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PREFACE

The mea~ urernent techn iques described in th is report h r

1’’.igned t~~ contr ibt it e s i gnifi c ant J ,,ta for . ‘.ts~.ing the p~ I .h-

t i t n.iI pe ~ t .~rm.LnL e &~( the I ~)RA\ 
~~~~ 

- . ~ stem in .iv a at ion relat ed env i

a * f l~~~ ’~ i t S  . he d.t t .i t~~ he ~o1 It’ .. t c d  a t m  t he t ’ % c  a t hed r~~ ;~ t’ r  ~~~
- - n t  -

h I 11 ~ O11I4 1er’~L’flT r esu l ts  appear  ing in a pa to  r report ent a t  led I t

1 a t c ’c t~ of P r a ~a , mrv Power ~r~Insmi .s ion  Lane’~ on the Per(or m.ince of

~ ‘~~\‘.-C ‘I~ t r ~ in l sp r r im e n ta l  T e r res t ia l  App li~~a t i o a a ~~,” Re port

~o , ~4~~r-T SC - RS r ~~- ’9.8.
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1.

Ih’  LM~~\ - C  S . s t e r i  o f  n~av i : . 4 t a . . a i  a s  ~ u r r c n t 1~ re~ e i v ing
g ic.i c i -  ,at tent  ion fo a c I V  ii .i~. ia t i ‘n ~~~ ii c ~t t ions because of
;a) t he r&’ .t u i rement ot offshore (‘I~crators to h,ive n a v i g a t i o n
s v te ’ , s ,m % .h il .m t . l c  a. the~’ per fo rm t he i r  l.~~ ’ .1eve1  operations from

• ~~ t . .~ O~ n. i uta ~ .i1 m i l e s  . t t s h o r e ;  and b) the incr ease in cover age
.ire.i c i  I t ~R\ \ - C s i nC e  a t  ~~~ ‘. l e c t ej  .ms the n~iviga t ion system for
11.5 . ~c.i - .t .i l C o n t i t i e n c e  one .  ~ i th the ne~ 1~~kA~~~C cha in s  being 

4

t n s t , m Ile..I, Li~) R \ \ - C  h i l l  bc~ ome ~.va i lab le  in a high percentage i f

t he U.S .  i a r s ’ .i..e. For these reasons , the Federal A viation Admi nis-

t r.a t i . n  ( 1 ‘\ )  L~s m i t  a ; m t cd •a prcg r . im to cv~m 1uate the s ignal
L li.k ra cte ri st lcs o! :\\-L in v~ rLo u s aviata on ’rel.m ted situ .mti on s.

The m g e n ~. v w a ll ev. ilu. i te new n . i v ig . i t ion .v - .tems to meet future

r e q u a r e~~e a i t s  t . . .~ i i i  navi~:.I t ion.

‘.l t h ~~ag h t h e  ! t ~~\ C  ~~v - .ter hjs been in opea.i t ion for more

t i . i n  20 v e t  r . , i t  h-i s y e  rv l i t t l e  h is t o r y  insofar as c iv ii av iat ion

i~ c o n c e r n ed .  I h er t ’ i c i c . i t  must he t i e a t e d  as an~ new system

~~~ t )~c signal characteristics in man y operational situations must

he ccra ~ a dere d  . Iii a requ a r e .  add a t  1 ona 1 in t c m a t  ion about the

I t ) kA\ C c ign.i I in in inte r ~ ere nce env ironment such .is tha t
- .ur rcunJ in ,~ .i w e l l-  t n - .t rumented al rpt .rt . The test ;t la n for thi s

e v i l - ti i t  it ’n a s  . o n p r isc d  of th ee part s .

I. I?:e gener il .tn.I s;~e . i t  ic t e s t  o h t ec t i v c s  of the t e s t  pro’ .

g r . a ~~ ;are de~~ined .

.~~. The t e s t  cond itic n s and the c i t e s  as  we l l  as the proce-

durec and e l n i p ~’eflt t h it  w i l l  he used to perform the measurements

- t . i l l  he J e s c r i h e d~ t hen the amount and frequenc y of the inter-
fe rence w i l l  he recorded ,

3. I- ina ll v , the tvre of graph i cal da ta, and the technique
.hich w i , 1  Inalr :e and compare the data gathered at the two air-

port s w a ll he de fi r .cd.

I

~
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2~ TEST OBJECTIVES

2 . 1  ( F \ L R A L

Ma ao r .mirport s have a Large  v~m r i e t v  ul navigation and communi-
cation facilities which i .idiate electromagnetic energy . \i flert-

rela ted fa c i l i t i e s  also produc e sub st antial , hut often erratic .
man-made radio noise. These signal s and the noise can adversel y

affect the performance of sen~~a tiv e  radio rece ivers .

dat a collected by TSC at I~u r1in t : t on  and Rarrc-Montpel ier - \l r I ’ .. r ts

in Vermont suggests that an investi gation at a major al rr ort be
conduc ted to assure that LORAN-C receivers would not he adverse1~
a f f e c t e d . Major ai rport are us u a l l y  l o c a t e d  ou t s i de  c i t ~ environ-

ment s and th ey contain more n a v i ga t i o n  a - t d e~ ‘nd L (- ’~i r 1 i - t n i ca t i c ~n
syste ms which are capable of generat ang E l ec t r omagne t ic  In te r fe r ’
enc e

2 . 2  I~ t \ I  LII) 1)- ST OB.Il LIIVI s

One 0 1 he a —
~ r v .~ a e m s  0 I I a g a  t I cn i S t ~ ;~ s s s smen t

of the I t ~R\\-C cit :n. ’ l ~i~m l  i t v  in the ntis c and interference
enviro ament of t t p i ~~al urban and suburban .iirport surfaces. The

~ or port ion of th e-.e test s ~~i II consist ot m ea su r in g .~nJ re t . e l ! . . 1 ’

tu g ~)g\ ’~’.~ s igna l  and I $ a R \ ~~-C receiver performance a) in the
proxim i t y of ground c ommun a~~.it ion / n a vig a t io n  t i c  a l a t i e s  and h) in

a rca~ surrounding the a i r p o r ts  in w h ich  h ig h v o l t a g e  t r a n s m i s s i o n

l ane s a rc  ; resent .

The following object ive s wi l l  he accomplished t~v making the

mea surements described in the test p lan.

1. Evaluate the ;-erfornance of  the I ) R \ ~~- C  receivers in the

ground environment of an urban and r u r a l  airport.

. Document short and lon g term var i ations in reception of

LOR~ ”~ C signals during the period of the te st s .

3. Measure the EMI at bo th airports to identif y 4 if po s sib le ,

~a io r interference sources that domin ate these environment s .

- 
_

4’1

- - 4’ - — - - - —_ - --• —~~~~~~~~~
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3. TEST PLAN

rh~ p r o c e d u r e s  at  t he  t e s t  plan are .le- .igne~1 to a ssess  t he
perf ormance of N RAN-C receivers in coii d it ion s of radio inter-

I c i e n L e  and t o  make m ea -urc ment s of that n ois e .  The U.S. Nor theas t
(caSt I..~R \ \ - C  cha in  w i l l  he u- - e d .  I t s  t r a n sm a tt er ~ are loca ted a t :

Sene ..  a , \ew  York Master

C-m r i boa , ‘Li a aie ~ec ~ind ary \

‘..a ntucke t . Mas sachu setts Secondary 1

Ca r o ii na be .a c h • \o r t h - ta r  cli mm Second a rv

3 . 1  11 . 1  L t ~~~tt. ! \ ,\ l  IC I\I! RI- ER) \LI (I ‘II) t.T \ I RPORTS

The - tas ce; t ihi 1 m t v  of R \ ’ .-C  a e t . e i v e r -’ t o  .e i a ;ort r e l a t e d
em a s s i o f l s  . in.1 n o i s e  w i l t  he e s p l o r e d  at I.ogan Airport and

i~u rt i n~~t o n  \ i rp ort  . \ m obile l .ih, r .ato rv c o nt i in i n g ILi~\ N’ C receiv-

ers and the a .m- .~ oc m .mte d Ins t  tanentat ion w i l l  be lelL.mteJ in the

pa ‘~s im it v of selected ni t .  zg .a t ion and onnun Ic at ion fac i l it  i es

then the pe r t ~’ r r ’- .mn. . e o~ these !t~~ t \- C receiver s an the Itres ence of

- t h e r  radi o c~~i ssiOn s and n oi- -u~~~i ll he measured. ‘~oisc measure-

~ ent s w i 11 a Iso he made w i t h  the T - -t ~oh i le I ~gAN-C Laborator y

locatcJ at  or near s e t . t - a a )  typ es of a arp o r t ’ .r t L m t e d  f , m c i l i t z e - -
i. ach ~n c l - t i e :

1. \ o n — ~~i r e c t m t T h m l region

Compass l - 5 a t o ~
‘‘ a r~ er tea c i n  -

4 .  ~ I ides 1 t~ l~c (11.5)
:.. Lo c a l i : e r  ( 1 1 5 )

~~~ . v-t~R

U1tI - /V 1U (onntan i cat ions

~~~. ‘fetal hanger s an d other c t r u c t u r e ~
4 ) , \~ rp~ rt ground t r i f f i c

3.2 SIT I SUM LI I~~

Several sites at both airports were selected in advance to

abo id interfering w i t h  normal tr a ff ic pattern s at the airports.

- - - - -4—- -— - - 4 - -  - ---- —- 4’ • — . -- .-- —- .- -- 4’- — -  --- ---4 
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These site s were both clo se and far from bu ildings , terminal s ,

hangars and electronic equipment such . t s  ground su ,t. c il l.aiic e

radar , w eat ier sensors , etc.

The layout of Logan Interna tional Airport ’s run w ay s ari d t a xi-

I s  -.ht~w i i  in I ag u re  1. Th Is m ap  is aepre s eil t a t ive i i i  a large

met ropo l i~..an airp ort . These seven selected Sites sele chosen foa

the following reasons:

Io~ .an \ a r j ~c r t

S i t e  1 - ut e r  per imeter  road - Bi r d  I s la nd  I lat ’.

Sel ected a’. the southe iurn —’t  remote l oca tion  aw .a y
a rom all poss able sour5es of inter l e re nc e .

Sit e 2 - In front 01 the I n t e t i - t a t i o n a t I e im in al

S~~ 1 ec ted as a c lose - an s a t e  on the n.. a t side.

S a t e  ~ 
- In front of the ~o r t h  Ie r r - mn a l

Sel ected as a c l o s e - i n  s ite on the east side.

-‘ i tt ’  4 - In front ot the South  T e rm ina l

‘.cl eijtt’d i s  the s i l i  c l o ’ - e ’ t i t  the h u s i e s t  terminal.

Sitc S - A t the l oca t io n  of m o s t  of the a t 1 1 t ~r t  eZect ronzc ~~,

f • ~A Tr , an- . m a t t e r ’ . .

site b - i h .t c r  ; e r i n c t e r  ro:a d - e .asternm ost point at the a i r po r t
sta rt - f  Runway 331, .

- 
- Outer per imete r  road - nor thernmo st  point  at the airport

‘- t a r t  -t Runway 221

Burl ington Internation al \irport in Burlington , Vermont w a -

selected as  repie sen ta ~~ive of small rural air p o rts , This aa thcr

busy a i r - o r t  Is one of the lar ~ e~ t in it ’. c .ate.-o rv of rural air ’

por t ’ - . It wa~ chosen because ~t its fail! complement of radio

navi ga tion beacons , surveillan ce r ada r and comm unic ation electron ’

ics. The selected sites at thi s airport (Figure 2) were chosen
for the following reasons:

4

-4 - -4-4’- - -- -  4’- — - - --4 
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Burl ington Airport

S ate 1 - 1000 meters north of terminal far from any local

interference.

Site 2 - Parking lot ad )acent to north side of te rm in a l • close to

in ternal interferenc e source’., such a-. solenoid’. and other

electrical equ ipm ent which generate noise.

Site 3 . 1000 meters south of term inal in front of Air North

terminal.

Site 4 - I)irect lv in t ront of terminal on runway.

Site S - 1000 meter s from front of terain .a l on runway.

Site 6 - A djacent to the a i rpor t  s urve i l lance radar,

Site - Surveyed sate south ’ ,ast .‘trncr 01 a ir p ort.

3. 3 LORAN - ( ‘ MOM I Lii LA BORATORY

The mobile I i)RAN-C Laboratory (Iagure 3) was developed to

measure LORAN-C param e ters recordi ng I.ORAN-C coordinates , and

odometer measure d di ’-t. anc c while at a ’. driv en .along .a ro :mdw .m v . It

contain ’. spec t rum anal y zers , prec i ‘.e t ime c 1c~ and ot Pin l . a ‘ v . a

tory equipment for measuring noise and ra dio frequency interferen ce.

Figure 4 as a block diagram of the equipment configuration. The

experiment i s  controlled by a Tektron ix 4051 ~r .ip h mc (:oaputlng

System operat ing from .a real -time BASIC program stored in 30~ ol

RAM . Ilata •m re sampled at .i four second rate on command from the

Micro logic LORAN-C receiver. All data are loaded in parallel

(broad side) to a s h i f t  regi ster whose length is sufui .. icnt to

accommodate all sources simultaneou sly to Insure accurate tracking

of distance , t ame and I.a)1~\N-C coordinates.

fluring the 4-second interval between sample commands , the

data are formatted into $-hi t bytes and transmitted over the Generai

Purpose Interface Bus to the Tektronix controller where processing

and recording arc accomplished before the next sample command . The

da ta arc also recorded on magnetic tape for further analysis back

in the lab. The software allows the operator to control navigation

_ _ _  - --4’ - --4-- - —— —— —-- -‘-- --4- -4— - - - - 4 - 4 — .~~~~~ -—-------~~~~~~~~~-- _ _
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st er~ mode , da t a g.a t her a ng , memor~’ , inspec t a n , and ot lu a stem

I an t ion s. • a l l  throug h t he u s e r  i~’ t v ia t i c  kei’ s

L)a t .i ~.~ j viaca t ion

rhe S ew \ o i t h e as t  (‘o .ist  H~ain h.a s l a v a  t n  e ; e i . a t is)t i.i l st ’con~l .a i v
st .a t a ~‘ a a s  , at  Ca r i hou , ~Ia inc . - s a , ~ l a n.a Ile - 5 ¼  h , \o t t ~ , - a ‘i i no and

\.intu cket , ~ a s s a ’ . h t a s e t t s . The a’ - tt- r 15 Z n .ateJ - at ~- (-TirL a , \ e w

Y o r k .  i he  t w o  - -econd.a r an- -s ~- a  ‘ -
~ ading I a~

- opt i -~~i~-~ ca- .ss ang a ng l e s ,

I s ~.a ’ a ng L ines of P o s it i o n  ( l i P t  of each s t a t  v o n  ro s s  .t n n . i r l - s

r iRht  angl e s) in t he Boston area or’.’ Caribou and Carolina Beach.

The - - c ~ end a r .  t a a n s —u t t e a  I - 5 - - a t  t-d in \ .in t Sa I-el pio~ ides an - s

t a o n . a llv - - a ron g s i g n a l : h~’weser , it a s .  n t  pa e~~-~’ared ovea t h t st ’

s t a t  a t e ’ s  wh ich  have good c y ~ ’ s S in~: - an g le ’ . .

The ~ia t a  c in he .1 as p i a ve d  a n  l .a Hi I a a - ItO the -.
~~ reela of

t h e  Teki a s cont v - - I l  e a  a’ .  - - h~~w n a n  i g a I e 5 . This  a l l  & ‘ w -

ion itorin g ot the v - s u i t s  , i s  the nsp.- a i— evv ~ ; ‘ v e 4~a t - s . - - . - s . The a i a - - i

tw o ~ ol va - ’~n the t ~mc ~I a  f v  crenc e ne.a - - i a  c - - a -  T - s t  s • an m i~ ro -e s end -

1 - - t w e e n the mas t e r  s t a t  ion a~~J - - a ’ . 1 n5t.a i A ( i~~i ’a - a and - - (- s.tndar. ii

(1DB) - C ol a—t n t h ree  a 11 he the  StIr-~e t  r measured d i ci ~l f l c  e I . ’

~‘~~~?~ i ri a t ’ . t t t  ot a ma l e .  \ t ’ t e  t Ha t w t a t ’ t i  the - s e t i s I c  is .  - t a t  zon. aT - s ,

t h is  r e a d i ng is  z e r o . Col umn l ai r a s  t ~-e odometer a - ,51 ut , in I ( ‘ i t .

~ 1 ~ - e .i r — s. i — a It an enu s I v on t he dat .* p r i n t t i l t  .a nd Itn t ht ci e~ t a ‘ a i s .

d i s . p l iv of  the - ‘J -’—a- t c r _  v e l a a ’ - , vv ’. lahc lcd ~l a a r v  I and 2 a r e  s t a t s —

m di t ,  a t o r s  for the I ~~Y. — i  v~ - ¼ ( - i~ ’e r ’ .  ~‘ - i f l g  a e d . ‘i tIiI ~ -~’(’I

a i - .pl.’a - s-ed b r  t - . t ’ r ~ po c sa!-le ope r at ing r-v -Je of t h e  r e c e i v e r , \ l a a r
1 . Is iss oc ait ed w i t h  U ’. and \larm 2 w i t h  T1)R . The number may

range from I to l. S to i nd ic: atr the ‘- t a t ta ’. of the transmitter or

receiv er espatpm ent. The nur’ht - v  4 . f o r  e s a — p l e , i n d a s a t e ’ .  tha t  both
the t r - a n smi t te r~ and r e c e i v e r - - are oper .-at ing corres t l v .

The Tek t ron i x  $ 0 5 1 i~~ sup p l i ed  w i t h  ‘. o t t w a a c  support program s
InhiCh en.-ah ie a s ovipl ete s t a t  a - t  ica l a n a l y s i s  I f  the data collected

at a ftscd l o c at ion , an~ luding mean , var a ince , st and .aa d dcv i~~t ion ,
sk~~w n t ’ c s , ur t o c a s , e t c .

i~
’i gurc 6 a- . a functional h l c s . k  d i agram of the I~at a \ c q u is i t  ion

s y s t e r n , fl i ga ta l , manua lly recorded , and photographic data w i l l  he

obtained at both a irport s . The photograph ic records of the spec t rum 
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ot 100 • S i  1.11: w i l l  r a o vid c information on the type’. and magnitudes

ot~ the kinds of I ‘I! found .it e a c h  los .at ion. rhe dato w a i l  be ana-

lv :ed t o !-  s i g n a l — t o—no i se rat i o s , s igna l ~anona a l i e’ ., etc. Tnc othea

l i la w a l l  prov ide res.e a v e r  pe a formance position repeatab iii t ~

info m a t  ion ‘.o t hat t he  3Cc ua .ac o t i i t R  ‘s\ - C navigation can he

.analv :eJ . 1ach t- s-p e is de scribed in the follo w ing :

Ph~~~’~ raj~h a~ t at a: \ Po l .at o id oscilloscope camera wa l l  he used

Is) ‘ht.ai fl ~a ; - h ’ t o g r . a p h a c  rc5o rd & t ~ the spec t rum of I t v R \ ~~ - ( ; , 191
and ,a at ot t i n t  a io no ace found .at cact i  s ate. I .is ii photog raph w a 11

‘ . o n t . a a n  th e v - - l l ’w i ng  in t~ r~~a t a O n :

l i t ’ .’ l ame

Inc .at a e t a

L e nter I :~~
- 
~~ -nc s

F r t - ~t v t -n ‘-‘p.10
Sweep I ira ’ .’
\‘-v pl itud e ‘ - s al e I .actor
Res olution Bandwidth

\ ideo ~ondw - ad t h
‘barker a r ~~v i e n - . . or l isp l a y I in c Level.

‘t.a~~n e t  is. aj l e :  I ’ R ~ \ - C  Iamc . e l .a v dot ;a w i l l  he recorded on magnetic

t a p e t ’ r  - u” - - e - - p ient  compu ter ;-r I ’~ essing . The fo l low ing  informat ion
w i l l  bc e- a - r e d  — 

~~~~ I s into Te ktron is 4051 computer syste m :

I. il - a t  .- and T a v c

I - ‘a~ \‘s—C I ~,a in Idcnt if i s at ion

~
. . hat ’ .’ Ident atic at io n

the ~- - 1 l ow an g d.ata w a l l  he recorded from the M icrolog a c LOR- \N-C

a e c c i ver for .~l rianut es at c.ish ‘.it c:

1. Ti me- Delay Readings

2 .  S i g n a l - t o - ’~o isc  Ra tio
~. . Fn vel ope - to -Cv c le D ifference s .

Sba~~~ajl~~~k~~ orJed_ i)ata: I a c id  tes t  personne l w a l l  maintain a conpre-

hcn~.ave -and accura t e 1 - ~: of routine and special events observed

during a ll te st s . Thi s log will be used to aid both an the

. . n a l v c a c  of t.elR~S-C data and in the interpretation of unusual

1:;
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events . Ih e log w i l l  contain th~ f o llowing items at iniornat iota :

1. les t s a t e  loca t ion b’. map refer ence number

2 .  rime—delay a- cad ang s from all t a v e  I I t k\ : ~~- C  te c e ave rs and

consecut ave readings fr om the m a c  t o  log ic ( s~~ e j I l t ) ’ .  c I l i a t e  — I

3. No tch ía i tem s et  t a ngc ~if they a e - j a i re .a n o t a  - em — c i  t i tag

t o assure proper epe r.i t a eta • all notch I a l t e r - - w i l l  c i  d i  —

nor i iv be s .w it ~ hed out to ci am a aa.a t e an .ad,! a t a t I1. a 1 ( )j t ( .  a a

tional v a ri able)

4 .  Recea i ea ivode of o p e r a t  i o n  — l acti r e c s -i vet t i - . an i n d a c a t 1 t t

~f a m p r o pe r  c v ’ .  1’.’ - -s -It ’ t ion and l o w  s i g n a l — t o  no ise  r .i t a n .

t h e — ’ .’ a n d a c a t  ions. w i l l  he w o r d e d .

S . len measurement s o f  a~ ~j~i a s a t i on t i mc o I t wo seconda r ac ’.

tor e.st,h Of the t am’.’ I v~R-\\-C r e s . ’ . ’ a v ( ’, - - .at east t i - I c i t ~-

lo c ,it v on , w a l l  he - t a~Ie .

o . “.11 incid e nt s. 0! l os k II I’  - w a l l  he recorded and i s ;  1.s a taed .

i x p1 ana lion t e a los. ’ . ot d ig i t  - s 1 dat .a

- ~c , a t tt - r ciamma a • r s II ~t c on dna lv Has i s

- o r-t n e va !  S i l ls - 1 sid i ng eqia a ;- ” - t 1 a i l ire s , cx j t l .a v v , a t  a nn t n t  .a 0

Jow ot  i n n s , observed I d- ’~\— C sign .a l esa t .I g t- s , unusual

1 91 or tn~ ice . etc.

3 .4 Ii ~1 PROCLDIJRES

In a t  t a l i v  , the t e t “ a t c - we 11 he I oc t i - i !t s hoes a ng ,a d a

t an~ e c lose to hu i Id l og ’ .  and hangers - ( See ‘lap ) Thc ‘.c var ~I ’ 1  -

sate ’ . near d a t  u-r ent sources of noa -~ ’ h av e been scle s.tcd in order

to id e nt it ~ a s i gnificant n o i s e  increa se when the test veha le is

c l o s e  to :an emitter. °pt anon noa- - r -r ecor .lang sites innot he

determined expe ri vn cnt ;allv h e c a u — r  a t  a haa- -~ airport vehicle cruising

isn ’t fe. acahle .

~‘nce the van h-a - - -.tepped wi t h i n  • 1001) feet of the location

indicated on the airport m ap, that location w i l l  he noted by

I a ) R - ~N - C  coordina tes . This ena ble s re p o s itioning th e t - -- ~t facilit y

on subsequent t r i p c  w i t h  p r e c i s i o n  equal to the 2drms error of

1- i
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I s.~R\\ - C ( 1  • e • , • 3 u a l  a e’.’t  ) -

Measurements w a i l  c o r a s . i s t  of monitoring and recording La)RAY’s - C

re ceiv e r pertermance wh~’n oper atin g in the pro xi mit y of major navi-

g - a t ion and ~omm un acat an n — t . a c a l i t i e s .  ;as-’.os’ia ted with a irj le tIS .

\l so , the n • a g a v  at ude ,an~I ex t ent o f  I ‘.11 and other a .aJ io no a - - e in  t v - ’

l L 1R~~\ - t ’ c j ’ t ’ c t v c - w a l l  he documented . Meas urem e nts w i l l  be mode w i l t

the v.ava inc .a t c’.I an t he v a c a n a l  v of hangars , .airp ort ‘.1 ruc lure ’.,

p aw sr l i n e —  and .aarpo rt act iv a t .

The -ve ,a s.a rem ent s w a i l  he conducted ira .a m anner wha cl a w i l l

m a n a m i : ’ .- t h~ impact on operation ’. at Iog .a n Airport and Burl ington

~~a r p o r t . ~~h~~~s. w i l l  r e l j v i a r c  coord inat ion between the test personnel

•a:vd the I’ t t t  t \ut h ori t o f it osto n and the control tower at Burlington.

~ te - .t ;tro .i ’da re t ot 1 ‘II measurements and I ORAS- C rece av er perform -

ancc -vs’.a ’ .ur cm ent c as ~ s foll ow ’- :

1 . Turn ~a ll van meacut- t-ne aat equipment po~ er on and warm up

eqsa I pment . 5e t the spec t rum .an.a 1 v er controls a’. fol lows

- Lent cr I requenc v - 100 k u :
h . Frequenc y scan w idth at 100 kflz

c. Vi dco bandwidth -at 300 II:
d. weep t ime t)t ) seconds -

Connect the ;pec t rum anal~~:ea 
g~: input to the Bayshore

.ante nn a COII; Icr and photograph the display.

. . It - v  v ’ . u . a l ,a iv.i . ines .pcs ted 19 1 or spur inu- — sagnai s ,ar e

no t e d  t a t  ‘s t e p  2 , - id t the cj’Cs.t rufli .g t ia1~~zc r  and d i s p l a y  c o n t t e l t .
In ~‘,a in a :e the dc l a n a i  a - ‘n 01 Ca’ .  h .a nJ rc — phot og r a ph the di s~~1 a v .

-I . If 191 or — pvir i o u s signals are found which m ight origa-

nate from .-a ncart’v emitter , coordinate with Logan or L~-~ personnel
to b r i e f l y  tu rn  o f f  the suspected source and re-photograph the
spectrum da -.plav.

‘ -‘ caution in this procedure a~ to minimize emitter downt lme s ,
Thi s w i l l  ke e ;  di sruption of airport operation to an absolute

man a r v aa-v . ~ few secqjnaj s of off-time should be sufficient to identify

the impac t of an em it t e r  on EMI obse rva t ions .  



Us;n; a jmaunicauon flnk (UHF 2 WI) ra~~ o) ~~~~~en an
operator of a suspected source of EMI and the LORAN-C mobile test

fac i l it y, coordina te the timing of on-off operations to conclusive l-

identify the source of interference.

S. Monitor LORAN-(’ signals and accumula te 2(1 minutes of

receiver data

The EPSCO 4010 , the In ternav 1C204 and the Texas Instrum ent

9000 LORAN C receiver ’s read i ngs mus t be recorded man ua 1 l~ theta

moni tored for the remaining time. The ‘ticrol ogic M L -2W has the

capa bility of recording automat Icall y i t s  t ime-delay, s ignal-to-

noise , envelope -to -cycle delay and tracking mode reading ealj!h l ing

con stant consecutive monitoring of these parameters to detect

—.vn’.hronous or near-synchronous interfere nce.

Test set-up arrangements may he somewha t different for each

site , and site-related factors are as follows :

Non-Direc tional Beacon (NDB): i rs - ry  aiport regardless of si:e ,

has at leas t one \RI) transmitter. This js 
~ contanaioat ~ wa -n t rans-

mission at a low frequency, in the band 200 to 4i’~ IJI:.

Compass Locator: The compass locator , because of its low-to-

med ium frequency hand ( 2 0 0  kIt : to .100 kIL-), i s  considered to he a

potent ial source of 1.91 w h i c h  cou ld degrade performance of the

InR -~\-C receiver (which operated in the ~0 kIt : to 110 kit: hand.)

At the present t ime , onl y one compass locator operates at Logan

A irport. It aces a frequency of 220 kIl:, and is l ocated at the

Outer marker , 4.28 nautical miles (nmi) fri ra the threshold of

Runway 33. The compass loca tor is on priv ate property, sugges t ing
that coordination of access will be required . Since the compass

loc ator and the outer marker beacon a r e  collocated , tests wi th the

marker beacon should he conducted at the same t ime as the compass

loca tor tests.

I t is recommended that the measurement van be located 300 to

S00 feet from the compass locator transmittin g antenna at any

convenient azimuth. The precise location need not be prespecif ied
the precise location must be recorded in the test log .

It s

- -_ _-- -4 -~~~~~~~~~~-- -~~~~~~~~~~ - - - ---- —--- - -- - ----4--—- - --rn- -—~~~----—- - _ _ _ _  _ _ _



Marker Beacons: ‘I,a :ker hea cins (inner , middle and outer) are

located along the final approach to the runways at Logan Airp ort.

The narker beacons operate on a frequency of 75 MHz .

Gl ides lope: Instrum ent Landing Sy s t e m s  (ILS) Glidescope tran’-

mit t er s are located appro ximatel y east and north of the runway .

The test van should be located along the runway approach

course •as clo se ’ as is practic a l to the glidescope antenna , -\

d i sta nce between the v ,a :~ and the antenna of aI-’out S0() feet j c

recomm ended .

Local a : et (I I- s.) : The ioczi Ii: e’r (1 1’ s.) .at Logan .\ a rport as

lo c,ated a - a - - I  oa the thv ’ t ’s ho lJ  - 1  run w a y  .~~k . The t e l  van  shou ld
he loc a ted as close js ~ s p a a c t  i c a l  I the lo cal i :er (.IiI r os im a te l ’

50 t e e t ) .  ( S i t e t’)

Vs)RT ‘iv ’ : the Logan ‘i (’RT-\~ a s  1 - ~ .ated , a t  the ant  C r ’ . es t ion o

~he ma )or avavaw ,a - . s . The’ t e - - t v a n  - - h - old he located .is ~ b — c  .as
ac i c a l  to the VORT\C (.a;- ;-ro s im .a t I . SO feet) . (Site 5)

~1i! iJIU’ ~e”~n a n i  a t  io ns :  rhe major loca t  ion w a t t  \‘IIi- and 11111-

c onnun .~ ~ -‘ n ‘. n a  - a i ; — t - T a t  i s a n  the center o t the a a rpor t - 1 ‘11 •and

1~~~\\C i- s C i ve ’a op e t . a t i t v  w i l l  he 5 hecked at Site S.

Met a l iiT1 ~~ a - i -- •aa vd the r st ruc tore s : Me t .a l It ’ .  s t r uc tu re - . can
a c h ed elec tr - -’ —i g n e t a ’ . c a n a l s  and sh ie ld  .ar i ’ a s  caus ing  s igna l
de~’r,t~I a t  ion. \ I s o , o p e r a t i o n s  w i t h i n  hua ld i ng s mar c .au- ~c unusua l
te r n .’. 01  1 1 1 .  To invest a ga te -.ai 5h effect s on I i)k \~~-C reception , a
s e r i e s  o~ nc ;a s . u r e n c n t s .  na - - ar  bu i ld ings  and s t r u c t u r e s  as  planned .
‘ t r u c t v I t t -s s u i t a b l e  tor the m ea--v ir en ents •are the Logan hangar ’.

located a t  the tower and the fire st ations .

The te st v.a ra sh i ta I d be In’. at eel at the f o l l o w i n g  d 1s t  ant. e~ fr om
t~’ae a a a ; - rt  h .an’.~ar for ncas uremeflts :

1 . 20 fee t

250 feet

3.  500 f e e t .

The t e s t  van should he located between 50 to 100 feet from
the contro l tow-er.

--4 - - - - -  —---4- - -‘--4-— - -  - - - - 4 - —- 



Aircraf t Ground Traffic: A ircraft and associated equ i pment

can cause LORAN-C signals to be reflected and Jisturbed , and c .aia

enera te EM!. LORAN-C recept ion and PM! at t yp ica l  a i r c r a f t  s p u r
ating sites will be measured including the following cases :

1. Van located SO feet from a stat ionary aircraft ~ ath

and w ithout engines running .

2. ‘ian located SO feet from a stationary aircraft s ! e t , a t i t a  ‘

from an external motor generator.
3. Van located near a taxi wav used hr aircr a ft.

I-
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~l. DA TA ANALYSIS AND TEST RESULTS

.1 . 1 ~l R

tat. a w a l l  be ,ac~~vi nul ,a t ed in two general categories: I-i r st ,

— i n f o r m a t i o n  about the t v ~R-\N- C rece  a v e r s  per t  rm.Ince at e a c h  loca-
t ion w i l l  b e  recorded ; second , noi !e and ant e - a fe rence in the

I ~ \ \  -C h a n i w  i d t h w i l l  be nt’.a— ai rcd .

.1.2  \\ ‘ii ‘a — I  ~ OF 511 I I IC Mi - ‘ist iki ~ I ll “N

The opt -’a .at ion i e a c h  d~\ \ - C  r e c e i v e r  at each test cite and

.a co~~pari%on ‘t rh o op er ation of - all  i e ee-a ver s w a l l  be discus sed

in the t m l  a cport . In p ar t a cub ,a r , the  mc.’a - - u red acqu as a t ion t im e

for ~- h secondar t o - . I ’  r i l l  i s’ s C i e s w a 11 allow an cv .a I uat ion in

.a -~ v a i ai t a t .at i v ’  a - t v  i t

I. I r i - at ac o ;era t a n

- Long a. hU i i t  a en time

3. I , a il ~are t o

1-ia r her , he t ~“i’ del -i a n - a d  a ng c a 3 1 he c m I a red aga a n- - t  the
c 1 car l.a ~~ ra  lvii- ’ -- a r  surveyed i e ant s it each airport . h i  ‘. rav.i ~

r e v s - - a l  the’ p r e s e n c e  ot ,a synchronous interference source by

d i s ; l a s . a n g  a constant h a ,as error an the t ime delay value. In aUdi-

i n , the c o n s e c u t i v e  rcadan ~~s ta ken at 4 second interval s b r  a

1~~-a~anu te per iod (to be recorded au t omat i cally) wi l l  make obvious

~~~ o s c i l l a t i o n  in the t ime delay reading . A slow dr i fting osci lla-

t i on  o f ~re .a te r  than O . .~ rv icro~ econJ ;ieak amplitude would indic ate

a nc - ar- .vn hr n ’vis inter b crenc e continuous wave transmission in or
near the I,u~R~ \-C band wid th .

Cera d lus i n- . w a l l  he drawn from the recorded receiver perform -

= a n c e  about the s i g n i f i c a n c e  and s e v e r i t y  o f the a i rpor t -generated
interference in the I.a)R -\X- C bandwidth.

-v irt h er information about the signal quality may  be obtained

from the s ign a l - t n -noi s e measurements at test cite.

In the second category of measured data , analysis of the
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in terferenc e and noise measurcment’~ wall be discussed and exam i ned.

Each of the spectrum photographs wi l l  be examined for the

pre sence of unaccounted-for spectral lines in the 100 .50 IJI:

reg ion,

Each spectral line above an experiment a ll y determined th r eshold

will be measured with the interna l frequeris r count er , a nd a pho to
w a l l  he taken with an expanded sweep having the spike at the center

of the screen w ill be taken. In this fashion , we wil l  attempt to

de ter mi ne t he na ture , modula t ion , so u rce , etc . ,  of each of the

significant spikes in the vicinity of the LORAN-C frequency

allocat ion.
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5. SCHEDULE

The test period as pl .ara ned tor .a 2-month period . ‘i single

t r i ~ - to the Burla ng ton , Verm ont a i r p o r t  !t r several days should

al l ow s i l t  iCiCflt time to c -a t h er an adequate amount of data to

descr ibe this envaronnent. ‘~e’% er ,a L day tra ps to Logan Int c-rna-

t ao rv. a 1 w a 11 ii’ made as r - ~ n a red , The p a x ana l s’ o I ‘ga ii era .al’ lt’

Us to  make a’ . nan~ t r a;’’. a-. raeir- .s .’r ~ w i t ?  i i v t e ~~s;’ .as~~d .1 . a v s  of

data aa.i1- ~ as to confi rr’ ‘tar .ap~- a - - ,ach to the experimental tech-

av a que . The draft of the final report wall be available during
the fi rst quarter of Fiscal ‘rear 1)80 .

•
~~~ ‘ op a c s
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