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As geoclesists,  it is natural for us to think of the Earth’s sudace as
approximated by a network of points, We extend this concept to one of a
rotating, braced polytwclron whose origin is at tlm Earth’s center of mass,
and whose vertices are defined by GPS stations. l-he realization of a
terrestrial reference frame with estimated site velocities requires the
specification of 3 Euler angles and their first time derivatives to align site
coordinates with convention. We illustrate practical aspects of such
reference frame alignment with examples from global GPS data acquired
from June 1992 to March 1993. Finally, we describe the JPL GF’S
coordinate solution, JGC9301, which has also been submitted to the
IERS Annual Report

INTRODUCTION

GI’S is quite unlike. any other geodc.tic technique., bcc.ausc we. can usc it to look at the. IMi (h
with high spatial and temporal resolution. li)r example, the. G1’S global ne.two]-k ptovide.s
us with a daily  snapshot of the. l~,arth, allowinp, us to look with high tcmpma  I remlut ion at
the motion of sites bcl’om, duI ing, and alh a latge.  ear[hquakc. At the. otlm extreme of the
spatial and tmporal sca]c,  GPS has g.rcat potential for mapping post-glacial  rebound of the
lial-lh’s c.tust.

<Mmntly, the GI’S global  network has over 30 simultaneously opclating receivers. Given
that the current “core”  nctwolk will double.  within the next l’cw years, and that the total
number of pe.rmancnt  rcccivers will possibly reach 200” within 5 years (most of them in
regional arrays), wc arc fi~ce.d  with the rather dfiunting  and exciting task of reducing all
tlmc  data into a consistent picture of the 1 l:lr[h.

‘1’his paper CIOCS not ad(ircss  the. technical issues of ct>ll~t~ltltlic:lti(ltl,  storage, and data
processing for such a vast data rate, suffice it to say that te.g,ional  data t-duction,  le.ast-
squfim partitioning, and collaborative. cxchangc  of submtwork  solutions, will all play a
ro]c. ‘1’his  requires inte. rn:itional  collaboration, and the 1<1S alre.:idy provides the
cdmsivemss,  organ intion,  standads,  anti goodwill that is ncccssary to make this work.

‘1’hc main focus of this paper is to view the l(,arth an evolving polyhedron, whose vertices
arc de.find  by the G1’S sites. Wc review the prime estimahlc parameters of the l’rec-
ne.t work approach [1, 2], and then g’,o on to dcscribc how a titnc-smics of coordinates can
be. derived without imposing external consltaints  on any parliculat- site c(mrdinate 01
velocity. Wc show e.xamplcs of time-historic.s of site latitude,,  longitude, and height, taken
lmm H 13-week time period in 1992, including the e.1’t’ccts  of the 1,andc]s  em] thquake.  of 28



June.,  1992 in California. l:inally,  we present cartcsian coordinates f’or 38 stations at epoch
j 992 ,5 ,  wit}, ~ r(>t~ti(J*]  ~l]g,]e,s ~pp]i~.d s{, that th~ p{)ly}l~.drol~ is 01 ielltcc!  to 1’]’1{1’91  [ 3 , 4 ] .

We compare the scale, gcocenlcr, and individual station  coordinates of’ our solution with
1’1’1<1;93 .

ES1-IMABLE PARAMETERS OF THE POLYHEDRON

Figutcl  illilstratesp:lralllctc.rswllicllarewcll-c{Jllsttai1lcLll~ytllcGI'S(lata,cvcll\v}]c1lall
station coordinates and satellite orbits :IIC freely estimate.d without a priori constrtiinls.
Cc.rtain  flll~cti(~l~s[lftl]c.sc  p:iramctcrs  tllayt~ce  vcllt>cttcrcl  cterl~lil~c(l  (1’orexamp]c,  the
angle  bctwem  a long basclim  and the. spin axis, 0]- the dil’fcrtmtia] gcocemltic  distance
hctwccn  two ncarhy stations).

S;)i  I) Axis

Slfilion i

Slriliol] j

that is, llmsc  l)aramclcrs  which arc wcll-l?ig 1. ‘1’his  figutc illustrates cslilnal)lc paramclcrs,

comlrdimd by Ihc CII’S  data, and do not require cxlcrnal conslmillls. ‘1’hc  l)artin)clcrs  il)cludc
krsclinc lCIUI,III bctwccII  station  i and slalio1l  j, lo, w~~cll[ri~  ~islall~c  of slati[~ll  il r’il ~~l~tit~l~l~  of

station i to 11112 inslalllal)cous  spin axis, l/~i, and lhc ]alc of rotation,  m.

‘1’his type of pnralllcteri7atiL>11  is imxmvcnicnt  for least squares  c.stimatim  and for lcporting
rc.suits. Quite simply, the polyhcdmn is OVC.I spccil’id.  (l:or example, we could  actually
compute.  rj givcm fill olhcr paranlctcrs.)

It is n~uch more cxmvcnie.nt to rcprcscnt the station coordintitcs  as cxll te.sian coodinatcs.
1 lowever,,  cartcsian coordinates thcmsc]vcs  alc not c.stimab]e!  lLvcJI if we define. the spin
axis lic on the z-axis at a ccrlain time, the. a7imuthal  an~lc  of the polyhdron  is not def’ine.d.
If wc also choose to explicitly estimate. the. spin axis dire.ct ion, them a total of 3 lhllcr  angles
arc utdci’imd,  Note that, if wc estimate station vclocitics,  these 3 Ihlcr angks  am also fIcc
tt~ drill at a constant rak, hcncc wc would nccxi to spc.cify  3 IirUlCI angles and the.il 3 first
tim derivatives (01-, c.quivalcntly,  3 lhlcr angle.s at two e.poc.l]s).

We. must keep in mid that we arc. choosing the ctirtesian  coordinate rcprcscntatim  (or the
equivalent rcprcse.ntation  of latitdc, lollgitdc  and height for [i spc.cifid  c]lipsoid) fol
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c(Jllvelliellce.  (Jllly,  alldtl~at  tl~cc(>(Jr(lill{ite.  stllclllsclvcsa rel~c~t  necessary for intcl-prctation
(n notion crucial to the dcvdopmc.nt  of lclativit  y tlmry).

SITE COORDINATES

We. have chosen to c.stimatc all cark.sian coordinates and a daily poled ird ion, al 1 with w] y
Ioosc constraints. As rr final step, the. f[ce-netwolk GPS solution is oriented to 1“1’1{}’91  [3,
4] at epoch  1992.5.  When deriving the rotational nng,lc.s hctween two ~cfcic.ncc  fmmcs, it
is csse.ntia] to simultaneously estimate the 3 angte.s, and also 3 tmnslational compmcnLs  and
a scale, pararnctcr. ‘1’he reason for this is that the. angles  arc cwrrelatcd with the translations,
so if lhc GPS solution’s location of the “gemmtcr”  (I;arlh’s center of mass) tiisagice.s with
the rcfcre.ncc solution, the c.stimatc of 3 anp,les alone will absorb some of the translational
offset, thus giving  an m oncwus  orientation: 1 Iaving cstimatcxl all 7 paramc.tcrs,  only the 3
angles are then used to transform the GPS solution.
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l~ig  2. Weekly G1’S solution  for the p,mccn[cr (I%r[h ccntcr  of mass), as compared wi[h tl)c
origin of 1“1’1<191, which is lmscd o]) a salcllilc  liilcr  ran[:ing solution by CSR.

in the following c.xamplc.s,  we, usc data from a 13 we.ck  period from June-August, 1992.
l;or this purpose, WC simply assumed a zcm-velocity  model for station coordinates, and
formal a fully we.ighte.d  avc.rage solution for the frm-ne.t work pol yhcdron,  which was then
ol-icntcd to 1’1’1<1~91 usin~ the ahovc ploccdulc. We. then took each weekly solution, and
estinlatcd a 7-paran~etcr  tr:lJ~sf(~rl]~:lti(~l] into the 13-we.ck cxmbined  solution.
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}rig. 2S11OWS the translational offset of each weeks solution. ‘1’hcsc translations can bc
intcrprc.tc(l as the. discrepancy between the. GPS dcte.rmination  ot’the g,eme.ntcr  and the.
origin of’lTRII’91. Since wc know of no mechanism which can induce f’ew-cJN ]CVC]
variations in the IJ,arth’s ce.nte.l’ of mass (Iclativc  10 the crust) over such a short period, we.
nlust interpret Fig. 2 as a nwasurc. of the stability 01 the G1’S origin, which is implicitly
dci’iJml through orbi ta l  ciy Jlanlics, }Iencc, Iiig.  2 illustrates onc aspcd of orbital
misnmdc.ling.  “1’here is no evidcJwc  of a bias lmtwccJl  GPS aJ-d l’l’l<l;.  “1’he. Z4-COJIlpOJ]CJlt is

Jmt as prCCiSC]y  Cxmstraimd by the, GM datti,  but JKvcrlhek’. ss agfexx oJl average! to bCt[Cr
than 10 cJn with l“l’l{l;. (CM most rcceJlt  solution, dcscritml tw.tow, agrees  with the l“l’l<l;
01 igin to within 2 cn~ in all 3 Colilponents).

After rcJnoving  each wce.k’s gcoc.eJ~tcr,  sc.ale, and oric.ntation so tliat it is transformed into
tl~~ 1 %wcck re.1’crcJm frame, we obtain we.e.kt y estimates of statioJ~  comiinatcs.  I;ig. 3
shows a representative examples of time-series of coordinates !’or Wettxcll,  Germany.
Wcttmtt  is typicat  of al] Jmrthc.rn t]cJllisptwrc  site.s. ‘J’hc. average. l{h4S for gcocentt  ic
coordi natcs arc sunlnmrizml in ‘1’able 1 below.

l~ig. 4 shows the n~otioJ~ of’ PiJ~yon  l:lat Obsc.rwitor  y (l’l NI ), California, due to the
] ~ndcrs earthquake of 28 JuJ]c., ] 9%2. ]t is important to rca]ix.c  that this plot is showing, the
]atitudc,  of the statioJl (not base]inc  cstinlatcs,  such as those. shown in [5] aJKl [6]), “1’his

ittustratcs  the power of this technique to obse.J vc atmlutc co-seismic displaccJmnt, without
wl’crcnce. to any particular fixc.d st:itioJ1. lJ1 fact, the. gcoce.ntric  coordiJlates  are ge.JlcraIly
bc.tte.r dctc.rmined  than txweliJlc  cooJ-diJwtcs for kJJlg hasclines.  lMseliJle prc.cisioJl is at the
kwe] of 2. JMrts pm bi]!ioJl, which c.xce.ctis  4 Jnm foJ” baseline.s ioJlgcr  than 2000 km.

‘1’:il)lc  1
RIMS OF WICItKl  ,}7 C1’S CICOCI’:N’1’RIC  COO]?])]  NA’1’ICS
C()()rdinnte NorthcI.n  IIcm. Soutl)cl’n  IIt’n].

( m m ) ( m m )

] fititlJdC 4.0 11

1 oJlgituLic 4,4 14
1 lcight 7.5 23
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l~ig 3. Weekly G]% SOILItiOII for the gcwcntric ccrordinaics  of WctIz.cll,  Gcrluany.  ‘1’hc  13-wwk
avcrap,c sOIHtiOll  has lwcn Subtrticlc(l  0111. RMS i]) lat. awl lotl~.  is 3 ]IIIU, ancl 7 n~n~ for hcighl.
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l~ig 4. Weekly G})S solutions  fo~ the gcoccnt]ic coordiluitcs  of Piliyou h’lat  Ol)scrvatory,
Califwllia.  ‘1’hc  slcp-ftlncliO1l  is cltlc 10 co-seismic displacclncnt  associiilcd willl  lIIC I andcls

carlllquakc  of 28 JUIIC, 199?.

SITE VELOCITIES

Wc mentioned above the additional c[mplcxity  in rc!’cl”cncc fJanlc dc!’initi{m  wlwJ] slalioJl
coordinates arc estimated as an c.poc.h positiot~ plus a velocity: lluler angle  rates must bc
spc.c.ificd,  otlmrwisc lhc pol yhcdroJl  i s  fi cc to Jotatc. about  soJllc al bilrary po]c.  ]iol
example, vclocit ics in t hc lw)git w] i na 1 d ircclion would IX perfect 1 y correlate. d wit]] t hc. 1 larth
spin rate.. ]iixing  the Itulcr aJ@c r:lte.s wi]] afi’cct  the appalt!Jlt  drift of the Coordinates of the
llfirth’s spin axis (%pparcnt,” because it doc.s Jmt affect the estiJn:lblcs paraJnctc.r,  which arc
the cola litdcs of all stations with respect to the iI]st:lJ]t:\tlc(Jlls  spin axis!).  Convctscly, the
I{ulcr angles  and their rates may lx arbitrarily fixd by defining the direction of 1121J-lh’s  pok

on 2 days, and !’ixing the Iongitudc  aJKl lmlgitudinal  velocity of one station. ‘1’lm clloicc we
suggest Me., is to apply a rate coJMraint such that the station velocities are aligned  in some.
average. scmsc with conventional gcolog,ical  plate. motion nmdc.ls, such as NUVItl.  NNR-1
(“NNR” Jm%ns “no nc.t  rotation”) [7].

C)nc way to achicvc  this is to expand the, notion of a ‘1-par  amcte.r tfi\t~sftlrlll:lti~J1l into a 14-
paramctcr  tr:lllsf(lrlll:itit}rl  (the original 7-parainetcrs  plus the.ir rates). WC, could then solve
for the. ]lukr angles aJId ra tes  aJId diJcctly apply it to OUI ftc.c  Jlctwork  solution. “I”hc



advantage 0!’ such a technique is that no station (or station velocity) has special treatment  in
the, rd’crcncc t’lanw dci’init ion, and no coord inatc  (or veloci!  y) has zcm formal mot.

WEEKLY FREE-NETWORK SOLUTIONSr b’ k+
FORM UNIFIED KINEMATIC FIT, MAP TO WFEKL Y EPOCHS @w- Polar

~+~+$.~:+

~ ~~~,i
TRANSFORM WEE L Y SOLUTION INTO UNIFIED FIT ~..,.,,xb,+p,

v v.  .  .  .  .  .
ADD RESIDUALS BACK TO UNIFIED FIT

I.u

WEEK WEEK WEEK WEEK WEEK
1 2 3 4 5

lfig. so A s~ll~l)]fi[i~ ~cs~ri])tio~) of lIOW~ 10 ~~riv~  a I i l l}c,-series of p,cocclllric slnlioli COotdill~lCS.

in this cxanlp]c, wc Oblai]l weekly slatiO1l  cwrcliwilcs,  pOlc prrsiliOm,  gcOcclllcr  10catiO]],  awl
scale paralwlct. III praclicc,  lIw pOlc p~siliwl is cslinlalccl  cwry clay.

l~igure.  5 illustrates how station coordimltc.s at, for example, weekly c.pochs can hc. derived
by mapping weckty solutions into a unified  kincmalic solution (with st:ltion velocities
estimated). ‘1’0 avoid complication, the. ali~nmc.nt to l’l”l<l;  is not cxplicit]y  shown  in this
figuw, Note that this is similar to method used to derive. l~ig,s .3 and 4, (cxce.pl that station
vclocitim  were.  ml cstimatd, ad pole positions were. actually cstimalc.d  daily).

JPL GLOBAL COORDINATE. SOLUTION JGC9301

J]’]. solution  JGC9301  has been  subm ittcd to 11{1{S 1’01- inclusion in the Annual Re,port.
‘1’he solution is listed in the Appendix. Wc tic.scrilw  it here to illustrate how the, above
tc.chniquw  can be applied.
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‘1’hc inputs to JGCWOI are daily frm.-ne.twork  solutions from (a}>]>rt~xill~ate.ly) Jut]e., July,
August, 1992, p]us January and ];cbruary 1993. (We do not yet IMVC lrm-network
st~l~\li(>l~s fc}rtl~c  l~~issir~g  l~~~>I~tl~s). ‘I’llcsc (ltiily  s(~l~lti[~l~s  wcrcfirstc{~l~]l~il~ccl  into wcckly
so] u t ions, and a few (about 5 Yo) s us pmtcd  ptobl~nl  (ia ys were rcnmvul  by checking
base.line length rcpe.atabi]ity.  Using these. wm.kly solutions , station ve.locitics  and
coordinates were estimated at a spc.cified epoch (in this case, 1992.5). Atthispoint,  the
solution was very ill-dctcrmincd  for the reasons given above. Since the period spanned by
the Ciata is a fraction of a year, this solution’s was cmwttairwd to the 1’1’1<1:91  velocity field
[3, 4]. We solved for a 7-paranlctcr transformation into I’J’RF91 [3] at epoch 1992.5, and
then applied only the 3 rotational angles to tile. GPS solution. The solution JGC9301,
augmented with the NLJVFJ. NNR-1  vcloc.ity field (at designated primary sites on stable
~i]a tc interiors)  can now h,? used to define the orientation for all fut ul-c G]% w] utions.

‘1’hc geocenter  and scale for JGC9301  were. not fixed to I’1’RF91.  ‘1’he differences in
geoccnter and scale arc give.n in ‘1’able 2. Removing the gc.oce.ntc.r  and scale, the RMS
cmrdi  na te difference is 16 mm (fm 66 cwordina  tcs, 59 dcgrccs  of frwdmn).

‘1’al)le 2
Tl{ANSl@ItMA’J’10N  JGC9301 -I”J’Itl~91

Stiiwkird  CIIWS  are givctt  fm .IGC9.301  mly

I’aramc!tttl” J(; (:9301  -l”J’ltI”91

Ge.ocentcr X 8.9 ~]] nurl
Gc.occntcr  Y 4).6  ~1(1 l~u[t
Geocfinl  c.r Z 17 .7  515 m m

Sca k - 2 . 4  20.2 X] 0-9

CONCLUSIONS

in conclusion, WC sug$cst  that (;1’S can provide. a very strong refe.rcnce  frame, capable of
providing goocentj-ic coor(iinate.s with sub ccntimcte.l- accuracy. ‘1’hc terrestrial ret’cmnce
frame. will be dcficicnt in 6 quantities which must bc. spccifie.d in older for station
coordinates and their vc]ocitics t~~ bc consistent with convention. ‘1’hcse quantities arc 3
}tulcr angles and theil first time derivatives, We suggest orienting free-nctwor’k (;1’S
solution at a specific epoch with 1’1’1{1; (for e.xamplc,  by solving for a 7-paranleter
tt-a]lsf(lrtll:lti{>rl,  then applying the. solution for the 3 rotation ang]cs).  ‘1’hc 3 lhller angle rates
can be fixed by applying a global  rotation rate.  to minimize the. Rh4S diffcre.ncc  in station
velocity with NUV1;,I.  NNR-1 f(>r sites on stable plate intc.riors.
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APPENDIX
JPL GPS Coordinate Solution: JGC9301

** ~:},oc!H  OF’ A[)JIJS1’MKNl’ IS 1992.5; Al,l, VKI,CWI  ‘l’] l:S CON S’I’RA1 NKI) ‘1’O  1 I’RF’91
** G], s rrAT!A sI.ANx 1-JuN-1992 to 30- AUG- 1992, and I-JAN--1993 to 1-MAR-1993.
(1) With the following exceptions, anter,na  hc?ights  are as repc,rtcxl in

IGS Mail#90. Note that PNIQ, GOIIQ, and JI’IQ refCr to post-seismic po~itions.
(2) A]] “S”- type points are to the top of the choke ring, hence they should

mol-e plopcr]y he designated a new DOMES numhcr,  ]cwated 7 cm ahove the
current S point.

(3) Unkr,c,wa or unassigned DOMES sites arc given the nurnt,er 99999.
(4) Unknown or unassigned DOMKS  points are assigned the numtml  999.
(5) Station cha]”acter 11)’s follow IGS Mail#90,  except foI” t.hc following:

(a) CASA is an u n c a t a l o g u e d  p o i n t  near M a m m o t h  l,akes, Ca l i fo rn ia .
(h) NARV is aa off-shore oil p]atfcom near Var,denhelg,  Cal if.
(c) KOUrr is the new global tlackiug site at KOUIOU, S. Amelica.
(d) NYA* is “post explosives” (r-efering  to the accident of late 1992), k,ut

should in pr”incip)e  be equivalent to NYAII. A sc!parat,e solution was ohtainecl
to assess the new antenna height p~-ovided  by Statens Kaltwelk. Assumed

antenna heights to top of ring welei NYA1,=5.286  m, NYA*=5.273  m
(e) PAM* is to the top of the choke ring (for June-August., 1992).
(f) PIE:] is a new point at Pie Town, New Mexico. Accc>ldir,g  the M. Bryant,

GSF’C, the tie from the ref. point of CDP 7234 to J}’], 4009 S is
r)x= 36.9162 m, DY= 34.82C7 m, DZ= 35.2550 m

(g) USU2 (until Aug 9, 1992) and USU3 (since Aug 9, 1992) aze both
different points than USUI) (which was valid only fc,r Jarl’91 expt.)

(h) VNDP is a new Rogue monumer,t at Var,derrhcrg, Calif.



JPL GPS Coordinate Solution: JGC9301 (continued)

s # stEi& X(m) ~—–.ml~
40129MO03 A1,IIR -2341332.8188 -3539049.5063
401 O4MOO2 AI,GO 918129.6062 -4346071.2190
50103S017 CAN8 -4460996.1118 2682557.1741
40437t4999 CASA -2444430.1146 -4428687.6998
40105MO02 DIuiO -2059164.5868 -3621108.3908
40408MOOI FAIR -2281621.3153 -1453595.7717
40405S028 GOI,O -2353614.1045 -4641385.4774
40405S031 GOIL! -2353614.0916 -4641385.4647
IIOOIMO02 GRAZ 4194424.0635 1162702.4962
40400MO06 JPII1 -2493304.0622 -4655215.5740
40400MO07 JPIQ -2493304.0487 -4655215.5673
99999S001 RARV -2686069.1359 -4527084.4727
30302MO02 }lAR’1’ 5084625.4517 2670366.5648
13212MO07 NERS 4033470.3093 23672.7011
40424MO04 KOKn -5543838.0765 -2054587.5465
13504MO03 KOSG 3899225.3394 396731.7611
99999S999 KOUR 3839591.5927 -5059567.6757
13407S012 MATJR 4849202.5739 -360329.1847
31303MOOI  MASI’ 5439189.2326 -1522054.8584
12734MO08 MA’I’E 4641949.8225 1393045.2204
66001MOOI  MCMU -1310695.2319 310468.8975
10503S011 METS 2892571.0552 1311843.3063
I0317MOOI  NYAIJ 1202430.7419 252626.6293
I0317MOOI  NYA* 1202430.7483 252626.6281
I0402MO04 ONSA 3370658.7584 711876.9849
92201S999 PAM* -5245202.1159 -3080476.4838
92201MO03 PAMA -5245195.1164 -3080472.3882
40129MO02 PGC1 -2327188.0475 -3522529.0014
40456M999 PIE) -1640916.6978 -5014781 .187G
40407MO02 PIN] -2369510.3526 -4761207.2139
40407MO03 PNIQ -2369510.3751 -4761207.2145
40433MO04 QUIN -2517230.9574 -4198595.2959
40499MO02 RCM2 961318.9938 -5674090.9670
41705MO03 SAN’I’ 1769693.2841 -5044574.1095
40460MO01 S101 -2455521.6655 -4767213.4340
40101MOOI S’I’JO 26)2631.3467 -3426807.0053
23601MO01  ‘1’AIW -3024781.8690 4928936.9104
I0302MO03 TRC)M 2102940.4466 721569.3569
21729S999 USU2 -3855262.6529 3427432.2180
21729S999 USU3 -3855263.0376 3427432.5738
40420M999 VNDP -2678090.4952 -4525439.04?3
14201S020 WETT 4075578.7195 931852.6398
14201M999 WKT* 4075577.6580 931852.3942

4745791.3986 0.0027 0.0036 0.0032
4561977.7926 0.0032 0.0036 0.0036

-3674443.9985 0.0063 0.0063 0.0050
3875747.4434 0.0239 0.0338 0.0270
4814432.4129 0.0027 0.0036 0.0032
5756961.9615 0.0027 0.0032 0.0040
3676976.5198 0.0036 0.0045 0.0036
3676976.5243 0.0054 0.0076 0.0058
4647245.2583 0.0045 0.0036 0.0045
3565497.3586 0.0036 0.0040 0.0036
3565497.3406 0.0050 0.0072 0.0054
3589502.2322 0.0040 0.0054 0.0040

-2768494.0472 0.0104 0.0090 0.0054
4924301.1537 0.0045 0.0036 0.0045
2387809.5811 0.0054 0.0050 0.0036
5015078.2819 0.0032 0.0027 0.0032
579956.8479 0.0076 0.0086 0.0036

4114913.0528 0.0036 0.0032 0.0032
2953464.2000 0.0054 0.0040 0.0036
4133287.2514 0.0040 0.003? 0.0032

-6213363.4752 0.0054 0.0063 0.0081
5512634.0591 0.0027 0.0027 0.0036
6237767.4903 0.0027 0.0027 0.0063
6237767.5077 0.0036 0.0032 0.0094
5349786.8156 0.0027 0.0027 0.0032

-1912828.0770 0.0099 0.0086 0.0045
-1912825.5272 0.0121 0.0108 0.0050
4764832.3874 0.0040 0.0050 0.0050
3575447.1450 0.0040 0.0054 0.0045
3511396.1471 0.0040 0.0054 0.0040
3511396.0951 0.0050 0.0072 0.0054
4076531.3450 0.0036 0.0050 0.0040
2740489.5737 0.0045 0.0068 0.0040

-3468321.1600 0.0068 0.0086 0.0058
3441654.9141 0.0086 0.0139 0.0099

4686757.7401 0.0032 0.0032 0.0032
2681?34.5286 0.0063 0.0072 0.0050
5958192.0724 0.0027 0.0027 0.0036
3741020.9954 0.0076 0.0072 0.0063
3741020.4726 0.0063 0.0063 0.0050
3597432.4703 0.0423 0.0625 0.0437
4801570.0361 0.0036 0.0032 0.0036
4801568.7689 0.0040 0.0032 0.0045

50107MO04 YAR1 -2389025.3445 5043316.8547 -3078530.9517 0.0063 0.0076 0.0050

4912illQQilJliLIL=1224452,3754  -2689216,Q8L2 5623638,2826 .Q,QQ27 9,QQ32  Q.,0Q36


