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. INVESTIBATION OF FOLAR MOTION FROM DOFFLER TRACKING OF THE
- ‘NAVY NAVIGATION SATELLITE SYSTEM DURING THE MERIT CAMFAIGN

. * WILLIAM H. WOODEN. JOHN A. BANGERT. AND J. MILD;RDBINSGN
DEFENSE MAFFING AGENCY
WASHINGTON, DC 20305, USA

SUMMARY

For more than a dozen vears, Doppler tracking of  the, .
Navy Navigation Satellite System (NNSS) has demonstrated the
ability to give solutions for polar motion as a byproduct of
precise ephemerides generation. This paper reviews the
polar motion estimation process at the Detense Mapping
Agency trom Doppler measurements of the NWNSS and gives
comparisons to polar motion series from newer observational
techniques and to the Bureau International de | Heure (BIH)
Circular-D seriss. The different techniques are compared
for the period of the MERIT Main Campaign. In addition to
comparing rasults for the Nova and 0Oscar NNSS satellites,
comparisons are done utilicing the W55 84 and the NWL 9Z2
gravitational fields in the precise ephemerides generation
procass.

Since the late nineteenth century, 1t nas been
recognlzed that the instantaneous spiln axis of the Earth
moves with respect to the ageographic pole of the Earth's
crust. This “"polar motion" was predicted by Euler in 1732,
but was not conclusively observed until kuenstner s work in
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satellites have been 1ncorporated 1nto the BIH global
. T gplution. The methods used by the 8IH in the treatment of
- data are given by Felssel (11.

fResearch at the Naval Weapons Laboratory (now the Naval

Surface Weapoans Center) by Andaerle and Beuglass €21
demonstrated that it was possible to use Doppler
observations of NNSS satellites to compute pole positions.
Poppler solutions of pol2 position have been distributed by -

tha Dahlgren Folar Monitoring Service since 19689. The pole
posi1tions are a byproduct of the orbit computation process.
Hence, when the responsibility of computing the NNSS
satellite orbits was transferred to the Detense Mapping

Agency (DMA)Y in 1275, the derivation of pole position was g
continued by DMA. The DMAHTC FPolar Monitoring Service %%y
(bFPMS)  reports are distributed by the Hydrographic/ g»(
Topographic Center of PMA to users on a weekly or monthly ﬁ(
basls. SBY

Froject MERIV (2] was a programn of international

collaboration ko monitor Earth rotation and 1ntercompare .
techniques of observation and analyvsis. The MERIT Main
Campaign ot obsarvations was held Jduring the period

September 1, 15383, to Jdoctober 3t 1784 anag 1ncluded a
varirety of technigques for determining polar coordinates.

oo COMPUTATICONS, METHODS FOR_OQOFFLER Dl

The pole determination metnod wutilized by DHA& is  the
method adopbted by the Naval Suwrtace Weapons Centsr (MSWC: 1In
August 1971, The brier oescription of the method that
follows 13  taksn fran khe detalled descriptiocn of the
onsar satlonal procedures and the data raauciion techniaues
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gravity perturbations, and solid Earth tidal forces. The
integration is done in the true-of-date system.

‘ The accuracy of the orbit determination process is
reflected by two statistics: the discontinuity in the
ephemerils at the ends ot each 2-dav span and the root mean
square of the residuals gf the least—-squares adjustment
process. The current accuracy ot the ephemerides 1is
approximately three meters according to Murphy and Fell L[é6].
fhis value agrees with the previous values given by Bowman
and Leraoy (71 and Wooden (81.

Ouring the MERIT Campaign, four NNSS satellites were
used at DMANT three "UOscar—-type" satellites (DMA
60=1767 924, DMA &68=1970-67A, and DMa 59=1967-48A) and one
"Nova-type" satellite (DMA 105=1981—-44A4). The Nova
zatellite 18 equipped with sensors and thrusters which
compansate +tor non-conservative forces in the direction of
the velocitv vector. Thue, polar wmotion results from the
Nova satellite are largely unatfected by variations in solar
activity,

o allAbySEsS oF DUFFLER FOLAR MOTION VaLUES

The mosr 1mportant components of polar motion are terms
wikth a ffhandler period (420-435 days) and terms witn  an
annual period. The annual motion is believed to be due to

seasonal wvariations such as meteorological effects of
changes 1n  air massss over the Earth and changes in
vegetation and snow loading. The Chandler mation 135 a

consequence of the fact that the inertial spin of the Earth
LS abut an ar + nthpsr than 1ts principal axis of inertia.

Iy an arfemptr ta hignlioht other geophvsical propariies
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COMEARISONM OF OSCAR-TrFE AND NOVA-TYFE NMNSS SATELLITES

The difterences between the bi-dailv values tor each
1ndividual NNSE satellite and the BIH Circular-D values <for
the MERITV period are shown itn Figure 1. Unfortunately, only
the Nova satellite (DMa 105) has observations for the entire
MERIT timespan. Although the x and v curves +or this
satellite have di+fferent biases, they show similar behavior
withh a time offset: of approximately 3¢ days. The ¥
components of Oscar sat=llites, DMA 5% and DMAa &0, tend to
follow the Nova satellite curve,while DA 68 appears to have
periodic oecillations about a constant offset. The vy
components of the Nscar satellites show less variation than
the »  components, The scatter associated with the Nova
satellite values 1is much smaller than the scatter in the
Oscar satellite values. The statistics associated with
these comparisons are given in Table 1. The means and
standard deviations in the table are in arc seconds. The
numb=2r of observations is given 1in the column labeled n.
The second set of seans and standard deviations in Table |

YL taken from tine study by Colquitt, Stein, and Anderle [9].

Taglz L. STATISTICE FOR THE O03SCAR - NOYVA COMPARISONS

SERIES X~MEAN SIGMA-X Y-MEAN SIGMA-Y N A-MEAN SIGMA--X Y-MEAN SIGMA-Y

10S-BIH - 009 015 . Q07 015
S59-B1H . 000G «O16 . D07 .013 &5
&O-BIH - VO3 025 . 002 016
b-8I1H -, 010 .18 L D12 20195

HY-60 -. 007 « 031 L L0 . 022 -. 008 «OE7
S9-60 . Q08 024 « 004 <021 =007 « 029
105-60 =006 023 « OUD L0222 ~o ON3F 026

In sddition 3 framiaLng the raw ghservahtions  or the
vy roogal o ssbel s ites. sowgral data sets ov S-dav means were
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to remove the annual and Chandler intormation. The fi1ve W
. 11 e parameters of the {ite were the mean position of the -
T pole and the amplitudes of the sine and cosine terms of the e
T annual and Chandler motions. Table 2 gives the resulte ot Pt
these +i1ts for each data type. The entries of Table 2 are iQ@
expressed 1n arc seconds. The BIH series is the Circular-b ey
t+inal values. G6LR is the satellite laser ranging series of YR

the University of Texas. VLE] is the Very Long EBaseline P
Interterometry series of the National Geodetic Survey. The .7:

SLR and VLRI data were taken from a magnetic tape provided gz}

by the US Naval Observatory. - DMA is the normal combined @5
solution of welghted means of 1individual satellites jj$
published by DMA on S-~day intervals in the DFMS reports. Al
NOVRA  and DSCAR are the special S-day means discussed 3
* previously, $£é
Iy

TabBlLE 2. AMPLITUDES OF THE FITTED FPARAMETERS &3$

x - component y = component A

pata Set]| bias cos A sin A cos € sin € sigma [ bias cos A sin A cos C sin € sigma o

___________________ - e e i
l ElH)l 046 059 -.008 206 -.093 .008 | .282 .014 -.057 -, 115 -. 178 .006 o'
p SLE|l .046 062 -.016 .206 -.083 .010|.272 .01Z -.0S50 -.115 -.185 .007 T
) VLEI]] 046 .073 .008 .178 -.107 .006 ]| .277 .004 -.059 -.114 —-,.180 .006 NN
t DMGll (039 064 002 193 -.105 009 | .289 .017 -.059 ~.120 -.176 .007 ':‘V
b NOVANlL . 036 060 004 192 -.1314 ,009].287 .02) -.051 -.133 -,.178 .007?7 A
# OSCAR|l 029 .074 008 .182 -.108 .013 | .289 .019 -.060 -.125 -.179 .010 NI
t
Figure % shows the residuals ot the fits whose +itted ;

parameters are given in Table &. The smooth line in each
plot represents a 7-point moving average of the quantity

beina plotted. Az 1s evident from the figure, the
geophysical information is similar for all data types, i.e.,
the major peaks agree. All the plots of the Y value

residuals exhibit a semiannual period although the 0OSCAK
residuals show an extra hump at 200 days. The X component
does not xhibit & semiannual period, but has a distinct
signature. The ditterences i1in the plots occur between 200
and 300 days. BlIH and VLE] are relatively +flat in that
interval, whereas all the other data setes have a small peak.

‘ SLR has 1ts pealk at 275 days and NOVA has its peak at 230 :::f
y days. Again the 0SCAR residuals are most different with a ;iu
. large peak at 215 days. Faquet, Diurovic, and Techy [10] Qi}
' also note the similarity of the geophyeical information in ﬁ§3
their residual plots. V.

o further differentiate subtle differences between the -

Earth orientation parameter series shown in Figure 3, the :f}
residuals of the fits were differenced. The results of this '$i

process are shown in Figures 4 through 9. Note that Figure e

Z presents recults of this process +or the NOVA and OSCAR gﬁ

series.
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FIGURE 3. RESIDUALS OF THE FIVE-PARAMETER FITS FOR THE EOP SERIES -
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£.0 FPRELIMINARY EVALUATION OF FOLE FOSITIUNS COMFPUTED USING

WORLD GEQDETIC SYSTEM 1984

Biases between polar motion solutions using different
NNSS satellites have been shown to result from uncertainties
in knowledge of the Earth's gravity <field (111, The
question arises as to whether the development of the World
Geodetic Svstem 1764 WEGS 84) and its associated Earth
Gravitational Model (EGM), as discussed by Decker (121 and
White [131, can i1improve the pole position solutions. As
part of (Eests|es ephemeris generationjusing WGS 84 (see, for
example, [141), a numnber of NNSS ephem=arides based on WGS 84
have besen computed at DMAHTC using the CELEST program. Of
particular interest was an interval,; beginning in late HMay
and ending in early July 1985, within which WGS 84 precise
ephaemer ides for 5 NNSS satellites were produced on a regular
basis. At the same time, analogous precise ephemerides in
the NWL 272 svstem using the NWL 10E-1 EGM were produced as
part of DMAHTC routine production. This situsation permitted
a preliminary comparison of the pole position solutions
computed in the two systems.

4.0 FREQCEGUREDS FOR GENERATING WGES 84 BASED SOLUTICONS

Wis B84 versionsg ot CELEST input fites were utilized to
aroduc? pracise ephemerides of § MNNSS  satellites, +from  day
14% o dav 1S54 and +rom dav 161 to day 1??,3\1985. The
program input included the WGS 84 EGM truncated to deqgree
(!} and  order tm) 41, as well as the WGS ©4 ellipsoid
parameters. The program also utilized a tile of WGS &4
tracking station coordinates which were obtained by applying
a3 J=omebric  Lrinsformation ta the "producticn” MWL 2I2
zrordinates, Each orpic fih for satellites bMa 59, DM 77,
ety 23, and DM LS tMevae)r wes based orn & oavs or tracking
E ot o zatellite OMa 03 was based on d

I gt s

da or ek,

Larang the test perion, Driedil ceso producsd prec) se
s#ahianerides ot tne  same 50 HNSD saterlites  +or rouncine
FESHUCTION puWwrposes. These fits utilized the MWL JOE-1  EGH
(=2, m=27) anad khe NHL 9{2 tracking station coordinata
Data editing occuwrred independs2ntly in the analogous
CELEST solutions in the two systens  ti.e., no attecph  was

1 to o snforae Doahaon Gara betws2en the solutions:.

Thi ooie  comrdinates oublpek sn the two systems  were
Teiapar o bo SlH Ciecul ar-0 o values ot s and v, ffailv  values
“hartvmod e Rive LY Se-day values by cupic soline
Lorisr rosbataan, sanch ittt faerancaes were  formed between the

tebgep e

triberoclaten valoes and bhe  Loppler derived values., These

ot Feirenicers e o Coanputed  in the serse  Dopplaer minus  BIH.

e opole posikbion solabtions wini e resulted  from the
r=
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. o Table3: Siatstcs of the Differences Between the Doppler-Derived il
- - Pole Coondinates and the BIH Pole Coordinaes
‘ e
oy
Ax (arcsec) Ay (s1Csec) iﬂ,:
SAT. NWL 922 WO S 84 NWL 922 WO S 84 e
59 A + 0020 +.0147 + 0218 + 0242 o
c + .0239 + 0264 +.0180 + .0195 i
77 A - .0016 +.0120 + .0191 +.0195 *
' c +.021S % .0189 + .0193 +.0182 i
] n=13 A
., - i:.:
' 28
93 aA +.0304 +.0342 + .0269 + .0256 :39
0123 ] . . Y
a=11 o z + .0155 + .0094 + .0154 -;!
- : y
105 A +.0138 - .00S3 - .0032 + .0048 §
c + 0162 + 0101 +.0113 +.0107 Kee
n=21 A
115 Y + 0160 + .0068 +.0374 +.0180 oy
c + .0189 +.0138 +.0198 + .0063 Eﬁg
n=13 P
3
.}
Table 4. Swtistics of Pole Coordinat Differences Grouped By %-?-"'
NNSS Types &
i
4 x (arcsec) Ay (arcsec) o
[ ——e
Saellite Type NWL 922 WGS 84 NWL 922 WGS 84 ~
Nt
oscars | B| +.0096 +.0198 +.0224 +.0229 o
(59,7793)1 6| :.0241 +.0224 + .0163 +.0175 el
vy
n=35 . G2
Novas |A| +.0147 - .0007 + 0123 +.0099 o%
(105,115) | ¢ +.0170 + .0129 + .0250 + .0112 L‘; ‘
n=34 n ‘
Nows: & = mean difference | 5:
0 = stndard deviation L3

1
n = pumber of orbit fits ,’::!
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. satallite OMA 105 fits (1n both svstems) on day 179 were
. cutliers and were rejected ftrom further study.

4.2 FRELIMINARY RESULTS OF WGS 84 - BASED FOLE SOLUTIONS

Table I presents statistics of the differences between
the BIH and the Doppler—-derived pole coordinates on a
satellite—-by—-satellites basis. An examination of this table

gave no conclusive evidence that use of WGS 84
systematically improved the agreement between the
Doppler—derived values and the BIH values, However, when

the satellites were grouped by tvpe (i.e., Nova and 0Oscar),
as in Table 4, a possible correlation emerged. While the
pole positions determinaed using the Uscar satellites and WGES
84 showed no improvement in agreement with the BIH values,
pole positions determined using the Nova satellites and WGS
84 did show better agreement with BIH. Additionally, there
was less scatter i1in the Nova difterences when WGS 84 was
utilized, as evidenced by the smaller standard deviations.

S.0  CONCLUSTOMS

The polar motion derived +rom Doppler tracking of the
* MM35  satellites has provided and continues (o provide

vajvable Earth orisntation intormation. when the annual and
Crhandier compon2nts of pol v motion are  ramoved from  the
chservational data of each Earth orientation s=ries, the
same geophystcal  intfermation  ra2mains. Nova—-type NNSS
satellites provide more precise estimates of pole position
than Oscar—type NNS5 satellites. Preliminary analvsis shows
that the use of W3S 84 may improve the accwracy ot the pole
positicns derived fron th=2 Mova satellite orbit fi1ts., but
thiat Jte use For Osca sateliitss does not lead to 1mproveo
ST R L : « ite data nead to e processed to
LAk rasutts,

g el

PR A

[t 15 a pleaswure to thany prs. . Mol artny and A
Baboook for proaviding a tape or Su and VEREBL polar motion
dota ueed +or thess comparil=sons with Dopelsr—derived data.
e muthors also wilsa 6 Wl edige che Tontritntions o+
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