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16. Abstr act

~~The demonstration at Kjevik Airport, KristLansand Norway, was l~ie f if t h  in a
series of operational demonstrations of seve ral TRSB system configurations at
selected airports in the United State s and abread.

Two TRSB system configurations, Basic Narrow Aperture and Small Community V

Systems,Jwere installed to service the non-instrument Runway 22 whi1th has a
normal 4 approach glidepath. Approach to this runway is along a va~&ley with
surrounding terra in obstructions tha t subtend elevation angles to 2. 8 with in 20’
of runway centerline.
Operational demonstrations and data acquisition flights were made utilizing an
FAA Boeing 727 test aircraft. Flight profiles included approaches , radials, and
partial orbits perpendicula r to the runway centerline. Some flight tests were
also made by No rwegian and British Civil Aviation Authority personnel using
TRSB equ ipment installed in their respective flight inspection aircraft.

Results of the operational demonstrations indicated that the performance of both
system configurations was well within their respective U .S. Phase III program
design requirements and also met ICAO (AWOP) tfull capability systemP
requirements. V
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INT R ODU C TIO N

D u r i n g  the past several years , extensive eng ineering evaluation and fli ght V

t e s t ing  have been accomplished on Time R e f e r e n c e  Scanning Beam (TRSB)

• Mic rowave  Landin g System (MLS ) equipments  at  the Federa l Avia t ion
A d mi ni s t r a t ion ’s (FAA ) Nat ional  Aviat ion F a c i l i t ie s  Exper imenta l  Cente r
(NAFEC) ,  A t l a n t i c  C i ty ,  New J e r s e y,  and at the A u x i l i a r y  Naval Landing
Field , Crows  Landing, Califo rnia .  TRSB MLS is the Uni ted  States and
Aust ra l ia n ( INTERSC AN ) candidate submiss ion  to the In terna t ional  Civi l

• Avia t ion  Organ i za t i on  (ICAO) as the f u t u re  a l l -wea the r landing sys tem
• which  would eventua l ly  rep lace ILS.

In March  1977 , following a 15-month period of in tens ive  and comprehen s ive
a s s e s s m e n t  of all compet ing mic rowave  land ing s y s t e m s , the ICAO All

• W e a t h e r  Opera t ion s Panel (AWOP)  recommended TRSB as the p r e f e rr e d
ca nd ida t e  mLc rowave landing syst e r z ~ fo r  i n t e rna t i ona l  adopt ion.  This
a s ses smen t  involved more than 100 leading in t e rna t i ona l  experts  in micro-
wave  landing s y s t e m s .

The A i r  Naviga t ion  Commiss ion  (ANC)  reviewed the AWOP recommendat ion
and forwarded it to the ICAO Counci l , whereupon the Counc i l  has scheduled

• a wor ldwide  meet ing  for  Apr i l  1978 , to address  the.quest ion of se lect ing
the new in te rna t iona l  standa rd for  an approach and landing sys t em to
eventually rep lace ILS. In the i nt e r i m , in consonance wi th  the ICAO
Council ~uggest ion that  proposing States  c a r r y  out  demons t ra t ions  at  opera-
tio nal a i r p o r t s , the FAA has developed a p rogram to conduct  opera t ional
d e m o n s t r a t i o n s  of several  TRSB MLS ha rdware  conf i gura t ion s at selected
a i r p o r t s  in the Uni ted  States and abroad . ( H e r e a f t e r  for  s impl ic i ty ,
“TRSB MLS ’ will  be r e f e r r ed  to only as ‘ TR SB . ”) The object ive of these
demons t ra t ions  is to show that the TR SB signal  forma t and system des ign
are  m a t u r e  and sa t i s f y the full  range of r equ i r emen t s , f rom general
aviat ion use  to scheduled a i r  c a r r i e r  ope ra t ions , for  Category  I to
Category  III autoland . A f u r t he r  object ive of these demons t ra t ion s is to
provide oppor tuni t ies  for  r e p r e s e n t a t i v e s  and off ic ia ls  of the in t e rna t iona l
aviat ion communi ty  to gain d i r ec t  knowled ge of TRSB and i ts  app l icab i l i ty
to the i r  par t icula r r equ i remen t s .

• The TRSB operat ional  demons t ra t ion  and data acquis i t ion  flig hts of
J a n u a r y  23 th roug h January  ~e , 1978 , at Kjevik A i r p o r t , K r i s t i a n s a n d ,
Norway ,  was the f i f th  e f for t  in a series of operat ional  demonst r a t i ons  at  •

domest ic  and foreign operat ional  a i r p o r t s . Previous operationa l demon-
s t ra t ions  were  conducted at:

S
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1. September  28-30 , 1977 Cape May, N.J., USA

.~. October  31 , to November  4 , 1977 Buenos A i r e s , Argentina

3. November  2 4- Z~~, 1077 Tegu cigalpa , H ondur as

4. 1)ecemb er S- I  ~, 1977 JFK A i r p or t , New York , USA

The TR SB dem o n s t r a t i o n s  at  Kjev ik  A i r p o r t  a f fo rded  c iv i l  and m i l i t a r y
avia t ion  o f f i c i a l s  and t e c h n i c a l  ex p er t s  f r o m  N o r w a y  and o ther  ~‘uropean
c o u n t r ie s . N A TO , and the  (~~et l e  ral A v i a t  t on C o m m u ni t y ,  t he  oppor tun i ty  to
obse rye and p a r t i c i pate in f l i g h t  d e m o n s t r a t i o n s, t e c h n R . 4  1 b r i e f i n g s  and
d is cu s s  ions , and to ins p ect t h e  T R S B gr o u n d  equ ipmen t  c o n f i g u r a t i on s
in sta lled on t h e  t i rp or t  s i t e s .

Kj e v i k  A i r por t . u~,ned  and o pe ra ted  by the  N or w e g ia n D i r e c t o r a t e  of C i v i l
A v i a t i o n , i s  s i t u a t e d  in Sou the rn  Norw a y nea r the c i t y  of K r t s t i a n s a n d . It
s up p o r t s  g e n e  ra l  av i a t i o n , d o me s t i c  • and u i t e  r n a t i on a l  c o m me r c i a l a i r l i ne
s er v i c e  w i t h i n  ~ c an ( lLl1a v La  and to o the r  l ur o p ea n  c o u n tr i e s . The a i r p o r t
has a s ingle  r u n w a y  (0 4 / .’2).  I Q00 me ter s  (e.~ ~4 f e e t )  long. The e x i s t i n g
C a t e g o r y  I In st r u m e n t  La n d i n g  Sys t em p er m i t s  p rec i s ion  approache s  to
R u n w a y  04 . R u nw a y .~.! , u t i l i z e d  for  the ins ta l l a t ion  of the two TR SB s y s te m
c on f i g u  r a t i o n s , is a n o n —  i n s t r u m e n t  r un w a y  w i t h  a 4 — d e g r e e  elevation
app roach  path.  Fi gu rt ’ 1 shows t h e  a i r p o r t  plan v i e w  and location of the
TR SI3 s ub sy s t e m  e l emen t s  w i t h  r e s p e c t  to R u nw a y  .U.

DISCUSSION

The TRSB s~~~t c m  c o n f i g u r a t i o n s  ins ta l l ed  at  K j ~ v ik  A i r p o r t  wer e  m a n u f a c—
tu  red by t h e  Ben dix  Co rpo ra t ion t s C o m m u n i c a t i o n s  I) ivis ion in a cco rdance
w i t h FA A  s pe c i f i c a t i o n s  ( r e f e r  to Table 1). The s y s t e m  c o n f i g u r a t i o n s
we re : ( 1)  The B a s i c  Na r r o w  Sy s t em  w i t h  sv s t e m  a c c u r a c y  des igned to
su ppor t  o p e r a t i o n s  to C a t e g o r y  II on r u n w a y s  to .~43 8 m et e r s  ($000 fee t ) ,
and  ( .~) the Small C o m m u n it y  Sy s te m , r e p r e s en t a t i v e  of a simple , econom —
ical  s y s tem  c o n f i g u r a t i o n , des igned  to provide b e t t e r  than C a t e g o r y  I

~~ rvice  on r u n w a y s  to I 524 m e t e  vs (5000 f e e t ) .  The Ba sic  Na r row Sy s t e m , V

~vh ic h has  an tenn a  bea mw idth s of 20 fo r  the  a ,, imu t h  an tenna  and 1 . 6° for
the e levat ion antenna , provides a z i m u t h  p ropor t iona l  gu idance  to p lus and
m i n u s  40 degrees  about  runwa y c en t er l i n e  wi th  a range  of be t te r  than 20 •

n a u t i c a l  mi les  unde r  heavy p r e c i p i t a t i o n  cond i t ions , and elevation coverage
of se lec t able g lide slope ang les f rom .! d e g r ee s  to l~ degrees  over the same
d i st a n c e .  An aux i l i a ry da ta  channel  is included for  t r a n s mis s i o n  of f ac i l i ty
s t a t u s  i n f o r m a t i o n  to a p p r o a c h in g  a i r c r a f t .  :\n independent  p rec i s ion  L—band 
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distance measuring equipm ent (l)M E) pr ov ides range data with at least 30-
meter (100-foot)  2 sigma system accuracy when used with a pr ecision airborne
interrogator . The Small Community System , which ha s ante nna beamw idt h s

( of 30 for the azimuth ant enna and ~~ for the’ elevatio n antenn a , provides

V proportional guidance to plus and minus 10 degrees about the r unway center-
• line with a minimum range of 20 nautica l miles. F l y - l ef t / f l y - r i g h t  guidance

is provided between the plus and minus  10-degree az imuth propo rtional
sector out to plu s and minus  40 degrees of runway centerl in e to bring the
approaching a i rc ra ft into the pre cision guidanc e sector . Elevation guidance
provides selectabl e glide slope ang les f rom .?. degrees to iS  degrees . As
with the TRSB Basic N a r r o w  System , ca pab i l i t y  f o r a u x i l ia ry data t r a ns-
mission  is included . Precision L—b an d  t ) M E  is n ot n e c e ss ar i l y  a component

of the TRSB Small  C o m m un i t y  System, but was ava i labl e for  the operat ional

• demo n s t r a t i o n s at  Kj evik A i r p o r t  s ince the two sys tem c o n f i g u r a t i on s  wer e ’

i n s t a l l e d  together .  Gener al  i n f o r m a t i o n  on TRSB is contained in Appendix A.

S v s t en i  Ins ta l l a tion

An F A A  advance  t e am  v i s i t e d  Kj v ik  In ternat iona l A ir p o r t  on December  8,

1 ~)77 , to in spec t  the selec ted  ai tn’iuth and elevation s i te s  p rev ious ly  u t i l i z e d
V by the U. K . in f lig ht  t r i a l s  of the ’ Dopple r MLS Sy s t e m , and to make

necessa  r~ a r r a n g er n e n t s  for  TR SB in sta l l at  ion s and r e qu e  red ground s ’  rv ic e

4 suppor t  for  the c hed uled ope r a t i o n a l  de mon s t r a t io n s .

On J a n u a r y  15 , 1978 , the FA:\ Boe ing  7.~7 t e s t  a i r c r a f t , N -4 0 . a r r i v e d  at
Kj evik  A i r p o r t  t r an s p o r t i n g  the TRSB Small Communi ty  Sy s t e m and
suppor t ing  F:\ A personnel .  On the fol lowing day,  t h i s  equipment  was t r a t i s —
ported to the  a.~i rnuth  a nd e lev a t i o n  s i t e s , assembled , instal led , and

m e c h a n i c a l l y  a l igned .  On j a n u a ry  17 , 1078, the B a si c  N a r r o w  Sy s t e m

co n f i g u r a t i o n  a r r i v e d  on a U. S. A i r  F o r c e  C — 14 1  c a rgo  t r a n s p o r t  a i r c r a f t ,

was t ranspor ted  to i t s  r e spec t ive  a z i m u t h  and elevat ion s i t e s . insta lled ,
and a l igned  on the fo l lowing day.  By Janua ry ~0 , 1078 . both t he Bas ic
Na r row and Small Com m un i t  Sy s t e ms  w e r e  ope rat ional .  It should be

noted that  d u r i n g  th i s  S-d ay pe r iod , a l t e r n a t e  heavy ra in  and snow condi t ions
prevai led . Due to we a t h e r  condi t ions , f l ig ht  check of th e  two TRSB sys tem
c o n f i g u r a ti o n s was delayed un t i l  ear ly  on the morn in g of J an ua i ~v ~4 . p r i o r
to the f i r s t  d emons t r a ti on  flig h t .

The two a z i m u t h  subsys tems  w er e  collocated and of f se t  85 . ’ me te r s  280. 5
fee t )  n o r t h  of R u n w a y  .L~ cen te r l ine  at a posi t ion 80 . . m e ter s  ( .~h6 . ~ f e e t )

beyond the stop end of the runway .  It should be noted that  both the
U .S. TRSB and the U. K . Doppler az im u th  subsys t ems , the l a t t e r  t e st ed
d u r i n g  Sep tember /Oc tob e r 1077 , were  o f f s e t  f rom runway  cen t e r l in e
because of i n su f f ic i e n t  a rea  behind the  r u n w a y  s top  end f o r  a norma l

~~~~~~~~~~ ~~~~r 
V
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azimuth installation. The stop end of the runway is approxim ately 50
meters ~~~~ feet) fro m Kr ist ian sand Fio rd with a drop to the water level

• I of similar dista nce. Due to the location north of runway cent erlin e , both
TRSB az imuth subsystem antenna s were mechanically ali gned 0. 5 degrees

• o f fset  f r o m  a normal antenna mounting position to provide the proper 
V

radiation pat tern a l ignment  for a centerl ine approach pa th to the runway.
Because of pre valing and potentiall y increasing snow levels , the azimuth
antennas were set on the i r  v e r t i c a l  moun t ing fixtures to the full adjustable
h eig ht , providing approximate ly  1. 2 meters  (4 feet)  c learance from the
ground.

Figure  2 provides in format ion  on both Basic Na r row  and Small Community
az imuth  s u b s y s t e m  instal la t ions  near the stop end of Runway 22 . F igure  3

V 
depicts the installation and si t e, while F igure  4 shows the equipment
she lt e r  f~ir  the  B a s i c  N a r r o w  az imu th  subsys t em e lec t ron ics , located

4 .  a p p r o x i m a te l y . ~‘ m e t e r s  (110 fee t )  no r th  of the an tenna  enclosure.  The
p r e c i s i o n  L-band P N t E  was  also h o u s e d  w i t h i n  t h i s  she l t e r  and i t s  antenna

at tached to t ht  ou ts ide  of the building.  Small Communi ty  az imu th  sub-
sys tem e l ec t ron i c s  a re  located w i t h i n  its antenna en~ losure . F i gu r e  5
shows an overal l  v iew of the a z i m u t h  s i t e  with the Er i s t i an sand  Fiord in

• the back ground.  V

The Basic  N a r r o w  and Small C o m m u n i t y  elevation subsys tems  were
collocated and of f se t  90 me t e r s  (2 95 fee t )  south of Runwa y 22 center l ine
at a posi t ion 210 mete rs  (u8 9 f ee t )  back from runway threshold . Both
subsys tem antenna enclosures  were  mounted at their  normal heig ht f rom
ground level s ince  t h e i r  mount ing  f i x t u r e s  provide approximately 0. 76
me te r s  (2 .  5 fee t )  c learance f rom ground level.

Detailed info rmation on s i t ing  of the TRSB elevation antenna s t r u c t ur e  wi th
respect  to R u n w a y  22 is provided in F i gu r e  h. Figure  7 shows the eleva-
tion si te  instal lat ions.  An overall v iew of the s i te  is presented in Fi gure  8,
with  the Basic N a r r o w  fa r  field monito r antenna in the foreground . Figure
0 is a view of the area in f ron t  of Runway 22 showing the natu ral t e r ra in
obs t ruc t ions  along the center l ine  approach to the runway as observed from
the elevation s i te  at  a posi t ion approximatel y parallel to runway centerl ine.
F i g u r e  10 p re sen t s  deta ils of the hor izon  profile as measured  from a
position between the Basic N a r r o w  and Small Community elevation antenna
enc losures . V

4
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TRSB Operational Demonstrations and Data Acqu isition Flights

The TRSB ope rational demonstratio n briefings conducted on J anuary 23
and 24 , 1978 , were well atten ded . There were 54 persons fro m six
countries who formall y regist ered and several other _ who attended but

• did not register. Approximately one-ha lf of the attendees partici pated
in the demonstration flig hts. No demonstration flights were flown on

January 23 , due to adverse weather  conditions , but two were flown on
January 24 . Six observers from the Norweg ian Telecommunica tions
Adm inistration, flew on a data acquisi t ion flig ht on Janua ry  26 . Table 2
presen ts  a summary and Table 3 the schedule of events for the demonstra-
tion program.

An FAA Boein g 727 test  a i r c r a f t , shown in Figure  11 , was utilized for
demonst ra t ion  and data acquisi t ion flights. The demonstration flig hts  on

• T a na a r y  24 , consisted of approaches to Runwa y 22 at  4-degree glide slope
• an gle . Approaches were in i t ia ted  10 nautical  miles from runway threshold

and terminated  with a low approach and continued fli ght over the length of
the runway at a con stant a l t i tude.  On the f i r s t  demonstrat ion flig ht , three
approaches were made on a course 1-degree left of runway centerl ine.
Two approaches were made on the second flight, both on a course  of 1-
degree left of runway cen~.er line; however , due to inclement weather , the
a i r c r a f t  descended only to 3, 000 feet  before leveling off for the continua -

• tion of the run . Both Basic N a r r ow  and Small Community  System config-
urat ions were demonstrated on each flig ht.

A total of 36 data acquisition runs were flown with the B-727 aircraft on

January  25 and 2~~. Flight details and TRSB confi gurations flown are
presented in Table 4.

Some flig ht tests were also conducted by Norwegian and U .K. Civil Avia-
tion Authority personnel ut i l iz ing TRSB avionics equipment installed in
their  respective a i rcraf t .  Sample data from the U. K. tests are included
in Appendix B. The U . K .  data collection activi ty on TRSB was in accord-

V 
ance with a bilateral agreement.

The prevailing weather durin g ope rational demonstration days was generally
bad , and had significant impact on the number of independent observers who
could witness pe rformance of the TRSB system configurations.  Improved
weather conditions on the 2 days devoted to data acquisition flig hts enabled
collection of performance data on the Basic N arrow System configuration .
Minimal performance data was acquired on the Small Community System.
A synopsis of each days weather conditions is contained in Table 5.

5
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Airborne System

The B-727 airborne TRSB system consisted of dual ang le receivers, course
direction indicators , and precision DME interrogators . Instrumentat ion
used for data acquisition consisted of a data multiplexer , di g ita l data
recorder , analog video recorder , strip chart  recorder, tim e code genera-

• tor , VHF telemetry receiver/demodulator , and a modified UHF glide slope
receiver. The lat ter  two listed items were required to receive the optical
t racker  ang le data transmitted f rom the TRSB ground sites. The interrela-
tion of the airborne TRSB system and instrumentation with the B-727 flight V

control system is shown in Figure 12. The data instrumentation system is
dep icted in F igure  13.

A wide ang le , plus and minus  85 degrees, antenna mounted in the nose section
of the a i r c r a f t  under the weather radar antenna , and an omni-directional
antenna mounted on the a i rc r a f t  fuselage jus t  above the center of the cock-
pit windshield (F igure  I l ) ,  were available so that e i ther  could be alternately
switched to e i ther  of the TRSB ang le rece ivers  installed in the test  a i r c r a f t .
It should be noted , however , that for  all of the data presented in this
document , except Appendix C , only the angle data from the TRSB receive r
connected to the omni-direct ional  antenna was uti l ized.

• Performance Assessment

Ground based t r ack ing  for  the TRSB demonstrations was provided by two
di f fe ren t  type s of optical t rackers  used interchangeably at az imuth  and
elevation sites as requi rements  dictated . Simultaneous t racking of azimu th
and elevation was generally provided for all flig hts. One of the t rackers

V was a manually operated radio-telemetry theodolite (RTT) ,  used to trans-
mi t  azimuth or elevation ang le position (depending upon its siting for the

• flig ht) to the airc raft  via a transmit ter  operat ing on an unused UHF glide
slope channel. The second t racking system (used to track elevation when
the RTT tracked azimuth or azimuth when the RTT tracked elevation) was
an optical electronic tracker manufactured by Bri t i sh  Ai rc ra f t  Corporation
of Australia , designed to automatically or manually track a lig ht source on
the a i r c ra f t. Angular position data was telemetered back to the a i rc ra f t
on an ava ilable VHF frequency.  F igure  14 dep icts the TRSB ground equip-
ment and track ing systems.

During data acquisition flights , the po r table t racker  equipment were
positioned at the respective TRSB azimuth and elevation sites as follows:

V 
Azimuth site on the antenna(s)  radiation center l ine  di rect ly below the

V 
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antenna enclosure of the TRSB system confi guration under tes t ;  at the
elevation site, in alignment with , and between the respective antenna
enclosures. V

In the a i r c r a f t, the received analog t racker  ang le data, az imuth  and eleva-
tion , was subtracted f rom the TRSB azimuth and elevation ang le data to
provide a m e a s u r e  of system e r ro r .  In each case (az imuth  and elevation),
the ang le d i f f e r e n c e  as well as t racker  ang le and TRSB ang le were recorded
on light sensitive s t r i p  char t  recorder  pa pe r on an analog recorder .
Additionally,  airbo rne received ang le data f rom the optical electronic
t racker  in di g ital format  was recorded together with TRSB dig ital an gle

• data and time code data on a digital recorder to faci l i tate  g rea te r  flexi-
bil i ty in data p rocess ing and analys is  at NAFEC as requi red  (see Appendix
C).

Fi gures  15 , 16 , 17 , and 18 a re  data f rom airbo rne s t r i p  char t  recordings
for  four  run s c onducted on January 25 , 1978 . Each of these f i g ur e s  con-
tains a reproduced trace of a i r c r a f t  tracked ang le , TRSB receiver  angle ,
and the d i f fe rence  between the two (e r ro r ) ,  for  both the elevation and
az imu th . For data presentat ion , small alignment bia s e r ro r s  have been
removed . The long itudinal axis of these plots represents  range f rom
Runway 22 threshold determined by the TRSB precision DME located at
the azimuth site . ICAO er ror  limit boundaries (refe r to Table 6) for ?ef uU
capability system” configurat ion have been included on the f i g u r e s  as
shown .

R e f e r r i n g  to F igure  15 which is a 2-degree left azimuth radial and 3-degree
elevation approach angle on the Small Community System, and Fi gure  16 ,
which dep icts  a 2-degree left az imuth  radial at an elevation approach ang le
of 2. 5 degrees  on the Basic Na r row  System, it is apparent that both TRSB
sys tems  are  within the ICAO (AWOP) e r ro r  limits of +0. 1 degree  in eleva-
tion and +0 . 076 degree in az imuth  for  the “full capability system. It is to
be noted that this is consistent  with data obtained under inst rumented range
condition s dur ing  enginer r ing  acceptance test ing of the sys tems earlier .

Data fo r  the Basic N arrow System shown in F igure  17 represen t s  a zero-
degree  az imuth  approach on a 4. 0-degree elevation approach angle , while V

tha t depicted in F igure  18 r epresen t s  a 1-degree left az imuth  radial on a
4. 0-degree elevation approach ang le . Here  again the TRSB system is

• within ICAO e r ro r  limits for the “full capability system. ‘

7
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Althoug h data acqu i red  on the TRSI3 Small (‘onununity System was l imited ,
i t s  pe r formance  was demons t r a ted  to be within the U . S. Phase III p rogram 

V

design r e q u i r e m e n t s  as  well  as  the me) re S t r i n g e n t  ICAO ( A W O  Ii ‘‘ful l
capabil i ty s y s t e m ’’ r e q u i rem e n t s . F ur t h er , a revie\v of the data a c q uir e d
on the TRSI3 Basic  N a r r o w  Sys tem shows it to be w i t h in ? Phase Ill design
r e q u i r e m e n ts  as well ~t s  t he  ICAO (A ~VOP ) ‘ ful l  c apab i l i t y  s y st e m ’’
r equ i rements .

Th e U. K . flew ag a i n s t  the  B as ic  N arL .0\ t V 5y ~~em u s i n g  ‘l’RS13 a i r b o r n e
r e c e i ver  p r o c e s s o r s  provided by t he II. S. 

V
I~IVi t , U . K . d e s i g ne d  the necessa ry

i n t e r f ace  un i t  to r eco r d  the  1’I~SB d a t a  in t h e ir  I 1 5 — 7 4 8  tw i n  eng ine  tu rbo
prop tes t  a i re  r a f t .  Samp le data plots  ob ta ined  by the  U . K • a re  shown in
A p p e n d i x  B . T h re e  sepa ra t e  plots . t r a c k e r , r e c e iv e r  o u t p u t , and d i f f e r e n —
iai or  t ’ r ro r plots  a re  p r e  sen te ( I  b~ t h e  U • K . Ii) r each  d a t a  r un . The U . K .

data  c o n t a i n s  V t Sx t r a n t ~ous s pik e s ’ ’ w h i c h  ar e  t io t  n o r m a l l y  seen in TR SB

• (Ia ta and ace  believed to be caused by t he r e e
V
() rde r in t e r f a c e  equi pment

aboa rd the U . K . a i r c r a f t .  Append ix  C con ta ins  s ample’ plots of TRSB dig i tal
da ta  r eco r ded in th e U . S. tes t  a i cc  ra ft  a t  K i• i s ;  Ian sand . These  plots do not
conta in  any ‘‘ ex t r a n e o u s  spi k es . ‘‘ T h e re fo r e , fo r  data p r e s e n t a ti o n  papers ,
an addit ional  plot has  been added fo r  each  run of U . K.  recorded TR SB
data ( th  i-ce U . K . plots pin s one)  w i t h  the  ‘ ‘ sp ike  s’ removed. In the r e v iew

of the U . K . da ta , it  should also be noted tha t  oscil la t ions a rc  ve ry  evident
• in the  t r a c k e r  da ta and can be seen in th t-  co r r e s p o n d i n g  sys tem e r r o r  plots.

The U .K. e r r o r  plots of TRSB data and the a d d it i o n a l  clean plots w i t h o u t
‘‘ spikes ’’ show tha t  the  pt- rio rn ian c  e of the  TRS B B as ic  Na r row S y s t e m
conf i g u r at i o n  is w i t h i n  IC AO er ro r l i m i t s  ~~~ the  ‘ ful l  c a p a b i l i t y  s y s t e m.

S U M M A R Y  OF RESULTS

Two TRSI3 sys t em conf i gu ra t ions  ac e  d i s cus sed  in th i s  document ;  the Small
V Communi ty  System , w h i c h  is r e p r e se n t a t i v e  of a s i m ple , e c o n o m i c a l  TRSi~

vers ion , and the Basic  N a r r o w  System , an economical  TRSB ha rthvarc
des igri simila r to the Small Community System , but with  g r e a t e r  vo lumet  ci c
propor t ional  guidance coverage and smal ler  beamwid ths .  In addi t ion to the
economical  des ign  f e a t u r e , the information on th e se  two s y s t e m  configura-
t ions  presented  h e r e i n  indicates:

1. P er f o r m a n c e  of both TIISB sys t em conf igu ra t i ons  ~~as within ICAO
( A \ V O P )  ‘‘full c a p a b i l i t y  • ;v st en ’’ r equ i remen t s .

8
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2. Sample data provided by the U. K. (Appendix B) on their TRSB
fli ght tests at Kr ist ian sand , indicates that the Basic Narrow System is
with in the ICAO error limits for the “full capability system. ”

• 3. Both TRSB system confi gurations were demonstrated to exceed
their respective Phase III design requirements.

4. Both TRS B system configurations required minimal site prepa ra-
V tion and installation time .

5 . The successful ope rational performance of the two TRSB system
• configurations at Kjev ik Airport demonstrated the capabilities of each

system design for app lication at airp orts with d ifficult weathe r and terrain
conditions.

9
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TABLE 2.
SUMMARY STATIS TICS

TRSB operation al demonstrations/data acquisit ion effort-- Kris t ian sand ,
Norway, January 23 thr ough January 26 , 19 78.

V Reg istered Vis i to r s

January  23 (Press)  S
(TV) 1
(Other) 31

January  24 17

Total 54 (plus several others who failed
to reg i s te r )

Fl ight  Demonst ra t ions , B-? 27 Observers

January  23 (cancelled due to weather )
Janua ry 24 20
January  26 6

Total O bservers 26

Count r ies  Represented

Norway 40
Sweden 6
Denmark 3
Spain 2
Un ited Kin gdom I
United States (Embassy attachee) 2

Total 54

~ ~V 

V~ 
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TABLE 3.

SCHEDULE OF EVEN TS

UNITED STATES OF AMERICA
TRSB DEMONSTRATION PROGRAM

KRISTIANSAND, NORWAY

• Janua~ y 23 and 24, 1978

TRSB Presentation 0900 1300

Introduction
TRSB Film
TRSB System Hardware

• ICAO/AWOP MLS Program V

•1 Questions and Answers

Visit to TRSB Ground Facilities 1030 1300

TRSB Flig ht Demonstra t ions :

January 23 1030 1330
1430

January 24 0900 1230
1330
1430 V 

V

Note: The program schedule was flexible and was adjusted to accomodate
visi tors .

12
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TABLE S

W E A T H E R  SYNO PSIS FOR KJEVIK AIR PORT
KRISTIANSAND, NORWAY

V J A N U A R Y  23 THROUGH 26 , 1978

• Janu ary 23 , 1978

• 

V 
Temperature at 7:00 am was 35°F and pressure 1007. 3 millibars. Overcast,

• .- clouds 2 , 000 to 4 , 000 feet, with early morning snow beg inning about 9:00 am,
continuing throughout the day lowering ceilings to zero and visibility to 1/4
mile at times. Snow was continuous and mostly light; however, heavy at
mid-day. Visibility remained 3 or less into the nighttime hours with ceilings
above 3, 500 feet. W ind direction was variable, but mostly east to southeast
with speeds f rom 0 to 11 knots.

Janu ary 24, 1978

• T empera tu re  at 7:00 am was 320 F and p re s su re  993 . 4 mil libars .  Overcast ,
clouds 2 , 000 to 4 , 000 feet in the early morning with v i s ib i l i ty  of 20 miles.
Snow began about 3:00 pm and continued to m idn ight . The sky was obscured

4 from the beginning of the snow to midn ight. The visibility was reduced to

1- 1/8 miles . The vis ib i l i ty  increased , however , did not reach 3 mile s through
midnig ht. W ind d i rec t ion  was mostly east 8 to 16 knots.

January  2,~~ 1978

Tempera tu re  at  7:00 am was near  f reez in g and at 7:00 pm , was 26° F. Over-
c a s t  sk i e s  w ith ce i l ings  above 2 , 000 fee t  the ent i re  day. Period of li ght snow
f r o m  7:00 to 8:00 am: visibi l i ty at this time was above 5 mi les ;  the v is ib i l i ty
improved th roug hout the day to 13 miles or more . Pressure  at 7:00 am was
993 . 5 mill ibars . Wind d i rec t ion  was most ly  nor th  to nor theas t  at 0 to 12 knots.

Jan ua ry  2t , 1978

V Temperature at 7:00 am was 23° and pressure  999. 3 millibars. Temperature
at 7:00 pm was 2 3 ° F  and the pressure was 1001. 5 millibars . Scat terted to
broken clouds with ceilings above 2 , 000 feet and visibilit y above 12 miles

• . d u r i n g  day lig ht hours . Very little change in ceiling heig ht toward midnight;
however , clouds increased and a perio d of light snow began about 8:00 pm and
cont inued to midn ight. Ceilings became overcast at that time, but visibility
remained above 5 miles. W ind direction was mostly east to northeast with
speeds from 0 to 5 knots.

15
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TABLE 6.

ICAO (AWOP ) FULL AND REDUCED
CAPABILITY CONFIGURATION ERROR LIMITS

• AWO P Distance
System to Erro r Permitte d Error (2 Sigma )
Configuration W indow L~’eet) Feet Degrees

Reduced Capability 4, 000 -1.10 0 .14
(Elevation ) +0 . 10 noise

±0. 10 bia s

Reduced Capability 10 , 000 +40 +0 .23
(Azimuth) ±0. 16 noise

±0. 16 bias

Full Capability 1 , 145 ±2. 0 ±0. 10
(Elevation ) ±0. 07 noise

±0. 07 bias

Full Capability 15, 000 +20 ±0. 076
V (Az imuth)  +0. 054 noise

±0. 054 bias

Id 
H
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TIME REFERENCE SCANNING BEAM RANGE IS COMPUTED IN THE CONVENV
(TRSB ) MLS IS AN AIR-DERIVED TIONAL MANNER TRSB : : V  - ~~

APPROACH AND LANDING SVST~ M. An L Baud D— t . I M I  \1 VI ~~V n V VI V • • , ‘ -

I i ?  - II) 1~ i ~~ itS ciii I t i I ) u i  in s py  - - [)5 l I  that is -- I’.II n. . .  -~
V S  V V  ~~~ V •~ • 5~~ InI I . V V

~~V , IS~fl~~ ii~~~nN .11111 5 V i ~~~.i I~ c V I V I V  V V , V f l I  I t  c- ii~ I V ~- I
V II~~I. 

V _ _ I_ _ i l  _ A ~ii’lUl0 II! ’I~ IIII t i — i - .1 - 1 ’ V I V  l I l t chanrtl— I :V I 1 V ~~~I V  V _ i : V V I t V  I

V V I : V I1 V I I I  S • I,-~ airpo rt m l  S% I5 T I  V~~ , m d  2~ k I I V I I n  • _ - i _ _ V - Vi -

Ill _I V V ’ i I O I  _ I I I e IV I I IS’ n V I I  I I t V I  V I S _ I l Il in j~ — ‘I ’’ sh _ c • V V  V V -

I s snnd s i , n 1 id J i m ’s Inin , si !,~ data . s i_ In n I s . U S f l Q • , Id - - ‘ i  ‘~ i — - —

m d  sV—t ~ 
V, I . I V I V . I V 5  l i i i  ~~~~~~ ~~~~~~ In~~ V t - V 5 \ .  ‘~~~ V 5

V ‘ l is i .  mI, ~ I s ,  • 1 5 V  ,~I V~~~V 1. P i

FAN BEAMS PROVIDE ALL ANGLE ‘ I , I ’ s V n t

V GUIDANCE (APPROACH AZIMUTH. V

ELEVATION . FLARE . AND MISSED NOTE : T Im, -  I t \1l  ,I ms t na i ‘ i i ,  ‘ 5 1.11

APPROACH). I • 1 RSB ground l I l t - n  i t t i i dmscuss ,-d fl II V I V I  I nI I~~ ’~’ ’ t IS V i i i  i _ I. ’

I_ l i  ~~~~~~~~~~ nl5 ii ‘‘ V l t I l i i t  through ‘ I ’S seI~ i~i , iql- 111 151. ., t_ 5y5~ 
_ i I T h V I I V

ti - ,d s~ 1(11 nil ii It  be.mins and ro~ ~~~~ 00 
~s not er~t ~caI to the desc ri p tton of TRSBV

V i i  iii1tu l _ m t l , l n . Bm - .I ns Jim! sc~niwd
rapIdly V V V V m d  t~~ throughout t hi-

coverage volume as shown below . In ~- i  P

nIl  - v In , t i v , pulses aro l,-~~,- Vl sI

iii th1— _ y r s  I _ i t t  liii In t hu V V
I 

V V  mn , the
other mn the V I ,  1 n In. The 5irV ,~IiI
derives its pt ’s i t  I ~~it irlq I, di rect l’v 110111 the
f l t0 IS( I t  m~~!l,nt t t ho t n  e difference between
these two pulses.

SCAN NING BEAM CONCEPT

1 IVJ V A I I O N  P1 AM

1I1nII t~OIiiiS iii i i  ~I u i- I S I-• i n I  Ii

ill _ k ii I I —i ii, • I V ~ l SV i  1151 Ii I
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TRSB USES A TIME-S EQUENCED THE TRSB FORMAT PROVIDES FOR
SIGNAL FORMAT FOR ANGLE AND CURRENT AND ANTICIPATED FUTURE
DATA FUNCTIONS. AuigI~- Iii~l dat ,m REQUIREMENTS. Ire I~ - ‘ I  iii -

V - 1 551 i 5 tn_ills that is II’i’ ‘ , m , Ii
elev~ tion _ $I~r e . ,iriss. -d mI’ I ’ _ m ’ h qumdanm 0 , 0 P, ~~~~ t , r l . I  i :’ ’  II, _ i l i , t i , ’ Ii i l _ u r i s

• _Ii i sl auxi liary datal arm’ st -qsmm - , i t mal t y t i  I i I i~ ‘i- t ,_ i lLI l15\ 1\ , uliti l IS,,
t rdnsInitled by th e qI~ uimns1 stat ion oh the at -m 1 3.1’ Ii, u~ date Id le  I t ir it is . f i t .

~.ji ’iC çh~ nntl . Prmm n._t r - y i p - r i t i s i r i  is C-band . a,,- hm . msewm- d 1 d l i  I r ios l~.4. II sm - n u n I
V with 300 S_H .- SpatII1I) ti, ts s i . , i  h m r r m,-Is.

• I 55’i t i , S l _ ml  ‘ ‘ ‘ l~~,i1 _ I I i ’ ’ ,,i Ii m ’ ‘ I i
V I isrw , vn,  the for umat IS nil pat iL l,. wi th

Ku-Band , l5luirmII iCII ts , (NutS., DME IS dfl e t s u 411 r , -I . mps 1, ’ lii lSS.I 5

( O l i tm —I Iilli_ at • m h/ I ll - i l - I l , ’ I _ mt ,
• iini, l n ndm i it tuitcI Ion on a M51JI

f l l m _ li i , r l I  y and is 1s t a OJI I lI thIs forr r ,at_ )  • m u , 0I1, t m s ,r~~l mI , ~~,mt i l l  It i_ mi , i i i -  I’ -

V 1I)~ ~~i t I m  ,i -1(1 ’, H• - ‘III.I!
THE SIGNAL FORMAT IS DESIGNED TO V
ALLOW A MAXIMUM DEGREE OF • Fl ip  quidans ,- i i’  t i  15° 

~~ !tr  .1
• FLEXI BILITY. Functions .111 t m  th in s 41t . ’ Ii - IIIISIJtI. l i t-

ni i t t i ’ s l  in millY Ill 5it~ or o,lIbInat Iun to i r i m _
i ’

V the unIque uper,mtmu ,1dl 11i5 115 uI m l ,  11 site . • 360 m i . i i S i t l  ,t indjni I- 0. iii 
~I ii. P II.’

This fli_i tibitity is Itlade 1r 1r 5 i hIr l ’ s a ii i’ ,hm t ’  i _ it o

f I I f is t Ofl ~r r e_m r l r b l , _ - ii__l t i it i f i ,  ,mtRiil nim sSiili . • Mi s, sl 1 1 1 1 1  i I or ,liI’ _m ’
This titessage sets the _I i ILr nlI,iO renm -mv o r I,’ l I~-V V l t s i r  t V J l S  t RI m ,~~ t i i  J P ii
I! rI-asu ml tht- angle or do5 ode tf t t  ii itj  update i~ It, -
luili t n I l  that will t~ t low_ T lie in ij l ~i Ill iii V

V timing srI transl ,tisSIO ns , t h~,~ fs, r t - is lis t • Basic data 111 01 t O o m , f , ,Ilm,t I, lisp t nil
Important. This f lesm bility permits individual ( m o l d  function i i i m i i t l t i s d t ’ i r nfunctions lo be added or deli -p d to n ’ n , , t  

airport m(fCIit l I iI , l t imml t  i i  ‘ m i t l i  s, aIm
• 4 k _ i l lS airport imq u r lm?nr ,_ - r i t s , It  also ~ i ’ r ’  ills l i s  t , i rs . dII(I nonlj ndl anif 

V
5 , i  5i

any T RSB amrburne I tS  1115,.! tO il1t5 iP w i th  -sm-Iei t _ ml , li - glide slope)
any qr ~m m rid systetsi . T he sin ly iequtre~)elits
.mre thj t a n r i r r ! i ns in  data (.11,- l r rn , rnmn smn n
number ,rt t~~- f r ~ t m r t~- d i t f s r , i r s  , nie-asure- • Au Si l  i l l  ~l~iI~i I t ,  ,-s ,mnrnp l,-

ments 1.1Cr Second) ben i _i i m i l mi inm s l for i_ in Ii i l 1 5  il~ il in i n i t m I arid _ I i r l r s ir 1 i_ im nditis mrl s 1

lillilO li i, tion . and that Hi, -~ - - s - is o k i r t s
1x r,- I.mt is, -I~ s~~enI~ disti mbutod In t u l l e . An • F m  liP, st i tus d.m t o
et.miitplt of two 64-millisecond Sertut nOCS of - -

configuration that u lil ies ,iI I available • Gi,~~i mmd test signals
functions is i I lusti ,ito,f ~~~~~~

• Available 111111 lii, sn th m-r si_il l _ iild nil

additional tsm t ur u f i n ’  t i s n i i s .

~
~~ ‘

~~ I ~~ ~~~ 

~~~~~~

•SI’O1l, l A s m m

-

. 

~~~~~~~~~~~~~~~~~~~~~~~~

liii! 1 Ilil fI Sithht l li,, 5 r~i,s i’ , s , -n  ‘i,-s I- p
II’ r11i~t!t Unhu1uie 5~-~,-! hi~Ju r Ile I —
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TRSB OPERATES EFFECTIVELY IN IN-BEAM MULTIPATH. When thy- r, -Il ei ted
SEVER E MULTIPATH ENVIRONMENTS and direc t sign~ls rem ,~h the a i r n ra 1t al iriust
TRSB offers several unique solutions to the simultaneously lthe angle of a , r iva l  5 sory
rnultipath problem that has limited the small) , multipath is said to be in’bea-’r .
implementation of other landing systems. TRSB combats m n-beani mull 1 .111. t- ~

THERE ARE TWO TYPES OF MULTI- • Shaping the h,nrIiOnt.iI l i t  ‘rn nit thy-
PATH. Multipath occurs when a microwave elevation antenna to relen t latm ’ ,a l
signal is reflecte d fronr a surt as -s’ , such as an reflections
airport structure , a vehicle , and certain types • Motion averagIng, by ut i l i /mrl g the high
~it terrain . The result ing reflected beam is data rates of TRSB
s l ~ss i f ie d as either outof-bea m multipath or • Processing only thi In mnlinsj - 1g. - srI the
in-bea m multmpm th . depending on its time of flare/elevation bea ’ - whni h s not V

arrival rn the a i rs raft rect’ m v m ’r relative to the contaminated by th,.- ground V
dIrec t 5 91k_i l . reflections. V

COVERAGE CONTROL IS AVAILABLE
REFLECTED SIGNA LS TO ELIMINATE MULTIPATH A T

EXTREMELY SEVERE PROBLEM SITES. V
Any MLS systent will expe , iOn, e asqums it ion
or tracking problems in those cases where
the reflected signal is known to be persistent
and greater in amplitude than the direct

~~ si gn al . A TRS8 feature called coverage
.i_, p u ~~n~ r control can be implemented , at no cost , in

~~ <~“~
i’ 

~~~ such cases by simply programmmng the Beam
Steering Unit (BSU). This feature permits a V

— — ~~~~~~~~~~~ — _~~~~~ ~~~~~~~~~ simple adlustment of the ground fac it ty to
limit the scan sector in the di resti on of the V

obstacle and thereby prevents acquisition of
erroneous signals.

V OUT-OF-BEAM MULTIPATH. I f  the angle SEL ECTIV E COVERAGE
and therefore the little between the reflected
and direct beam are relatively large , the CONT ROL
aircraft receiver is sub je cted to out-of-beant
multipath . In this case , the TRSB processor
automatically relect s the reflected signal by
placing a time gale, as illustrated below ,
around the desired guidance signal. This :.::::: :- .::~

-. - 

-

-
ensures that the correct signal is tracked 

~: :..::~:- V

momentarily exc eeds ~~~
a
~~~~~

li
~
ude

d ~—~~
__ /._4

signal —

V TIME GATING 

:.:.::. - 

/‘

T I M E ~~
“ /

AMPLITUDE GATE

By simple proqram,nmrm,i , tI m-~~~
- iri

_.#%i~iI~~~d~iOmm..i,. ~~~~~~~~~ 

ur~~esmr ~~i obshacIe :etI”s!., ’n,

M U L T I P A T R  D I R ECT
S I G N A L  SIGNAL

TIME

Tj rT* s i i l l bhQ ensu res that Ihe
Vir Ile, I sqn.,I is t ram-Styl , r,sm r
the relIectmxi one

V 
W

V
-V . - 
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TRSB IS A MODULAR SYSTEM WHICH avamlable , as indicated in the table below - ,
CAN BE CONFIGURED TO MATCH THE from which a round sonflgubatIon can be
NEEDS OF THE USER. A set ot phased- designed to provide guidance signals-inspace V
array subsystems has been dt ’s i,t rr , d that may of unilorni quality in all airport environ
be installed mit any cornbi nat oil to Il s i t  thi_- nlents.
bi oad r singe of user ri’qui reitit ’ri ts .

NOTE: DM1 is air independent siit ns~ s te

The minI ntutn system i~OnI gob at ion nO it sistS wll oft is s n il lb i red with appropr iate a, moth
of appr oat’h all moth and i’k’v,i 11,511 and m I t ’sat mi_ mit subsvstet rms to rrtake nip th e

subsystems. Fla re , missed~approac h, and tota l guidance sySt i i r r .

range subsysterrts hlray L.’i’ imt ~’lsidt’d 0! added

— 
later , Sever at antenna t ipi I rs~ iif t Ps ur V

GROUND ANGLE SUBSYSTEMS

SUB- N O M I N A L  COVERAGE
SYSTEM BEAMWIDTH (DEGREES) PRINCIPAL APPLICATIONS

(DEGREES)

Az rt ruth I Up to +60 Aptir sm ,e’ft A. i rIot Ii . Long Runways V

A zimuth 2 Up to +60 AIIPr 01, 11 A . i  ilI,,tlr l,rtei lrlt ’di.ite )_ onqt l~ Rm,Itw ~ys

Au muth 3 Up to +60 Appt ogch A , i  n u t  Ii Shtot t I,’ ,,ips.Is
Mis~~d Apl i oai,li A_ - i limit It

Elevation 0.5 Up 1, 1 15 Fla re

• Elevation 1 UP to 30 1 Im’vat sat
I Severe m_ilt path sites )

Elevation 2 ~p to 30 1 levat slit

It i’ss sm - s i , - rrtumltl t isl t hl Siti -SI

Cow ~ .iee deterrrt lned t~ tim ’, ‘1 :itm —,-, 5,1 lIi,it libsI ml In, ill m r m ms

Se. mult i pat h d is cu ttio n ,

P t :  
_____________

~~~~~~~~~~ ~~~~~~~~~~~~~~~ -V~~~~~~~~~~~
-V

— —— ---- - 

-

—
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AIRBORNE RECEIVER DESIGNS ALSO the scanning beam azimuth and elevation
STRESS THE MODULARITY CONCEPT. subsystems and decodes the aux iliary data
Users need only procure what is necessary for display. Special monitoring ensures the
for the services desired from any ground integrity of the receiver output.
facility. To obtain approach and landing
guidance at the lowest cost , an aircraft needs A second airborne unit is the DME. It is
only an antenna and a basic receiver- channeled to operate with the angle
processor unit operating with existing I LS receiver-processor and provides a continual
displays. An air-tran sport category aircraft readout of distance.
equipped for operation to low-weather
minimums will carry redundant equipment Both the angle receiver-processor and the
and, in the future , advanced displays to fully DME provide standard outputs to ex isting
utilize all of the inherent operational flight instruments and autopilot systems. An
capabilities provided by TRSB. optional airborne Computer would be used

to generate curved or segmented approaches
The 200-channel TRSB angle receiver- based on TRSB position information .
processor provides angle information from

AIRLINE TYPE AVIONIC S

GENERAL AVIATt ON TYPE AVIONICS

A-6
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TRSB CAN PROVIDE ALL -WEATHER TRSB SPANS THE ENTIRE RANGE OF
LANDING CAPABILITY AT MANY APPROACH AND LANDING OPERA
RUNWAYS THAT PRESE NTLY DO NOT TIONS FOR ALL AIRCRAFT TYPES, T hi s
OFFER THIS SERVICE, This is made includeS CTOL , STOL . and VTOL i - r i m  n t

possible by operating is-rn a ,‘~ d’ - r i n g. - h flight prul i i- - -

The particular needs I V I  users , ranging I - ‘ i

• The proposed channel plan , which general aviation to ‘~~. m — -  ai r ill i m ’ ms ii i

contains enough - flannels for any accomntodated, I ‘S F is ,idalitablm, 
foreseeable irnplenrent at On military applications . s,si h as tr,inspijr piL-le

• High system integrity and precision or shipboard siJri i Vg V V Iat io ns ort .3 Con e LI.’
• Minimum siting requirements. basis with civi l s y s t t ’ ’ s .

THE LARGE COVERAGE VOLUME HIGH RELIABILITY . INTE GR I T Y . AND
PROVIDES FLIGHT PATH FLEXIBILITY . SAFETY OF TRSB ARE ENHANCED BY
Transit ion fro m en route navigation is SEVERAL IMPORTANT FEATURES.
enhanced through the wide proportional Thesm’ include
coverage of MLS. Sus h f lexibi l i ty in
approac h paths , coupled with high-quality • Simple TRS B mm ’ s e o n  un i’ess mnq
guidance, can be used to achieve • Multupath imm unV ts L o i n ’s on t r im ’

• I mpm OVC I err is in nurtsv,lv and air port ground and In he air ins ‘i ii ’ h o _ t n

arr ival - 111,1, p. processor

• Better C O i t r i  II r noise m ’s pu s  re near 
S A € i_ SnIP I’lim ’ iSIV C riiOfl i m r  ing 55 0. - ’ ’ -

i- p r ’  ts that sin l i — s  ~hm ’ o it s of all SisIn-

• Opt - Ill V ‘Vi i  illOn - is In paths l ,~ ’ t~ ~ n, sy d Bms arid t hi’ - id - it i’d signal Status
V ’STOL air s ’ a 11 

data ar m’ p .jr is ’ i i t  tm’il t i _ i  all airs r i ?  s ic

• l nten ,a~l~t ~~ s~ - de L oll and o 1 runway times each second.

i ’rn l m ’I ne m’cten dCd sc V i t hout ir v V r S l ii n , t  
• Coding ti’.itur m’S . suc h as panit~ and

• Ls ’svr’r rrtmnimurr-rs at i_ r ’ tam n ec ct ng 
syrmlnrlr ’ t r v  ,hei-ks . that prevent the

anpo rts b~ Lnnl 5 il nq 
~‘‘ ‘- Si’ 

mIxing ~rf fun ctions.

r n .  ssi’ii- nno- m l ,i~ P guidance

• Wake sill n ’  .iv, n .i.lr’ n ’P t ight paths TRSB PROVIDES CATEGORY-Il l
V QUALITY GUIDANCE, TRSB sngn,i I

gui sl, ir rsi ’ quality lras alrea dy t ri p r ’sn ’il
THE TRSB SIGNAL FORMAT ENSURES denitonstration i_il ful ly ai u tsn n ’ ir , I n s I V 15
THAT EVERY AIRBORNE USER MAY including ro llout , ri a ,‘urrs’nl , s

RECEIVE LANDING GUIDANCE FROM t r i rnsps r r t  ,i rs r i f t  Bi nr - ng  ~~ 7I mi i i - ‘--

EVERY GROUND INSTALLATION. m’cecutive let INinrt h \nn im ’ r i_ ,iri S u n - i l r’. m l

Compatibility is ensured between facil i t ies
serving international civi l  aviation and those
serving unique national requirements.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ENT Eo & cURv Eo ;:EAIws

lAStS Provrdes prcc msim ’mrr guidance Ii. curved and
si~~rnienriej ariproachen I t  noise ,sb,,tement and
t r O l l ,  separ.i s n .  - is well as for suitpiai~ 1 ,smnd
r,mii n,n,r

A-i
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The plots in this Appendix are presented in groups of three pages repre-.
senting one run , as identified by a common start time , and are arranged
in the following order:

1. Error plots
2. TRSB angles
3. Tracker angle

The plots are from left to right, so that threshold is on the rig ht side of
the plots. Tracking was prov ided in one axis , either azimuth or eleva-
tion , because only the optical electronic tracker has a dig ital output.

The data for these plots were processed from digital recordings obtained
from the TRSB receiver connected to the wide angle, plus and minus 85
degrees , antenna.
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