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Abstract

It Is uftw  dcsirurhle to dt)tmninc  the potcnlirrt  for rrrdiu frwiucncy
inlcrfcrrnce bt4M twn lhrrth  strdiuns and ori)iting spat-ecrtrfl. ‘Ibis
inf(wmrrtiun  urn h used to st’lcct frtqucncies  for rsrdirr  syslms  to
rivuiri inlcrfmcncr m it cm  be used to Mtwnine i f  comxlinrdinn
iwtwcen rrirtin sys[wm is nrmssrwy. A mudd is drvclnpcd  that will
dctrrminr  Ilw strdistics nf intvrferrncc lJclwccn Errrlh  strrliuns  anti
cllii)licnl orbiting spacecraft. ‘1’ilc mndcl US(’S  orbital dynamics,
dclnilvd antenna palttws,  and siwiral cilarackwis[ics  to obtain
rrccurn[t>  I(w4s uf inlcrfercnm  N the victim rccciwr.  ‘lhc mnricl  is
prngrrunmrxl inlo a comfmler  simulation 10 nhlain ioug km] strdis[ics
nf intvrftmnce.  Two sprcific extmplcs art shown tu denmrslrate  the
tnndcl. ‘1’hc first  cxHmplc  is H simulation uf inlerfwwrce from R flxcd-
satcllilc  l,nrlh  station to m ori)iting scalterumelcr  receiver. The
wcand twanlplr  i s  a  s i m u l a t i o n  uf in(erftwerrcc  frntn Itar(h
(Jx[)lf)ra(iorl-sat(  iili[cs 108 deep spnct Earth statinn.

I. ‘J’iw.rry  tmd Models

i ‘ig. I contains an illus(ra[ion of (hc inlcrfcrcncc  gc(mmlry fw Earlil
o[bitc(s  and an iiallh station. Spacccralt i may trc lrrmwnilling  or
lccciving. its anlcnna is frnirnc4!  toward an arbitrary location on i:al (h,
‘1’hc i!al (h slaliun may bc lransmi[lirtg or rcmiving Its mlcnna is imin!cd
toward  spamxral’t  2 ur tuward an arbih ary point ttcscribcd  by IIIC llal (h
station rrnlcnna  azinnrlb  and clcvaliun,
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]~igurc 1. Intcrfcrcncc  GcomcIrY  for Iiarlh Orbiters and an Ilar(h Sta!iort

Two itm fivcncc sccnarim  arc cnnsictcrcd. In die fhsl sccnariu,  Ihc l~ar[h
sla[ion is llansn~illing  a signal toward spacccrati 2, ‘1’his  signal is
llllit}lctlliot}ally  rcccivcd  try spacecraft 1. I n  fhc scconci  scctlarin,
space.crar[ 1 is transmitting a signal that is tttlirllcllliotlally rcccivcd by Ihc
}iatllt slalion.

‘Jhc inlcrt’crcncc  g e o m e t r y  sltmvn in Itig. I is cumnmn to Inany
inlcrlcicncc sccnarim  Ihal occur bclwccn  Iwo rfiifcrcnl  radio syslcms.
‘i”lIc ICVCI  UI inlwfcrencc tl~al occtMs al a viclim rcccivcr  dcilcnds o n
anglt,s, yg and y,g, and tim distance, i )s,, Ihal arc shuwn  on I;ig. I. Ihc
primary cmiitasis ot’l>ar( I uf Iilis paim is 10 show how IU cxnnpulc lhcsc
i)aralllclcrs  as a t’unclion uf Iirnc. I’he anlcnna gain uf silacccrafl 1 ill the

dircclion  of dtc Ilarlh slaliun is a function uf angle yg. lhc path iuss
bclwccn  spacecraft 1 and IIIC l~at lh slaliun is a funcliun of IIIC diststncc
I ),P lastly, the r+ntcnna gain uf Ihc liarlt] slalion in Iilc direction uf
spacccraf[  I is a funcliun of angic y,g, I“hc anlcnna  gains and paltt  iuss
arc used 10 dclcrminc  inlcrfcrcncc  Icvcl$ at (IIC viclim rcceivcr  as a
funclion  nf Iitnc. IIIC  inlcl  frmncc angles and path tiis(ancc  in Fig. 1 may
bc compukxl  with  slandarci urbi[ (iclcrnlinatirrn  rncthods 11].

TIIC ln(crna[ionai T’clccortlltlurlicaliol]”  Uniun (i”I’U) antenna pallcrn  is used
[u calculalc  liIc liar[h slaliun antenna gain [2].

(;(y,g) = (ip - 2,5xio’(i)y,@”  ((ii!i)  , 0“ ~ y,, <0,,, (1)
= G, , 4“, ~ K, < Orr
= 32-2510g(@ , 4! s Y,g <48°
= -10 ,48 °<7(g<  1800

where

Go = peak an(cnna  gain (ci[li)
D = anlcnna  diamclcr  (m)
k = wavclcnglh  (m) = c/f
(; I =2+ 15k)g(lYk)((iffi)
$,,, = 20MG,-G,)”VD  (rfcg!.)
$,= is.~s(im)””’(c  icg.)
c = Spmd  of lighl  = 3X10R 11s/s
f =flcqucncy(liz)

Illisequatiunh valid for 1YL2  100. J:orl YL< IOOariiffcrcnl patfcrn
is usc4i,

G(yrg)  =(;p-2,5x103  (iJy,@)*(ciiii)  ,0”s7,,<  0,,, (2)
= (;, , $,,, s y,, < i(mll)
= !+2 - ioiog(lYk)” - 25h)g(yrg) , ioo~i)”  S y,g <48°
= 1() - ioi(lg(im) , 48°< ‘yr*  < im”

Ihc path IUSS  frum spacecraft i LO (1IC Iiarlil s(ation  Is comimcd.

Pi. = 20iug(c/14rIi),f  fJ) (rm) (3)

7hc angic, yg, un l;ig. 1 k usc~i  10 comiwlc dIc anlcnna gain nf spacecraft
1 in liIc (iircclinn  of Iilc Earth slaliuu. The spacmafl gain paltcrn is
missiun dqxmicnl.

Il. Api>iicrrtiun  1: Sinmirrtiurr  nf Intwf’t’rcnce  IWurn a Fixed-S&rtellite
Itariil  Strrtinn tn a Scrrltcrorm4rr  Rccciwr  and Caicuiation  of
Sctrllcrorncter  I’mver  Jriux l~ensity

A. Itittorfuc[irm

‘IIIc Wurki Adminishalivc  itadiu (lmfcrcncc of 1 9 9 2  (WARC-92)
allucalcci  titc 13.75-14 GIlz  frequency band (u the fixed-salcllilc (iiar(h-
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1[)-space) SCI vim on a primal  y basis. NASA scaltcroomcls  arc fvmni[tcd
,to [m this frand  under IIIC calcgory of space research (spacccrtifl
rndioloc~lion)  SCI  vice on a secondary basis. ‘1’hc Inlcrnalional  Radio
(lmullalivc  Conmillcc (CUR) farmulaled  Task Group  7/3 (1’(i 7/3) I()
sludy IIIC use of (IIC 13.4-14 G}Iz frequency band by scicncc  scrviccs.
(Mc of IIIC goals of TG 7/3 was to cfclcrminc  lhc effect that the IICW
allocation (It) the fixed-satcllilc  scrvicc  in the I 3.75-14 G] 17, hand) would
have on NASA scattcromctcrs  near 14 (;I  17. IIIC  models dcvclopcd in
sccli~m  I wm oscd  10 generate a simulation of iolcrfcrcncc  from a fixc4i-
.Wcllitc IParlh  slrrlion  10 a scal[cromc.lcr  in Ikrrlh orbit. ‘IIIc scallcron)c(cr
is rcprcscnlcd  fry spacecraft I and the fixed-salcllitc spacccrirfl  is
teprcscnlcd fry sfracccrafl  2 on l:ig. 1. I’hc fixed-satellilc Earth station is
lcp Icscntcd  hy the Hard)  slalion on l;ig. 1.

Il. Awdysis

IIIC  rmmpulation of (IIC scalteromctcr antcnrra gain in lhc dircclion  of IIIC
fixed-salcllilc Ilardl slalion depends on conlponcnts of the angtc,  y~, in
l;ig. 1. ‘I”IIc scallcromelcr  anlcnna  mordinrrtc  and spficcrrall  coordinate
syslcms  arc illustrated on Ipig. 2, There arc six antcnrra trcams, whose
posi[ions alc dctincd by angles a, P, and y. A vcc(or  III OIC anicnna
coordinate systcm can trc transformed lnlo a vcdor  in the spacctrafl
coordinate system,
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};igurc 2, Anlcnna and Spacecraft Coordinate SysIcms

x, = Ax,

where

IIADG
A= BE:H

CF1

A = cos(y)cas(a)
B = cos(y)crx(90-a)
c = L’os(wy)
1) = -cos(90-a)cos((l) + ccrs(90-fi)cos( 90-y)cos(a)
1 i =  c o c o s  +  cos(90-fl)cos(90-y  )cos(90-a)”

-+

(4)

1’ = -Cos(wfl)cos(y)
G = -lcos(9f)-a)cos( 90-p) + cos(90-y)cas(p) cas(a)]
II = cos(a)cos(90-p) - cos(90-y)c0s(ff  )c0s(9(ka)

I  =  C o c o s

A vcclor in the spacecraft coordinate syslcnt  can bc trmsfarmcd imo a
vcctol  in llIc orbil-plane coordinate syslcm,

x ““ = 11X,

wllc.rc

(s)

B=

.% o -.?

Xw
o Y.- - - - - - -

I a- a

0 -1. 0

a = scnli-maior  axis (Jlarlh radii)
(xw, yW)  = k;caliort of spacecraft in orfril plrrnc

A vcclar  in the orbit. plane coorrfinatc  syslcm can bc lransformcrl in[rr  the
riglll asccnsiorl-dccli na[ion coolcfinalc syslcm.

x *“ = I’xwa

where

1’ is defined in I I

(6)

‘1’lIc vcclor (fronl  (hc scallcromclcr  spacecraft (0 tllc fixed-satclli!c  liar(l)
.sIalion) is II ansformcd  ftom tlIc righl ascension-declination coordinate
syslem  inlo IIIC anlcnna coordinate syslcm. This is done try convci-ting
flom the right asccllsion-(lccli]laliotl”  syslcm to the rrrfrit-pkmc  syslcm, to
lhc spaccclaft systcm,  and to tllc anlcnna syslcnt,

x,r. = -A11171’1 X,, = (X,fa, y,,,, 7.$,,)1 (7)

“1’hcsc components arc used 10 dclcrminc  the off-axis angles in lhc
nm[)w-bcatn  plane (+ I dircclions)  and wirfc-frcam  plane (*J directions)
of IIIC fan bcarn  antenna (l~ig. 2). ‘IIIc anlcnna  fmcsighl poinls in the k
diteclion,

2 1/2Cos(flg)  = 7.,,J(  X.(82+ 7.,,,  )
2 1/2

(R)
cos(at) = 7.,,,/(  y, fO~+76,. )

IIICSC angles arc used 10 compule  (IIC narrow-beam and wide-beam
components of Ihc fan beam an[cnna gain.

G,(ll,)  = -3(p@173)’  ,0°< p, < (),5° (9)
= -23.9- 2,16P,, 0,5°< (), <5.6°
= -48 , 5.6°< pg < lflo”

(narrow-beam conlponcnl, dBi)

Ciz(rx,)  = 34- 3(aJl 3.9)7, (f” S ag c 200
= 35.83- ().4()2ag, 20° S ag < 114°
= -14.5 , 114”  <uT< 1800

(wide-beam cotnpancnt, dBi)

I’IIC fan beam antenna gain in the dircclion  of lhc fixed-salcllitc Iinrdl
s(ation js the sunltnadon  of the narrow-trcam  and wldc-beam cornporrcnts.

(;m = GI(pg) + (i2(ag) (lo)

the nlinimum valrrc of Gm is -14 dlli

A I (his point there. is enough information to compute LIlc Icvcl  of
inlcrfcrcncc  frotn the fixed-salcllitc Earlh slalion to lhc scal[eromcter.

1 = 1’1 + G(y,g) + S1. + 1’1. + Gm (1 i)
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Wbcl c . Ibc wca thal Ibis puinl bclorrgs to is dclcrmincd.

I = intcrfcrcnce power spmrrrl  dcnsily (rtllW/117)
1’1 = fixed-sale.llilc I;arlh slation  transmi[lcr  fmwcr

= it.5 -5.3.4 (dflw)
[i(y,,) = fixed-sa~cililc Ea[-lb  slaliun anlcnna  gain in rtircdion of

scaltcmmcler  ( 1 )
(;P = 53.4 dlti
1) = 4,5 rnclcrs
f = 13.995 Ci117.
SI . = Iok)g(lmw)  (dllw/lb)
IrW = bandwidlb  = 2 Mf17,
l’i, = ptilh loss from ffxcd-sa(cllitc  }iarlb  slaliorr to scatlclornclcr

(3) (dn)
(;fi = fan tscam anlcnrra gain in rfircclirm of fixwi-salcllilc  Eardl

sl~lion (10) (dIli)

I’hc Ihtcsbokl ICVC1 WIICIC  in[cI fcrcncc  is crrnsidcrcd bar  mfrrl (O tbc
scat (c.r(mm(cr  is -20’7 dIIW/1 17, 13]. T’bc ground track of Ibc scallctomclcr
m a y  trc compulcd 10 provide a vkual indicat ion of wbcrc  Ibc
scaltcromclcr  is inlcrfcrcd  with or nol inlcrfcrcd  will). ‘Illc latilodc  of tbc
gloond 1! ack is compulcd first,

Wind sped  mcasurcmcnls on (IIC rigltl sirfc  of (1IC scallcromclcr arc Iakcn
fry combining signals from beams 1-3 and, on lbc lcfl side, by corntrining
signals from beams  4-6. An area on tbc righl side is considered to bc
covcrc41 if a vector from cacb of trcams  1-3 inlcrsccl  the area on tbc smc
orbit and Ibc inlcrfercncc  is bcluw  lhc rcccivcr  inlcrfcrcnce Ibrcsbuld for
each of beams 1-3. 1.ikcwisc,  an area on Ibc Icfl side is crrnsirtcrcd  to bc
covmcd if a vcrtor  from cacti of bcatns 4-6 intcrsccl tbc area on Ihc sanlc
orbit and tbc irrtcrfcrcncc  is below lbc rcccivcr  inlcrfcrcncc tbrcsbold  f(rr
cacb of bcarns 4-6. An area is corrsidcrcd  10 trc inlcrfcrcd with if any of
lltc trcams  produce an in[crfclcncc  level ahuvc Ibc rcccivcr irrlcrfcrcncc
Ibrcslwld.  I’IIc fmbahilily  of inlcrfcrcncc  is cslimalcd.

p = rtid (14)

where

p = cs(imalc  of probahilil  y of area inlcrfc.rencc
n = the rrumbcr of Iitncs that an area is covcrcd and inlcrfcrcd

Wilb
d = tbc nmnbcr of times that an area is Covcrwl

I .ag,  = 90- cos”’(  7/a) (12) Wbcrc  Ibc dclirrilions  of “covcrcd”  and “inlcrfcrcd  will)”  arc provided in
the paragraph above.

‘Il)cm, Ibc Iongilodc is crsmpu(cd,

/1. Potter  FIIIX density o~ (he Scrr(lerottwter

1 - l.,), -
‘w ‘- 3(iol/1436.t  , y >0 (13)

= .1.., - 3rm/1436.1, y < ()
Gmyralihilily bclwccn  tcncslrial  radio syslcms  and spacecraft rartio
SYSICIIIS  is Oflcn  dclcrmincd from Ibc power flux density of IIIC space.claf[

where
ml (IIC sorPdcc of tbc Ilwlb. lllcrcforc, lhc power flux dcnsily  of tbc
scatlcromlcr  is compulcd.

1 ,“ I = cos-~(tila(sin[  90-I.,~,])])
(x,y;z)  = Iocalion of spaccclafl  in d)c righl asccnsiomdcclinalion

courdinatc systcm

l’hc Iongi(idc is hansfomcd  10 obtain valrrcs bciwccn  - t 80” and 1800.

C Sl(ilislics omf Prolxrbilily  oj Imvjerctm

P,d = ]’, + G2(aJ + 1’SS (15)

where

l’f~ = power flux dcnsily of scallcromclcr  al surface of Ihc Earth
((mwh’)

P, = scallcromclcr  lransnlil  power (dt3W)

WbcII  Ibc sca(tcromc[cr  is visitrtc.  (0 [hc fixed-satclli(c Ear[b s{ation it is
Gz(ae)  = sca[lcronlclcr  transmit arrtc.nna gain as a function of

possible for inlcrfcrcncc 10 occur. ‘IIIc duralinrr  of tbcsc intcrfcrcnc.c
arrglc (a$) in the wide-beam plar~c (dBi)

episodes varies wilt) cacb ori~it of Ibc scallcromclcr.  Tbc scallcromclcr
1 ‘SS = f! cc spaic spreading loss (dlMn~)

simulation plogtam  compulcs the mrximm tinlc of an irrlcrfcrcncc = lolog(l/[4rrl),:])

cpiso(lc and IIIC avcra~c Iinlc of an inlcrfcrcncc  episode for lbc complclc
t),, = dislancc 10 Ilarlb (m)

simolwion  pcl iod. Il)cn bislogratns  of Ibcsc inlcrfcrcncc  episodes alc
gcncratc.d  )’rom lbc hislogram lhc dislriboliorr  of lrrlcrfcrencc cpisudcs

Ilm clcva(ion  angle on }iarlb  is a func(ion of ag. ‘fhcrcforc,  the power
flux density can bc comprrlcd  as a fonclion  of clcvalion  loward  d)c

may bc cslinmlcd, scatlcromclcr.

Ihc scatlc[omclcr  tncasurcs wind speed over tbc ocean. Taking this
nwmnctncnt  requires [bat  3 arrtcnna  beam (frcams  1-3 or beams 4-6)
bavc no intcv  fmncc. lhc c(”IccI  of inlcrfcrcncc  front a fixc(l-salcllilc
l~arlb station 10 Ibc scallcromclcr  is to crcalc ccltabr areas on lbc ocean
wbcrc n)casorcnmnts  of Ibc wind speed cannot bc Iakcn by Ibc
scallcmnwlcr,  II is possible tbal the scattcromc[cr will bavc inlcrfc.rcnce.
on tbc ascending porlion  of tbc orbil over a particular area of Ibc };arlb.
\Vhcn dw scal[cromclcr  passes over this area on a descending Poriion of
(Iw orbit i{ is possible d~at the.rc will bc no inlcrfcrcncc.  ‘f Ilcrcforc, iI is
dcsirrrblc 10 compute tbc statistics of inlcrfcrcncc for areas of tbc lkrrlli.

I;or a simple twami~lc, the Ewtb is divided into areas that arc 100 krn x
I ()() km near tbc equator. To facilitate lbc programming, this is done by
dividing IIIC lia!-lb into alcas Ibal arc 0,898° Iongimdc  in widdl  and
0.898” latitude in bcigbl, Tbc width  of tbcsc areas is l(K) knl at tbc
cqualor,  laiwring  off 10 a wjd[b of () km at the North and !loutb po]cs.
“lhc antenna beams arc very narrow in onc dircc[ion and wide in Ibc
01 lbop,onal dirccliun, Illcrcfurc, (I)c beams arc approxirnalcd  wid~ 31
vcclols  in Illc wide-hcam plane of Ihc arrlcnna. Tbcsc vcclors  arc spaced
1” aimrl, yickiing a tolal covcragc  of 30° in d]c wide trcam plane. ‘I”hc
point of inlrrscction  of an anlcnna  veclor will] Ihc Earfb is dclcrmincd,
‘Il]is vccIor Iocalion is corrvcrkxl  (o latilodc  and Iongitoctc ( 12, 13). ‘Ihcn,

1

Table 1 shows (I]c rcsulls  of an example simolalion,  tnlcrfcrcmcc  is
cunsidcrcd  barmfol  if i[ cxcccds  lhc tbrcsbold  shown on Ihc table. The
fixed-salcllitc Earlb  station and gcoslalirmary  salcllilc arc arbitrarily
located, Intcrfcrcncc  is computed at 1 second inlcrvals,  ‘Ihc cs[imatcd
p[obalrili{y  of intcrfcrcncc  is tbc nombcr of irrlc;fcrcncc  minutes divided
by Ibc simulation minulcs. ‘t’bc scaltcromclcr  orbital period is
approxima!cly  100 rninutcs. ‘1’hc position of Ihc orhil  changes relative  to
lbc fixed-salcllilc IWO] slalion. ‘lllcrcforc, on srrmc  orbits tbcrc  is no
inlo fcrcncc  and on o(bcr orbils dlcrc arc episodes of irrtcrfcrcncc  for
varying amoonls of Iinlc. ‘the maxirmm  and rncan of Ibcsc intcrfcrencc
episodes arc providc41, I;Ig, 3 shows Ibc prohabilily of area intcrfcrcncc
for 1,1 orbils. Tbc fixed-salcllilc F.arlh slalion is Iucalcd al 00 }1, oc” N
and poin[s toward a gcmlalinnary salcllilc al 0° E. lhc areas near lbc
fixed-sa(clli[c Earth station  bavc intcrfcrcncc  prohatrtlilics of I and (IIC
utbcr  areas bavc probabilities of 0,

1 t t, Applicrd iou 2: Simutatinn  of Interference from rrn Errrlh
Expl{)rtltion-Satellite  to rr Deep  Space I?rrrtb Stalimr
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‘1’aldc I, I;xmplc  of lnlcrfmcncc  Sitnulalion  - l;ixc&Salcllilc
lnlc] fc[ cocc to a Scallcl omctcr

Scatlcronlclcr  Iolcrfcrcncc
Thrcslwlrl.- .-

Scallcion~clcr Alliludc

ld:w&Salcllilc  IIarlb Slalion

-.— .—. ——
(icoslationary  Salcllilc

Simulfrliun Titnc

I nlcrlcrcncc Compulalions  pcr
Minolc. . . —.—— .—

!Wattclomclcr  Anlcnna  Dcam
Iilclncnl

Illllcrfcrcncc ]Mralion  (miuulcs)

Iklimalcd l’iobahilily of
Inlcrfctcmcc ——_.  —

Maxinmm l’criorl  or an
1 IIICI fcrcncc Episode (minulcs).—-—--—.  —.. — _—— —

Mean I’CI iod of an Intcrfcrcncc
I’plsocrc (Ininolcs)

.-. _--— —

-207 dr]wlr  Iz
. ..— —

797 knl

85 mw tirlw
2 M[lz Dandwidlb

4.S m anlcnna
34° N, 12fi0 W

196° w_——-— ——_ —-— .—-. —-

10,000” minrrlc.s

60

-..—....——. . . .——
1

2.067—. —. —— ---- .—. .
2.0fi7x104°

__ ——. -. —-— .._—

0.567

0.129

— —

S C  A T  TEROMETER  I N T E R F E R E N C E  PROBABI L I T Y

l@rIc3. }istitl~alc ofl%c)l>al)ility  ll]at  Arcasl[avc  lntcrfcrcrlcc

A. hllro[iwlim

“l’lKi I)ccp Space Nclwork (I)SN)  oscs (IIC 84(X)-8450 Ml[z.  band for
space-to-liarlb Iransmissiom. ‘Ihc llarlh slallon rcccivcrs  arc fmXcclc41  by
jl~lcrft`t~`tlcc`  crilcria  [4]lllal  ltavct>ccll rlcg()lialc.d illilllcrrlali{  lrlal forums,
OIIILV  r[l(li[) scrviccs tllatltsctllc  84(M)  -8450 M[[~ballclar cawarcof[llc”
inlcrl’crcncc ctitcria and  limit Ihcirtransnlissirmsa  ccordingly. [Iowcvcr,
radio sciviccs lhal hansn}ii in bands tbal arc adjaccnl 10 (1IC INN bands
may not bc full yawarco  flhcircndssio  nsintbc[X3N band, lft[lcsc out-
o f - l ,  a n d  m i s s i o n s  a r c  slrorrg  cnougb  lhcy can disrwpl I)SN
collllll[lllicall(}!~s. llIissccli[~t~  it~vcsligalcs s()ltlc oflllcl()w  liarlll()rbi[ing
spacccralt that transtnit in bands lhal arerdjaccnl  10 II)C I)SN hands  near

84(K) MlrL

ft. I'oucrS />c'ctroll Jctl,~i/yo JAdjocetitn  uttdIrltetferer.~

‘1’bc power spectral dcnsi[y  from an Ilar[b orbilbrg spacecraft is cmnputcd
wilb IIIC following cqualion:

r’sl)=l’l i sl)(q+ G, -r l’1., + GR (16)

wlicrc

l’s[)=powrcrs  ~cllal dcnsi[yof irrlcrfcring  spaccxxaflatdcrp
space }iarlb station rcccivcr  ((ir3wm7)

1’.,  =spacccrafl  lransnlillcr  powcr(dllW)
SI)(f)  = spcc(ral  dcrssily of spacccrall transmillcr  (d[)/l 17.)

(Table 2)
(i, =pcaktransnd  [anlcnnagain(d[li)
r’i., =palhloss(dll)

= 2010glc/(4rtA,,,  f)l
c = speed of light = 3x I()$ km/s
A,,, = rnioimum orbit altihrdc (km)
f = flcqocncy  (1 [7)
GR = lISN rcccivc  aotcnna  gain = 74 dfli

l’bc spectral dcnsily iscomputcd  from [llccquati(~ns sll(lwl~itll”ablc2
15,6].

Tablc2,  Spcclral l)ct]sitylil~lalions

.— — —. —.
Mndnlrrthm Spcctrtd  IMrsl(y  (Ilrlsebanrf)”—— .

QPSK (2/S11)[sin(2rrf/SR)  ]’/(2rrf/SR)’

UQ1’SK (r,lSr?l)[Sit](  nf/sI{,)l’/(nr/srt,)2 +

(r~Sl{Q)[sitl(nf/Sl{Q)  ]’/(nf/Sl?Q)2
. . . . . . .-.. -— —_ —- —

l’SK (l/sI{)[Siil(nf/sl{)  ]’/(nr/s]t)’

MSK [ 16/(n’SR)][cos(2  nf/Sl<)]2/(1  - 16f’/SI{2)2
——-. .——  —-

QI’SK - Qrradriphasc-Sbi  li Keying
UQI’SK - lJnbalanccd @radripbasc-Sllif(  Keying
I)SK -Pbasc-Shift Kcyirrg
MSK - Mininwnl-Sbili Keying

S1{ = tolal oulpo( symbol ralc
f= frequency
rl = ratio of power in I channel 10 lolal power
Sllr= symbol ratcof  [channel
r~ = ratio of power jrr Q cbanncl [0 lolal  pmvcr
S1{. = syIllb(~lratcofQclla!~]}cl

‘ Rcplacc v-f with “f-f,” (wllcrc r, is Ibc ccnlcr frequency) to oblain
Ibc. spcclrat  dcnsily at lbcccnlcr  frequency

In particular, (IIC l~arlb (Mscrvirrg  Syslcm  (IKE)  program Is planning lbc
Iaunchofscvcral spacecraft [7] that will havcspcclral  cndssionslnthc
84(X)  -84 SOMllzbal~(l.  I’ig. 4 is aplolof(16)fo rlllclta rlllobscrvir~g
Systcm ([KM)  spacecraft transmillirrg  in Ihc dirccl bmadcasl (lMI)  nwdc.
II shows that  the cmissiorr  of an 10S spacccraf[  cxcccds  Ihc l)SN
intcrfcrcncc  critcriorr  (-220.9 dflW/[[@  by about 45 dll in IIIC 84(K)-84S0
M}17. haod. 'lllisis  aw(Jrst-casc ~)vcrslwclral(  !crlsilya tll\cdml~spacc
Iiar[b s[atiun frccausc  peak anlc.rma  gains arc used and lhc rninitnum  orbil
altiludc is used Iocomputc  IIIC path loss. I)clcrlninalion  01 the statistics
olin[crfcrcncc  is shown nc.xl.

C< Si/)l[/la/iot/  oflttlcrferetlce  Ioal>eep  S:~flce I~flrll/ Sl~rlio/l Jrottl l-m’
ErrrIII  Orl~i/i//g S/~[tcecroJ/  iu mlAcijrrcett{ Ikwri

11 k useful m know Ibcamocrnl  of Iinlclhal  lbcpowcrspcclrfil dmi(y
from an adjaccnl band spacccrafi cxcc4’ds  (tic inlcrfc[cncc  c1 ilerion  of Ibc
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S P E C T R A L  DEhlSITY OF E O S  ( 0 8 )  A T  D S N  RECZIVER
0*

____ ,
azoo S2%0 8300 a350

Frequency ( M H z )  “ ’ 0 0  “ 5 °

Center Frequency of EOS is 8212.5 MIIz

—  E o s  ( m ) -------- OSN  Cri ter ion

l~igurc 4. I’owcr  Spcclrtrl lkmsi[y nf E(M  (I)fl rnudc)  al INN Rcccivcr

deep space llar(ll sla(ion.  lrmrcrcncc  II  IIICS depend on spacecraft
II ansrnitlcr  power, orbils, anlcnrra gains, clc.

I;ig. I can hc used 10 illuslralc  Ihc inlmllm.nm  fymnctry.  ‘Ilm M)S
spactxv afl is rcptcscntcd  will)  spacccrali 1. Tbc deep space liarlh  Sla(iwr
points al a specific.d a7inmlll ami clcvalion. Tbc lioS spacecraft is in a
ciiculfl!  orbit around lbc llallb. Its anlcnna fminls Iowa!d  tflc cenlcr of
the liallb.

‘i’hc deep space Harth slatiun (70 rnclcr) afrlcnna gain in lhc direction of
Illc I K)S  SpiiCCCrafl  is c(mlpllled will) (1).

C;(y,R) = 74- 0.0025(19fioyr8)2 (dlli), O“ S ‘f,~ < (k(M85° (17)
=51.4 , 0.048s0 s y,, <0.168°
= 32- 251(lg(yrg) ().168° < y,, <48°
= -10 ;48° Syrg S lfK)O

‘1’hc IX)S spaccclaf[  anlcnna gain in Ibc dirccliun  of Ihc deep space Iiarih
sla(i(m is compulcd next. I’hcrnodcl is a scl uf slraigbl Iinc scgmcnls
lhai aj)l)r(lxilllatc  lllcac(llal  patlcrl) [8].

(;t(yB) =-3.5+ 2.5y~3(clIli),  00Sya< 3° (18)
=().()91  -47J11 ,3”s7g  <14”
=-8.s+ 14&/56 14°< y, <700
= 84.25- 21. Sy420 :700 ~ yg <90°
= -]4.5 ,90”< ’fB< 180”

I’hc intcrfcrcncc power spcdral  dcnsily Icvcl al the Ikcp Space IIarth
slalionlecclvcr  is compulcd.

1(, =sl)(l-)+ l’,+ G.(?,)+ l’1. + G(l’rg) (19)

where

l’c=M)St  ransnli(tcrprrwcr=  11.8 d13W

IIIC firsl simulation m Tafrlc  3 is for I liOS spacecraft (S/C)  transmitting
in tbc dircc(  iiayl~ack  ([W)  mode’ ((lI’SK,  150 MSI’S  pcr cllanncl).
Statistics uf the inicrfcrcncc arc provided. ‘Ihc second simrrlalion on
l’able 3 is for5diffcrcnl  spacecraft, l’l]carllcntla[~alterll  fortbclas14
spaccclafl is the same as tbc 110S antenna (Is) cxccpl fnr addilive
cmlam 10 provide (I1c correct l~ak anlcnna gain for cacb spacecraft.
IIach in(crfcrcnce event is cmnposcd  uf a nurnbcr  of inlcrfcrcncc  samiics

Table 3. Colllpalisotlof  Sillllllalionltc sllllsfor  1 IX)S Spacccraf(
vcrsus5  Space.crafl - lK)S(IN’), S1’01’-4, 11/S-111, I’OIWI 1,
and RAI)AILSAI’-I

=-— . .——.. —
hrsrrneter‘“UE3ZC1——

I)uralion of Simulation (years) 1 1

Inlcrfcrcncc  Ilvcnls

‘“ l---”----”--l--”-”-”---37 128.—— —

1 n(crfcrcnce  1 ‘crccnlagc fLfWxlf)4 2.39x  I()”3
——. .—— -— ------ .—-

Inlcrfcrc.nce  1 hrralinn  (sccorrds)
Shorlcsl 3.5 0.s
l.ongcsl 1() 10
Average 7,58 5.90

Tinlc13clwccn lntcrfcrcncc  l~vcnls I I
(days)
SIwrlcsl I 1.99 I 0,08
I .ongcs( 13.44

_ L_._ . . _____

12.83
Average 10.11 2,87

— _—— ___. . . . . .

tbal occur ato.5 sccondinlcrvals. Salllplcs  arcplollwl(~ nltig.5  forthc
second simulation on ‘1’able 3. AI cacb san@c  inlcrval  (IIC amouni Ihal
Ihc intcrfcrcncc  cxcccds  Il)c -220.9 d13W/l Iz crilcrion  isplollcd. Some
cvcntsbavcmly  I sanqic(().5 scmvdsofin lcrfcrcncc)ar~ dson~ccvcn(s
llavcilp lt)20sarlll~lcs (l()sec()lIds  () fi~~lcrfcrcncc).  lllcsi!~llllati(~nw’as
run on a Sun wmkslaliun.

S a m p l e s f o r I n t e r f e r e n c e  E x c e e d i n g  R e p o r t 6 8 5

._. ——_.——_

0 . 0 0 800 !200
Somple  N u m b e r

, s 0 0

1 Year Sinmlarion  (0.5Second  Irrtervals)

EOS(DP),SPOT-4,  LRS-lB,  POEM 1.RADARSAT-1

1?igurc5. lnlcrfrxcncc  San]plc sfur Sl)iffcrcn  lSpacecraft

“lhc anlcnna  pallcrn of lhc deep space IIarib sla(iun [hat  isprovikd  in
(17) was dcvclopcd a number of years ago fur gcncraliTcd }Iarfh slalimrs.
Murc  accura[c  gain data has been made available fnr the 70 meter
anlrmnas uf tbc I)SN [9]. I’his data has hccn fit wilb a number of
equations.

(;m,(yrE)  =74.1  S-(), (N)25(2.4(K~r,)2  (dIli), O"Syr, <0.()3760 (2())
= 53.7 , ().()376” < yrg < ().()4°
=57.4 -(),( )25(13 S()[y,g-().049])2  ,(L040S  yf~< ().()6260
= 49 , ().()626° S yri < ().( )9050
=25 - 231ng(y,&) 0.0905”<  7, B<” 33.2°
= -10 :33.2  ”~y,g< 1800
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‘1’bc conl@ci  sinmlalion was cunduclcd will] G,,,(’fr~)  replacing G(y,~) in
(19). In Ihc firsl simulalirrn  1 110S spacecraft It ansmillcd in Ibc I W
nl~~cic, in Ihc second sin)ulaliun  5 diffclcnt spacecraft were transmitting.
“1’bc iarlm fcrcnce  pcrcculagc  is unc fuurlh (of lhal on ‘l’able 3) whh  the
ncw antenna tnnrfcl  for I HOS spacccrall, [’w 5 spacecraft Ihc
inlel fclcncc Pctccnlage  is appruxin]atcly  one fourlh (of that on ‘i’able 3)
will) Ihc ncw antenna model.

All of Ibc sinnllations  usc an clcvatimr  uf 5° and an azimuth uf 100” for
lhc deep spwc  l{arlb slaliun antenna. Wbcn larger elevation anfgcs alc
used (I)c inlcrfercncc pcrccnlagcs  arc dccrcasc(i. Ibis is because (he
spacecraft spends less time wilbin Ibc same liarlh slaliun anlcnrra
bcamwidlb  al bigbcr clcvalions. The inlcrfcrcncc  Icvcls arc compuled al
0.S sccund inlcrvals in srll Sinlulaliuns.

IV. Summary and ~nncltrsinns

l) LWilcd  tnoctcls  nf lhc jnlm fcrcncc  gcomclry  of }~arlh  orbiters and an
ilarlh statiun a r c  dcvclopcci. ‘Ihcsc nmicls  aiiuw  Iilc accuralc
dctcminalion  of antenna gains and i~alb  rfislanccs. These parameters and
(I1c radiu syslcm cilaraclcrislics  dctcrminc  the inlcrfercncc  Icvcls al IIIC

victiln  rccclvcr.

‘i’bc firsl cxami>lc is a simulation of inlcrfcrcncc  fronl a iixcd-salctlilc
I;aftb station 10 an ortrilirrg scatlcromclcr  receiver. ‘i’able 1 cunlains a
sunul}ary  nf a sirnulaliun lilat w a s  i}crfurnlcd. The scatlcromclcr
measures wind simcd  uvcr the ocean. Mndcls were dcvclopcd lU csli male
IIlc imbabilily  Ihal ccrlain areas of the liarlb would not bavc accuralc
mcasurcmcnts  duc 10 intcrfcrcncc. Also, the iwwcr flux density on l~arrh
uf Ibc scallclonlclcr  signai as a (uncliun of cicvalirrn angle is [iclcrlnincd.
ltcsulls  ~’ron] lbc simulations showed  that IIIC scallcrornclcr simld  usc a
dlffcl-cnt frequency lo avoid Interference from scvclal  Iixc(i-salcllilc  Iial III
slalirms.

Ilic scmrsd cxatnplc  is a simulation of inlcrfcrcncc  frum an llal 11]
cxploralinn-salcl  lile (0 a deep silacc Earth slalim  Wurst-case Icvcls uf
lmwcr siwclral ctcnsily frum Iuw llarlb orbilcrs al a deep space liar(h
slali(m aic conlimlccl, ‘lhcse levels excccd the inter fcrcncc  crikxion of
(1IC deep si}acc  ilar(b  slalinn in the 8400-8450” MJIz band. A sbnulatirsn
of inlcrfcrcncc  ftom km’ l;arlh  orbilcrs  lu a deep space liartil slaliun is
conduclcd. ‘1’his simulation computes the path luss  and uff-axis anlcnna
gains as a func(iurr uf orbital imiliun  uf the iuw iiarlh orbilcrc 11 can trc
used m iwcdic(  lbc s[alisfics uf jntcrfcrcnce  to (lJc deep space }~arth
slalion, ‘I”ablc. 3 contains a srnnmary  of Iwo different Slnmlalkms thal
WCIC  pcrf(u tncd.  t ‘igurc 5 shows lbc inlcrfcrcncc  samiics fur the second
sinnllation.  RcsLJils  frum the sinnrtalion sbuw Ihal cxccssivc coordinaliun
could be avoi(icd if Ibc.  Iiarth  cxi~loralion-satc  ililc spacecraft rcduccd  lilcir
c.missiuns by 20 dll in the 8400-8450 Milz ttand.

More rcccnl  analysis has indica(cd that ntudulalurs will] dala asymmclry
pJ(MhlCC  ]iJJC  SpCCtJUlllS. I’rclinlinary work has shuwn  lhal a S’% data
asymtnclry  can imducc spcclrai  cumpuncnls ( a s s u m i n g  a  I I 17
bandwkl(b)  Ihat arc  60 dil ur more abuvc lhc M e a t  Qi’SK  spcclral
rfcJlsily, If unc ur nmrc of lhcsc CUlllp(rllCnLS  faih in Ihc deep Si)acc  Earlh
Slrililxl  rcccivc handwidlb  inlcrfcrcncc  can nccur.  Additional fitlcring  uf
llJcsc  comimcnls (above the 20 dll mcnliuncd  abuvc) is rc.riuircd,

Ihc simulations arc prr)graJnJncd  in J:orlran and run un a Sun
wot kslalion. “1’hc  aulhor may bc conlaclc4t  for jnslr uclinns  on (he
oi}cJ a[iun uf Ibc simulaliun  prugrams.

‘ilJc Jt(llltor  gralC.fUl[y  ackrruwlcdgcs  I]JC help of ])all f3atbkcr,  I]cnilo  ~.-

1 maces, J. IIa! I (S(anford I’clccrrrn),  Mike Spcnccr, and Carrull  Wjnn jn
lbc dcvclopJncn(  rrnd fcsling uf OIC rurrdcls  and sbnrdalions.  Charles
Ruggier  is acknuwlcdgcd  fur review uf the rr~anrrscrii~l.

‘lhc wurk dcsclibcd in this paper was carried out al fftc  JCI Ihopulsion
i,aboralury, ~alifornia  Ins[l(u(c of Tccimolngy,  un(icr contract wilb lbc
Natiunal Acrtmaullcs  and Space Administralim
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