ron i c s  for the a z i m u t h subsystem are  located in the an tenna
enc l sure .  In the back ground  of this  f i gu re  is the commiss ioned ILS
loca l i ze r  for  R unway 13L. Al thoug h the azimuth subsystem was located
in f ron t  of the local izer , it had no adverse  ef fec t  on the local izer  per-
for rna nce as ve r i fi ed by FAA Eastern  Reg ion f l ight -check inspec tions .

Fii~eire  9 is a view of the a z i m u t h  subsystem enclosure from the
r e a r .  The mount ing details  of the enclosure on the concrete pads can be
seen in th i s  f i gu re .  A l though  not shown, the field monitor horn antenna
for the  a z i m u t h  sub-system was located 100 feet (30. 5 meters)  direct ly
in f ront  of the a z i m u t h  antenna.

Located nea r the TRSI3 az imuth  subsystem, 309. 4 feet (94. 3 me te r s )
to t he nor t heast , was the DME electronics package. It was located in
the van shelter which housed the laser tracker rather than within the
azimuth enclosu re where it would normall y be housed (Figure 10).

Flig ht Path Geometry

The fl ig ht path used for the operationa l demonstrations was the
curved Canarsie appr oach route to Runway 13 L as shown in Figu re 11.

4
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Flig hts were  made with an init ial  a l t i tude of 2 , 300 feet (70 1 me te r s)  over
the  Canars ie  VOR and continued f rom there  in a full y coup led curved
approach on a stead y 3. 15° descent to f inal  autoland. This approach path
over Jamaica Bay and the Shore Parkway is a p r e f e r r e d  route for avoid-
ing t r a f f i c  confl ic ts  with LaGuardia  Airpor t  to the nor theast  and for
reduc ing a i r c r a f t  noise over heavily populated res ident ial .~ist r ict s .  Cur-
rent l y, it is onl y avai lable  under VFR conditions.

Standa r d p ro f i l e s  ( r a d i a l s , par t ia l  orbi ts  and approaches)  were  used
for  the data acqu i s i t i on  fli ghts and are  listed in Table 1.

TRSB Operat ional  Demonstrat ion and Data Acquis it ion Flights

Close coord ina t ion  between project  personnel on the TRSB denionstra-
tior i  team and JFK ai r  t r a f f i c  cont rollers at the N. Y. Common IFR Faci l i ty
and the ATC Tower pe rmi t t ed  use of Runway 13L dur ing  day l ight  hours
for  the TRSB opera t ional  demons t rat ion  fl ig hts. However , the data acqui-
sit ion f l i ghts had to be made between the hours  of 0300 EST and 0700 EST ,
because th e data f l i gh t pa t t e r n s  re qu i red  th e test a i r c r a f t to f ly i n to th e
LaGuard ia  A i r p o r t  a i r s p a c e .  Flig ht s demonst r at ing the  cu rved  Cana r sie
app roac h enco unt e r ed occas iona l de lay s wh en de pa r t i n g  a i r c r af t  pen et rated
the  C a n a r s i e  approach reg ion .

The 14 opera t ional  demons t r a t i on  f l ig ht per iods  are  l i s ted  in Table 2 ,
TRSB Operat ional  Demons t ra t ion  Flights  at JFK~ December 1977. Table  3
l i s t s  the  in t e rna t iona l  r ep resen ta t ive s who par t i c ip a ted  in these f l ig h ts as
observers .  The a i r c r a f t  used on the operationa l demons t ra t ion  flig hts was
the NASA Terminal Configured Vehicle (TCV) B-737. Figure 12 shows
t h is a i r c r a ft on a typ ical TRSB approach to Runway 13L.

The data acquis i t ion  f l ights  were flown with the NA FEC Convair 580
(N-49)  tes t  bed a i r c r a f t  (F igure  13) . The f inal  data acquis it ion flig ht was
on J a n u a r y  4, 1978 , with  the Basic Narrow elevation antenna moved to the
south side of the runway when it became apparent that the Basic Wide “tes t
bed” a r r a y  would not be available in this t ime period. A series of Canars ie
approaches were flown for comparison with data collected previously.

A i r b o r n e  In s t rumen ta t i on

The airbo rne equipment used in the demonstrations consisted of a
TRSB angle receiver , course deviation indicator , and precision DME
receiver.  Associated inst rumentat ion consisted of data multiplexer ,
synchron ize r, digi tal  data recorder , and analog video recorder (Figure 14).
Di g ital A Z - E L -  DME and serially coded t ime data were  recorded on
magnet ic  tape in the a i r c r a f t .

1 
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Mobi le  Van Inst  r un i e n t a t  ion

In o r d e r  to p rovu le  i n f or m a t i o n  on mu lt i p a t h  sources  fo r  use in
con nect ion w i t h  tht ’  L inco ln  l a b o r a t o r y  computer  s i m u l a t i o n s , a NA FEC
mobi le  tes t  van was used to d et er m i n e  re f l ec t  ion c o e f f i c i e n t s of m a io r
r e f l e c t i n g  s tir  t ac  t ’~~ .it t h~ approach end of Runway 1 L.

The m o bi l e  t e s t  v.iii wa $ p o s i t i o n e d  at va r io t is  lo c a t i o n s  near  r e f le c t  ion
s o u r c e s  to  m ea su r e  n i u l t i p a th  l ev e l s ,  t he ’ van  was equipped w i t h  t h e  conip l e —
fl i t~flt of equ ipin  e’nt s h o w n  in }~‘i gu r e 1 ‘~ p l us .i y e rt i c a I t c i t~ $ c o p in g  m a st  w i t h
a l RSl~ r e c e i v i n g  a n t e n n a . Fi g u r e ’ 1 n shows th e’ t e s t  v an  bes ide  R u n w a y

L nea r t h e  t o u c h d o w n  r e e~ion . Flit ’ 1 RS1 e le va t i o n  sit e can  be seen to
t h ~’ left . l he m a s t  an t e n na  he i g ht w.t s v ar i a b l e  f r o m  5 f eet  ( 1. 5 i i i et er s )
to ~ l f ee t  ~~~ “ m et t ’r s l .  I h e  r e c e i v i ng  an tenna  could also be r o t a t e d
b r ou g h  a ho r t o nt a  I sweep of ‘~0°. i w o  d i f f e r e n t  r e ’ceiv in g a n t e n n a s

w er e  us e~l fo r  L i t  f t c  r en t  purposes .  A w i d e  ang l e ~ ~)O ° a p e r t u r e  wa s  us eLI
to  r ec  d y e ’ co t i i h i  i’ ‘d d i r e c t  a n d  m u l t  i p a th  r ad  i at  i o fl , and  a 4 .~O° a p e r t ur e
d i re c t  ton a l h o r n  w a s  used to  sepa r at e  t h ’  d i r e c t  an d  r e f l e c t e d  s ign a l s .

R E S U I  FS

The’ s v st em ins t  a t  t a t  ion .i ml opt ’ me t  to  mel de ’ncons r at  eons  we r ’  h i  ~ h iv

~u c c e s  slut  and ~a Vt ’ t h e  n~anv  pa r t i c i p a n t s  cons  id t ’r a  b ie  i n s i g ht c ic t o  op era  —

t i on i l l b en e f i t s  a v a i l a b l e ’ by  a p p l i c a t i o n  of F R S l ~ at  .~ F t ~ . In t h e  c as e  of t h e’
NASA 73 7  a t i t o l a  m i s , 4 of i ’ ()  ~i e re  c o n du c t e d  w i t hou t  i nc i d en t  d e sp i t e  w in d
c o n d i t i o n s  and  .i t r a i e c t o r v  w h i c h  ~t r es  sed t he  nonopt i tc i  i: ed a rea  n.e v i g a  —

ion c o m p u ter  used f o r  t h i s  vt’ ry c l o s e —  in cap t  n r c  of t h e  f ina l ap p ro a c h  pat  I i .

F l i e r e ’ w er e ’  I ca se s  w her e  i t  i~’as not pos sib le ’  to  comp le t e  t h e  lu l l  a p p r oa c h
a ut on i at  ica l i v  l e e  t o  t h e  e n a b i l  i t v  of o n — b o a r d  equi pmen t  t o  cope’ w i t  ii t h o s e’
w i cid s • and in a f e w  c as e s  due’ to  fa i l u re  of a i r  c r a f t  in s t  run e  e n t a t  ion e lec t  ron  cc
I ’here we’ re no c a s e s  w h e re’ p r ob l e m s  w i t h  1 RSf l  M I S g u i d a n c e  . eccu r . eev
w e e ’ r e’s po ns i b i t’ (or inconep  let e a t i t o t a  nd .

T h e  a i rborne ’  da ta  r e c o r d s  ind i ca t e ’  good q u a l i t y  g u i dan c e  t h r ou g hout
most  of t he  T RSB cove r a g e’ r eg ion. l ioweve r , these  records  ( a l t h o ug h
q u a l i t a t i v e  in n a t ur e t  i n d i c a t e ’ c e r t a i n  reg ions of reduced  gu i d an c t ’ qu a l i t y
wo rt 1iv ot con en ient .

Fhe  r e c e i v e r  records  (or .t , . imuth  show h i g h q u a l i t y  gu idanc e ’  on most
p r o f i l e s .  Some shadowing  e f fec t s  a r e  noted at low ang les; t h ’  occas iona l
i so lated  per t u r b a t i o n is  a ssu med to be du e to local a i r por t t ra ff ic~~.

F h i s  t r a f f i c  w a s  on Runway  .~~~ 1 — 4 R  wh i c h  was  in a c t i v e  use  when these
t e s t s  wer e  made.  Howe ’ver . in an o p e r a t i o n a l  s i t u a t i o n , t h i s  c ross  r u n w ay
would no rnia t l y not be’ in us e when  l a nd i ng s  we’re b~ i ng i i  i.e di’ on R unwa v
1 ~ l — ~l R .

0
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The receiver records for elevation show the expected guidance
deterioration at wide ang les due to the Basic Narrow elevation antenna
coverage lim its. Also noted are the longer reflection effects at azimu th
angles outside of -25° and the hangar blockage effects at the wider azimuth
angles on the opposite side of centerline. * From accumulated knowledge
of TRSB and DM LS as well as from theoretical understanding, these effects
would be experienced by either C-Band system.

On the Canars ie  approach route , the hangar reflection effects , as
exp ected, are found in a region centered on _2 70 azimuth with the eleva-
tion antenna on the north pad and are  noticeable in the vicinity of _ 38o

azimuth with the antenna moved to the south pad. At wide ang les , beyond
the desi gn limit s of the Basic Narrow elevation antenna, n’ ise inc r ea ses

rapidly indicat ing,  as expected , that the Basic Narrow elevation antenna
coverage is marginal  for this application and tha t the basic wide elevation
antenna which was planned for this demonstration , is the proper choice.

It is important to recognize that these results are only the receiver
output and a re  not e r r o r  plots which can be quantitatively assessed. With-
out the benefi t  of comparison with a t r ack ing  system (a measurement
s tandar d ) , the ef fec ts  of a i r c r a f t  motion are still included in the data pre-
sented. For this reason , it is approp r iate to exercise caution in inte rp re t -
ing these resu l t s , especially in any comparative sense.

Specific result s are:

1. The operational fl ig hts demonstr ated conclusivel y the capabil i ty
of the system to provide guidance for per forming the Canarsie curved-path
approach and landings under automatic and manual control to Runway 1 3L.

‘The hangars of concern at JFK runway 13L violate the ICAO obstruction

clearance lim it (OCL) by some 31 feet (i. e. , they are 80 feet hig h wherea s
the OCL limit for that distance from runway centerl ine is 49 feet) .

‘:~: Before publishing this report , a subsequent set of comparative TRSB and
DM LS data was gathered for CAA/FAA bilateral comparison purposes.
That independent activity is reported separately so as to avoid misleading
the reader.

7
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2. Ther e were no adverse effects from the observed rn ultipath
signal disturbance s during the flights in the FAA Convair 580 , CV-880 ,
and the NASA B-737.

3. The TRSB system install ation was completed in a short time
interval in a rout ine manner in th e very comp lex environment of a busy
international airport.
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TABLE 1

TRSB DATA ACQUISITIO N FLIGHTS AT JFK , DECEMBER 1977

FLIGHT A LTITUDE
FLIGHT PATTERN DESCRIPTION FEET

Level fli ght centerline radial from 15 nmi 2 , 000 , 4, 000 , 6 , 000

Level flig ht radial at 38° rig ht f rom 15 nnii 2 , 000, 4, 000 , 6, 000

Level fli ght radial at 38° left from 15 nmi 2 , 000 , 4, 000 , 6, 000

‘ Clockwise arc  90° ri ght to 90° left at 5 nmi 2, 000 , 4, 000 , 5, 000

Counterclockwise  arc  90° left to 90° rig ht at 5 nmi 2 , 000 , 4, 000 , 5, 000

3° cen te r l ine  approach to runway/overf l i ght 2 , 000 ( ini t ia l)
f rom 10 nmi

S0cente r l ine  approach to runway/overf l ight  2 , 600 (init ial)
f rom 10 nmi

Canarsie Approach 2 , 300 (init ial)

9

T T . I

~

T

~

: 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



i~’~r~ T~~
-
~~~

-
~~~ ~~~~~~~~~~~ ~~~~ ~~~ T~!’ :~~~~~

‘t A B L E  2

I R S B  O PFRA’F I O [~A I  t )F MO 1’~ST R AT t O t ”  FLIGHTS Al  JFK
DECEM BER 1 977

APPROACHES PA R T1 I ~ IPANTS 13? OR G A N IZ A T I ON A l -
DA lE  FLIGHT A t I r 0 L A N E) M A N U A L  AFFIUATION

l.’IS/77 1 USA Press  — 11
4 -

1 2 / 5/ 7 7  2 LISA Press - 5; ‘re lev is ion N ew s -

I USA Avia t ion  - 7; Nationa l Transporta-
tion Safety Board - 2; FAA -

3

l .~/ i ’ 7 7  .1 USA Aviation - 8; FAA - 2

t . ~/ 7 / 7 7  I LISA Congressiona l Staff - 11; FAA -
4 2

l , ’ ! 7 / 7 7  USA Congre s s ional  Staff - 10;
E lec t ron ic s  Manufac turer  -

1,1 8/77  1 ICA O- 1; F o r e i g n  (iov ’ t .  — c~; ‘ I V  N ews 3

• 5 1 Fr a n c e  In dt i s t  ry  — 1; FAA — 2

I .‘/ 8 / 7 7  ICAO - 12; Norway Civil Aviation —

I New York A r ~’a Avia t ion  Interests  - I.’
4 2

1. ’ / ‘~~/ 7 New York A rea Av ia t ion  In t e r e s t s  — i t ) ;
Lincoln l a b o r a t o r i e s  - 1; FAA -l

I F’A A Eastern Reg ion — 8; FAA l) .~~ .
Off ice  — ~; A i rc ra f t  M fg. — 1 , New
York  Port A u t h o r i t y  -

S I
12/12/77 2 FAA Eastern Reg ion - 9; FAA

Washington Office - 4

1 2/ 1  t / 7 7  I Air Transport Assoc. - 10, ELectronics
M a n u f a c t u r e r  - I ;  FAA -Z

S -

L1/ l t / 7 7  2 A i r  Transport Assoc.  — 9; LIS A P ress
l ; FAA -4

Abbrev ia t ions :  FAA - Federal Aviation Administration
IC AO - International Civ i l  Avia t ion Organizat ion
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TABLE 3 ‘ 1

• TRSB MLS DEMONSTRATION PARTICIPANTS
REPRESENTIN G IN TERNATIONAL GOVERNMENTS

Mr. T. H. M . Hagenberg Netherlands

Mr.  Keith Watling Unit ed Kin gdom

Mr.  Sandor Grashoff * Netherlands

Mr. Daniel Dayer Switzerland

Mr. William Codner Uni ted King dom

M r .  Ronald Chafe  Canada

Mr .  James  M. Ahwai* Trinidad/Tobago

Vice Commodore Elio J. Acosta * Argentina

Mr.  R. W. Gross* Austra l ia

Mr. Fachri Mahmud* Indonesia

Mr.  lvi. Abouchacra* Lebanon

Mr . Y. M. Lamb er t~ France

Dr. F. Cr znar ~ Czechoslovakia

Mr.  Eduardo Guillen Acuna * Honduras

— Mr. Stua rt T. Grant * Canada

Mr. J a rl H. Edvardsen Norway

Dr. J.  Kr ieg  Federal Republic of Germany

Mr . P. K.  Ramachand ran * India

A. V. M. J .  B. Ru ssel* United Kingdom

~ICAO Representatives
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TMS OPERATES EFFECTiVELY IN IN SEAM MULT1PATH. Whei s Its,- Il~t Ie1. l td
SEVERE MULTIPATH ENVIRONMENTS. ~~st$ di,tti t sis)sjI~ Ii i j it ’h the is i ,  1.1 11 .lllli tlts t
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TRSB IS A MODULAR S~ STEM WHICH J5 ,11I1(lls ’ , iS Ili(Ii5 ’.iItSf itt 11w lj I4e Lcs-I~t~
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VRSB CAN PROVIDE ALL .WEATH ER TRSB SPANS THE ENTIRE RANGE OF
I ANDING CAPABILITY AT MANY APPROACH AND LANDING OPERA
RUNWAYS THAT PRESENTLY DO NOT TIONS FOR AL L AIRCRAFT TY PES. Ill - .
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THE LARGE COVERAGE VOLUME HIGH RELIABIL ITY . INTEGRITY . A N D

PROVIDES FLIGHT PATH FLEXIBILITY. SAFETY OF TRSB ARE ENHANCED H’I’
I i . l it ’ , l l I s t l I  1 1 , 1 1 1 1 5 . 1 1 1 1 1 1 1 1 1 ’  I l l S  1 1 1 , 1 1  Is s I t I ’. SEVERAL IMPORTANT FEATURES.
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