
-

and 

-

Journal of the American C:ongTl'�� 011 �'nlf\·t:�·ing ;11111 i\\apping 
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ABSTRACT . ... pncue>1 ,mpkm<nt.:mon o[ � n .... '1'.".1 ,d.rm,. hm. throughout the Cari!>. 
be,,, "." «"<."tly compl<1ro by the N."onol �"''' SU ..... ey 11'(;5) of th. 1'''10"..,1 Ck.:uuc >nd 
A, m"'l'heric Adm"u,I"'''OI' (l'OM). u>mg h'gh . ..:rur.>C\· GI'S "'<tho<lologr .nd t",h,uqut"$. Th" 
fund.mem.1 pUll""" 0( 'he co"'P"S" .... , 10 coubli,h prim"')" :rnd "'-"<ond • .,. good .. ", "",,,,,,I., 

,upon' ",I«,cd by ,he Fede",\ A".non ,I.<I",,,,,,,,-,,,,,n IF.""") '0 ,mp""-c Are. N,",a"on Ap
prood, (ANA) ",1i,bu,ly_ E'-.ntu.&'-. 'hn ,on,roI '�n '''ppor< Ioe>I de",irK'uOfI of geodetIC net. 
work> '0 '''''''' fu,u,. req"".I0<"" for ,harung. m.>ppmg. and nlOde", goog ... phk mfonn'""n 
'"I"em, (GIS) .ppliootion_ A proJ"':! 01 ,h .. tTl'S,,,"ud< would not ha .. e I>c<on f"",bk .mhou' 'he 
,ool'cr .. \On of the Inl<m.",on,1 Cnll .\,-i."on Org.nI<.."OfI (IC\O) .nd k>-c�.1 C.ribi.><.n·ba,ed 
''''''''ymg >g<tK"'_ Ttn. p.pc-r .dd, ...... the p,ocrou,cs u",d !O 1'00<<->, ."d .. .,1".,,, CI'S "h,.r
... ,io", and the n .. ure of the d,IT • ...,,,, "-I"" 0( Ih<ee-<h"tc""'m.1 ,ooro",,,,, >}-<tem, ,,>Cd in GPS 

Introduction 

T
he Na'ion.1 Geodetic s� (NGS� tft 
rooperatiOll "i,h the 1!l""""�on.:>l en,i 

A,i.non Organ',.anon (lCAO) and '-anoo. 
Caritkan-� il.l"-�·mg a&<11o<>, '''ndueled � 

GI'S <;m"m! >lll''-'T a, ",,-cr.U Coribbean aiIpon' 
d,o",,, b)-' the Feder.tl A,iation Adnwu>lI<1tJor) 
(FA>'). ll\� mam ptrrpo.'" of 1M =p<lJgn "'" IO 
e,,,,blish I'rimary and St-<:on<lary .... ,"pO rt Co"troI 
S"'''orlS (PAts and SAC.S) .nd, ullmutely. '0 po�
tion runway poin" in suppor' of lCAD :lnd FAA 
Are. N"'b",non Apf'IT"ch ("""A) proje<:U foll""mg 
NGS', uandard S1II"\''1' procffl'U ...... . 

The GI'S pm<:es»n g me,hodology u..-d in thi, 
panicular projecr w", applied in """"0 msunc1 ph ...... 
FirS!, .... -oroo -!Ution • ..-..,-e e5tabliilied at .-:>eh "". 
port '" p"",,1e om acr:ur.>tc geoa:ntrit; m.me'.'of�. 
TIle'" ,\-<>rder ,i, •• ll!"e genet-ally dd=,Ii.-..-d """g 
more mU1�m r"l'ure=m< (FGCS 19M) J.haz, i. 
the "">c for p"m'lf)" control -,,�non. CU:igh 1996) 
lJll� in tl", (:{)ntc�' of the P!"OJ"'" repo<1ffl hue. the 
dlal"aCtet1>�'" oJ ,\.or<k!' and pmnar)" .)f1'O'1 con
trol "-"00'" "ill be comlooed ';",,1ar and mt..,-
changeable, After the pnmary S-lauoru ..-= III pbet:. 
• more de"",. localilffl sur"",- "'" � 10 position 
",'COmbry control It.oom and O!h..- ",1"'<lnt POUlt') 
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(bench. ",...-k>. run"""J' poin'-'. etc,) al """h indiviu'Lal 
airpon ming ,horter intentation ..... ""ur<. ·rhi.,,"!"'r 
"ill "dun,s< only the � .. abl;"'ment of primary air· 
ron comrol 5l:IUom, 

\11",,, CI'S dat.a �e proa;,..,n, 'he 'erm "fiducial 
monon" " 1"""'1;- applied 10 de=ik cuntinu",,,ly 
operating CPS ,a."> ,,'11<>'<: ,b'a aTe �k<:(ronically 
"",de �'",lable to the geod<"lic sur"'�'ing colrunullay_ 
Gen�}'. th� geoc'"J1tnc w,,«h'la'C> of ,he", p'.;r
m:mem MaOOm are "·.-II!:.n"",, (10 :!:2 eIlI i" 'h� 

honwmal ""'''po,,''n' and :!A em til he'ghl) ",th 
respca to a gt'-en pre-dffirtffl reference f,,",,,.,. and 
th"" are "f''''' u",d to propagme .:oo.-di".",., 10 

otheT �.-bitr.lr)' poi"ts either dir..ctly or by l ··l" .. p. 
frog" "''l"ence_ 

All the Canbbean PACS e=bli"'L"ti a, "'" fint 
p"""""ng .... '" "-"'-� f'O-';uoncd di.-...:tly from ron· 
tinuoo.ly  <>perdung GPS IUL>j,.-cn. H"".',-er. as "ill 
be nplamffl lat ..... a CPS IOluuOtl (wlution B) w,,, 
:.1.0 completed U""K "hub" ,tations. A hub ,i,� i; 
",Ieaed as a pus.>ibl� <"01"''''''''g PO"'1 l>eca"", tt ;, 
occup,ed by "'''et,-en; ,,-1\1,11 colk"", da'a al 'Imt par
uruJar ,;le for • nUlnber of COn"""'�,",' d"l''''''ed<,s 
dunng the duranon of the proJecl, The monu" .. ,,,, 
of the hub "Ies are nol !:.n",," i" 3,r,'ance and arc 

ti"tLTlllin<"d from the fidUCIal ,,,,Uom during the 
proc""'�'g .... gc_ In ,It" particular «ompaigll. tv.'o 
,,:nion>-<>n<: a, Grand c..yTtl.1n [Il."d (<;301) and 
the other a, Tn",cbd (nMl----weTe ",k<:ttd as hub 
",,!ion ... TI,e Conlln""",I)" OJ",,".ung Reference 
StJuom (CORS) "l�''', '" flotl(b, and n. CROIX. in 
th� C..5. \'i'X"\ hb"d •. wer. des.tgn,(ed "" [iduaal 
"""om. _-\5 d"","bed I:Mr, anomer ';Ie. �"tJ.OIJ. 
bel""ging ,,, ,he !ntt"TT1"Uonai GPS Service for 



C .. ,,,,kTQltllO (IGS) ,>m<ort C'J�bn 1996) .,"" also 
u1Ctl ;0, a �ruciaI ""lion runng the: � .... of """ 
.. db. 'n", ..,krnon of th""" foduoal, "001 bo....t on 
a''3,I�!xh,,· and gmgr:o"h,c pronmu) 10 the: C:orfu. 
toean pnmon' oiIport c:onlrol .,aliolls_ Fin.n.·. nom 
the nc,..J)· <icTemlincd pn""'I)' romrol !l:IUom. !ocaI 

g<'lX"t:l1tne geod.-uc rontroi ""J� ",b.cq.lcnth- ex
tended !O "'l'l'on the: h.igh.>("t\lr.It('I· ANA .... ' e>--. of 
airpon f<-.-turn and nnrbv """""3\' appro;rdl ob
IUUCUO", (..,., p ... ullem U.r.'HUon� In r." 1996>-

boo the �dwe tcduIoIog>c:ol tnn.r ... 
and I:JIow..h,,.. J>fU'lded t." NCS to local ""'''l" 
.. "lhonu .... lhi, inlLTTJ3tlOn.l.l cooptn"'''' � I .... 
c,,�bI"Md lhe ba<j. fot f"rore "'"� .. s ulllffi to 
I1l.aWlllg. ch.rting, "''';g'Ulon. Iwdrograph)' ""d. 
poo.sihl)-'. SI'l'pon !amnlic 'Ll"!'�' SlICh a. '''""m!!''t· 
"'g 51:",1.1<:"\..,1 ,-:mauon.." "1OI\el",S the gffild and 
a.u!y""S deformauon, of the ev.1Ibe:Ul 't"(IOlUC 
plale. 

Terrestrial Coordinale Systems 
Users f"nulra:-.."h GPS Itdltlolog)' and rnetho<h ar" 
"",11" th .. , II.., ,hrtt-dimenuonal cOOIdma.e ')'''etn 
'0 wh>eh an Teduced ""':1<'1" co"'r>o�n'" mer " 
dCI"'",n .. d by the i"h.,.etll dWOlCItT1\IJU of the 
;.'teline eph<�"encle. empl",,"'1 "'hde p!'X(1.<mg the 
ob�IY�I.IO!". In """" � (n(ep!. ... hen Jpplying 
orbital rd"""lJo<' medl<Xb� lh" position dth" �I· 
hies u. Il""T orb" " a ...... ""d ",rue" a.i<! fixed (.mn· 
"ally) by lhc: .--e<hoc::tion ki",� TIII� !<db,,,!,,,, 
�,uom,"collr del.igna"'" the ephemens f"une a> lhe 
1I11..-e.du, .. nsi",ta1 Cones:an frat,.., '" "'Iuch all ,.,. 
!\lhillH C<1<1<"tl'""� a.nd "=or (I)O"f'Oll""" "..n be 
""I�' 

A danflCillion. IIKlUgh, " 'n order. Ik-G1l1se U. 
11M .. ' CPS gr<><kuc �p!,liC>tlons a rel"u,,, (dilTcn-n. 
""') f'O""ofllng method " .. 1Ctl. 't is ,mpcr.>m-" to 
>Un ..,th k.nO"�, ooo.-cbl1::ote. of at In .. .,..., refcrena 
(bak) .... 'IOrI. lhe »0"'""",,1 ao:unt) extr.KtetI 
m:..11 ad, a r<:b"'e ledllliquc d.gywIe. ... the cb ... 
t::on(I! betIo-=> 11.., b:ue .nd "te",,,'''- 1U0om , .... 
O<-a>a. Indepet,dc.�" of the !oOtJlU of the- ini",,1 
coonh""e. nnplo)"ffi to hold fi�ed die ""'" 1U0on 
(e_g .• N,\J) SS. rrRF94. etc.). ,I .. Fr.une 10 ... Iuch the 
lil1�1 '=01" compon enu ... �II be ",r.,rr-ed " ,lOt al· 
."ted. In''''-..aI�)·. lh" Ii d,e Con<"$Wl ,ef�1«: 
fr:r.",,, ''''pllCil HI 'he epMmenl u;cd to fix the ""e]. 
111<:: 1''''''UOIl'' 

t"illtuna'ri,·. the dilTnen.:es In onm .. uon and 
""",Ie � an cph",nau-defilled coorcbnJ.,e 
fram" and Ji--ar.,.,. bal.nI on modem wminmlal 
datwru. {".�" NAn 83 and EUR£f89) � IlOl SIS' 
n;flOm. 11", I1l0l"<:: tmJ>O!uIII non·gt"<lCetltnan· of 
lhe ,Lm"" i"""lf plar' � Iru"mLaI role .... h"n onh· 

de'alml "�Ih,� rompollellu due, III pan. '0 the 
",bll' e IUturc 0( the problem. "e, . 

-«on""",'""" or '.",or illl ,. coord,na'''' of po"'l B 

(ComP"led) . =din .... Gf 1>01111 A (fixed) 

11, ..... fTTotlI due 00 Ii'-"<">«'Hric; inacrur..c", of 
poult A .. ,11 oot afial the '"CCIor (OmpOllCm;. be
!I<'� A and R "'lbc coom,,,,,,,,, of ncwtv d.terI'nncd 
"�" <UU"", (poutIll B, C. etC.) "..n be ptnp;>. 
ptcd on the <brom', refen,,,!;,, m.m. (eg_. 
NAn 83) If CPS 'Ulor romponcII" (noc nr<:e=ril)' 
On lilt NAn 83. rut dose 10 u) arc add"d to the 
aliUmcil r:brum roorrlin>lCS or po!l11 A. 1111' I' com· 
mont) m'pl"m ... "ed dunng ,he fin31 Stag<:' of 'he 
""",.orl; wJ'I"mcm pro:>«:ss. I [owr.'·"". mixing ,ia· 
01111 and preo..-: cphC\,"";! frame;" ,,0' oncouraged 
"'M" procewng CPS ,bu WI are expc-cr<d to h. .... '., 
� hi8� :><;tue..,.ble atC\InC\'. ['"CI'Iorall)·. th= 
IIUl'- be deI«tabl� d,ff� In fram" onmGlUon 
:ond ICalo: ><hich. allhough ...... n. """. ;o./f"':1 II .. (:(1m
ponmu 01 long (> I!IO km) U,u:...u.uor. '-..cIOn. 

In .... mmary .. "'h�n"'-.:r the CPS diffcrenlLal 
",ethod II apphed. 1><0 indep<:nde-nl..,,, of qua. •. 
nu ... an: r,�ed in a 'Yl',col pr/Xesslllg 1<:«'''''' 

I) lI,e roordm3t�. of on e OT Ulor� bose ,t;[. 
nOlll; and 

2) lI,e coordinate. of Ihe ... ,�llue. a. giVetl by 
thtu "pi","...,; •. 

If the..-: ...... � of rcqwn,d d ,...... .... JUM 
aJe not refercnad 00 tho: ""'''' � S)"""". 
"""" Me IIlII<><l.rced u"o the n:dIlCIIon. procns. 
llul " ... �I"'" GPS obtcr->":IbIes an: UI\"an3lll 
fIh"!>(2] qtnrlUtJcs "tuch calUlOI be: changed or 
modrfied (onk' "· ... ghtffi) during l'rocnsing. 110..·· 
e>"CI". If tht coorcbnJ'", of ll.., [,"",I I��", Jlation(.} 
and the cphc",,,ri. of m<: "'ldlue. refer to diffcrt:1\1 
C<IQI"cbnale $\""'-"' .. In e»crn:e. II� progr.lI11 tri", to 
r"ll.., obom":ltiom betIo"tellll""", fu:ffi po;",. (ref.,.. 
elite SClllOO(J) o.nd •• uel h"" poIotuoru) the 1:....." can. 
.gnonna: tIw I/q' are dd't:>«I by seu or roocdin�t"" 
apn:!-SCd ." u"",,""ted. a>onhn.ate fnrnts. n..: .,..... 
gnm Jl>,,..� iWUme> that the COOI"Iluw"" of the: � 
<UUOI. art in the � ephemens I'r.unc . .. -hieh 
KltIleIulldo IS = Iht:Ol"C'>aJI)·. thi. onuld 
nurodute un<te.m.ble bia'>C$ ""0 the �atio!' 
modd. thul alTeolng ,he final val"t. of the '""",or 
component:!. 11m :mO .. ",""'1 llitlalion .<h",�d be 
a,"OKic<I..-hen ngorous g<V(1roc ",suit:! arc ""'gilt. 

In order 10 pto<hJc:c, accurat" ,.tt:<<In. the 
qw>"ulIn '0 be fixffi.. nam.,h·. me (oord,,,,,,,,, of 
Ihe bal<: ot.tm"l') and tht "phetnen, of ,he ., .. d· 
lnes should refer 10 itknucal coordln3te 1)--''''''''. 
Should 11111 precaution not be !.Ike" the .;Z� of 11", 
(TTon mIToduced would be diff,,:l.Ih 10 predici. 
ulm,,;uel) tkpcndmg on luch '·-.rI�lJlc, "' ,he 



mag,,;tud e of a I-paramcler Ir�"$f"rmauon be· 
""e�n frame •. kl lgth of th� V.-clOn. number of 
GPS ",,,,om ""lu�n{jally conn�<:{�d. and t\-pe of 
orhit ,,,cd (Srt. e, g,. Beutler el a\. 1988)_ 

11,e main po int 10 � �mpmSlZ<:d IS dlC oIJ..-;ou, 
'm�: accurale redocuoo eX """'ors can on!>' b" K· 

wmp hsh� d if rorui'long- m �U pt-ni"t111 coord",,,,e 
")-'''ems 1$ enfoTU-�1. In lada},' GPS �n''UOf'.mm� 
thI, rNjUIJmlem ,h,��d � <:3.>y 10 fulfiU 11)' the prnc
UtiOlle', '\"lIh Ihc ,"""em �,oabh'�nt of :-IGS' 
CaRS nc"'orl< (e.g .. Strange 1995). mn"ng eX coor· 
din.te frame, dunng GPS prO<:e»lng em b<: com· 
pletdY"'OI<kd_ 

To the authem' k>t i:JlOo<ledge. "'lellile 
ephemeride. are 1101 a,-aiJabl. all) ..... -h= ",th re>pCO 
10 coordinate frames defined by coo""""ta1 darun". 
',g,. NAD 83. EUREFS9, CIC. Yet. toobtain the mo'll 
,,«;urate rcsuhs, IlJe ba", U.1UOO coordm.,,,, mal to 
process GPS <ur"'l" should he i:J1O'o" III on" "f th<: 
',mom gcocmtrlc roordu\3I" sy>!<"1m employed (o 
,b,scm1ll..te CPS ",�U"e c-phemcn<k$. 'n", "''' 
immediate choicn. m ""Itt of pre["","u. th,,� 
'0 mi",1 are prtri.., and brooda<..<.l ephcnJ<:nd",-

Broa&::a.1 '1'h�mrt1("" aN: not re<:om!l",ndtd 
rot" g�"O<kuc "'Oft, How�'er. th�· i\JC the only <>ne1 
�,-ail,bl e on , rcal·u,ne 00." and. ron""'f'emlv. <M 
only p"s<,b\e a1ternati"e for an)" k",d of m''''''';>"e· 
00. .. "".ig<l'l<,,, usmg p,euoo.l'angM and point pooi
uon"'g "",thoo.. One of the dr.n.bad.< of """g 
broa<k:.., ephe "'ct" " th� u"",', diffirullJ' In ...u
,,,aling II> real """''''CY. WhKh " nccdc-cl,o """'" the 
ove",11 quah!}' of 'he ,,"ore stringe", geodetic octi,i· 
lie;_ The prim:lI,- fa""" for thJ� i. tll.3' bma<Ica>J. 
eph"!llemlo an:: pred!cted More the 00. wlucll 
""ail, eel'\3;n approxim.uiom nOt P'csc", III ]>0>1. 
fitted Pre<lSC C],h"ncl1de •. Comrari;on of CPS 
broadcast rphemm. ,,,,h 1'''''''''' orb,1dI \OluuD'" 
,jI(lW' di.'<T<:panue. III the orde'f of 1.3 Ill. 3.6 m. 
.nd 4.7 ,n along the ..dial. uo>s-mod. �!)d along. 
Irnck componen ... "'''I>ccuyely (Zwnberge "nd I\t'ru
gee 1996), 

TI,e Keplerian elemen.. of 'he bro::uJco." 
ephe"",m currmtly ",'�lldbk dU,,".lgh II", na_igalioll 
n"""'g� arc K1"m ","'" Jan""'1' 2�, 19'J7. in the 
",-oiled \\-GSi34 (GSa). epoch 1997,0. roordill,"e 
fmme. TI,,-, " the b,,,,, realiz.�ooll of a ........ of 
WGSS4 f)a",,,, Implemented br the o.,femc M"p' 
plllg .-\geney (D�1A). r�""t}i' rrorg<lJl17�! ""0 the 
"alio",,1 Im.ge.), and Mappmg Agc"q-' (�iW\). 
The WGSS4 (C813) fr<llm repl""c' \\'GSi34 (GaO) 
(MaI)s and Slater 1m). The it1l<'t -C" lt\ eS7S 
'tand, for "GI'S,- mw"'"ng thaI anfu"c-d DopI�<1" 

data "-ere cxduded from Ihe """Iy.l>S; the "S73" 
indicate, the GPS week ",,,,,her (flo lITC. Scl"emiocr 
29. \996) of tl", "ming dl'e "'hen the coordma", 
fr"",e was unp!�rnm\ed '" d,e p,erilC epl",,,,,,,,, 
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(�la}l"�' al. 1997a). OJn�entlj". when broad""" 
ept""""", are n<JW emplo,'c-d 'he romponcms of all 
lhe "cooo Imt are d��<:mlitled tl,rough the rc<1uc· 
uo" proce>< refer '0 WGS81 (G873). thereafter sim-
1'1)' <ailed WGS-8-i. 

RamtJy. N!MA started to dmrioole \0 the gen
<:ra1 publIC WGSS4 post-6tted preci.., cl'h��ncri, in 
the Slandard ",,,,Une Slale ,'coor for,,-,.1I-lhc ",. 
<ailed SPS fomW.....,�llflICT\"h of 15 m",u,,-,s_ Un. 
qu...u"""b/y. duo i< , $leI' in dIC righl di"-,,,iou 10 
imprm'e the '1u .. b,)- of CPS tesul .. e�pr"",,-,d 0" 
WCSil-l. N",'crtl,deM. ther, 'till remaim an impor
tam logl<tlC problem: the u n a , '",labiht;, m ""onh 
Arneri(". or ror thaI 1\\.ltter pmcticolly anp"lu;rc d",. 
of IrGSS4 ",fe,��,,-,, site' ",,-,li.d a' r,ducial stalions 
for dI!ferennal posillorung and point-to-point COOf
dinate propagauoo of geodetic "",'worb. 

Thus. ,lIhough dIe rnorUinatc frd'"'' WCSi34 ;, 
a.cce\"bi, through broadcaw'pr..a", ephemenck,. 
no ,.,:<= '" rorllinOOll,l)' op<:r.lting >!:>tion, ex_ 
prrt!.ed 01\ 'hi' refeTenc" frame is .vai lable Irom 
"'rueh to den,,!}' lugh-"""",,"Y geodeuc «�"TOL II 
abo should b<: m"l\�o)\cd ,loa, the realization of llti. 
rnihtary-onemed (oordinate fm"", is not moni'ored 
011 3 regular ba. .. 1»' any imernational CPS llsel'S 
group: con"'quemly. i,. d..y-,o-rla)' dmng<-"I aT<! not 
pubhoR'Cl and r"",am uni:J'''''TI to <M geodetic 
rommuru\" a, hrge, lhe>e "'c;<"'vClU�"CC> may 
mange m .. he Ii.llllre, although the great utilit;' 0/ 
we.$&! =, .. -.11)' "'''''''''' nol m ". <ocmrdC)'. 1:.0." ill 
". re>l·umt """,,,bil,,)" through the information 
prmided {flthe broorlca.t "''';g-Ation ",e''''ge 

It, romraJl. OIle advanoag' of relying on KGS 
prccl'" ephmKllrles (in".,.d of NIMA orhi,,) or 
cqtn"ai""lr. :u'r 0<1= rpltcm.-nde, WIder the au.
pices of 'he In'emationaJ CPS '>ervlCe fOT (:;."dv· 
namics (ICSj. i. lI,e a�""",,,1Ce of gt'lUng po<itioning 
rclUlu consm�m "'th the ..-,ll-M""" Intema!;on,1 
t:orth Rouuoll $c:nla: (lEkS) Ten-h",al Reference 
Frame (ITRF). The T1lI.F fram" " a cOnVt'ntional 
frame crca\ed under imernauonal 'l'onsol'Sltip in 
onlcr 10 .."".f;' 'hr "<0"";'''1' n�lu,,"mem. of "an"", 
moden' <pace 1t1:1",iqu"" (Fe"",1 and C:unbi, 1993) 

The origin. coordinate axes orienmtion. and 
dc eX the ITRF fr.m"" are impl;citl)' defined b-,-' \J", 
coordinate> adopt ed for the wo.k�';de tr<>ck"'g: """ 
(\"LSI. SI.R OORJS, and GPS) onv"h'�,<i In (ad, 
IER'> '''",f;' gloh.1 solu,lOn_ Reltu:d 10 e�d, rrRF 
fr.>1!\� " an a'-<o<X>",�xl \'dn,,' y f,eld (1001. x"o",-n for 
'he Wc;.s&I). For ,,,,",11.,,,, <:ad, stauon loa, a ""loc;,)' 
,=or lm,itc::oOrtK '" "me .. d"f><�ndelll absolu,e di,,· 
place",ent a""<><iated ",110 p lal� teaonics and ootel' 
tYflC' of <rn� n...uoo_ 1 h tse '''''''In displacer"",," 
cart b<: "ppro�""::II��1 a";,,,loere on ,h� e:.l'd\·, oust 
� gCQphy�ol '110 '"'' , .... a1lo,," modeb ,,,cll a. 
N»''R '<U"EUA a>!cC>nlo)' 1996. p, 14), 
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� rcf� to an acw''''''I)' 
def,nro geocclltr><: ITRF word;. 
''''to' f"'JII�_ 

l1le n.lmonm'l> bm<<<n 'h� 
WGS8-I (G873) ;md rnU"91 "'ll$ 
gn-m III �13h� CI �L (l99ib). n", 
"urI> be\Io.'«f\ t1o<:«: ..... '0 � 

Te""hed a lllax,"bJ11l or 1 elm. 
rn;olllng ('ull('l" on" of lho:m 
cqu;oIh' IUI� fot ""'I'I"ng or 
GIS applM;2l>OlIS. CotISld=ng 
rna, lh� CMIbbtan and 1M North 
�l pI.teo IIJO'1' inocl'"",j· 
emly. and 1""",,,,,, S<I\�ULle po'" 
uon. of \he lGS a,><\'or NGS 
prt'Cl'" orbou and lilkml sa".",. 
....., n� In nlU' coordI· 
JUtes, ITRF ...... 1M tnm.: or 
dtooce to 1'''''''''"' 1M Canl�"'�n 
GPS tbll . 

... ,,' .. ' �. _�. ,,' �. "' y_ .. ' -40' ..... .... . " . .... y" 

Data Collection and 
Processing fltu'e I. � IocatIOO oIl'fl11'*V � clIf'IIIoi $Il\1ons pos.1iI>nad dumg 

.hI Caribbe.., clmplign. A '0011 of �2 pnm:tt)' 31rp<m 
control "'�'1011' "..".e I"""eyed 

during the Canbhean GIrIlpaIgt, �Igun: I dqliru the 
"1'f"'O'W"'I'e gtogr.lpluc ioat.o,,, <li Ihe JtaUoru 
polIaontd. Table 1 """' .. the nat"'" 0{ Iht: >1,0. thnr 
4-dwow: .... IDs. the 1996�' o{)-=- (doyl the ob
"",,,liOlU "'en: ",k<n. ,he rec6" .... ,,,,,,,ufat,,,,,,, 
�aTnmb!e). ""d the amtn,a mockl ,,�d. All 
CPS pnm.:uy control .... uon ,blJ, .. '''''" J>fOC"""<l a, 
NGS �en in Sih-er Spnng. �br)-bnd. USutg 
!he PAGt4 program �-m: 1991) ",Inch ",n. 
on UKIX·"l'" lU".lOOU'iOO � ".,.-htaunol$. 

TI,,, Nau", .. J � Su",,�' bq('" rd ........ ", 
pr=.., ".-e-e�' ephe">I,n. 10 d,e galC1<ll pubIK on a 
� ba;,. In Jul) 1991 (GI'S ,,'ttl:. 6(2). 0;aJy 
Ofb" 1'";><::I,,aion bcgloll on Ft:I:>nl.>ly 26, ! 9<n �� 
633). The qual,,)· of th� NGS "1'hemeri. Iw II .... 
I'ro'L-d commeml)" o-."(:r Ihe mrs (Mader 1'1 � 
!995� TI", cl'll<:rnerilks (m", !'CS h.a,.., a/><a, .• 
refern.-d 10 fr.>,na <lillie ffRf fmuIy. adop.mg the 
}"""r <li II", bit'" IERS pubio.bN ooItruon and q>Odo 
"11""" dol", dl.>.nge �t,. 10 tak(, �I .... ge <li 
II� �-auo", and rdi""'''tlll>' '0 the sof"'"3J"e 
·n", Nal,.,.,..l Geodetic Su"..,,· chl�I"" prnov: 
GPS satellite q>hnnmd'" as �..,II ao CORS antl'lml 
!'''."'',, ... and ,..,Iooues fOr about 1120 ""1>Dru III the 
U.S 

"11..",.,. doll! arc tlIflllilffil "'th !he rurreml) 
(AIIK"" 1997) pubh"'cd n:R.S dution n1l.f9.1 
(IERS 1995): ,he dlO'Cll epoch " 1996.0. "This epoch 
dcl>Ol<"S t/I<! <tole for .... "luch the OUII\il.led pooiuom 
oorreopond. ·n", m='Ja do,e II ,,"'<l 10 upcL:lle 
.... '1011 roorulllalCl al:any other obscrI""0I1 nme by 
"'king ",,0 OlOCOWlt the .... tron· "e!ooue< and�. 
"'8 [h" lIle by the a!J,oIu", m$pl.xtmem .. au",,1 b), 
plalc "-"UmlC$. ·I"hrough W COInlMnation of COltS 
CPS data. 011.<: ;lIfom"lIion. and IG,S or !'GS p'tolC 
q>i",nloel"ioc.., all)" 1IItnn!«I CPS �..ru....-or prx. 
UUOJ><'J GlJl ngurotl.Jy de,nmine '"eCtor component! 
I""""ttfl "",tioo" .rKI. th�ore, �g.'" ooorch· 

" 

� PACE� progr:orn " a �·-8""""'''UOII pro
gr.nn w.ed to proc.,.. CPS R1N£.X <toL� in ,lie $laue 
mode It rqlIa<rs O).{NI, Ille origmal NCS vector 
proo::>_ ,.,n..":lIe (lWL:t "lid �k 1992) 
,\,moilS the IIlIpro'I=-"'U ,,,"0>11'<.-:,,,«1 If! the 
P_-\GF.4 <oI\w;or� a= 
• (;(,,,.,.,.,,on of an opu",.1 ""eth,e refcrene" 

":cn3:lo. 
• �uer abllit)" '0 de,l'<:! <yde 'hp •. 
• Iklter OUt/I"1" dtl<'C\IOl' alld aulO"�U" re

m", .. 1 rouUn.-.: and 
• ApphcallQn of ;uuenna.· .. le>.uon-depend,",,, 

p� tolTCClion, -lI "',," when au Qb�"""'g 

.. n�ion 11,,"0]'·.' .. allOns haVing d,lfcrclII 1),1'''' 
of antennas_ 
\\llm COInp;:rn:d to OMNL the mam ach-antag<:> 

of PAGEt Me the abt),,,. II, soh", � I.-oa<o 
for ,",,'<nJ mlCf\,us of "tI .. (m,...,.d 0{ one WS JI"" 



Tshle1. 

...,..,011 ,." O�I1\"l <UJH:flm' tb:o) and to fix "..,.., 

tl .... , olle WUDIl wnulWl�· . ... , ....,U ,." anoc.le 
hub IUtJOm to prop;!g>le '=on. :-lew comohd3ted 
aro.m:ag� of PAGEL Me"' omproo.cd INuhem.;lUal 
mood. for !he ob=>OlbIa.. flexIble ou::iItcg.ei for 
ffilrl\3Ung unk.:xJo,.".. oond. If <brred. !he powbolu,' 
of pm-omung h",,(� (b<uch) procwong or �. 
\.lOllS Ul.,·oo1ng �-no>I <Ia,." ... �-d, .. of rJ.!3. 

V,", sa. roo. 1 

CPS tbl:l "'en: oolJecl� dunng" 6" ob.en .... 
""" .. ,,,""'" (al'l'rox"""'ei> L 7'" UTe '0 23" 
UTQ. All 25 oJ>nauon.:tl s;rldlue. ,f( Ii,,, GPS 
rorntdbuon at "'" un'C' of P'ocn>"'11 .. -ere "led 

Ul. the re<iuc:uon. of uch md,,-,du;tl da,·_�". 
AI any gi'-en III"". a ",,,,ion,,,,, offo .. r aud" ",",XI_ 
mum of ,�-"'" ... ,,,,]lole5 "-ere .,,""l�"'e(lO"lf ,'i,;· 
bIt aoo..-e 1M hOO'''11. Ahho"Kh t:OW tia,a ,,'cl'e 

" 



(Oll�,£ICd at l��ond 111"", .. 1<, the ..... ICCled .am· 
phllS ralc 10 rc<ill(e lh� orn.::rva\lom of lh" pro
Jc<:t "'"' <<:1., �O 5o"<ond., a rt�uKtio" impooed ",. 
the data (011«110" mterval at Lhe fidua�1 �,""uons 
A mml"'''''l d� .. tlOTl angk of 20" "., .. chown as 
the rut-<>IT allgl., f.,.. all amcr "hu" ob'>tt'o .. bkl 
ullnng tI", pl'Oc�"'nG "age 

At the Umc Ihe CPS ,*""" .. uorl'''� rnlk....,cd 
(April 1996). NGS' pr""'" eph('mm<:\n ".(tt t")<. 
I'rewd in rt'lU'95, q><dl 199:.0 (abb=UUld for 
jlml�K1ty JllI.F93.9:') 1m. unpII .... that all <ompc> 
lK'lll. of � '"«tOn oog",all), pr� III W G� 
Caribl""," prqt«1 ·"O"Wl..J�'" ref!'!' to fTRio:l3. TI", 
...:fCfC""" fr.11le for d!,,,,,,llllaUll8 lGS and KGS 
1'1""",e epl"'t,,�..,dc, was <h'''8"d to n'RFll-I, �'f"'dl 
I!l9t>.O (TTRf9oI.9&) on June 30, 1996. GPS """I; 
goo S",« rI' UTC :>.hrrh I, 1998. tGS omd �GS 
rna'" ephL�IICr\(b an: rrlClTf'd '0 .< !he rt"Rf96. 
L'f""'h 1997.0 fi'ame (n"RJ-'9&91). 

'11", >dop,ed coord",,,,,,, fIJI" 'he fidu.oal >(3uons 
u",d m tile reduction. <it-!cribo .. tl hcrnn arc COl'" .. 
U:Il1 ""Ih the rr-""", "r 'he pr«I5o" s.lIeU"e eph."ltnl 
,,"�'ed. At 'he tIll'It of l"'OCDWlg, � .. rnordi· 
lU'", "'cre kn""Tl OIl the rTR.F95-9" � 11",,· 
��, bee",,,, �"UOI" .... ,:." co/l«,cd On .o\pnl 
1996. befo,"" II", 111�.''''g ofGt'S � .. uons wa. 
begtUl, l'AGM �pplt., !he Tilt}· ... 1001)' r",td to 
uptklle I).., CoorclulOllC' of the ftduciil .laUOR> (a,-w· 
�ble at epoch 1005.0) \0 � :I\'t1':1ge � cl cd! 
uid>,,,h ... l ,*,",",,'m8 0C5Y<Jrl_ As � muI, uf tIIi. "'� 
cmuon. d,e romponenu oJ all dc:t� "� 
art:. III a""""" "mStantane"u," 311d refc.- '" nRf93 
«(he ephcnICn. f,.une) and a ''al'1ab/e epoch v.'h>dt .. 
dt:u:nninoo Ot' IIIe lillI< at "tuch die ob>en .. "om 
were OKtU:IIty ",un (".g_. ApnJ • 9 dov.of-year 100 
- <:po<h 1996.27, eu:.). Thl! ITRf bmc and epoch 
l<imnlicauOfL tall bcwrrJo, <TU<Ul ,n .,..., !he prt>C
e.>e<:l '""Ion 3,"" u<cd for !Uuu... OC>muflC 
"!'l'licati"n., 

Onlr ,tauc. mul"·"",,,,,,. relau"e GPS proce· 
dw"es l><�"'<:CII tt:i«Icd "00..," and "remote" .WJons 
... ..,.., irnpltll,,-�"n!. Whm all OOl\· .... omatx:alh' 
COI"r-.:<:,cd data ouili ..... . ,.d ,,'de toltp<. If am'. on 
freq.;<:tlOel Ll illld 1.2 ............ IIwmally >I«<:O.lIllod for 
(relying OIl PO.lt,filln! ,.",jdua! plOl! fOl" qllollt� ron· 
troll. fina1 o.ol"uons ... "", oclcmunW ,,';nll double
d!!TCTct.,., 0JTIC1' Jllwe �SUTml(ll". and Ihf 
ior>osphcrc·frtt b"e;u-rornb""UOll of !he L1 aud l..! 
modd (Lc.:k t1)9� p. 3(6), A ",,"lib tropo<phenc. 
.... "Ie facto!· w ... ""I!I"'IM for �....,' 5 hoom. eormd· 
''fing the .'·"rage length (830 �",) of the "<:cton 
invoh'ed. 1>0 all"",!,l ... .", IIIolde 1(1 fIX ambigut!)' 
"'-, 

At the "me � Canbbean pr� ..... mllJ 
oIwo:ncl the tGS JU"- .cam:d uu1 optT".u.om of 
.1aU00l n. CJ<U<X III 11M: li ,S \ ,rgm IsLmru. H ............ ·tr. 

" 

:ot;wr;I,e roortlum", for !hIS SIt<: '" 11M: ITRf f"mll: 

"-ne not )'el computed �"d offiual�- pub�,htd 
lkau", tillS "-",,;0<,,. cmmtU)' localed in ltlt Quit.. 
� i>lmd udI (see Fi� 1) and t..-cau"" NCS .... :1'1 
pI..,ullng 10 IItdtJde " III lIS CORS """,ork.. >(3non 
n. CJlOCX ..... ",ICCI.Cd .. a fiducial ,,"-" 01 ODI!JUnroon 
.. ·"h ........ l To.speed up the proc6. "" ,,,OOl�' I""" 
<iblc, the �ppro�"nalc (10 il fe .... <:CIlLimel<:r!) geocnt
tnc roo .. b"",,� of ST, CIOIx ,,'CT" llUtiallV dc,cmunni 
u;jng fOllf � ... ....,..11 6duoah ( ........ , and If",""", 
",-y. f1ond.o, ..ut1lOC, French Cwana: and cur.n.·""" .• 

Mexico.) 
Wt!h !he valu", of the ooo.-dinales of.".. C1t01X 

dcten."ned. proc ..... "'g "'31 SWtetl """g cxdu. 
>i"eh ","'-"I and n. eROlx ("",-,.nt; "'"3' added 100er) 
a,!he �lcc,ed fidutiah '" the Conhht;lll pro)CCl
SlrKt �p'nnbcT- 1!I96. new "",,<dmates w.:re 
compu.ed for ST. 01010<, conli�t"'ll"'ith tile CORS 
Ile\'ft·ork. and J>OS1ed on /IIGS' Web home page 
(hup.:: ......... "8'_""''' gov), 'Illes( ,,'-"'" VOluel for 
n. ClIO!, ... ·er� u",d to rc<;<>mpme me componen" 
of all OOICT>'ed ,·ecton. 

Antenna Height Measurements 
One uf tloc "w::<>t imporTant operano", perfonllCU in 
the &ld dunng CPS ...ne,-s rc:l31C> '" (ie{mnuung 
the cac:I 'l"'uai rebuon.hip between antc,lIlll pha .. 
«men Ll and 1-2 and a dnigllatrd �"1ICiIl porn' 
or n:f'-""'-"-""'" mark. Proper lime ;rnd COClC'eIlu-.Uon 
.m..>ld i[>,"a)� be <k>'01ed 10 "eh":,,e II,;, Imponant 
l.llI:. The .. n",,,,,,, " ",'e" more "";00. "'h�l c,.""",1 
monOllIl btu'S 1"""'Ug:olOO lind u"known ffl1muuc: 
nron. IlIl1'n<1ucn1lw cud ..... sctnng of lite antenna 
(ttmo:rutg and bo:Igtll melSW1llS ermtl) QOU\d be 
ir>rooTn:tl) llI'crp''''od at the �l"�'''' ""'ge 311I00I.<&' 
ble d"pl�\m" "",,>cd by 1I0ne><istml gctlIlh)"$K3l 
ph..,,,,,,,,,,,.. 

For arcll"-.j J>UlPOO'!S. e� GPS rur\'<:)" $i,e ""'" 
have a uruque, .. ..,11 defined polol '" w]ud, to aw8" 
all proo:toscd vcGor rompo!'lCflli ;md,o.- coorduw.e<. 
·Jh .. ".u.uon rrlCfYll<e pOt/\1" (SRP) m"ld be de· 
fined dtff.."."d)", dq>en<bug ()ll the ""rurui:ll" prop-
eni". and rtqUirt'fll�t'" of ,he trad:."'g Itauoll. e.g_. 
CORS (gcodcuc otID�ing appllQlIOll') lGS (GPS 
pr<:CL>t orilIl gt>lC!AUon). �GS' A.�"" � (FA>\. 
.lI.rpon 5 .. r\� .), tfL 

AnoIhcr commonh ..... -<1 .. ..".d III ruondllr<! SIOr· 
'�1ll8 prxtKe 's that af ·"lOfJUmtnL" .. PJ.alI), a 
br.Ls. w,.],;�, ground I .... ·el, TIllS "TTTl oflen aUud<-,; 10 
the <eme.- of the phy"caI WI!. a" .. d",d 10 " metaUic 
rod ""ned III C'Of>lr<:Ie III � ground :.nd u� 10 
�lh ,rur\; lhe 10(3uol1 of � ,lanon In 
d.....al gtode<\. and or 5UrI�1llg. the SRP II rndr-
1io".11y lite monwnenL 1'1111 " a lop2I cho,c;c 



con.. .. dmng thai ,I II the onl\' mnauung penn:!
!'1m, m;:n-lrt on« \he ob!.o:r\-:ollOn> ar� ronl
plCln!. ""'" "'1m rnmcuon do<:. """ app/> to 
COI"'''UOUYy "1"""1"" GPS "":t,\�",-

Mo.! IGS """011. )\lI\� U th� >laUolI 
,�rer�n(e poilU Ih� so-alied amenn" T�fcr· 
enc� poim (ARI') "·)lIch i. locale<:! a' 'he ,,,n· 
let" of Ih" hotlom ,urbCf of Ih� alll""!)" 
Eml'h.5l> 'hould Ix plac«l £In Ill<' di!f"rencn 
be' ... ,,"n a"",nna �nd mOIllIl1><'1ll me,,,,w;e 
poilU •. TI,,, former II a PO"" Oil th" am�nna '. 
body and WIll chang<' If ,he anlmlU Ii r�· 
p�«I. In ,he .... " of ST. nOI)(. and OO-�l1g ,0 
""prTIilC,abl" r.tasonal hurncUlc weau. a 
compromlr.t HC�PUon ,,'U "\lick pnar '0 'he 
proce";lIg f)f tl,,, Canbbun da,a_ TQ ha,." a 
nnllT" p<:rmanelll ph)li'al po1l11.f ongm fQr 
all \'<'{,or comp<ln�n" determille-<! from 'h" 
';'e. Ihe mOIlU11]cm ground ID.lrk "'''. r.tlectw 
u SRP TI,i, logte "'U full .... 'ed for :ill OIher 
UaUon. excepl WINO'. "'�re ,h" U pha-.e 
ccnlCr "''"' reumeO 3, 'he ""l1OII tderence 
point beca"r.t of the abw.nce of a ph .... ""'1 
tn:Irk "," h;"h coordUlatn could Ix ngom"'''' 
31 .. gned. 

fIgure- 2 depIC" 'he am""' .... n'?" 31 �" nOlx 
alld 'hc re!.lIomlllp £If III "anou. con"""" \\'"h 
Ihi, infonn.lIon. ,t dc,"�-d. I .. :>",form.llon, be· 
(\\'een !.I pha>e «Iller. ,\RP, and 1Il0uuo\tm 
OOIIld Ix �a!!ly .,�eQmplnJ�. Notice one "'el1 
kn""" d,araden.tK of !>orne M"TgOIII' T moxIel 
""Imna.; lhe L2 pha"" �"er If a""'· .. ,h" 1I 
ptIlII"" een'", Thl> .htch If .1>0 ""n""cm .. ·,th l 
''''gau\·" \-at"" of Ihc dhpK>1d , .. igh' It for all 
poIn" loc.,�d UI Ihe Dnbbc311 hann. In Ih" 
pa!'limbr "']pon. lh" .urface of th� g.-ocenm, 
GSR80 rcfcrmu dhpKud ,. nol. a, u$U3I, bel",,' 
Ih� ""lion monumen,. Iml .bo,'<, H. Ihu. h<O 
('.Q!l$Cq1lend)". !he nlue of the dhp>o)d (gcockIlC) 
1!C.ghl .; g".'" ill Ihe CORS d:u.aba>e for the 1I 
pha>c cemer of lhe am,,"n.t �I n. cUn r.-dua. 10 
h .. ·1\I .90S HI. ,f refcnN 10 the IDOllumt"nl ( • .,., 
F,gtl<e 2). 

One "'ord of <:Iunon. nU""'1;; a",,,nna "-pcs 
<:In lead 10 ermn ofll]> 10 10 ern In helghl "nJ .. " 
the anlrnna-ph.",-amer '"naUon " f'l'OP",h· 

Sol.lion ,o<Iuei, 1 S'*OI • • • 
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modeled (Mttneru e' al 1996). The modeling of 
,nchndual "nl"una phar.t palter", ;' lmp,,",'''''' "' 
any modem GPS vC(lor.procc"'''g ",f""are wh"h 
alln. [0 Dina;" �""]',,,e rnult. and ,hould 110\ be 

IgnorN. 

Results 
,... p.-c>o,ou.1y ckKnbed. for ,h" Can�.n I'TO· 
JC<t. 'h" <oordin."", of the fidUCIal .u"OM and 
,ta, r .. ""lunl procesw.d ,'«,or <omporte"', refer 

,0 the .ome rr:.nl( 01 ,he ]>rec,se ephemeriS ."ail. 
ahle al the ""tC Ihe ob:sel">'�l1Q'" "'ere "ken, Iha! 
i •. TTlU'9.'\. For 'he al1.lym or te.ul", iC\'erJI 
JOI""oru; .. ·ne wmplllcd alld comparal (rahle 2). 

In sotut>O!l .'\. PACS coordrn.atn "'erc d'.1Ct"
IIW"",, a, lWO 1t>depen<Io:U< 001" .. 0 .... ""h "eaon 
raW.-.nng from \01'-"1 �lId U, CIlOlX. r�I)·. 
"Thu>. no pomt> arc WflurlO<l 10 �ther nen....,n. 11". 
1$ ochnn2oucall.· rr:Pn:lalIM br 11<0 1>Orl-()\'Cflappmg 
btl,"ung bJocl< III figures 1 throo.'gh 7 ..-Iud, (:0>1(;'", 

Typo 01 Soh "" 

-,-

'h" ."-,,uom prot· 
L-..sed frolll <""h 
fidllCial. 

• -'l'._* _ GrOIld £.o j'fNfl .-.d Tr_ S_UI 
In "lIUlioll II, 

three fiduC1�) Ita· 
uo", ".."e used 
(""noli was added). 
Two hubs. Ql><: '" 
Grand �'m.ll1 �"d 

, ..... _ .. ..-
, ..... ..-.d ".COClJo 
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e.tabli,h<:d procucc of fhUlg fidUCial 
POll'" :wooImel>' "" '" '0 gua".",,,,, a 
con>l .. nt ,..,ftrenC" to .. Illch (0 wm· 
�re ruru,.., n:..,lt., 

Finallv. a modiliGluolI (0 .w]uliOlI C 
(n.fo:rred hen: a� ooiuUorI 0) "'.,.. "uplc. 
U""lIed, SoIU11<11\ D rNSC> ,,]1 the: ,"«. 
10ro a1re� dctemUMd "' ooIuuon C. 
exccpl tha, dw ,'eaon "'moecting lite 
","" fi<hKIaJ ll.lU"", are WK21d.d, 'Ilus 
:oIten"'''''e reqol"'" ,he modlfocauot1 0( 
dll! !lt3JKbrd 1"CS' (,��ile (\·eag.:r 199-1) 
p"xluced t" tolulIO<' C. to msurc �,"I 
,he colTdallo", be-tw=, II", remaint"g 
_ rompono.'fll> ar .. 001 (U{T\Jpled by 
!he dck ..... , 111 <each SI:$$IOll of !he: m,cr-

L,..=-,�='-�_�=-,"��"" 
fiducial '"«tOO. For <::>eh CPS """",Oil 
,he G-File COI, .. i", �Il: ,he« <X>I1'jX>< 
�1I' oi ,he non-u..-,,", (Lndcpo-K\en') 
"caon. u..,.,. stIDdald <1'1"0<!. allod IIII! 
COOTdaharu be ... ..,.,n aU roonponems. , 

fig.,. l. Tilt netwott usecl in o.o1.obo� B. """01l1l"i of ttY .. lidOOll st. 
tions '-' fl. CIICID. .... 0:II<I<I) IIId two -.u." $I11>Om l_ .......... one! 
_AlII. 

Coordi"�'e. for �n promary �Ir_ 
JlOrt control """on, ... ere de'enni"e:d 
bI- exen"'ng fout 'hr<'C-di ...... "on�1 
k� .. oqualet adju.uncnu--<an"",,,,. 
Ing 5IIAW' and Sf. ur"'--II""8 "' 

Trinid<.d. w�n lIltroduced \\1JCtl hub. u<: IIICO<· 
IJOr.I'ro intO �ny neo-'orl design, the PACE" 
ooCl ... ar� d"'<:nninn I� opU- mum romb",�non 
of ,-ee'",") co,,"oc""g � huh! 10 oUler l1�uon' 
and imcrnally ..,It<:u them ",thou' f"nbc. II"er
.... ,,"'on 1I".."c>,cr, " "  also pof,Slble LO ""I«. an 
,",.,racu,'c P""ce».inil lrochnique .. her<: UK open
.or an �I>ttify, • 1',-" .he tlc1irtd ge<>me[flc 
arrangement oh�tors bt:""'c�n U,,\lOIIO. 

Figure 3 gr.opluaUy <kpICU .he "" of ''<'(.on 
(i.e .. ba.e-hn ... ) .deaw amomauall)' by I'AGE4 
m oo]",ion B .. ·hieh mdud ... ..... I0Il> <:304 (Cmld 
Caym"n) and TrrA (rnnidad) •• hub •. A> ex
pected. some "",,'or. arc rmud by .. he sofl'ft"ate [0 
P"" tl" 01l811 me ["'" .dn:,� hubs. 

Sol .. "on C repllccd .he hub <>pilon In b, ..... of 
a ';ngl., ,"11,,1"',,<:01', solution. hoJdmg fixed onl�' 
"lAM, �,O(l H. ""OIX. Noll<'" I11�t I1\1� �"'''''' 11 not 
"'Iu,v:olcm (0 wlunoll A. bn:liu>c m soIullon A � 
"'"0 fiduoal OUIUOn� "'ere not f,xed .. m"1I,,n-.""· 
", � un.,!,'" CPS De( .. oli< arran�mel\' In other 
wonl>. ,he v""'ou cOII"tttmg the '''"0 fiducial 
5latiOOll "'ere ,lOt compmM Imffljdlrial '"«ior. 
d"" �,.., pr�..,m III ooIuuono B and C ale.all ..kn
Ileal and o(nell)' ob ,amed from the ,'alun uoed 10 
CO"'U"" " the Coord",,'e, of "'1AN1 and fl" ""<>lx, 
Although PAGH could "'''gn vanable 5Igm�. 10 
'he coord",a'n of the fiduc.al lola .. ",,.. tlu. opuon 

..... nO\ ""ple"",med. Irme�d we foll",,'ed !he 

ob..,,,'a'iOns ,he <omponc"l> or _II 
proce""d "Nton obulll�d through !Olution. A. 
B. C. MKI 0 The "  j>tnMn<1n- , .. mbrd ""'�a"ans 
of UIU' "''''gh, for the four adjuw'lI!nts ,.,..,..., Ii,O. 
I I  ,g, I 1.11, and 7.6, Thac modcutcly hIgh ,-alu" 
of �n" poum�'i lQIldard d""ialla" of unit "'e'gh, 
remf,,",e 'he 'hrory du, .... ",I>Q r(lUlIillg from 
CPS reduction ...r"'·Me arc opUIIU>lIC. thm Ih"}' 
""(kreSl,m.,,, -uue errors" affNung <:Im"r 
pha.., obscn"1l"o", Glu>c:d bl unmodekd dTecu. 

The coordinatn fram d,e iOlu,ion "'ith a 
mm,mum G ",..-. '"11".".,. of unll "''''glll "'ere 
,lH:n mrnpa...,d 'P"''' ,h .. Olh<1" ,hr�e .oIuuClm. 
f'gure, 4 and 5 dep,cl honzon131 Il.mu<k allli 
lonJlltudt;) :md verncal (elhp""d lIe.g!u) dlffer
"'lC� be ... em CUl"'\',llIleu gende'l<: coocdinal�" 
", • .,hlIlg from ... Iutiam A and B It COn e ... ,lr be 
le'en ,ha, the dj.pla)'ed ,eoOr d,fTerence • •  how 
cxcdlem 'J!Teem""t '" lall(ude. Willie th" d,,�· 
gr=m '" Iongiru<k " tugcr [}un III latitude:. 
the d,fTcrmce< snll rem.m ."Ilun �'c Tcqtllre
nll:I11$ of tha 1)1'<' af PfOJCC" Reali tha,. e.g,. all 
error of � em far an)' poim on 'he ,...rfac" of the 
�;;urn It cqu" ·;oj..,,t '0 ,  ...,ian"e ge<Xcnmc elTO!" or 

4 7 ppb (p.o' \J per bILlion . I O'), 11115 uDCntanllY 
.. """" than acceptable fOl' moll grodenc work 
�ncl aceem all t)"pel af mapplllS .",1:<)r CIS 
requ'r�nu 

U"""""CI". figure .. :oIto -<haws that !he: laTlf"T 
dll.g"�""'(IlU al� >ome'illa, f"XU1.artr loc:iItcd, A 

-



d"".- S<nJtinJ' md",,,,,,, ",," they 
=pond mostly !O points de
l=ninffl from hub >taOons 
"n(\:or f'01Il15 ",""h,.,>etJtcl}
delerrrurl<'(l from Yc<;\£Ir$ "tigHt"r. 
ing al �rrAl-II and fl. CROIX. SoIu· 
lion C. ,,·hid, elinunates !he 
possible propaganon of <"ITO'" 
through the hub a1l�maU\-e. im
provffl the homo",al dUf..-mc-", 
for Jamai"". 101:>.go, and Barl.>:o· 
do" although due 10 ,pat" ",;crie. 
oom Ihe f'gure depi([ing them " 
nO( reproo'-"Oed t.er.._ H"",,,,er. 
,hi, pcrforrmncc could I .. mual· 
ized try obse1Vtllg the (oordinare 
difference. between """'non, :\ 
and 0 (0 " a b)'PTodlJC\ of C) 
whlcb are rep,-.,.",,,,ed lfl Figurt"' 
1),"d7. 

_. ___ .... "'. _w _ ••• .. 
T" 
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By comparins Figurt"' 4 and �. ". "" .... .... _,.' _.,. __ _  • _ ... _". _". _�. _y. _ ... ·M" 
5 "1Ih 6 �nd 7 . ."..ral conr;h"lon' 
=, be ",ad,ed. One i, ilia, !he 
ind",ion of huh ''''''on' rna)" not 
.Jv."Y' be !he be" a1,em3.!j\e. 
parnmJ.'Ui)- when the quah,!, of 

Fog"o 4, Holi;:onl!l/ ditf ... _ ('OUtIM B mrnu. ",lutNln A) when """, arid ". 
'''''''' .re co",uojned in &.e r.&work adius!!",,'" 

!he OO;eI' .. rd ""'. dua a, th" hub IS ""PlClru •. Unru,· 
fined dala error> "' the hub PO"" rnuld be prop>-· 
gated 10 n..arlJr COIllla"led .Iatio",. llti, problem i, 
ccrtol",})" lllOTO O"lllcal al hub ",,:. ",an al fiduoal 
,oliom beao""" Ibey are ",Ieow 10 
run fot ,·dallvely "j""" pc-no<h of 

frOl" the 'wo liduoal " .. "0115_ I" this rc'pe«, r>Ole 
IhAI M"""I and ST, CIlOIX are Iocaled on [\<·0 diff",'",,{ 
plal<:<-Nonh Ameru:,. and 'he Cmhbe.n, 

r�..,ll'-

time. and lU""'f"'<'IW C1TOI" 'Olor«, 
(IIIulup"'" "ffect<, radio frequency 
imerfer,,"ces) are n01 mo ... ,n In ad
vanCe. Once 'he data ha,'e bee" 
conooed "ith errocs, the glilch .... 
ereale 1101'" ...-1Ud. i< almt><, ""1"""'. 
101" to rorr..cl durin8 1"0<""'''''8. 
Appar",,"y. tI", " ... 'he """" foc 
'WUOIl TIl'A in Trimdad ",·h=. for 
Y"-' un�xpl"'rt<'d r� .. "'m, Jr.-e da�" of 
"*"<:,-""nrm ".,,,,, re]<!Oed from a 
,,, ,al of nine da�", htcl,,,,, of !lOOt 
data quality. 

... .... or .� • •  �. ". ". .... ... ·M· .�. .,. ... .... " . ,,' 
.' 

n ... o",er ob"iou, roodusion 
from the preSffit In,-,,,oganon ap
P""'" to I.>e thaI !he ."h"" med 10 fix 

Ihe coordlIule. of � fidUCIal 5I�
Ii"", (MIA\l1 and lIT. CROIX) do n'" 

•• :em IV bd''''g 10 a comm,," oon· 
.-cnllonal h:tl"<:W1a1 fi'lltIC. Th. 
hypothC$i, " <UpporlW by tl ... 
lllghe .. ",an usa,,} COO"h\\ale dJffer· 
"'10:' """",""",.ed al somt: of Ihe 
"aborn "multan.,o.M' MU:tnU"W 
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Fill'''. 5. El6p$old �igItt diffrreoc!s (s�"", B m...., • •  oMion Al mn ....... 
and .,. cruJt are corouained in the nerNOrk e�justm.rn. 

" 



.... -' - .. - .... ··,,·�·,"·�·-,,-,-,,-,·",·_·,-,-,",·�",·�",·c·,",·�";.. M' �.-.;,_� ,- _ �-
• ",,., . - ., "', \J ' "  .� .-\ '. 

... " ' I  

· . ." 
".,� .. "" 

, _ _ V ' .. .. U .... n •..•••• ••• 
"'�"--� ')- '" .. "' .• " . ••• " .... . -�!.:.---

I -\ .. � 0: ' • •  '" ? " . '  t . '  . '  
- '''�' , .... , . -< --- .. ',". .' " 1 � ,_, 

�.;. \;:;.'-� ___ � -;-.... v.' " ,.-. .... .  c':', , • 
, ,.' . 

...." . .  '., " 
,,' , • •  .. , • p ... " . , 

.. ", 

"-

. ,,' 

," 

". 
." 

. " ." ." 

" 

" "-"-Q .. 1 " ,.' ,,' .. ' "" ,,' ,." _ ... .... . M' -- --' .... .... . ..- -- ... , 

fl.u'� 6. IIo!izonIti oji/Ierllf'Q$ !slIt/Iron 0 I1WOJ$ soIubon AI when ...... atId 
rt. c.u ... cOIIItfaoned in the notwOtt ..r""trNIII. 

may nOl ., 'CI be ,'cry : .. :<;ur."" and 
oecOntl. Ihe plale rOl:UJon �tlg"I"1 
,..,IO<IIIe. applied 10 b1'ing Ihclie 
coordmalCJ 10 the opoch "r ob.er
'"Uon :lIc only P""'" approxt· 
mauo",. b...ed smeuy on geo· 
ph""cal models_ 

These ro"nOlI unCert3lJ1Uc. 
conld npla", the ,mpro.ell1ent in 
the ckl«ted chfTncrKcs "'he,, 
IOluuons ,\ and D arc (outnued 
("'" F'gure' 6 and 7)_ 1'\<)1'<;1: the 

",crall RMS KaUer lmprO\'cmcm 
m long-nude f":>,,, 2_0 em to 1.4 <11\ 
(KC flgur6 4 and 6) and. more 
i1gn,IiClmh', In e1hplO1d.1 height 
from ,,� em 10 1.7 em (..,., •• S'''''' 
:; and ;1· NOll� 11m IOLuuoo, A 
and D art mdependcm �nd do 110' 
meNde dt,.ec, w'<;toro C<lll,,"""ng 
"w.o, ""d ST. CkOl_� .... ·hleh. pre . 
""ll ... bl, . .... ..".� de'ert'llI,t"d from 
fidua.oJ coord",,,,,,, rer..".c<J 10 """0 
'ligh�' dl fT�...,,,, frallles. a. oolu
llom fI aod C 'cnd to pr"'''', 

r"rlhcnnOTe. $T. C2oc\ ;. a r�la'i"dy n� 
.,atoon "ith a shurt 1"'101' of (0))«1"; GI'S cil.tlI 
Con"'JUcntll. o" ... U 'l'''''''Ia';� � of two "pes 
could he pr ..... rll. r'<>', no 1I�()(entnc wo.-do .... te. 

It" c'llll"a<e<l \ha,. after a ng<><' OU> :o""lv\-i, ot finj,hed and the "'" to the locol poillU 
h,a"c t.:.,n complc,ed., the: f"",l primary and .....:on
d:.ry 2xrpon conuol """"" coc.rdi,oa, .. upLoaded 
mlO !IIGS' <bula ... wukl be IJ""C""mcaUy ao:nu=: 
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f,g.f� J. Elips.aod hIoQhI �erenclS liOIuIm D ITWlIS loln"", AI .... tlwI ...... 
Ind 11. <M* arl ccnstrllned in !hi nrtwork ,djUSImll'L 

" 

to ao Ie_ !.� em III laulUd" and 
longitude and �hou( (>,ic� tl'�l 
amou", '" ellIpsoid I"-�gln. One more rndiC3U<>n of th<: <pJ<ili1)' of t1", 
"""-lIt> " pr�runl ill Fip"" 8 and 
9 ,,-h>dl dq>!a all �jt"'mel1l ,",-du_ 
.>I. from .oiul.ion " pr<1<-"cI.I!d on lhe 
planes or Ihe gt,odruc homon (can 
verrul nonh) and prill'" vertic,) (eo" 
'"Cnln ellipsoId heIght - "P). 

P"",,,,,,,, dd"mili"... and 
�� ... 1OaI (oon:!J= lr.ln .. 
rO<m:ol>OfIS arc gn'cn In SoIn- and 
1I,,,hc," (198S), TI", GRSSO eU'r
Klid ""'" uoW for m= caJCUbllOl"_ 
l'he plou lJl figure. 8 and 9! pr<:$<.�" 
.,.,m <Jb!.erva,lIOn re>idu.>! a$ obwned 
froon !he InS( oquarn ,,,,twor\; ad

j,mmmL �"""". r.,.- ualnpl<:. ,h .. 
no hailOllI.:1I oboer.,-auon rC$1'�J�1 
rxc.....Js 2 an and :; an 111 lau,,,,!e 
;1I,d 1000gn«de:. roperovely. II"",'· 
C\n. the R,\b or 01", OOlu:r of all 
rt:>Iduith all: onh' 0 .... 7 an and 
1.9-1 an_ lbe large "",,,," '" longi
rude::at>!oCS /Torn model en.,..., rdaled 
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LO lIIrong. ,,'hid, "r� � Ul JongJl\Ilk 
,� to V31UUom '" \� roGIUOfl of m.. nnh 
"m] {he p • .'.:lIh", CPS .. {cUne ground.ux\: 
CO-'l .... ge 
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VonnI urlO:Jt;WlUCS ",.., COIui"ml "Ilh 
the dJ/liall'" In modebng 'he atmooph<:ric 
rerr.u:",,,, (iono>piocre ;md trOf.'O'phe"'l l� 
""'gmru<lci of w ,,,,,,a1 and � 
"1'TIlf' .,., , .... �. <Ol'Tclaltd. althol,gb 
a I)·",:mauc ,legrad.luo" in the.".tIer J�U\lIde. 
]o");Itu<k. and heIght IS pre'I':I.len' ;md h;u 
beoen u.o..TI lolll<e IDe UlU-O<b:tiOU of CPS ,n 
gwtle!it: openuon. (f«. e.g .. SoItt '" aI. 
1991). Ke\'cnhd .... il " rurpn.mg thai the 
ffiaS"'nx\e of !he R.\lS for me ,'OtIQ/ torn
pone", "'hm mtl�ed .. "h p�'IOI.U .-\.. 
anler proJCcu "'" hOI W-J\'1". 1)", nU' mdi
calc � SIgnifICant progrffi III lIM: m<><lo.hng of 
pha�"'" """'''p''''bili ..... btn.� :antm· 
na" ",luch ...... an un\.J""'ll problem a few 
)�anago, 

F,;U'. I. Adjullmen! rUldulls III 5giutJon A ploned on 1M 9"odetic 
horIlQ/'lt pIInt. 

The plolted relld",,1> arc p=unJl� 
"""dna,,, .. "h f.'pea 10 ,h. cho". of fixed 
.'a""". but lhey are "gmf,camly ,,,nu· 
eneed 1»" 'he uII!lIotld"d cnoo min""" In 
Ihe ob..ervauon> of e;r,ch particular "'SI,OI1. 
Ill",. lh�.,. rdl"':l " bc-lt� ",c�ror. of di .... 
per$&un for each oble"'.bl,, ,h;rn. Ihe for-
",al f1TOrl �"",ra,ed In' the CPS .ector 
proce><mg Klft"'''''''. Luge relidu�l. ;lH 
g""ual!), cOITCbted ',.,Ih unmodeled <on· 
<111;0'" at I� 00","'''1;0" me .. e.g .. h'gh 
hmrudtty. p"'.;ng .. arm fronl>. m,,(upllh 
elf";,,. or 'ono'phe,,, aetn'Ill ConCerN' 
ally. 'he).' ",dlGlIe na... <omnu:ndy each 
<>htcr>alion fi" ,1-1 a"erage "al"e "·htch. 
]1n:'IIID.1bly. repre;em. the OI"collle of 
,,lui ,,,,,,dud "b""",ng cond'Uom. 

Another fac!or 10 co".;dcr "i1en CPS 
lM'''''om ue 3dJII>1«1 'I Ihal reducw CPS 
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"eclor CO'''I'Oll'''''' (Ihe ob,crvabln) h,,'" 
unpile;! ddim"oD of .coole and onenUUon_ 
Co,,�eJllJ\', onn dlrft degm:s of ffet>

Figull g_ Ad)U$tmerlI mIcIum 01 soII.6on A pIot1od OIl the pnme 
- "",,, 

dom 'p""'fl"ng 'he ong'" (I.e .. three <oor· 
dinnle. '" one me j>m,IiOll) '""m",n to Ix defined 
to :Kcounl for the re'llllre<! "",,;mal ... 1 of g ...... 
metnc (on>lra",tl. TI", .. nO mformallon aboul 
Ihe origin of Ihe CPS """,'ork 1\ Im",," 11l ld· 
v�ncc �nd an :Kturale [oordlllal" frame (the �� 
10 "Ilid, ll1e .·ector (ompo""nu arc rdcrrffi. e.g. 
rrRf9�) ,hollhl k "led 10 fil< � ''''''l1n''m of one 
>lallon. Once coordJl\ .. I .... are k"",,-n Itl a ngorous 
geocentnc coord""" e frame:, final lnnllormauoru 
'0 Olhcr (onlln"",a) dalUllll (e g., N . ..IJl 8'. 
EUREFS9) could be Impl"'mnled (Sol�r �nd 
Hall. 199:'), 
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Conclusions 
Corutdcnng lhe q>W'''' of Ih .. . �"--ll'" oI��in",1 ",. 
nnpIoytng.ut.7.n«d CPS tedmolog,. and ,,,,,thad .. 
KCS' obJe<u,'("5 With rC>pt'C1 10 Ihe C,mbl,,';u, FAA 
"'"*'" h2\'. t:.:aJ full� kWffipil.hed. n", N'DOl'I3I 
GeodtUc Suowy tw P'" Ul pbor: an acalrale .," of 
pm""'y allpon control nations. which .I<'Cl,r., .lCC\,. 

r:lle S�tric polIllOflI foc $2 aul'OIU. lhc degr«' 
of II(llD";>(V CIl""., tlw om.. r.JnJr. groden< and 



,�Ilograpl"" 01'"'''101'' J!l Ih" rcg.on con "'""- Ihe 
ilion .amBon! g<.'<I<k1ic and mappmg r�'q'JJ, .... nenll 

·nn. IS O/�y Ih� fin! R�p Ul ,he alduot.! wk to (01· 
low I"ow. Inili,,,hl<ll Cari� � """'nml( 
�g� are kfl .. ,th Iht dlalIcngl! of adding .... "pie· 
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