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Introdu
tion
The rate at whi
h the Earth rotates and the position of its rotation axis undergo small, unpredi
tableirregularities whi
h are observable as 
u
tuations in the axial-rotation angle UT1. These irregularitiesmust be determined on a regular basis to fa
ilitate 
oordinate transformations between the terrestrialframe and inertial spa
e. We estimate an approximation of the axial-rotation angle UT1 by 
ompar-ing numeri
ally-propagated model GPS satellite orbits, referen
ed to inertial spa
e, to observed orbitsreferen
ed to the Earth's surfa
e. The 
omparison is 
onverted into a UT1-like quantity from whi
hthe quantity UTGPS is determined over the entire 
onstellation of GPS satellites. UTGPS is 
al
ulateddaily and is used to extrapolate and interpolate between UT1 values determined by Very Long BaselineInterferometry (VLBI).

UTGPS at USNO
The U.S. Naval Observatory (USNO) ful�lls the role of the International Earth Rotation and Referen
eSystems Servi
e (IERS) Rapid Servi
e/Predi
tion Center (RS/PC). On a daily basis, USNO publishesa UT1-UTC value that is typi
ally for 0hUTC of the 
urrent day. Determinations of UT1 from VLBI,ex
ess length of day (LOD) measurements from GPS satellite orbits, Atmospheri
 Angular Momentum(AAM) and UTGPS are 
ombined to determine the value for UT1. On days when VLBI estimates arenot available, UTGPS is the primary 
ontributor to the value of UT1.The IERS RS/PC also produ
es predi
ted values for UT1-UTC beyond the �nal 
ombined value. AAMvalues are the primary 
omponent in determining these predi
ted values. UTGPS plays a vital role inkeeping these predi
tions a

urate sin
e the AAM values rely on 
ombined values of UT1 for 
alibra-tion. Oftentimes, UTGPS values are the most re
ent UT data before AAM values are used to 
reatepredi
tions. More a

urate 
ombinations with UTGPS make more a

urate predi
tions.UTGPS is the median solution over the entire GPS 
onstellation of UT1 values on a per satellite basis.The more satellites that are used in its determination, the less sus
eptible the daily solution will be toan o

asional bad satellite. For instan
e, a satellite orbit might o

asionally be modeled poorly duringits e
lipse season.A new version of UTGPS is being tested with more than twi
e as many satelllites as the 
urrent version.Preliminary results are shown in Figure 1. The smoother the 
urves and the less drift from zero, themore useful UTGPS data are for a

ura
y of the 
ombination. The 
urrent operational version will berepla
ed by the new one in the near future.

FIGURE 1: Graph showing the 
omparison of Bulletin A and UTGPS values for UT1. The red 
urveis the 
urrent operational version of UTGPS; the green 
urve is the new version. (Graph 
ourtesyof Brian Luzum, USNO.)

Cal
ulating UTGPS

FIGURE 2: An illustration of how the region of the as
ending nodes of the orbits used to determineUTGPS appear from outside the 
elestial sphere looking inward. The orbit planes are the modeledorbit, the a
tual orbit, and the transformed orbit, where 
 is right as
ension and � is Greenwi
hApparent Sidereal Time (GAST).The right as
ension for the a
tual and modeled orbit planes on the True Equator are denoted as 
ACTand 
MOD. The quantity of the unknown o�set between the a
tual orbit and the modeled orbit isexpressed as the di�eren
e between these two right as
ension values:
�
 = 
MOD � 
ACT (1)Consider the observable angle, C = 
AP � 
MOD whi
h is the ar
 of the true equator from theas
ending node of the modeled orbit to the as
ending node of the transformed (a-priori) orbit. Figure2 and equation (1) illustrate that:C = (
AP � 
ACT )� (
MOD � 
ACT ) = (�AP � �ACT )��
 (2)Multiplying equation (2) by the UT1 interval u required for the earth to rotate through one radian(86164s=2�) yields: uC = (UT1AP � UT1ACT )� u�
 (3)If the value of u�
 were known then equation (3) 
ould be used to solve for an exa
t value of UT1ACT .Rather, �
 is modeled and steered so that it remains 
lose to UT1AP . The modeled value of �
, thea-priori value UT1AP , and the quantity C that was determined from the 
omparison of the transformedorbit and the modeled orbit are used to solve for a UT1-like quantity UT1SAT on a per satellite basis inpla
e of UT1ACT . The median of these UT1SAT values over the entire GPS 
onstellation is the valueUTGPS.

Orbit Planes
We 
ompare the modeled to the observed orbit in order to solve for the quantity UTGPS.Modeled Orbit: The model orbit plane in inertial spa
e is initialized with EOP (Earth-orientationparameters) from the IERS and International GNSS (Global Navigation Satellite System) Servi
e (IGS)Rapid orbit positions. The goal is to 
reate a model plane that is 
lose to the observed plane of thesatellite on the day of initialization. In propagating the model orbit plane, gravitational models pro-vided with the GIPSY-OASIS II software (Webb and Zumberge, 1993) are used along with models of

the e�e
t of solar radiation pressure on movement of the orbit plane. The model for solar radiationpressure is determined after the satellite has been laun
hed (see next se
tion). The model orbit plane ispropagated in 24h ar
s using the position and velo
ity from the previous day. After initialization, 
urrentvalues (neither EOP nor IGS Rapid orbit positions) are no longer used in determining the model orbitfor subsequent days. No model is perfe
t so the modeled orbit will be o�set from the a
tual orbit by a
hanging unknown quantity every day, equation (1).Observed Orbit: For ea
h UTC day, the IGS produ
es for ea
h GPS satellite a 
ombined Rapid orbit,in the form of position ve
tors expressed in the International Terrestrial Referen
e Frame (ITRF). Theseve
tors are transformed with polar motion and Greenwi
h Apparent Sidereal Time (GAST) to a roughapproximation of inertial spa
e. The transformation is not exa
t and if the a
tual GAST matrix 
ould beapplied to determine true-of-date 
oordinates, then UT1 
ould be determined exa
tly. GAST is assumeda-priori in the transformation.The transformed orbit is in 
lose proximity to the modeled orbit. Sin
e the 
ompared orbits are so 
lose,small-angle approximations 
an be used. These orbits are dis
ussed extensively by Kammeyer (2000).
Modeling Solar Radiation Pressure

In addition to the gravitational models used in propagating the modeled orbit planes, for
es from solarradiation pressure also a�e
t movement of the orbit plane and must be taken into a

ount. As theorientation in inertial spa
e of the GPS satellite orbit plane 
hanges with respe
t to the sun throughoutthe 
ourse of about a year, the angle of the sun to the orbit plane will be at a maximum on
e, aminimum on
e, and edge-on twi
e, 
oin
iding with the e
lipse seasons of the satellite. The movementof the orbit plane due to solar radiation pressure is a fun
tion of this sun angle.Comparisons are made of observed positions of the satellite, taken from IGS Rapid orbit produ
ts, whi
hin
lude the e�e
t of the solar radiation for
e and modeled positions of the satellite in whi
h a verygeneral model for solar radiation for
es is used. These 
omparisons are made independent of any 
al
u-lation of UTGPS and are on a per satellite basis as ea
h satellite is unique in 
onstru
tion, orbit planeorientation with respe
t to inertial spa
e and orbit plane slot. From these 
omparisons, a more a

uratemodel 
an be made of the e�e
t of solar radiation pressure on the satellite orbit for a given angle ofthe sun to the orbit plane. These models are put into table format and then subsequently used in thepropagation of model orbits for determination of UTGPS.

-3

-2.5

-2

-1.5

-1

-0.5

 0

 0.5

 1

 0  20  40  60  80  100  120  140  160  180

M
o
v
e
m

e
n
t 
o
f 
o
rb

it
 n

o
rm

a
l 
(m

a
s
/d

a
y
)

Angle from orbit normal to sun direction (degrees)

Solar radiation pressure table for SVN 26

towards sun
perpendicular to sun

FIGURE 3: An example of a solar radiation pressure table showing movement of the orbit plane
hara
terized by movement of the orbit normal as a fun
tion of the angle from the orbit normal tothe sun.
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