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EXTENDING THE NATIONAL GEODETIC SURVEY STANDARD CPS ORBIT FORMATS 

Benj amin Y .  Remondi 
National Geodetic Survey 

Charting and Geodetic Services 
National Ocean Service , NOAA 

Rockville , MD 20852 

ABSTRACT. Two National Geodetic Survey (NGS) standard 
formats for Global Positioning System (GPS) orbits were 
published in 1985 . Since then they have been enhanced in 
minor ways,' as described in this publication. Associated 
binary formats were implied but only documented through the 
NGS distribution software made available at that time. The 
binary formats are included here . An interpolation study, 
based o� �hese formats , demonstrates that the position-only 
format is more appropriate for distribution than the 
position-velocity format since the yelocity can be generated 
from the position to within 0 . 1  mm/sec . The position­
velocity format should ,nevertheless remain the NGS archive 
copy for traditional reasons . The interpolation study was 
also performed to determine the optimum epoch interval as a 
function of the order of the interpolator . Ninth through 
17th order interpolators are considered . Orbital data in 
the NGS formats can be manipulated with programs available 
from NGS . These programs run on MS -DOS1 and PC-DOS1 . They 
allow the user to mOdify the epoch interval , convert from 
binary to ASCII and back , convert between NGS formats , and 
j oin consecutive orbit files to remove the GPS -week 
crossover problem . These programs are discussed . Finally a 
new NGS orbit format is proposed which includes the 
satellite clock corrections . 

INTRODUCTION 

Kotivation 

Yhy do we need standardized orbit formats? Standard orbit formats provide many 
advantages ,  the most obvious being orbit exchange . ASCII and binary formats both 
accommodate this function, but ASCII does it with greater generality because 
binary formats are operating system dependent . On the other hand , IBM personal 
computers and compatible machines are ,omnipresent so that binary exchange is also 
realistic as long as programs to convert between binary and ASCII are provided . 

Another reason for standardized formats is the embodiment of experience . In 
exercising its technical 'mission , NGS must design orbit files that are general , 
efficient , accurate , and flexible enough to accommodate changing requirements .  
This experience can be shared through the medium of well-designed orbit formats . 

lMS -DOS is a registered trademark of Microsoft , Inc . 
PC- DOS is a registered trademark of IBM , Inc . 



A third reason for format standardization is sharing experiences and tools for 
file access and interpola�ion. This results in two benefits : (1)  sharing 
experiences and software with regard to file access and interpolation, and (2)  
promoting the technology and commerce . Having standardized orbit files and the 
tools to access those data promotes quick entry to applications developers in 
governments, universities , and the private sector, allowing them to . concentrate on 
applications rather than resolving old problems . 

SPI and SP2 Formats 

The NGS standard C�S orbit formats were introduced in Remondi ( 1985) . After an 
initial period of usage, it was realized that minor enhancements would be helpful . 
The "orbit type , "  the coordinate system, and the CPS week associated with the 
first epoch of the ephemeris file have been added in a manner that does not impact 
the formats and existing software. Details are given in this report . 

A more serious omission of the current ·NGS orbit formats is the satellite clock 
corrections . This omission reflects an earlier belief that all geodetic 
applications could 'be accomplished in differential mode . Today we realize that 
the NGS standard formats might need to serve a wider community and include those 
who find it inconvenient to operate in differential mode . A user can operate in 
single- receiver or navigation mode based on the broadcast message . However the 
user can get more accurate (post-processed) results if the precise orbital data 
and the associated satellite clock corrections, which were determined 
simultaneously with those precise orbits , are available . This becomes even more 
valuable when the broadcast orbit and clock information are intentionally 
degraded . 

Thus a new NGS orbit format is herein proposed. This format is �imilar to t�e 
current NGS orbit formats , but will comprise positional data and satellite clock 
correction data . Furthermore other changes are proposed which allow more 
flexibility with regard to enhancements . Still other enhancements will be noted . 

This report is divided into three sections . The first section documents current 
NGS standard orbit formats for CPS , including all modifications made to the 
present time . Soth binary and ASCII formats are given in complete-detail . For 
the pos ition-only orbital data , a very compact l3 -byte format is presented which 
would allow a full week of orbital data (for 24 satellites ) to be stored in a mere 
79 kilobytes (kb) . 

The second section comprises a discussion of interpolators and related issues . 
Specifically; 9th order through 17th order interpolators are used to show the 
degradation of accuracy as a function of epoch interval and the order of the 
interpolator . It is shown that for a ninth order interpolator a 30-minute epoch 
interval is accurate to 0 . 01 - 0 . 02 ppm, and ' for an 11th order interpolator the 
40-minute epoch interval is accurate to 0 . 01 - 0 . 02 ppm . It will also be shown 
that a 17th order interpolator and a 40-minute epoch interval are consistent with 
1 part per billion geodetic activities . All of the analysis within this report 
assumes near-circular (eccentricities smaller than 0 . 02)  ·orbits with 12-hour 
periods . Clearly if 2 -hour orbits' are mixed with l2-hour orbits, or if l2 -hour 
orbits were highly elliptical, a smaller epoch interval would be required . This 
analysis considers the information content of the velocity data and concludes that 
no significant information is contained within the velocity data that cannot be 
extracted from the positional data . This section introduces NGS programs 
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available for MS -DOS or PC-DOS which allow the user to manipulate orbit data 
according to specific needs and environment� 

The third section of this report introduces a proposed new NGS orbit format 
which comprises , primarily ,  satellite positions and clock corrections . This 
format : allows for . more precision to anticipate future applications , allows for 
orbital accuracy information for each satellite , provides three time systems in 
the header , provides spare locations for enhancements� and accommodates up �o 85 
satellites which might be necessary in the decades ahead. 

NOTE : All times referred to in this document are GPS times even when they are 
rep�esented in Gregorian · or Modified · Julian Date . 

SECTION I: EXISTING NGS ORBIT FOBHATS 

Standard Product #1 (Position/Velocity) 

The NGS Standard Product #1 was primarily defined as an SO -byte ASCII format 
(which will be referred to as SPl) . Implied, however ,  was the associated 52 -byte 
binary format (which will be referred to as ECFl) for direct or random access . 
The ASCII fo�at was intended to be a format of exchange whereas the binary format 
was a suggested applications format and one that NGS has occasionally used in its 
routine operations . The binary format was not expiicitly docum�nted at that time . 
Rather , it was embedded in softwar� available from NGS . Both the ASCII and the 
binary formats will be documented here . Users may elect to use their own binary 
formats , b�t this provides the community with a standard for binary eXChange and a 
possible format for adoption. · ·It should be stated that this ECFl binary file is 
not strongly encouraged by NGS inasmuch as other binary formats discussed in this 
report are more efficient . On the other hand , NGS encourages users to adopt, 
promote , and suggest · improvements to the ASCII formats . 

Since 19S5 the following three minor enhancements have been made to SPI (ASCII): 

(1) In the first line , column 76 , and j ust to the right of the "Number of 
Epochs" parameter , is a single character describing The "Orbit Type . " · At this 
time only "F" ( fitted) , "E" (extrapolated or predicted) ,  and "B" (broadcast) are 
defined . Naturally , others are possible . 

(2)  In the second line , columns 75 and 76 , the 35th satellite identifier will 
be used for the "Coordinate System . "  Only two digits are allowed . At this time 
the following coordinate systems are defined . Others are possible . Naturally 
these formats will also work for inertial coordinate systems . 

72 WGS- 72 
84 WGS - S4 
85 Earth- fixed 1985 (IERS) 

(3)_ In the second line , columns 77 and 78 , the 36th satellite identifier will 
be used for "Hundreds of GPS weeks . "  In columns 79 and SO the 37th satellite 
identifier will be used for "GPS Weeks Modulo 100 . "  This is equivalent to stating 
that columns 77 - 80 will be used for the GPS week . The distinction is made for 

. binary compatibility reasons . 
These changes will also be reflected in . the binary formats discussed below. 

Otherwise this information would be lost when the program which converts ASCII to 
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binary is executed . The NGS program which converts ASCII to binary will embed 
these data in previously unused spare locations of the binary format. 

Each line of the SPI file (fig . 1)  has unique symbols in the leftmost three 
columns . For all but the last line , the leftmost symbol is a blank. These 
symbols provide easy program checks for integri� of the format structure . They 
also permit ease of inspection by those who maintain and distribute SPI files . 
UNIX (tm) facilities such as "grep" thus can provide easy inspection of one aspect 
of a file (e.g., grep 'SV13' NGS475.SPl) or one aspect of many files (e . g . , grep 
, # ' NGS* . SPI . where '_' represents a blank character) . 

SPI (ASCII) Format 
(Refer to fig . 1 . )  

SPl First Line 

Columns 1 - 3  
Column 4 
Columns 5-8  
Column 9 
Columns 10-11 
Column 12 
Columns 13- 14 
Column 15 
Columns 16 -17 
Column 18 
Columns 19 - 20 
Column 21 
Columns 22-31 
Column 32 
Columns 33-46 
Column 47 
Columns 48- 52 
Column 53 
Columns 54- 68 
Column 69 
Column 70- 75 
Column 76 
Column 77 
Columns 78-80 

SPl Second Line 

Columns 1-3  
Columns 4-5  
Column 6 
Columns 7 - 8  
Columns 9 - 10 

* 

Symbols # 
Unused 
4-digit year 1989 
Unused 
Month _5 
Unused 
Day of month _7 
Unused 
Hour _0 
Unused 
Minute _0 
Unused 
Second _0.0000000 
Unused 
Epoch interval (5) 900.0000000 
Unused 
Hod .  Jul Day 47653 
Unused 
Fractional day 0 . 0000000000000 
Unused 
Number of epochs 673 
Orbit type F 
Unused 
Agency source NGS 

Symbols 
Number of PRNs 
Unused 
PRN #1 id. 
PRN #2 id . 
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, 1989 5 7 0 0 0 . 0000000 900 .0000000 47653 0 . 0000000000000 673F JGS 
+ 7 3 6 8 9111213 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 085 487 
• 1989 5 7 0 0 0 . 0000000 
SV 3 -13196 . 62895 1068. 95680 -23275 . 89940 -1.69132152 -2 . 34970379 0.81385518 
SV 6 -5487.19468 -13640 .68966 21936 .63349 1.09902137 -2 . 59868935 -1 . 3 4268484 
SV 8 -5550. '2604 -21683.98S6. 1421S.8219' 0.83'28880 1.59100258 2 . '9300935 
SV 9 -13529.9'454 3581.61431 22122.47061 1.24723636 -2.62465830 1.19613960 
SVll -14234.54385 -22703. 85280 1926 . 42949 -0.07089034 0.30308173 3 . 40804946 
SV12 -15048 . 70901" 17144 .82212 13450. 94106 0. 82152205 -1 . 47952676 2 . 87598178 
SV13 -18086 . 23952 -13188.68516 -14254 . 71415 -1.14715906 -1.40750521 2 . 75055503 
• 1989 5 7 0 15 0 .0000000 
SV 3 -14767'. 70669 -946 .03185 -22350.27830 -1 . 79145866 -2 . 12119795 1 . 23998845 
SV 6 -4615 . 90907 -15943 . 98710 20539. 74181 0 . 83701287 -2 . 50836974 -1 . 75698476 
SV 8 -4665 . 18330 -20169. 56926 16599.44226 1.13220544 1. 76411628 2 . 4963 9529 
SV 9 -12476 . 45122 1129.69271 22997. 07080 1.08705551 -2 . 81432689 0 . 74458878 

. . . . . . 
SV 6 -4723 . 27050 -15665 .03362 20728 .03053 0 .86631900 -2 . 52381980 -1 . 70849404 
SV 8 -4701 .62293 -20299.84609 16427.17245 1.10545153 1.75565243 2.52086181 
SV 9 -12574 . 27571 1374 . 64485 22928 . 69455 1. 10598393 -2 . 79773574 0 . 79005190 
SV11 -14173 . 3645' -22357. 37167 4700 . 81060 0 . 15864975 0 . 57971322 3 . 35237656 
SV12 -14383 . 03941 1583 1. 36131 15663 . 98227 0 .82001036 -1. 79011870 2 .62506983 
SV13 -18973 . 53941 -14197. 37576 -11953 . 81040 -1.05627014 -1. 10152183 2 . 97536435 
• 1989 5 14 0 0 0 . 0000000 
SV 3 -16224 . 28157 -2558 .45052 -21210 . 06122 -1. 83557225 -1. 88679822 1. 60177777 
SV 6 -4060.39827 -17874 . 02287 19013 . 44297 0 . 60838316 -2 . 373 99948 -2. 09611827 
SV 8 -3572 . 24525 -18662 .85582 18547. 76332 1. 40407201 1 .87149519 2 . 18490712 
SV 9 -11663 . 40131 -1208 . 57915 23431. 91846 0 . 91286406 -2 . 93199922 0 . 32668896 
SV11 -13904 . 22284 -21714 . 20824 7670 . 62786 0 . 44448923 0 . 84169683 3 . 23811739 
SV12 -13665 . 36180 14073 . 39596 17884 . 39087 0 '. 76590609 -2 . 11087186 2 . 3022 '6560 
SV13 ,-19857. 59475 -15035 . 21064 -9180 . 61508 -0 . 89876266 -0 . 76178903 3.17840736 

EOF 

Figure 1 . --SPl ASCII example. 



'* 
'* 
'* 

Columns 71-72 
Columns 73-74 
Columns 75-76 
Columns 77 -78 
Columns 79-80 

PRN #33 ide _0 
PRN #34 id. . 0 
Coordinate Sys. 85 
Hundreds GPS weeks 4 
GPS weeks Hod 100 87 

SPl Third Line (Epoch Header L ine) 

Columns 1-3 
Column 4 
Columns 5 - 8  
Column 9 
Columns 10- 11 
Column · 12 
Columns 13 - 14 
Column 15 
Columns 16-17 
Column 18· 
Columns 19- 20 
Column 21 
Columns 22 - 31 

Symbols 
Unused 
4-digit year 
Unused 
Honth 
Unused 
Day of month 
Unused 
Hour 
Unused 
Minute 
Unused 
Second 

'* 
- -

1989 

5 -

7 
-

0 

0 

0 . 0000000 -

SP1 Fourth Line (Position-Velocity L ine) 

·Columns 1- 3 
Columns 4-5  
Columns 6 - 18 
Columns 19 - 31 
Columns 32-44 
Columns 45- 56 
Columns 57 - 68 
Columns 69 - 80 

Symbols 
Satellite ide 
x-coordinate (km) 
y-coordinate (km) 
z -coordinate (km) 
x-dot (km/sec) 
y-dot (km/sec) 
·z -dot (km/sec ) 

sv 
_ 3  
_- 13196 . 62895 
_1068 . 95680 
_- 23275.89940 
_-1 . 69132152 
_- 2 . 34970379 
_0 . 81385518 

Tne number of epochs (NUMEP) is given in the first line (_673) and the 
number of satellites (NUMPRN) appears on the second line ( 7 ) . Each epoch has 
an epoch header line (third line) and NUMPRN number of lin;s. After two header 
lines and NUMEP*(NUMPRN+l) lines , there is an end of file line as follows : 

SP1 Last Line 

Columns 1 - 3  
Columns 4-80 

Symbol 
77 -character Comment 

EOF 
CCCC . . . . .  CCCC 

The last 77 columns of the last line may be used as a free form comment . This 
comment , however , is informal in that it will not be embedded in the binary ECF1 
format discussed below . 
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Final SPI Notes 

The SPI format accommodates periods of no position-velocity data for one or 
more satellites . For example , should PRN 6 die abruptly on Wednesday at noon in 
GPS week 555 , the GPS week 555 SPI orbit file will simply have zeros (i . e . , 
0 . 00000) placed in all position-velocity fields for the remainder of the week. 
The programs which create binary files account for " this with "a " "good/bad flag as 
will be discussed later . 

An ephemeris file end time was intentionally omitted because it is easier to 
manually edit the file without it. In this way an SPl file can be reduced by 
deleting , for example , the last 50 epochs and reducing the first-line " epoch 
count correspondingly. Notice , however. that the last epoch Gregorian date can 
be seen, in the file's last epoeh header reeord. with a text editor or with a 
program which views the end of a file (e . g. ,  the UNIX ntailn facility) . 

The columns 6, 19, 32, 45, 57, and 69 in the SP1 position-velocity line have 
not been declared unused even though they " would not be "required for a highly 
elliptical geostat��nary orbit . This leaves open the possibility for orbits 
beyond 100 , 000 km .  A lunar transmitter is an example . For all practical 
considerations , these col� will be unused. 

ECFl (Binary) Format 
(Refer to fig . 2 . ) 

The Standard Product #1 ASCII file (SPl) can be converted into an associated 
binary file , which is called the ECFl file ( fig.  2). This file uses the 
executable " program SPl_ECFl .EXE , " which will be discussed later . The ECFl file 
contains all of the information that the SPI file contains with the exception of 
the comment characters from the last SP1 file line . In fact , with " the exception 
of those comment characters , the original SPI file can be regenerated exactly 
from the ECFI file" using the executable program ECFl_SPl . EXE ,  which will also be 
discussed later . 

Binary files are interesting for three reasons . First , they tend to be 
smaller than ASCII text files and are sometimes " much smaller .  Second , and more 
important, is that when they are direct (or random) access files any record 
within the file can be retrieved without having to read the records before it . 
This gives a program a tremendous speed advantage over a regular sequential text 
file (where one cannot retrieve the l , OOOth record without first reading the 
first 999 records) . Third, ASCII numerical data must be ultimately converted to 
binary internal to the computer . This is a slow process . On the other hand , 
binary numerical data are already in machine binary form and require no 
conversion . 

Thus associated with the SP1 file is a binary direct access ECFl file . This 
binary file was also defined in 1985 but was not explicitly defined in the 
referenced 1985 report . Instead , it was imbedded in the NGS distribution 
programs . Here that format is presented . The ECFl format was designed with all 
records "having the exact same"-number of· bytes . This is not "�trictly necessary 
but is �onvenient for some programming languages (e . g . , Fortran) . 
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Figure 2.--ECFl binary format . 



It is also convenient that (the size in bytes of) all ECF1 files are integer 
multiples of some constant (in this case 52 bytes) ;  this can be an aid during 
the debug phase of program development . 

ECF1 Record 1 

Bytes 1-4 
Bytes 5 - 8  
Bytes 9 - 12 
Bytes 13 - 16 
Bytes 11�20 
Bytes 21-28 
Bytes 29 - 36 
Bytes 37-40 
Bytes 41-48 
Bytes 49 - 52 

ECF1 Record 2 

Bytes 1-4 
Bytes 5 - 8  
Bytes 9 - 12 

* 
* 
* 

Bytes 45 -48 
Bytes 49 - 52 

ECF1 Record #3 

Bytes 1-4 
Bytes 5 - 8  

* 
* 
* 

Bytes 45-48 
Bytes 49 - 52 

ECF1 Record #4 

Bytes 1-4  
Bytes 5 - 8  

* 
* 

Year Start 4-byte int . Month Start 4-byte int 
Day Start 4-byte int 
Hour Start 4-byte int 
Minute Start �-byte int 
Seconds Start 8 -byte float 
Epoch Inte"rval (s) 8-byte float 
Mod.  Jul . Day St . 4-byte int 

"Fractional Day St. 8-byte float 
Number of Epochs 4-byte int 

Numbe.r of PRNs 4-byte int 
PRN #1 identifier 4-byte int 
PRN #2 identifier 4-byte int 

PRN #11 identifier 4-byte int 
PRN #12 identifier 4-byte int 

PRN #13 identifier 4-byte int 
PRN #14 identifi�r 4-byte int 

PRN #24 identifier 4-byte int 
PRN #25 identifier 4-byte int 

PRN #26 identifier 4-byte int 
PRN #27 identifier 4-byte int 
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* 

Bytes 33-36 PRN #34 identifier 
Bytes 37-40 Coordinate System 
Bytes 41-44 GPS �eek Hundreds 
Bytes 45-,+3 GPS �eek Mod 100 
Bytes 49- 52 Spare A 

Eerl Record #5 to the last record 

Bytes . 
Bytes 
Bytes 
. Bytes 
Bytes 
Bytes 

. Bytes 

EeFl Discussion 

1-4 
5 - 12 
13-20 
21-28 
29-36 
37 -44 
45-52 

Good/bad flag . 
x-coordinate (km) 
y-coordinate (km) 
z-coordinate (km) 
x-dot (km/sec) 

. y-dot (km/sec) 
z-dot (km/sec) 

4-byte int 
4-byte int 
4-byte inr 
4-byte int 
4-byte int 

4-byte int 
8 -byte float 
8 -byte float 
8 -byte float 
8 -byte float 
B-byte float 
8-byte float 

In the first three records all quantities are 4-byte integers except second , 
deltat ( i . e . , epoch interval) ,  and fmj d ( i . e . , fractional day of ephemeris 
start) ; these are 8 -byte real q��tities or doubles . The ephemeris file start 
time is given in the first record in Gregorian and in Modified Julian Date . The 
"nepoch" and "nwnprn" parameters are self-explanatory as are the satellite 
identifiers "prn[l ] "  through "prn[34] . "  The "crdsys" parameter holds the 
coordinate system as defined in the SPI file . The parameter "wKH" represents 

. hundreds of GPS weeks , whereas "wkR" represents the remaining GPS weeks ( i . e . , 
GPS weeks modulo 100) . These latter three parameters occupy the locations which 
were once for the identifiers of prn[35 ] ,  prn[36 ] ,  and prn[37 ] .  The parameter 
"spare A , " originally unused , now holds · the "orbit type" and the "agency· when 
the SPl file is converted to an ECFl file . 

Record 5 ,  and all subsequent records , begins with a 4-byte integer "goodjbad 
flag . n As the ASCII to binary program SP1_ECFl .EKE executes , it evaluates 
x*x+y*y+z*z<l . O  meters -squared. If true , this good/bad flag is set to bad-I ; 
otherwise it defaults to good-O . When the ECFl file is used for data 
processing , this flag is checked. If the flag has been set to bad , any 
measurements which would normally require orbit data for this satellite at this 
epoch , cannot be processed and must be bypassed. This c�nvention is important 
for two reasons : (1) It allows the ephemeris file to cc . · . . 3.in orbit data for a 
satellite for less than the entire ephemeris file perio and (2)  it enables one 
to concatenate consecutive orbit files having different satellite sets . After 
the good/bad flag are the positional data x ,  y ,  z (km) and the velocity data x­
dot, y-dot , z -dot (km/sec) ,  which are 8 -byte floats . 

EeFl I/O and Interpolation 

The author of this report uses 9th order to 17th order Lagrangian 
interpolators (depending on epoch int�rval) to compute position or velocity 
values between the epochs contained in the EeFl file . Figure 3 shows · a 9th 
order Lagrangian interpolator along with the function to perform file access . 
In this example a caching scheme has been established to remove unnecessary 
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1*++++++++++++++++++++++++++++++++++1.11.1.++++ •••• + •••• ++++++++++++++., 
int ecf1 199( int isv , long mjdt , double fmjdt , double recf [] , double vecf[] ) 
II 

-
1***·*··******·*··*·*·······***·***··**************************1 

eefl lag This function performs the orbit file access. 
- It uses a caching scheme to avoid UDDecessary file 

reads. The time is normalized in units of epoch 
intervals. AD error message is returned if: the 
satellite is not in the file (3); the request is 
out of range early or late ( lor 2); or the orbit 
data good/�ad flag is set to bad(4). 

Benjamin V. lemondi ,  Author 
******** ••••••••••• *******************.*.**----***.****** •• ***, 

void Lagrange 9 (double tnor�L double zz[] , double IT[]' double '  zz[], 
- dOUDle vxz[], 40Uble vyy[ 1 aouble vzz[], 

double ax, iouble *Y, aou e · *z, 
double *vx, double ivy, double ·vz )i 

:�:�t� :�:tl: �f�lft�j ,
yy�t�!flj] �zS=:II:� t9] i 

register int i ,  j. 
static int lread1 t24] , lerr [24]: 
static int initl = O· 
static dou�le tzerolt2 4] : 
ehar orbit filename[SO]: 
double tiroms , tnorm, trefno , tzero: 
static double dtminL dDorm, arcl,  half ,  perday: 
int i,rr=O , itype , KSV, irefep , lread1: 
long lrD; 
static int iorder; iom1 , iod2: 

static struct orbit "beader ( 
lODg jyear: lODg imon( long iday: long ihr: long imin: double seci: . 4ou�le deltat: lODg mlds

j
· double fmjds: long Depoch: 

long numsv: long idsvl37 ; long sparea: 
J o_h:  . 
struct sat_fxyz I long flag: double x: double Yi double z: 

double vx: double vy: double vz: J sat_vee: 
if � ini 'tl == 0 ) I 

lnitl = 1:  
for(i=oi· i <24: i++) I 

lread fi] = -999: 
lerr [i = 0: 
t zerol i] = -999 . 0: 

iorder = 9: 
dtmin = 0 h.deltat/60 .0: 
dnorm = 1:-0:  
arcl = �o h.nepoch - 1) *dnorm: 
iom1 = lorder - 1: 
iod2 = iorder/2: 
half = iod2*dnorm: 
perday = 86400 . 0/o_h . deltat;. 

t froms = « mjdt - o_h.mj ds) + (fmjdt � o_h. fmj dl » *perday: 
if f t froms < (-dnorm) ) return(ierr = 1): 
I*if( tfroms ) (arcl + half)  ) return(ierr = 2) :*1 
if f t froms ) (arcl + dnorm) ) returnCierr = 2 ) ; 

Figure 3. --ECF1_LG9: 1/0 and interpolation. 



itfi = 1: 
if tfroms < half 1 itype=2i

) if tfroas)= (arc - half) itype = 3: 

foretsy=o: tsY<o h.DualY: tSY++) t 
if(o h.idsy[kiy] == isy) goto 1_IIOV_11': 

J 
-

returD(ierr = 3): 

. 1_1101_11':; 

IwitchCitype) { 

cale 1: irefep = tfroms + 1 + dDora*O.OOI: 

. li:�:o==t��'i:P--i!i2: ' 
ireadl = 4 + klY + (irefep - i042 - 1)*o_h.nuasy: ' 

break: 
cale 2: ireadl = 4 + ksy: 

tzero = 0: 
breat· 

case 3: ireadl = 4 + tSY + (Orh.nepoch - io.l - l)*o_h.nuaBY: 
tzero = 0 h.nepocu - iorder: 
break; -

iff lerr[ksy] == 0 ) I 
tnora = tfroas - tzerol[klvJ

6
• 

if(abs(ireadl-lreadl[ksv])== ) {goto 10_IEED_2_1IlD:} 
} 

tnora = tfroas - tzero: 
tzerol£tsv] = tzero· 
lreadl[ksv] = ireadi� 

forCi=O: i<iorder: i++) { 
ira = ireadl + O'h.DumsV-i: 

J 

fseek (fpecfl, .(long) (irD*52L), 0) i­
fread(&sat vec, sizeof(sat_yec), , fpecfl): 
XX !tsvl lij-= sat vec.x: 
yy ksy i = sat-YeC.'i 
zz tsv i = sat;yec.z: 
YXX !kSV !1! = saL vec.vx; 
vyy ksv i = sat-vee.vy; 
vzz ksv i = sat-vec.vzi 
iff sat Yee.flag == 1 ) lerr = 4: 
lerr[ksi] = ierr; 

10_IEED_2_1IlD:: 

iff Ierr[ksv] ) returnCierr}; 

LagraDge_9(tnora, XXfkSV], !IrkSYI ' zz[ksy], YXX (ksy], YJY (tsYl! yzz[ksY], 
&rect[O , &rect[!], recf[2], &veef 0], &veel 1], &veet[2] 1: 

return(ierr· 0): 

11 , 
'*+++++++++++++ •••• ++++++++++++++++++.411·++++++++++++444f++++++++++++*/ 

Figure 3.--leFI_LG9: I/O aDd interpolation (coDtiDued). 



void Lagrange 9(double tDor�l double xin[ ], double lin [l ' double zin [] , 
- dOUDle vxin [], double vyin ], oUble vzin [], 

double *x, double *1 ' doub e *z 
double *vx, double vy, double 'vz ) 

1**************************************************************1 
.
. I Lagrange_9: 9-th order Lagrange interpolator 

This routine is intentionally DODleneral to aehie,e 
speed. Developed �y B. le.ondi • .  fbe in ependent vo.riable 
tnora must be Dormalized so that 0.0 (= tnora (= 8. and 
represents the time of the desired data. Thus the pO$it10n 
and velocity input arra,s xin[] ••• vzin[] are assumed to be 
at t=0�1, • •• , 8 ,  respectlvely. This approach has allowed 
most Ot the computations to be done once and for all. 
Kore details are »rovided.in my dissertation � pp. 63-65. 

Benjamin·V. lemondi, Aut hor 
**************************************************************/ 

static double t [9] = fO . O ,  1.0, 2.0, 3.0, 4.0, 5.0, 6.0, 7.0, 8.01: 
Itatic double tolerance = 1. Oe-10· 
static double c[g] = 140320.0, -�040.0, 1440.0, -720.0, 576�0, 

-720.0, 1440.0, -5040.0, 40320 Ii 
int ii , exact_int time: 
double prodn, proad: 

exact int time = (int) ( tnorm + tolerance ); . 
i f f  fibs(iXact int time - tnorm) ( 2 .0*tolerance l ( 

if( abs(.xact_iit_�il\e-4) ) 4 ) priDU (lIexact_lnt_time 
*x = X1D

I 
exact lDt t1me 

I
; 

*y = yin exact-int-time ; *z = zin exact-int-time ; *vx = vx;n exact:�nt:t;me ; *vy = vy�n exact_�nt_t�me ; *vz = VZln exact lnt tlme : 
return; - -

else I . ' 

1)rodn = 1.0; 
*x = *y = *z = 0.0· 
*vx = �yy = *vz = 0.0· 
for(ii=O; ii < 9: ii++) '1 

prodn *= tnorm - t[iil: 

} 

Drodd = 1.0f ( C[il]*ltnorm-t[ii] ) ) :  
*x += xin lii *prodd: *y += yin ii *prodd: *z += zin ii *JrOdd. *vx += vXln fli *pro!d: *vy += vyin ii *prodd: *vz += vzin ii *prodd: 

*x *= prodn: *y *= prodn: 
*z *= prodn ; 
*vx *= prodn; *vy *= prodn: 

out of range.\n"): 

I 
*vz *= prodD: 

I*+++++++++++++++++++++++++�++++++++++++++++++++++++++++++++++++++++++*/ 

Figure 3 . --ECF1_LG9: I/O and interpolation (continued) 



file reads . This makes the program somewhat larger since one needs to hold the 
9 positions and velocities in memory for up to 24 satellites. This comes to 
9*6*8*24 - 10368 bytes, This can be halved to 5l84-bytes by scaling the 
position and velocity values ( e . g .! 5 cm and 0 . 01 mm. sec) and storing them in 4-
byte integer arrays . For 30-minute ECFl epochs and processing 5-second 
measurement epochs , more than 99 percent of the file reads would be avoided .  
This caching is o f  little use i f  the target computer provides disk caching . 
which today is often the case . In that case one can remove the caching and 
redundantly read the file on every request for orbital data . 

NGS Programs Available for ECFl 

Numerous NGS programs are available for use in the PC environment . Programs 
SPl_ECFl . EXE and ECFl_SPl.EXE have already been cited: others will be introduced 
later . 

SPl_ECFl .EXE This program converts an SPI (ASCII) file to an EeFl 
(binary) file . During the conversion the orbital data good/bad 
flags ar� set according to the discussion above . 

ECFl_SF1,EXE This program will convert an EeFl (binary) file to 
an SPl (ASCII) file . However this program is much more general . 
The user can select a different epoch · interval , a different· 
ephemeris period. and/or a different set of satellites . This 
gives the user the freedom to create ECFl files suitable for 
his/her environment . 

Standard Product #2 (Position Only) 

NGS Standard Product #2 was primarily defined as a 44-byte ASCII format (which 
will be referred,to here as SP2) . Implied. however . was an associated 28-byte 
binary format (which will be referred to here as ECF2) for direct or random 
access . The ECF2 file is generated by a NGS -available program SP2_ECF2 . EXE .  
The ASCII format was intended to be a format of exchange whereas t�e binary 
format was considered a suggested applications format and one that NGS has often 
used in its routine operations. The binary format was not explicitly documented 
in the referenced 1985 publication . Rather . it was embedded in software 
available from NGS. Both the ASCII and the binary formats will be documented in 
what follows . Users may elect to use their own binary formats . but this 
provides the community with a means for binary exchange and a possible format 
that may be adopted . This ECF2 binary file has been favorably encouraged by NGS 
inasmuch as it is reasonably small .  easily adaptable by all computer languages 
and programmers . and general in terms of the variety of orbital data that it 
will accommodate . One other binary format associated with Standard Product #2 
is more · compact and nearly'as general . This is the EF13 binary format which 
will be introduced shortly . NGS considers the SP2 format to be the most 
practical ASCII distribution format in that the velocity data . which are 
explicitly included in the position-velocity format (SPI or ECFI) . can be 
accurately generated from the positional data by differentiation. (Later it 
will be shown that the binary EF13 file is an extremely efficient format for 
distribution and use . )  NGS also provides the interpolator which interpolates 
position and derives accurate velocity values based on the ECF2 file . Thus the 
distribution of velocity data is not required. This issue will be examined in 
section II of this report . The user can convert the ECF2 file back to the SP2 
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ASCII format , if desired, by another program from NGS (ECF2_SP2 . EXE) . NGS 
encourages users to adopt , promote , and suggest improvements to the SP2 ASCII 
format . 

Since 1985 the following three minor enhancements have been made to SP2 
(ASCII) : 

(1 )  In the first line , column 40 , is  a single character to 
describe the nOrbit Type . n  At this time only nFn ( fitted) , "En 
(extrapolated or predicted) , and nBn (broadcast) are defined . 
Naturally ,  others are possible . 

(2)  In the fourth line , columns 39 and 40 , the 35th satellite 
identifier will be used for the ·Coordinate System .� Only two 
digits are allowed. At this time the following coordinate systems 
are defined. Naturally, others are possible . Naturally these 
formats will also work for inertial coordinate systems . 

72 WGS - 72 
84 WGS - 84 
85 Earth- fixed 1985 ( IERS) 

(3) In the fourth line , columns 41 an6 42 , the 36th satellite 
identifier will be used for "Hundreds of GPS weeks . "  In columns 
43 and 44 the' 37th satellite identifier will be used for "GPS 
Weeks Modulo 100 . "  

These changes will also be reflected in the binary formats discussed below. 
Otherwise this information would be lost when the program which converts the 
A�CII file to a binary file is executed .  The NGS program which converts ASCII 
to binary will imbed these data in previously unused locations of the binary 
format. 

Each line of the SP2 file has unique symbols in the leftmost three columns . 
For all but the last line the leftmost symbol is a blank . These symbols provide 
easy program checks for integrity of the format structure . They also permit 
ease of inspection by those who maintain and distribute SP2 files . UNIX ( tm) 
facilities such as "grep" thus can provide easy 'inspection of one a'spect of a 
file (e . g . , grep 'SV13' NGS475 . SP2 ) or one aspect of many files (e . g . , grep 
'_#_' NGS* . SP2 , where ' , represents a blank character) .  

SP2 (ASCII) Format 
(Refer to fig . 4 . )  

SP2 First Line 

Columns 1-3  Symbols . # 
Column 4 Unused 
Columns 5 -8  4-digit year 1989 
Column 9 Unused 
Columns 10- 11 Month 5 
ColUmn 12 Unused 
Columns 13 - 14 Day of month 7 
Column 15 Unused 
Columns 16 - 17 Hour o 
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• 1989 5 7 0 0 0' . 0000000 673 r KGS 
#. 900 . 0000000 47653 0 . 0000000000000 
+ 7 3 6 8 9111213 0 0 0 0 0 0 0 0 0 0 
++ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 085 487 
• 1989 5 7 0 0 0 . 0000000 
SV 3 -13196.62895 1068.95680 -23275.89940 
SV 6 -5487.19468 -13640.68966 21936.63349 
SV 8 -5550 . 72604 -21683 . 98568 14215 . 82196 
SV 9 -13529 . 97454 3581 . 61431 22122 . 47061 
SV11 -14234 . 54385 ' -22703 . 85280 1926 . 42949 
SV12 -15048 . 70901 17144 . 82212 13450 . 94106 
SV13 -18086 . 23952 -13188 . 68516 -14254 . 71415 
• 1989 5 7 0 15 0 . 0000000 
SV 3 -14767 . 70669 -946 . 03185 -22350 . 27830 
SV 6 -461 5 . 90907 -15943 . 98710 20539.74181 
SV� -4665 . 18330 -20169 . 56926 16599 . 44226 
SV 9 -12476 . 45122 1129 . 69271 22997 . 07080 

• 

• 

SV 6 -4723 . 27050 
SV 8 -4701 . 62293 
SV 9 -1257 4 . 27571 
SVll -14173 . 36456 
SV12 -1438 3 . 03941 
SV13 -18973 . 53941 
• 1989 5 14 0 
SV 3 -16224 . 28 157 
SV 6 -4060 . 398 27 
SV 8 -3 572 . 24 525 
SV 9 -11663 . 40131 
SV11 -13904 . 22284  
SV12 -13665.36180 

SV1 3  -19857 . 59475 
EOF 

• 

• • 

• • 

-15665 . 03362 2072 8 . 03053 
-20299 . 84609 16427 . 17245 

1374 . 64485 229 28 . 69455 
-22357 . 37167 4700 . 8 1060 

15831 . 36131 15663 . 98 227 
-14197 . 37576 -11953 . 81040 
o 0 . 0000000 

-2558 . 45052 
-17 87 4 . 02287 
-18662�85582 

-1208 . 57915 
-21714 . 20824 

14073.39596 

-15035 . 21064 

-21210 . 06122 
1 9013' . 44297 
1 8547 . 76332 
23431 . 91846 

7670 . 62786 
17884.39087 

-9180 . 61508 

Figure 4.--SP2 ASCII example.  



Column 18 
Columns 19-20 
Column 21 
Columns 22-31 
Column 32 
Columns 33-38 
Column 39 
Columns 40 
Column 41 
Columns 42 -44 

SP2 Second Line 

Columns 
Column 
Columns 
Columns 
Columns 
Columns 
Columns 

1 - 3  
4 
5 - 18 
19- 21 
22-26 
27 - 29 

" 30-44 

SP2 Third Line 

Columns 1 - 3  
Columns 4-5  
Columns 6-7  
Columns 8 - 10 
Columns 11 - 12 
Columns " 13 -14 

* 
* 
* 

Columns 43-44 

SP2 Fourth Line 

Columns 1 - 3  
Column 4 
Columns 5 -6  

* 
* 
* 

Columns 37 - 38 
Columns 39-40 
Columns 41-42 
Columns 43-44 

Unused 
Minute 0 
Unused 
Second _0 . 0000000 
Unused 
Number of epochs 673 
Unused 
Orbit type F 
Unused 
Agency source NGS 

Symbols ## 
Unused 
Epoch interval (s)  ____ 900 . 0000000 
Unused 
Mod . Jul . Day St . 47584 
Unused 
Fractional Day 0 . 0000000000000 

Symbols + 
Unused 
Number of PRNs 7 
Unused 
PRN #1 identifier 3 
PRN #2 identifier 6 

PRN #17 identifier 0 

Symbols ++ 
Unused 
PRN #18 identifier 0 

PRN #34 identifier 0 
Coordinate System 85 
GPS Week Hundreds 4 
GPS Week Mod 100 87 

SP2 Fifth Line (The Epoch Beader Line) 

Columns 1 - 3  
Column 4 
Columns 5 -8  
Column 9 

Symbols 
Unused 
4- digit year 
Unused 
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Columns 10-11 Month 5 
Column 12 Unused 
Columns 13-14 Day of month 7 
Column 15 Unused 
Columns 16-17 Hour 0 
Column 18 Unused 
Columns 19-20 Minute 0 
Column 21 Unused 
Columns 22-31 Second 

-
0 . 0000000 

SP2 Sizth Line (The Satellite Position Line) 

Columns 1-3 Symbols SV 
Columns 4-5 PRN identifier 3 

-

Columns 6-18 x-coordinate (kill) - 13196 . 62895 
-

Columns 19-31 y-coordinate (kill) _1068 . 95680 
Columns 32-44 z -coordinate. Clem)" - 23275 . 89940 

-

The number ·of epochs (NUMEP) is given in the first line 
( 

___ 
673) and the number of satellites (NUMPRN) is given in the 

third line· <-7) . Each epoch has an epoch header line (fifth l ine 
above) and NUMPRN number of lines . After four header lines and 
NUMEP*(NUHPRN+1) lines , there is an end of file line as follows : 

SP2 Last Line 

Columns 1 - 3  
. Columns 4-44 

Symbols EOF 
41- character Comment CCCC . . . . .  CCCC 

The last 41 columns of the last line may be used as a free form comment . 
This comment , however , is informal in that it will not �e imbedded in the binary 
ECF2 format discussed below .  

Final SP2 Notes 

The SP2 format accommodates periods �f no positional data for one or more 
satellites . For example , should PRN 6 die abruptly on Wednesday at noon in GPS 
week 555 , the GPS week 555 SP2 orbit file will simply have zeros ( i . e . , 0 . 00000) 
placed in all position fields for the remainder of the week. The programs which 
follow account for this with a good/bad flag as will be discussed later . 

An ephemeris file end time was intentionally omitted because it is easier to 
manua lly edit the file without it . In this way an SP2 file can be reduced by 
deleting , for example , the last 50 epochs and reducing the first-line epoch 
count correspondingly . Notice , however ,  that the last epoch Gregorian date can 
be seen,' ·"in the file's last · ·epoch header record, with a text editor or with a 
program which views the end of a file (e . g . , the UNIX -tail- facility) . 

Just like the SPl format , columns 6 ,  19 , and 32 have been declared as part 
of the x ,  y ,  z coordinates , respectively .  Refer to the SPl discussion for 
additional details . 
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There is a difference between a "Space Vehicle Number" and a "Pseudo Random 
Noise" code number . The use of the symbols SV is unfortunate and potentially 
confusing . For GPS the satellite identifiers to be used in the SPI or SP2 
formats (and their binary counterparts) are PRN numbers in spite of the "_SV" 
symbols used. This will not be changed as we intend to avoid" all changes which 
impact existing software unless there is no alternative . 

"ECF2 (Binary) Format 
(Refer to fig. 5 . )  

The Standard Product #2 ASCII file (SP2) can be converted into an associated 
binary file , which" i$ called the ECF2 file . " �is file uses the exe�utable 
program SP2_ECF2 . EX! which will be di�cussed later. The ECF2 f,ile contains all 
of the information that the SP2 file contains with the exception of the 41 
comment characters " from the last SP2 file line . In fact , with the exception of 
those comment characters , the original SP2 file can be regenerated from the ECF2 
file using the executable program ECF2_SP2 . EXE which will also be discussed 
later . An SPI position-velocity ASCII file can also be generated from the ECF2 
file . The positio��l data, are reproduced exactly , and the velocity data would 
be almost perfectly reproduced (within 0 . 1  rom/sec) . 

Thus , associated with the SP2 file is a binary direct access ECF2 file . 
This binary file was also defined in 1985 , but was not explicitly presented in 
the referenced 1985 report . Instead, it was imbedded in the NGS distribution 
programs . , That format l� given here . The ECF2 format was designed with all 
records having the exact same number of bytes . This is not strictly necessary 
but is convenient for some programming languages (e . g . , Fortran) . It  is also 
convenient that all ECF2 files 'are ,integer multiples of a constant ( in this case 
28 bytes) ; this ca� be an aid during the debug phase of program development . 

ECF2 Record #1 

Bytes i -4  Year Start 4-byte int 
Bytes 5 -8  Month Start 4-byte int 
Bytes 9 -12 Day Start 4-byte int 
Bytes 13-16 Hour Start 4-byte int 
Bytes 17 - 20 Minute Start 4-byte int 
Bytes 21 -28 Second Start 8.."byte float 

ECF2 ' Record #2 

Bytes 1-8  Epoch interval (s)  8 -byte float 
Bytes 9 - 12 Mod . Jul . Day St .  4-byte int 
Bytes 13-20 Fractional Day St . 8-byte float 
Bytes 21-24 Number of Epochs 4-byte int 
Bytes 25-28 Spare A 4-byte int 
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f1 '2 
13 
It 
15 

. "  
17 
18 
�i ' 
� 

• 

• 

• 

� 
18+1 *JIIIapna+l 

• 

• 

• 

Year IfcDtb Dar '  &:lUI: � 1eccId(8) 
!)elutC8) ltids 8Djds(S) IIepach __ .. 
lbpD Pale 1) Pme 21 Pal[ 31 fm! Cl Palt 51 fm[ 6] 
PmC 7J PmC 8] Pme " 1  Pm[101 Pm[U] Pm(U] Pm[13] 
PmCl4J Pm[15] PmCl61 Pm(17] Pm[18] Pm[19J Pm[3»] 
Pm[21l PmC221 Pm[23] JlmC241 Pm[25] fJ:IL(26) Pm(27) 
Pmt28l Pm[29] Pm[lO] JlmC31J PmC32l Pale33] bOO 
tansys .. .. IJIIl'IbCll [2] [3] (4] 
Pm_flag[ 1] Pm.JC[ .1] JIDUr( 1] Pmj[ 1] 
fm_ilagt 21 BI_xl 2] ft1u'[ 2] Pm..z[ 2] 

• • • • 

• 

• • • 

• • • • 

Pm_flag(Jqptal 1'tn_x� lft..J{DlapmJ Pm_z[mlrpn] Pm_flag( 1] Pm.Jt[ 1] Pm.,y[ 1] P111-z[ 1) 
• • • 

• • • • 

• • • • 

· . . . . 
18+1� ' .  Pm_flag[suapmJ Pm_x[mmpmJ Pm..1� Pm..z� 
f8+�1 Pm.Jlag[ 1} PrIl�r 11 Pm..l'C 1] �z[ 1] 

• 

• 

· . 

18+� 
* 
* 

• • • • 

· . . . 
PJ:n_fla;� PB.Jt{uuapmJ PmJ'baJarnJ Pm.;:� 

* '* '* * 
* .. '* * 

* * . tit 
* * .. 

.. * * 
18+em-p-l)�l Prn_flag[ lJ Pm..;f[ 1l  

· 

� 

• • 

• 

· . . . 
Pm_flavt.mDpm} Pm_xtuumrnl Pm..Y� Pm...z� 

ligure 5.--ECF2 biDary format. 



ECF2 Record *3 

Bytes 1-4 
Bytes 5 -8  
Bytes 9 - 12 

* 
* 
* 

Bytes 25- 28 

ECF2 Record #1<4 

Bytes 1 -4 
Bytes 5-8  

* 
* 
* 

Bytes 25- 28 

ECF2 Record #5 

Bytes 1 -4 
Bytes 5 - 8  

* 
* 
* 

Bytes 25 - 28 

, ECF2 Record #6 

Bytes 1-4 
Bytes 5 -8  

* 
* 
* 

Bytes 25-'28 

ECF2 Record #7 

Bytes 1-4 
Bytes 5-8  

* 
* 
* 

Bytes 25 -28 

ECF2 Record #8 

Bytes 1-4  
Bytes 5-8  

Number of  PRNs 4-byte int 
PRN *1 identifier 4-byte int 
PRN *2 identifier 4-byte int 

PRN #6 identifier 4-byte int 

PRN #7 identifier 4-byte int 
PRN #8 identifier 4-byte int 

PRN #13 identifier 4-byte int 

PRN #14 identifier 4-byte int 
PRN #15 identifier 4-byte int 

PRN #20 identifier 4-byte int 

PRN #21 identifier 4-byte int 
PRN #22 identifier 4-byte int 

PRN #27 identifier 4-byte int 

PRN #28 identifier 4-byte int 
PRN #29 identifier 4-byte int 

PRN #34 identifier 4-byte int 

Coordinate System 4-byte int 
GPS Week Hundreds 4-byte int 
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Bytes 9 - 12 GPS Week Hod 100 4-byte int 
Bytes 13 -16 Spare B [ 1 ]  4-byte int 
Bytes 17-20 Spare B [ 2 ]  4-byte int 
Bytes 21-24 Spare B [ 3 ]  4-byte int 
Bytes 25-28 Spare B [4]  4-byte int 

ECF2 Record .9 To The Last Record 

Bytes 1-4 Good/Bad Flag 4-byte int 
Bytes 5 - 12 x-coordinate (km) 8 -byte float 
Bytes 13-20 y-coordinate (km) 8 -byte float 
Bytes 2 1 - 28 z - coordinate (km) 8 -byte float 

• 

ECF2 Discussion 

In the first eight records all quantities are 4-byte integers except second, 
deltat ( i . e . , epoch interval) , and fmj d ( i . e . , fractional day of ephemeris 
·start) ; these are ·8-byte real quantities or doubles . The ephemeris file start 
time is given in the Yirst record in Gregorian and in the second record as 
Modified Julian Date . .  The "nepoch" and "numprn" parameters are self-expla�tory 
as are the satellite identifiers "prn[ l ] " through ·prn [ 34] " .  The "coordsys" 
parameter holds the coordinate system as defined in the SP2 file . The parameter 
"wkH" represents hundreds of GPS �eeks , whereas "wkR" represents the remaining 
CPS weeks ( i . e . , CPS weeks modulo 100) . These latter three parameters occupy 
the locations which were once for the identifiers of prn[ 35 ] , prn [ 36 ] , and 
prri[ 37 ] . · The parameter ·spare a , " originally unused. now holds the "orbit type" 
and the "agency" when the SP2 file is converted to an ECF2 file . 

Record 9 ,  and all subsequent records , begins with a 4 -byte integer "goodjbad 
flag . " As the ASCII to binary program SP2_ECF2 . EXE executes , it evaluates 
x*x+y*Y+z*z<l . O  meters -squared .  If true , this good{bad flag i s  set to bad-I ; 
otherwise it defaults to good-O . When the ECF2 file is used for data 
processing , this flag is checked. If the flag has been set to bad , any 
measurements which would normally require orbit data for this satellite at this 
epoch , cannot be processed and must be ignored. This convention is important 
for two reasons : ( 1 )  It allows the ephemeris file to ·contain orbit data for a 
satellite for less than the entire ephemeris file period , and ( 2 )  it allows one 
to concatenate consecutive orbit files having different satellite sets . After 
the good{bad flag are the. positional data x ,  y ,  z (km) . 

ECF2 I/O and Interpolation 

The author of this report uses 9th-order to 17th- order polynomial · 
interpolators (depending on epoch interval) to compute positional values between 
the epochs contained in the ECF2 file . Velocity is o�tained by differentiating 
the positional polynomial . Figure 6 shows a ninth-order polynomial interpolator 
along with the function to perform file access . In this example the polynomial 
coefficients ·for all s_teliites are stored ·once they are comp�ed . This makes 
the program somewhat larger since one needs to hold 9 coefficients for each of 
x ,  y ,  and z in memory for up to · 24 s�tellites . This comes to 9*3*8*24 - 5184 
bytes . Given a 40-minute ECF2 file and processing 5 - second measurement epochs , 
more than 99 percent of the file reads would be avoided. Storing these 
coefficients precludes the need to read the orbit file in those cases where the 
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1*++++++++++++++++++++++++++++++++++++++++++++++ 1+++++++++++++++++++++*/ 
int ecf2 �wr9 ( int isv, long mjdt , double fajdt , double reef [] ,  double veef [] ) 
II - . 

/************************************************************** 1 

ecf2  bwr9 This function performs the orbit file aeeess . 
- It uses a caehing scheme to avoid unnecessary file 

reads . The time is normalized in units of epoch · ·  
intervals . AD error message is returned if : the 
satellite is not in the file ( 3 ) : the re�est is 
out of range early or late (lor 2) ; or the orbit 
data good/�ad flag is set to bad(4) .  

Benjamin I. lemondi , Aut hor 

**************************************************************/ 
90id bwr 9th( double tin, double *zout , double *yxout , double zt [) , . doul>le cltlil, char comp_coef , double coef (] ) ; .

. 
char comp coef ; 
statie doUble zx [9] , yy [9] , zz ['] ; 
register int i ,  J .  
static int lreadl t24] , lerr[24] ; 
static int initl = O·  
static double tzerol t241: 
static double eoefx [24119] , coef y[24] [9] , coefz[24] [9] : 
char orbit filename [80 : 
·dou�le tfroms , tnorm, refno, tzero; 
static double dtminL · 4Dorm, arcl c half , perday: 
in.t i,rr=O, itype , KSV, irefep, neadl; 
long lrn; . 
static int iorderl iom1 , iod2 ;  . 
static struct orDit header I . 

long jyear: long iioni long iday; long ihr: long imin ° double seci : 
dOUble deltat : long -mldsi double fmjdS t· long nepoeh; iong sparea: 
long numsv: long idsV l37J i long spareh 4] ; . t o_h:  

struct sat_fxyz { long flag: double x :  double y:  double Z ;  t sat_vec; 

if( initl == 0 ) 
initl . = 1 ;  
for (i=O ; i <24: i++) I 

lreadlfil = -999 ; 
lerr [i = O· 
tzerol il = -999 .0 ;  

J 
fread ( ,o_h, sizeof (o_h) , 1 ,  fpecf2) ; 

iorder = 9. .  . . 
dtmin = 0 h.deltat/60 .0 ;  
dnorm = 170 ;  
arcl = � o  h.nepoch - 1) *dnorm; 
ioml = lorder - 1 ;  
iod2 = iorder/2 ; 
half = iod2*dnorm; 
perday = 86400 .0/0_h.deltat ; 

tfroms = « mjdt - o_h.mjds ) .  + ( fmjdt - o_h. fmjds» *perday: 
if ( Uroms < (-dnorm) ) return (ierr = 1 ) · 
I*if ( tfroms > (arcl + half )  ) return (ierr = 2 ) :*1 
if ( . tfroms > (arcl + dnorm) ) return (ierr = 2) ; 

Figure 6 . --ECF2_BVR9 : I/O and interpolation . 



itfe I: 1 :  
i f  tfroms < half 1 it�=2 : . 
if tfroms )= (arc - �alf)  ) ltype = 3 : 

for (ksv=O: ksY<o h.aumsv: ksv++) ( 
) if (0_h. i4sv [kiy) == isv) goto I_IIOI_SAT: 
retura (ierr = 3) : 

I_DOl_SAT: : . 

switch (itype) ( 

I 

case 1 :  irefep I: t froms + 1 + 4norm*O.OOl : 
trefao = irefep - 1 ·  
tzero = trefao - i042 :  

irea41 • 8. + ksv + . !. irefep - iocl2 - 1 )  *0 h . aUllsv; 
keak· - . 

case 2 :  iread! I: i + ksv; . 
tzero = 0;  
break-case 3 :  iread1 = i + ksv + (0 h.Depoeh - iom1 - 1) *0 h.DumsV: 
tzero • 0 h . Depoc� - io1'4er ; -
br,at: -

comp_coef = ' t ' : 

if ( 1err [ksv] == 0 ) I 
taorm = tfroms - tzero1 [ksv] · 
if (abs (ireacll-1reael1 [ksv] ) ==6) I comp_coef = I f ' ;  goto IO_NEED_2_IEAD: 1  

I 
tnorm = tfroms - tzero: 
tzerol fkSY] = tzero· 
1reaell ksy] = ireaeli: 

for (i=O: i <ior4er: i ...... ) I 
iro = ireaell + 0 h.oumsv*i ·  

J 

fseek (fpecf2� (long) (irn*2iL) , 0)
1
· 

freael (isat vee , sizeof (sat vee) , , fpecf2) : XXlij = sar vec .x: -
yy i = sat-vec .y; 
zz i = sat-vec . z :  
i f  sat vec;f1ag == 1 ) ierr = 4 :  
1err [tsil = ierr: 

IO_REEn_2_IEAD: : 
if ( 1err [ksy] ) return (ierr ) : 
bwr 9th ltnorm, 'reCf (O) , 
bwr-9th tnorm , 'recf 1 , 
bvr:9th tnorm, &recf 2 , 

retur�(ierr = 0) : 
I I  

&VeCf (O) , XX ,  eltmin , comp_coef , coefx (�sv) l : 
&vecf 1 , yy ,  eltmin , comp_coef , coefy ESY : 
&vecf 2 , ZZ , dtmin, comp_coef , coefz ksv : 

Figure 6 . --ECF2_BVI9 : I/O anel interpolation (continueel) .  



/*++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++*/ 
void bwr 9th ( double tin , double *fout , double *vfout , double x l] , - double dtmin, char comp coef , double a t] I 
I I  

-
1************************************************************** 1 

bwr 9th: A 9-th order polynomial interpolator where 
the 9 equations in 9 unknowns have been solved 
s�olicallf rather than by least-squares . Once the 
po1�0.ia1 1S fit to the provided 9 points, . the 
posltion is computed. Similarly the ve10clty is 
computed from the differentiated polynomial . In 
practice the polynomial coefficients rarely change 
and the file I/O program is responsible to inform 
this function through the comp_coef parameter . 

Benjamin V. Remondi , Author 
**************************************************************/ 

void compute odd or even_coeff ( double *a1pha, double *a) i double IlphIT4l ,�etl [4l , tl , t2 , t3 , t4,  t5 , t6 , t7,  t8: 
register 1Dt i1 : 

if ( comp coef == I t l ) ( 
for (ii=l · ii<=4:  ii++) I 

alpha tii-Il = ( X [4+1il +X (4-iil -2 . 0*X [4] ) / (2 .0*ii*ii ) ; 
beta [li-l] = ( x [4+ii] -x 4-ii] ) / (2 .0*li) : 

I . .  
a [O] = x [41 : 

. compute oda or even coeff ( alpha, a+5) : . 
compute:odd:or:even:coeff ( beta, a+l) : 

t1 = tin-4 .0 :  
t6 = tl*tl ;  

t2 = t1*tl : 
t7 = "t4*t3 : 

t3 = t2*tl : 
t8 = t4*t4 ; 

t4 = t2*t2: 

*fout = a [O] + a [l] *tl + a [S] *t2 + a [2] *t3 + a [6] *t4 + 
a [3] *t5 + a [7] *t6 + a [4] *t7 + a [8) *t8 :  

t 5  = t4*t1 : 

*vfout = a [l] + 2 . 0*a [5] *t1 + 3 . 0*a [2] *t2 + 4 .0*a [6] *t3 + 
5 . 0*a [3] *t4 + 6 .0*a [7] *t5 + 7 .0*a [4] *t6 + 8 .0*a [8] *t1 : 

*vfout /= dtmin*60 . 0 :  
I I  
1*++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 1 1 1 1 ++++++++*/ 
loid compute_odd_or_even_coeff ( double q [] ,  double a ll )  

1************************************************************ ' 
1 compute odd or even coeff :  This function simply computes 

I 

I 
- the-coefFicients for bwr 9th. The equatlons for 

1 computing the odd and even coefficients are 
1 exactly the same ones . . 
I Benj amin W.  Remondi , Author 1 *********************************-**************************/ 

double rl , r2 , r3 , sl , s2:  

�l � 1��!�i?Jg��{3 .0; �� � l�I��i?l�l��� ·O; r3 = (q [3] -q [O] ) /15 . 0 ;  
a [3]  = (s2-s1 ) /7 . 0 :  a [2] = s1-14 .0*a [3] : a [1] = rl-5 . 0*a [2] -21 .0*a [3] : 
a [O] = q [Ol - a [l] - a [2] - a [3] ;  

) 1*++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++-/ 

Figure 6 . --ECF2_BVR9 : 1/0 and interpolation (continued) . 



data read would be the same set as previously read for a given satellite . Th: 
also precludes the need to recompute the polynomial coefficients in those cases 
where the coefficients would not change . This , in fact , is the usual situation. 
For example , when processing 5-sec�nd measurements and using a ,40-minute ECF2 
file , the ECF2 file will be read and the polynomial coefficients will be 
computed only once per 360 measurement epochs . It should be added that saving 
the polynomial coefficients is not required and when this feature is removed ' the 
interpolation is still quite fast . This is especially so if either caching or , 
RAM- disk facilities is prOVided. 

NGS Programs Available for ECF2 

Numerous NGS programs are available for use in the PC environment . Programs 
SP2 ECF2 . EXE and ECF2 SP2 . EXE have already been cited; JOINECF2 . EXE will be 
introduced here and others will be introduced later . 

SP2 ECr2 . EX!  This program converts an SP2 (ASCII) file to an ECF2 
(bi�ry) . file . During the conversion the orbital data good/bad 
flags are set according to the discussion above . 

ECF2 SP2 . EXE  This program will convert an ECF2 (binary) file to 
an SP2 (ASCII) file . However this program is much more general . 
The user can select a different epoch interval , a different 

. ephemeris perIod, and/or a different set of satellites . This 
gives the user the freedom to create ECF2 files suitable for 
his/her environment . 

-

JOlNECF2 . EXE  This program allows two consecutive £CF2 files to be 
combined into one ECF2 file . This can be useful in solving the 
week crossover problem and for creating a cus tomized CPS orbital 
data ba�e . For example , the user could elect to temporarily 
combine weeks 555 and 556 into file ECF2BIN . One could then run 
ECF2_SP2 . EXE to create an 8 -day file for week 556 compriSing the 
union of the set of satellites of weeks 555 and 556 and extending 
from Saturday , August 25 , 1990 at 0 hours to Sunday , September ,  2 
1990 at 0 h�urs . This. is only one . example as there are . ·numerous 
possibilities . With the very compact EF13 binary files to be 
introduced below one could actually create annual orbit files ! 
More will be said later with regard to the CPS -week boundaries . 

EF13 - -A Compact Alternative to ECF2 
(A l3-byte binary format ; refer' to fig . 7 . )  

What is the minimum space required to store the information content of 1 week 
of orbital data while maintaining full accuracy and still providing the data 
good/bad flag? From a practical �oint of view the following l3-byte format is 
the answer to this question . Whereas the ECFl (binary) file requires 838 , 864 
bytes of disk storage for 1 week of 24 satellites based on a l5-minute epoch 
interval , the EF13 (binary) file requires a mere 209 , 768 bytes . It will be 
shown in �he next section that , with an 11th point interpolator ,  approximately 
0 . 01-0 . 02 ppm static differential GPS surveys �an be performed with an EF13 
binary file using a 40-minute epoch spacing . (With a 17th order interpolator , 
and a 40-minute EF13 file , this becomes 1 part per billion . ) This would reduce 
the 209 , 768 bytes to 78 , 728 bytes . This is 1/17th the size of the current SPI 
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· ASCII file , based on a IS-minute epoch interval (1 . 311 . 232 bytes) . and 
demonstrates why the questions of file design. epoch spacing , and interpolation 
algorithm deserve to be studied .  In fact , the epoch interval Was 5 minutes 
until a limited study . performed by the author in 1985 , indicated that a 20-
minute epoch interval was as accurate as a 300-second epoch interval . These 
issues will be considered shortly . Here we present the 13 -byte binary format . 
(See fig . 7 . )  

. 

EF13 Record #1 

Bytes 1 -2  
Byte . 3 
Byte 4 
Byte 5 
Byte 6 
Bytes 7 - 10 
Byte 11 
Bytes 1� - 13 

EFl3 .Record #2 

Bytes 
Bytes 

1 - 8  
9 - 13 

EF13 Record #3 

Bytes 
Bytes 

1 - 8  
9 -13 

EF13 Record #4 

Bytes 
Bytes 
Byte 

1-4 
5 -12 
13 

EF13 Record #5 

Byte 1 
Byte 2 

Byte 13 

EFl3 Record #6 

Byte 1 
Byte 2 

Year Start 
Honth Start 
Day Start 
Hour Start 
Minute Start 
Number of Epochs 
Number of PRNs 
Spare A 

Second Start 
Spare .B 

2 -byte int 
I-byte char 
I-byte char 
I-byte char 
l-byte char 
4-byte int 
I -byte char 

2 I -byte char 

8 -byte float 
5 I -byte char 

Epoch interval (s) 8 -byte float 
Spare C 5 I-byte char 

Hod . Jul . Day St . 
Fractional Day St . 
Spare D 

PRN #1 identifier 
PRN #2 identifier 

* 
* 
* 

PRN #13 identifier 

PRN #14 identifier 
PRN #15 identifier 
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4-byte int 
8 -byte float 
1-byte · char 

I -byte char 
I -byte char 

I -byte char 

I-byte char 
I -byte char 



.1 
'2 
.3 
N 
15 
16 
17 
18 
I&tO*Dumpm+l 
1&tO*mIIIpm+2 

• 

Yr(2) Jt::I1(1) Da;y(1) Br(1) IirzW Jfepcds(4) !bIpm(l) sparea(2) 
Secta1(8) Spareb(S) 
Deltat(8) SpIrec(S) 
I(jcl_start (4) r.1ct.start (8) Spared (1) 
Pm01 Pm02 P:tn03 Pm04 PmOS Pm06 PaIn Pm08 PrDD9 Pm10 Pm11 Pm12 Pm13 
Pm14 PrD15 Ptnl6 Pm11 Pm18 PmlJ PmJ) Pm2i Pm22 Pm23 Pm24 Pm25 Pm26 
PrDZ1 � PI:D29 PrD30 PrD31 Pm32 Pm33 Pm34 Sparee(5) 
Cccds.rs(l) wkI(l) vJdU2) sparef(10) 
Pm_flag[ i] (1) PmJt[ 1] (4' Pm...Jt 1) (4) Pm_z[ 1] (4) 

. Pm_flag[ 2] (1) Pm..Jt[ 21 (4) Pm,.y[ 21 (4) Pm_z[ 2) (4) 
• • • 

.. • .. 

• • • 

.. . . • • 

� Pm_fla;[ruDpmJ (1) PtU[ruDpmJ (4) Pm.l'� (4) PnLI� (4) 
18+1*Dualpm+l Pm..flag[ 1] (1) Pm_xC 1] (4) PrD...rC 1) (4) Pnl..z[ 1] (4) 

• 

• 

· 

18+1� 
l8+2*numpm+l 

• 

• • 

• 

Pm_flacr[zuapmJ (1) Pm.;t[1l\IIIPl'Ill (4) 
Pm_flag[ 11 (1) Pm_xC 1] (4) 

.. .. 

• • 

· . 

Pm...l'[mIapm] (4) PtJLz(mDpnaJ (4) 
Pm.,y[ 1] (4) PrlL,z[ 11 (4) 

• 

.. . 

• • 

· . . . . 

'8+� . Pm_fla;(Dumptn] (1) Pn\..xlDuqn] (4) Pm..J� (4) ' Pmj[Juapm] (4) 
* * * It * 
* 
* 
* 
* 
* 
* 

• 

· 

.� 

'* 
* 
It 
It 
* 
* 

'* 
* 
It 
* 
* 
* 

Pm_x[ 1] (4) 
• 

• 

* 
* 
* 
• 
• 
• 

Pm..,Y[ 1] (4) 

• 

'* 
* 
* 
* 
It 
It 

PmJ( U (4) 
• 

.. 

· . . . 

Pm_flag[numpm] (1) pnUt[Dumpm] (4) Pm...Y[DuapmJ (4) Pm_z(mlDprn] (4) 

Figure 7 . --EFl3 binary format . 



EF13 

Byte 13 

El13 Record .7 

Byte 1 
Byte 2 

Byte 8 
Bytes 9 - 13 

EF13 RecQ�d #8 

Byte 1 
Byte 2 
Byte 3 
Bytes 4-13 

EF13 Record #9 

Byte 1 
Bytes 2 -5  
Bytes 6 -9  
Bytes 10- 13 

Discussion 

to 

* 
* 
* 

PIN #26 identifier i-byte char 

PRN #27 identifier 
PRN #28 identifier 

* 
* 
* 

PRN #34 identifier 
Spare E 

I -byte 
I -byte 

I -byte 
5 I-byte 

I -byte 
I-byte 
I -byte 

Coordinate System 
GPS Yeek Hundreds 
GPS Yeek Mod. 100 
Spare , F 10 I-byte 

the' Last Record 

Orbit Good/Bad Flag I -byte 
x-coordinate (5 cm) 4-byte 
y-coordinate (5 cm) 4-byte 
z-coordinat� (5 cm) 4-byte 

char 
char 

char 
char 

char 
char 
char 
char 

char 
int 
int 
int 

In the first eight records all quantities ar� I-byte integers except : second , 
deltat (i . e . , epoch interval) ,  and fmj d ( i . e . , fractional day of ephemeris 
start) which are 8-byte real quantities or doubles ; year (2 -byte int) ; nepoch 
(4 -byte int) ; and mj d_start (4-byte int) . The ephemeris file start time is 
given in the first and second records in Gregorian and in the fourth record as 
Modified Julian Date . The nnepochn and nnumprnn parameters in the first line 
are self-explanatory as are the satellite identifiers nprn[ l ] n  through 
nprn [ 34 ] n .  The ncoordsysn parameter holds the coordinate system as defined in 
the SP2 file . The parameter nwkHn represents hundreds of GPS weeks , whereas 
nwkR" represents the remaining GPS weeks (i . e . , GPS weeks modulo 100) . These 
latter three parameters occupy the locations which were once prn[ 35 ] , prn[ 36 ] . 
and prn[ 37 ] . The parameter nspareb [ 5 ] n holds the "orbit typen and the nagency" 
in the first four bytes when the SP2 file is converted to an EF13 file . 

Record 9 and all subsequent records begin with a 1 -byte integer ngood/bad 
flag . n As the ASCII to binary program SP2_EF13 . EXE executes , it evaluates 
x*x+y*Y+z*z<l . O  meters - squared . If true , this good/bad flag is set to bad-I ; 
otherwise it defaults to good-O . Yhen the EF13 file is used for data 
processing , this flag is checked . If the flag has been set to bad , any 
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measurements that would normally require orbit data for this satellite at this 
epoch cannot be processed and must be ignored. This convention is important for 
two . reasons : (1) It allows the ephemeris file to contain orbit data for a 
satellite for less than the entire ephemeris file period ; and (2 )  It allows one 
to concatenate consecutive orbit files having different satellite sets . 
Following the goodfbad flag are the positional data x,  y ,  z (km) . 

EF13 I/O and Interpolation 

The author of this report uses 9th-order to l7th-order . polynomial 
interpolators (depending on epoch interval) to compute positional values betWeen 
the epochs contained in the EF13 file . Velocity is obtained by differentiating 
the positional polynomial thus generated. Refer to the . ECF2 discussion earlier 
on �voiding nearly all reads . The only difference , here , is that one has to 
scale ( i . e . , divide by 20000 . 0  or multiply by 0 . 00005) the positional values 
following each EF13 file read. These extra three multiplies are of negligible 
computational consequence . 

NGS Programs Avai��ble for EFl3 

NGS programs are available for use in the PC environment . Programs 
SP2_EF13 . EXE ,  EF13_SP2 . EXE and JOINEF13 . EXE  are available . 

SP2_EFI3 .EJE "" This program converts an SP2 (ASCII) file to an EFl3 
(binary) file . During the conversion the orbital data goodfbad 
flags are set according to the discussion earlier . Also the x ,  y ,  
and z coordinate vales are rounded to the nearest 5 cm ( i . e . , by 
multiplying by 20000 . 0  and then rounding) . 

�F13_SP2 . EJE  This program will convert an EFl3 (binary) file to 
an SP2 (ASCII)  file . However , . this program is much more general . 
The user can select a different epoch interval , a different 
ephemeris period , and/or a different set of satellites . This 
gives the user the freedom to create EF13 files suitable for 
his/her environment . 

JOlNEF13 . EXE  This program is similar to JOINECF2 . EXE introduced 
earlier but operates on EF13 binary files . 

NOTE : There are other NGS programs for converting orbital data among the 
various formats discussed in this section. ECF2 SPl . EXE ,  EeFl SP2 . EXE and 
SPl ECF2 . EXE are examples .  

- -

SECTION II : INTERPOLATION ACCURAcy ' AND  FILE SIZE 

The following three primary questions will be answered in this section: Vhat 
is the required epoch -interval as a function of the order of . .  the interpolator to 
achieve a given accuracy? Is it necessary to include velocities in the orbit 
file or can velocities ·be derived accurately from positional data? Will the 13-
byte binary format provide the same accuracy level as the other binary formats? 

30 



To answer these questions we start with an orbit file that is considered to 
be the truth . From this truth file we create a test file with a greater epoch 
interval . Finally we request positions or velocities (e . g . , every minute) from 
both files and compare them. This approach compares · orbital positions and 
velocities directly . These two files are then compared over a 140-km baseline 
by comparing s ingle-difference ranges and range-rates . Another comparison 
technique , albeit used sparingly, is to process a 7S-km baseline with the truth 
and the test files and compare the baseline vector solutions and the integer 
ambiguities . In all cases means and standard deviations are computed based on 
absolute values of differences . 

Position Study (Absolute) 

Case 1 

The truth file in this case has a 42 . 1875 second epochs (i . e  . •  one 2048th of a 
day) . We cons ider seven subcases , A-G .  For this case two satellites are 
studied : PRN 3 and PRN 13 . Results are given in meters unless otherwise stated . 
Comparisons are presented as A ,  C ,  R (i . e . , along track , cross track . radial ) .  
The comparison is done at S-minute epochs for approximately four orbital 
revolutions . In all cases means and standard deviations of absolute values of 
differences are presented .· 

Subcase A) 
(9th) 

Subcase B)  
(9th)  

9th order interpolator cases A-E 

A .  Epoch interval - 21*42 . 1875 - 885 . 9375 seconds 
B .  Epoch . interval - 32*42 . 1875 - 1350 . 0 . seconds 
C .  Epoch interval - 36*42 . 1875 - 1518 . 75 seconds 
D .  Epoch interval - 1800 seconds 
E .  Epoch interval - 2400 seconds 

11th order interpolator cases F-G 

F. Epoch interval - 1800 seconds 
G . Epoch interval - 2400 seconds 

42 . 1875 seconds versus 885 . 9375 seconds 

PRN 3 A ,  C ,  R :  0 . 004 m 0 . 003 m 
Std Dev: 0 . 003 m 0 . 002 m 

PRN 13 A ,  C ,  R :  0 . 004 m 0 . 004 m 
Std Dev : 0 . 003 m 0 . 003 m 

42 . 1875 seconds versus 1350 . 0  seconds 

PRN 3 A ,  C ,  R :  0 . 025 m 0 . 028 m 
Std Dev : 0 . 022 m 0 . 023 m 

PRN 13 A ,  C ,  R :  0 . 022 m 0 . 021 m 
Std Dev: 0 . 018 m 0 . 019 m 
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Subcase C)  
(9th) 

Subcase D) 
(9th) 

SUbcase E) 
(9th) 

Subcase F) 
(11th) 

Subcase G) 
(11th) 

42 . 1875 

PRN 3 

PRN 13 

42 . 1875 

PRN 3 

PRN 13 

42. . ,1875 

PRN 3 

PRN 13 

'42 . 1875 

PRN 3 

PRN ' 13 

42 . 1875 

PRN 3 

PRN 13 

seconds versus 1518 . 75 seconds 

A .  C .  R :  0 . 071 m 0 . 080 m 0 . 060 m 
Std Dev: 0 . 062 m 0 . 066 m 0 . 055 m 

A .  C ,  I.: 0 . 064 m 0 . 061 m 0 . 054 m 
Std Dev: 0 . 049 m ,  0 . 054 m 0 . 038 m 

seconds versus 1800 . 00 seconds 

A .  C ,  I.:  0 . 214 m 0 . 355 m 0 . 268 m 
Std Dev: 0 . 285, m 0 . 306 m 0 . 256 m 

A.  C ,  I.: 0 . 287 m 0 . 273 m 0 . 238 m 
Std Dev: 0 . 233 m 0 . 249 m 0 . 182 m 

seconds versus 2400 . 00 seconds 

A .  C .  R :  4 . 021 m 4 . 552 m 3 . 433 ' m 
Std Dev: ' 3 . 531 m 3 . 859 m 3 . 206 m 

A,  C , I. :  3 . 662 m 3 . 631 m 3 . 087 m 
. Std Dev: 3 . 947 m 3 . 149 m 2 . 330 m 

seconds versus 1800 . 00 seconds 

A .  C .  I.:  0 . 015 m 0 . 021 m 0 . 016 m 
Std Dev: 0 . 014 m 0 . 020 m 0 . 018 m 

A,  C , R :  0 . 010 m 0 . 010 m 0 . 009 m 
Std Dev: 0 . 008 m 0 . 009 m 0 . 007 m 

seconds versus 2400 . 00 seconds 

A,  C ,  I. :  0 . 309 m 0 . 441 m 0 . 311 m 
Std Dev: 0 . 304 m 0 . 414 m 0 . 366 m 

A,  C ,  I. :  0 . 209 m 0 . 213 m 0 . 202 m 
Std Dev: 0 . 172 m 0 . 203 m 0 . 150 m 

Conclusions from Case 1 :  For 0 . 01 - 0 . 02 ppm accuracy , a 9th order interpolator 
and a 30-minute epoch interval ( i . e . , Subcase D) will suffice . Alternatively, 
for 0 . 01 - 0 . 02 ppm accuracy , an 11th order interpolator and a 40-minute epoch 
interval (i . e . , Subcase G) will suffice . ' 

To avoid confusion. it should be stated that 0 . 01 ppm absolute position 
accuracy implies approximately 0 . 01 * 10**-6 * 26 , 000 . 000 m .  A 0 . 01 ppm 
absolute error will cause . approximately .' a 0 . 01 ppm baseline length error . For 
example , a 0 . 26 m absolute position error will yield. approximately . a 0 . 14 cm 
baseline length error over a 140 km baseline . 
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Case II 

The truth file in this case has exactly 60-second epochs . This file was 
generated from broadcast messages . Ye consider eight subcases . A-H. For this 
case satellites 6 • .  8 .  9 .  II . 12 . 13 are studied. Results are given in meters 
unless otherwise stated. Comparisons are presented as A .  C .  R ( i . e  . •  along 
track . cross track. radial) . In this case the comparison period is 
approximately 0 . 5  orbital revolutions ; this leads to · wider variations between 
components and satellites than · when the averaging is done -over one or more 
revolutions . In all cases means arid standard deviations of absolute values of 
differences are given. 

Subcase A) 
(9th ) 

Subcase B) 
( 9th) 

9th order interpolator cases A-E 

A. Epoch interval - 900 seconds 
B .  Epoch interval - 1200 seconds 
C .  Epoch interval - 1440 seconds 
D .  Epoch interval - 1800 seconds 
E .  Epoch interval - 2400 seconds 

. 11th order interpolator cases F-H 

F .  Epoch "interval - 1440 seconds 
G .  Epoch interval - 1800 seconds 
H .  Epoch interval - 2400 seconds 

60 seconds versus 900 seconds 

PRN 6 A. C. R:  0 . 003 m 0 . 003 m 
Std Dev : 0 . 002 m 0 . 002 m 

PRN 8 A.  C .  R :  0 . 003 m 0 . 003 m 
Std Dev : 0 . 003 m 0 . 002 m 

PRN 9 A ,  C ,  R:  0 . 003 m 0 . 003 m 
Std Dev : 0 . 003 m 0 . 002 m 

PRN 11 A ,  C ,  R :  0 . 003 m 0 . 003 m 
Std Dev: 0 . 002 m 0 . 003 m 

PRN 12 A, C .  R:  0 . 003 m 0 . 003 m 
Std Dev: 0 . 003 m 0 . 003 m 

PRN 13 A ,  C .  R: 0 . 003 m 0 . 003 m 
Std Dev : 0 . 002 m 0 . 003 m 

60 seconds versus 1200 seconds 

PRN 6 A ,  C .  R: 0 . 007 m 0 . 007 m 
Std Dev : 0 . 006 m 0 . 007 m 
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PRN 8 A ,  C ,  R :  0 . 007 m 0 . 009 m 0 . 006 m 
Std Dev: 0 . 006 m 0 . 006 m 0 . 005 m 

PRN 9 A ,  C ,  R:  0 . 005 m 0 . 008 m 0 . 006 m 
Std Dev: 0 . 004 m 0 . 008 m 0 . 005 m 

PRN· 11 A ,  C ,  R:  0 . 009 m 0 . 011 m 0 . 010 m 
Std Dev: 0 . 006 m 0 . 010 m 0 . 009 m 

PRN 12 A ,  C ,  R :  0 . 007 m 0 . 009 m 0 . 006 m 
'Std Dev: · 0 . 007 m 0 . 006 m 0 . 004 m 

PRN 13 A ,  C ,  I.:. 0 . 007 m 0 . 007 m 0 . 007 m 
Std Dev: 0 . 006 m 0 .007 m 0 . 005 m 

Subcase C) 60 seconds versus 1440 seconds 
(9th) 

PRN 6 A ,  C ,  R :  0 . 036 m 0 . 031 m 0 . 036 m 
Std Dev: 0 . 025 m 0 . 034 m 0 . 025 m 

PRN 8 A ,  C ,  R :  0 . 034 m 0 � 040 m · 0 . 029 m 
Std Dev: 0 . 032 m 0 . 028 m 0 . 020 m 

PRN 9 A ,  C ,  R :  0 . 023 m 0 . 037 m 0 . 027 Ii 
Std Dev: 0 . 018 m 0 . 036 m 0 . 020 m 

PRN 11 A ,  C ,  R :  0 . 045 m 0 . 055 m 0 . 048 m 
Std Dev: 0 . 030 m 0 . 049 m 0 . 040 m 

PRN 12 A ,  C ,  R:  0 . 031 m 0 . 042 m 0 . 026 m 
Std Dev: 0 . 035 m 0 . 030 m 0 . 018 m 

PRN 13 A ,  C ,  R: 0 . 038 m 0 . 035 m 0 . 032 m 
Std Dev: 0 . 030 m 0 . 032 m 0 . 024 m 

Subcase D) 60 seconds versus 1800 seconds 
(9th) 

PRN 6 A, C ,  I. :  0 . 268 m 0 . 227 m 0 . 26 1  m 
Std Dev: 0 . 189 m 0 . 257 m 0 . 179 m 

PRN 8 A ,  C ,  R :  0 . 244 m 0 . 294 m 0 . 201 m 
Std Dev: 0 . 232 m 0 . 203 m 0 . 140 m 

PRN 9 A ,  C ,  R :  0 . 169 m 0 . 272 m 0 . 195 m 
Std Dev: 0 . 143 m 0 . 268 m 0 . 154 m 

PRN 11 A ,  C ,  R:  0 . 320 m 0 . 406 m 0 . 342 m 
Std Dev: 0 . 212 m 0 . 350 m 0 . 296 m 

PRN 12 A ,  C ,  R :  0 . 212 m 0 . 306 m 0 . 184 m 
Std Dev: 0 . 240 m 0 . 220 m 0 . 129 m 
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PRN 13 A,  C ,  R :  0 . 278 m 0 . 261 m 0 . 241 m 
Stc:1 Dev: 0 . 218 m 0 . 236 m 0 . 176 m 

Subcase E) 60 seconds versus 2400 seconds 
( 9th) 

PRN 6 A,  C t  R :  4 . 40 m 1 . 57 m 3 . 38 m 
Std Dev: 2 . 47 m 1 . 82 m 2 . 42 m 

PRN 8 At  C t  R :  1 . 74 m 4 . 71 m 2 . 82 m 
Std Dev: 1 . 69 m 2 . 65 m 1 . 88 m 

PRN 9 At C ,  R :  1 . 73 m 2 . 89 m 2 .48 m 
Stc:1 Dev: 1 . 48 m 2 . 79 m 1 . 89 m 

PRN 11 A ,  C ,  R :  3 . 45 m . 5 . 43 m 4 . 57 m 
Std Dev: 1 . 91 m 4 . 91 m 3 . 80 m 

PRN 12 A,  C ,  R :  1 . 28 m 4 . 53 m 2 . 57 m 
Std Dev: 1 . 48 m 2 . 92 m l .  77 m 

PRN 13- A ,  C t  R :  4 . 48 m 2 . 21 m 3 . 39 m 
Std Dev: 2 . 91 m 2 . 10 m 2 . 22 m 

Subcase F) 60 seconds versus 1440 seconds 
( 11th) 

PRN 6 A ,  C ,  R :  0 . 003 m 0 . 003 m 0 . 003 m 
Std Dev: 0 . 003 m 0 . 003 m 0 . 002 m 

PRN 8 A,  C ,  R :  0 . 003 m 0 . 003 m 0 . 003 m 
Stc:1 Dev: 0 . 002 m 0 . 003 m 0 . 002 m 

PRN 9 A,  C ,  R :  0 . 003 m 0 . 003 m 0 . 003 m 
Stc:1 Dev: 0 . 002 m 0 . 003 m 0 . 002 m 

PRN 11 A,  C, R:  0 . 003 m 0 . 004 m 0 . 003 m 
Stc:1 Dev: 0 . 002 m 0 . 003 m 0 . 003 m 

PRN 12 At C ,  R :  0 . 004 m 0 . 003 m 0 . 003 m 
Stc:1 Dev: 0 . 003 m 0 . 003 m 0 . 002 m 

PRN 13 A, C ,  R :  0 . 003 m 0 . 003 m 0 . 003 m 
Stc:1 Dev : 0 .. 002 m 0 . 002 m 0 . 002 m 

Subcase G) 60 seconds versus 1800 seconds 
(11th) 

PRN 6 A,  C ,  R :  0 . 008 m 0 . 008 m 0 . 010 m 
Std Dev : 0 . 006 m 0 . 009 m 0 . 008 m 

PRN 8 A,  C t  R :  0 . 007 m O . OlO · m 0 . 007 m 
Stc:1 Dev: 0 . 008 m 0 . 008 m 0 . 005 m 
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PiN 9 A,  C ,  R: 0 . 004 m 0 . 014 m O . OOB m 
Std Dev: 0 . 003 m 0 . 015 m 0 . 009 m 

PiN 11 A,  C ,  R: 0 . 013 m 0 . 026 m 0 . 021 m 
Std Dev: 0 . 015 m 0 . 022 m 0 . 020 m 

PiN 12 A, C , R :  0 . 007 m 0 . 012 m 0 . 007 m 
Std Dev: 0 . 009 m 0 . 013 m 0 . 005 m 

PRN 13 A,  C ,  R: 0 . 007 m 0 . 008 m 0 . 010 m 
Std Dev: 0 . 006 m 0 . 008 m 0 . 007 m 

Subc :se H) 60 seconds versus 2400 seconds 
(l::h) 

PiN 6 A,  C ,  R :  0 . 198 m 0 . 073 m 0 . 200 m 
Std Dev.: 0 . 123 m 0 . 06B' m 0 . lB2 m 

PRir 8 A,  C ,  R :  0 . 045 m 0 . 246 m 0 . 135 m 
Std Dev: 0 . 056 m 0 . 169 m 0 . 086 m 

PRN 9 A,  C ,  R: 0 . 053 m 0 . 151 m ,0 . 206 m 
Std Dev: 0 . 047 m 0 . 150 m 0 . 231 m 

PRN 11 A,  C ,  R :  0 . 180 m 0 . 610 m 0 . 448 m 
Std Dev : 0 . 154 m 0 . 504 m 0 . 462 m 

PRN 12 A,  C ,  R: 0 . 057 m 0 . 220 m 0 . 137 m 
Std Dev: 0 . 056 m 0 . 264 m 0 . 093 m 

PRN 13 A,  C ,  R :  0 . 240 m 0 . 093 m 0 . 205 m 
Std Dev: 0 . 162 m 0 . 114 m 0 . 136 m 

Conclusions based on Case II : The conclusions are the ' same as in Case I except 
that Case I ,  Subcase G is comparable to Case II , Subcase H .  

Case I I I  

The truth fi1e in this case has exact1y 900 seconds . Ve consider S ix 
subcases , A-F .  For this case satellites 3 ,  6 ,  8 ,  9 ,  II , 12 , 13 are studied. 
Results are given in meters unless otherwise stated . Comparisons are presented 
as At C ,  R ( i . e . , along track, cross track , radial) . In this case ,the 
comparison period is approximately four orbital revolutions . This leads to 
similar results for components and satellites . In all cases means and standard 
deviations of absolute values ar� presented . 

9th order ' interpolator cases A-D 

A. Epoch interval - 1200 seconds 
B .  Epoch interval - 1440 seconds 
C .  Epoch interval - 1800 seconds 
D .  Epoch interval - 2400 seconds 
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11th order interpolator cases E·F 

E .  Epoch interval - 1800 seconds 
F .  Epoch interval - 2400 seconds 

Subc�se A) 900 seconds versus 1200 seconds 
(9th) 

PRN 3 A.  C .  R :  0 . 009 m 0 . 010 m 0 . 008 m 
Std Dev: 0 . 008 m 0 . 009 m 0 .. 009 m 

PRN 6 A.  C .  R:  0 . 008 m 0 . 008 m 0 . 007 m 
Std Dev: 0 . 007 m 0 . 008 m 0 . 005 m 

PRN 8 A ,  C ,  R :  0 . 008 m 0 . 008 m 0 . 008 m 
Std Dev: 0 . 007 m 0 . 007 m . 0 . 008 m 

PiN" 9 A ,  C ,  R :  0 . 008 m 0 . 008 m 0 . 007 m 
Std Dev: 0 . 009 m 0 . 009 m 0 . 006 m 

PRN 11 A ,  C ,  R:  0 . 009 m 0 . 010 m 0 . 009 m 
Std Dev: · 0 . 008 m 0 . 009 m 0 . 010 m 

PRN 12 A ,  C ,  R :  0 . 008 m 0 . 009 m 0 . 007 m 
S td Dev : 0 . 008 m 0 . 008 m 0 . 006 m 

PRN 1:3 A ,  C ,  R :  0 . 008 m 0 . 007 m 0 . 008 m 
Std Dev: 0 . 006 m 0 . 007 m 0 . 007 m 

Subcase B)  900 seconds versus 1440 seconds 
(9th) 

PRN 3 A,  C .  R :  0 . 044 m 0 . 049 m 0 . 038 m 
Std Dev: 0 . 037 m 0 . 040 m 0 . 035 m 

PRN 6 A,  C ,  R :  0 . 041 m 0 . 038 m 0 . 034 m 
Std Dev : 0 . 033 m 0 . 036 m 0 . 025 m 

PRN 8 A,  C ,  R :  0 . 041 ·m 0 . 040 m 0 . 035 m 
Std Dev : 0 . 033 m 0 . 033 m 0 . 027 m 

PRN 9 A,  C ,  R :  0 . 039 m 0 . 042 m 0 . 037 m 
Sed Dev: 0 . 045 m 0 . 043 m 0 . 029 m 

PRN 11 A,  C ,  R :  0 . 043 m 0 . 048 m 0 . 039 m 
Std Dev : 0 . 041 m 0 . 041 m 0 . 036 m 

PRN 12 A ,  C ,  R :  0 . 042 m 0 . 043 m 0 . 034 m 
Std Dev: 0 . 037 m 0 . 036 m 0 . 028 m 

PRN 13 A,  C. R :  0 . 039 m 0 . 037 m 0 . 033 m 
Std Dev: 0 . 031 m 0 . 033 m 0 . 026 m 
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Subcase C) 900 seconds versus 1800 ·seconds 
(9th) 

PRN 3 A .  C .  R :  · 0 . 310 m 0 . 346 m 0 . 267 m 
Std Dev: 0 . 282 m 0 . 306 m 0 . 253 m 

PRN 6 A .  C .  R :  0 . 293 m 0 . 275 ·m 0 . 243 m 
Std Dev: 0 . 253 m 0 . 271 m 0 . 191 m 

PRN 8. A,  C .  R :  0 . 290 m 0 . 290 m 0 . 290 m 
Std Dev: 0 .. 253 m 0 . 256 m 0 . 196 m 

PRN 9 A. C .  R :  0 . 282 m 0 . 308 m 0 . 260 m 
Std Dev: 0 . 336 II 0 . 321 II 0 . 222 II 

PRN 11 A .  C ,  R: 0 . 310 m 0 . 344 · m 0 . 271 m 
Std Dev: 0 . 309 m 0 . 308 m 0 . 260 m 

PRN 12 A ,  C .  R :  0 . 294 m 0 . 309 II 0 . 247 m 
Std Dev: 0 . 282 m 0 . 276 m 0 . 215 m 

PRN 13 A ,  C .  R :  0 . 281 m 0 . 270 m 0 . 231 m 
. Std Dev: 0 . 232 m 0 . 249 m 0 . 184 II 

Subcase D) 900 seconds versus 2400 seconds 
(9th) 

PRN 3 A .  C ,  R :  4 . 00 m 4 . 50 m 3 . 38 m 
Std Dev : 3 . 49 m 3 . 80 m 3 . 20 m 

PRN 6 A ,  C .  R :  3 . 79 m 3 . 64 m 3 . 15 m 
Std Dev : 3 . 18 m 3 . 42 m 2 . 48 m 

PRN 8 A .  C .  R :  3 . 74 II 3 . 81 II 3 . 14 II 
Std Dev: 3 . 18 II 3 . 26 m 2 . 49 · m 

PRN 9 A ,  C .  R :  3 . 65 m 4 . 00 II 3 . 38 m 
Std Dev : 4 . 18 m 4 . 03 II 2 . 76 m 

PRN 11 A .  C .  R: 3 . 97 m 4 . 42 m 3 . 55 m 
Std Dev: 3 . 88 II 3 . 88 iii 3 . 18 II 

PRN 12 A .  C .  R :  3 . 78 II 4 . 03 II 3 . 18 II 
Std Dev: 3 . $0 II 3 . 52 m 2 . 75 II 

PRN 13 A. C .  R :  3 . 63 II 3 . 58 m 3 . 10 II 
Std Dev :. 2 . 95 II 3 . 15 II 2 . 27 II 

Subcase E) 900 seconds versus 1800 seconds 
(11th) 

PRN 3 A .  C .  R :  0 . 013 m 0 . 019 II 0 . 016 II 
Std Dev: 0 . 013 II 0 . 019 II 0 . 024 II 
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Subcase F) 
( 11th) 

PRN 6 A,  C ,  R :  
Std Dev: 

PRN 8 A,  C ,  R :  
Std Dev: 

PRN 9 A,  C ,  R :  
Std Dev: 

PRN 11 A, C ,  R :  
Std Dev: 

PRN 12 A,  C ,  R :  
Std Dev: 

PRN 13 A,  C ,  R :  
Std Dev:" 

O . OO� • 
0 . 009 m 

0 . 010 m 
0 . 010 m 

0 . 012 m 
0 . 021 m 

0 . 014 m 
0 . 018 • 

0 . 011 • 
0 . 013 • 

0 . 009 • 
0 . 008 m 

0 . 010 • 
0 . 011 " .  

0 . 012 m 
0 . 011 m 

0 . 019 • 
0 . 021 m 

0 . 020 m 
0 . 021 • 

0 . 015 m 
0 . 015 • 

0 . 009 m 
0 . 009 m 

900 seconds versus 2400 seconds 

PRN 3 A, C ,  R :  
Std Dev: 

PRN 6 0 °A,  C ,  R :  
Std Dev : 

PRN 8 A,  C ,  " R :  
Std Dev: 

PRN 9 A, C ,  R :  
Std Dev : 

PRN 11 A, C ,  R: 
Std Dev: 

PRN 12 A, C ,  R :  
Std Dev : 

PRN 13 A,  C ,  R :  
Std Dev : 

0 . 304 m 
0 . 295 III 

"0 0 . 215 m 
0 . 227 m 

0 . 221 m 
0 . 219 m 

0 . 251 m 
0 . 460 m 

0 . 304" m 
0 . 392 m 

0 . 255 m 
0 . 285 m 

0 . 206 III 
0 . 171 m 

0 . 421 m 
0 . 409 m 

0 . 243 m 
0 . 256 m 

0 . 276 m 
0 . 234 m 

0 . 405 m 
0 . 445 m 

0 . 430 m 
0 . 439 m 

0 . 335 m 
0 � 332 m 

0 . 210 III 
0 . 202 m 

0 . 009 m 
0 . 009 • 

0 . 013 m 
O . OlS o m 

0 . 013 m 
0 . 014 m 

0 . 016 m 
0 . 021 • 

0 . 011 m 
0 . 013 • 

0 . 012 m 
0 . 015 m 

0 . 297 m 
0 . 363 m 

0 . 214 m 
0 . 193 m 

0 . 215 m 
0 . 213 m 

0 . 290 m 
0 . 307 m 

0 . 319 m 
0 . 378 m 

0 . 252 m 
0 . 273 m 

0 . 200 m 
0 . 152 m 

Conclusions based on Case III : The conclusions are the same as that in Case I 
except that Case I ,  Subcase D is comparable to Case III , Subcase C and Case I ,  
Subcase G is comparable to Case III , Subcase F. 

Position Study (Relative) 

Here we wish to verify that the absolute interpolation errors above get 
reduced in two-station range differences by the factor (baseline leng�h 
km)/(26000 lan) . 
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For computing two-station range differences , hypothetical stations have been 
selected at geodetic coordinates (400N, 2800E ,  OV) and (41°N, 281°E ,  OV) . This 
baseline is 140 km in length . For example we would expect the interpolation 
error of Case III , Subcase D of the absolute position study above to yield a 0 . 1  
- 0 . 2  ppm single-difference range · error contribution (or '14-28  mm) over our 
hypothetical baseline . . 

The means and standard ·deviations of the absolute value. of this �ingle­
difference range are comPuted based on 5 .. minute·· sampling -over .approximatelY·olO 
orbital revolutions for the following cases . The truth file used was an 
NSYC/DMA precise orbit (Swift , 1985) . PINs 3 and 13 were used. Results , here , 
are in millimeters . . 

A) 
B) 
C) 
D) 

. E) 

CASE A .  

CASE B .  

CASE C .  

CASE D .  

9th order interpolator 

900 seconds versus 1 , 200 seconds 
900 seconds versus 1 , 440 seconds 
900 seconds versus 1 . 800 seconds 
900 seconds versus 2 , 400 seconds 

11th order interpolator 

900 seconds versus 2 . 400 seconds 

900 seconds versus 1 , 200 seconds (9th) 

PRN 3 mean: 
stdv: 

PRN 13 mean: 
stdv: 

0 . 051 mm 
0 . 063 DIm 
0 . 050 DIm 
0 . 057 DIm 

900 seconds versus 1 , 440 seconds (9th) 

PRN 3 mean: 
stdv: 

PRN 13 mean : 
stdv: 

0 . 211 DIm 
0 . 222 DUD 
0 . 178 DUD 
0 . 163 DIm 

900 seconds versus 1 , 800 seconds (9th) 

PRN 3 mean : 1 . 46 DIm 
stdv:  1 . 56 DUD 

PRN 13 mean: 1 . 24 DIm 
stdv : 1 . 11 DUD 

900 seconds versus 2 , 400 

PRN 3 mean: 
stdv :  

PRN 13  mean: 
stciv: 

18 . 8  DUD 
19 . 0  DIm 
16 . 1  DUD 
14 . 2  DIm 

seconds (9th) 
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CASE E .  900 seconds versus 2 , 400 seconds ( 11th) 

PRN 3 mean: 
stdv: 

PRN 13 mean: 
stdv: 

1 . S8 mID 
2 . 01 mID 
0 . 98 mID 
0 . 83 mID 

ConclusionS based on" this relative position study:  " In " all cases the 
interpolation error was reduced. approximately , by the ratio of 140/26000 ; as 

" expected. 
Position Study (Ba:seline) 

The final positional test case is an actual baseline . NGS collected data at 
stations VANS and EVEL in February 1989 . Here we process this 7S-km baseline " 

with an NSWC/DMA precise orbit file based on a lS-minute epoch interval and then 
reprocess it based on different epoch intervals and different interpolators . 
Only the last four places of the vector components and length are shown . Also 
the estimated double difference ambiguities are shown. 

9th order interpolator 

Case A 900 seconds 
CASE B 1 , 200 seconds 
CASE C 1 , 440 seconds 
CASE D 1 ;800 seconds 
CASE E 2 , 400 seconds 

11th order interpolator 

CASE F 900 seconds 
CASE G 1 , 800 seconds 
CASE H 2 , 400 seconds 

CASE dx (m) dy(m) dz (m) L(m) Ambl Amb2 Amb3 Amb4 Amb5 

A) . 9267 . 1932 . 2805 . 2254 . 918 . 016 . 978 . 961 . 107 
" B) . 9267 . 1932 . 2805 . 2254 . 918 . 017 . 978 . 962 . 107 
C) . 9268 . 1931 . 2804 . 2254 . 918 . 018 . 978 . 963 . 107 
D )  . 9272 . 1928 . 2805 . 2254 . 907 . 026 . 979 . 967 . 112 
E) . 9342 . 1918 . 2735 . 2216 . 83"2 . 144 . 031 . 102 . 060 

F) . 9267 . 1932 . 2805 . 2254 . 918 . 016 . 978 . 961 . 107 
G) . 9266 . 1934 . 2802 . 2253 . 916 . 016 . 976 . 959 . 113 
H) . 9267 . 1931 . 2799 . 2249 . 902 . 019 . 971 . 955 . 128 

Conclusions based on this baseline study : No s ignificant error manifests in 
Cases D and H .  S ince this is a 75 , 000 , 000 mm baseline , Cases D and H agree with 
Case A at the 0 . 01 ppm level . 

Accuracy of EF13 Versus ECF2 

The question to be answered here is whether the process of rounding the orbit 
data to the nearest 5 cm will degrade the geodetic solutions . We know a priori 
that it does not but choose to demonstrate and document this in case a question 
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should arise . In fact , the current NSVC/DKA precise ephemerides have a 
precision of 10 cm. These agencies are certainly aware that this contributes no 
error to applications and w�ll not until the orbital accuracies reach the 5 cm 
realm. Thus , when the orbit source is NSVC/DKA there is no difference between 
the positional coordinates in the EFl3 binary file and those in the ECF2 binary 
file since the EF13 file contains positional information rounded to the nearest 

- 5  cm. On the other hand, the NGS orbit files are generated with a precision of 
1 cm-. (This is not accuracy; the . accuracy -of' the ·NGS --orbits - at .the .-!:iJDe of .this 
report is better than 10 m but not better than 1 m .  On the -other . -hand, -a format 
with a precision of 1 cm could potentially accommodate -positional data - accurate 
to 0 . 5  em. )  -

EF13 Versus ECF2 (Absolute) 

CASE I (NSVC/DKA) 
CASE II (NGS) 

- 900 second EF13 versus 900 second ECF2 
900 second EF13 versus 900 second ECF2 

. CASE I ( lO-cm precision) . For PRN 3 we take S -minute samples for' 
approximately four orbital revolutions . A 9th order interpolator was used ; 
however , the order of the interpolator is not a factor . Results are given in 
meters . 

PRN 3 A, C ,  R:  
. . Std Dev: 

0 . 000 III 
0 . 000 m 

0 . 000 m 
0 . 000 m 

0 . 000 m 
0 . 000 m 

CASE II  ( l -cm precision) . For PRN 3 we take 5 -minute samples for 
approximately four - orbital revolutions . A 9th order it)terpola-tor was used ; 
however , the order of the interpolator is not a factor . Results are given in 
meters . 

PRN 3 A,  C ,  R:  
Std Dev: 

0 . 011 m 
0 . 008 m 

0 . 011 m 
0 . 007 m 

0 . 010 m 
0 . 007 m 

Conclusion based on this EF13 versus ECF2 absolute study : As expected, only the 
error due t� precision manifests itself . This will introduce no orbital error 
until the orbital accuracy �e�ches the 2 . S -cm realm: Until geodetic accuracies 
reach 1 part per billion ,  this will not be a factor . 

EF1 3  Versus ECF2 (Relative) 

Here we compute two-receiver ranges with the EF13 file and the ECF2 file and 
compare them. Ve assume the -same station separation as e-arlier .  that is . 140 
km .  One expects the I -cm A, C ,  R r�sults above to map into the two-receiver 
range by a factor of approximately 140/26000 . Results are in millimeters . 

CASE I (NSVC/DKA) 
CASE II (NGS ) 

900 second EFl3 versus 900 second ECF2 
900 second EFl3 versus 900 second ECF2 

CASE I ( IO -cm precision) . For PRN 3 we take S-minute samples for 
approximately four orbital revolutions . A 9th order interpolator was used ; 
however , the order of the interpolator is not a factor . 

-

42 



PRN 3 Mean: 
Std Dev: 

0 . 000 mID 
0 . 000 mID 

CASE II (l-cm precision) . For PaN 3 we take 5-minute samples for 
approximately four· orbital revolutions . A 9th order interpolator was used; . 
however , the order of the interpolator is not a factor . 

,PRN 3 Mean: 0 . 048 mID 
Std Dev: 0 . 041 mm 

Conelusion based on this EF13 versUs ECF2 relative study : The interpolation 
errQr manifests itself on the two-receiver one-satellite range differences , 
approximately, in proportion to 140/26000 as expected. This · is equivalent to a 
single -difference carrier phase modeling error . This is less than 1 part per 
billion. 

EF13 versus ECF2 (Baseline) 

Here we compute .t�e 75-km baseline example , used earlier , with the EFI3 and 
the ECF2 binary position files . Because the NSWC/DMA precise ephemeris is used 
and because it has a precision of 10 cm , we expect to see no difference in the 
results . An epoch interval of 1 , 440 seconds and a 9th order interpolator were 
used . The only. difference detected was 0 . 001 in the fifth double differepce 
ambiguity . This appears to be a result of insufficient computer precision . The 
scaling operation can cause orbit position differences at the micron ( 0 . 001 mm) 
level ; this can lead to insignificant differences when the final results are 
written in ASCII .  

CASE 

EF13) 
ECF2) 

dx (m) dy(m) 

. 9268 

. 9268 
. 1931 
. 19�1 

dz (m) L(m) Ambl Amb2 Amb3 Amb4 Amb5 

. 2804 

. 2804 
. 2254 
. 2254 

. 918 

. 918 
. 018 
. 018 

. 978 

. 978 
. 963 
. 963 

. 106 

. 107 

Conclusions based on this EF13 versus ECF2 baseline study : As expected there is 
no significant difference between the results obtained from EF13 and ECF2 file . 

Velocity Study (Absolute) 

The purpose of the velocity study is to verify that there is essentially no 
useful information in the velocity data and therefore it should not be 
distributed for applications processing . The approach used . to demonstrate this 
is to compare the velocity obtained by differentiating the position with the 
velocity obtained by interpolating velocity in the ·position-ve1ocity file . In 
all cases the truth file is a position-velocity ( ECF1) file having a 900- second 
epoch interval . All velocity means and standard deviations are in mm/sec . The 
case studies designed for this demonstration are as follows : 

CASE I (9th versus 9th) 

In this case the position is fit with a 9th order polynomial and 
the polynomial is differentiated to obtain velocity . This 
velocity is compared to that obtained by interpolating velocity 
with a 9th order Lagrange interpolator . There are three subeases : 
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Subcase A :  Truth versus 900-second position-only (ECF2 ) file . 

Subcase B :  Truth versus l , 440-second position-only (ECF2) file . 

Subcase C :  ·Truth versus 2 , 400-second position-only (ECF2) file . 

CASE II ( 11th versus 11th) 

In this case the position is fit with an 11th order poiynomial and 
the polynomial is differentiated to obtain velocity .  This 
veloci�y is ·compared to · that obtained by interpolating velocity 
with an 11th order Lagrange int:erpo1ator . There are three 
subcases : 

Subcase A :  Truth versus 900-second position-only (ECF2) file . 

Subcase B :  Truth versus l , 440-second position-only 

Subcase ·C :  Truth versus 2 , 400-second position-only 

CASE I :  SUBCASE A :  (900 seconds/9th) 

x (mm/sec) y (mm/sec) z (mm/sec) 

PRN 03 mean: 0 . 091 0 . 084 0 . 068 
stdv:  0 . 070 0 . 069 0 . 035 

x (mm/sec) y (mm/sec) z (mm/sec) 

PRN 13 mean: 0 . 089 0 . 088 0 . 069 
stdv: 0 . 065 0 . 067 0 . 035 

CASE 1 :  SUBCASE B ( 1 , 440 seconds/9th) 

x (mm/sec) y (mm/sec) Z (DUD/sec) 

PRN 03 mean: 0 . 147 0 . 141 0 . 070 
stdv: 0 . 113 0 . 115 0 . 045. 

x (mm/sec) y (mm/sec) Z (DUD/sec) 

PRN 13 mean: . 0 . 137 0 . 136 0 . 069 
stdv: 0 . 098 0 . 097 0 . 036 

CASE 1:  SUBCASE C ( 2 , 400 seconds/9th) 

x (mm/sec) y (mm/sec) z (mm/sec) 

PRN 03 mean: 
stdv: 

6 . 20 
5 . 13 

6 . 08 
5 . 08 
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x (mm/sec) y (mm/sec) z (mm/sec) 
PRN 13 mean: 5 . 70 5 . 67 0 . 515 

stdv : 4 . 09 4 . 08 0 . 437 

CASE II : SUBCASE A (900 seconds/11th) 

x (mID/sec) Y (mID/sec) Z (mID/sec) 

PRN 03 mean: 0 . 090 0 . 083 0 . 068 
stdv: 0 . 070 0 . 068 0 . 036 

x (mm/sec) y (mm/sec) z (mm/sec) 

PRN 13 mean: 0 . 089 0 . 087 0 . 069 
stdv:  0 . 068 0 . 067 0 . 035 

CASE II : SUBCASE .B ( 1 . 440 seconds/11th) 

x (mm/sec) y (mm/sec) z (mm/sec) 

PRN 03 mean: . 0 . 089 0 . 084 0 . 068 
stdv:  0 . 068 0 . 068 0 . 034 

x (mm/sec) y (mm/sec) z (mm/sec) 

PRN 13 mean : 0 . 089 0 . 087 0 . 069 
stdv: 0 . 068 0 . 067 0 . 035 

CASE I I : SUBCASE C (2 . 400 seconds/11th) 

x (mm/sec)' y (mm/sec) ' z (mm/sec) 

PRN 03 mean : 0 . 549 0 . 514 0 . 164 
stdv: 0 . 544 0 . 524 0 . 152 

x (mm/sec) y (mm/sec) z (mm/sec) 

PRN 13 mean: 0 . 370 0 . 367 0 . 074 
stdv: 0 . 270 0 . 267 0 . 044 

Conclusions based on this absolute velocity study : Velocity can be derived from 
a 2 , 400- second position-only ephemeris' £ile using an 11th order interpolator 
within a fraction of 1 mm/sec . One can estimate that 0 . 5  mm/sec velocities 
could be derived f�om an 1 . 800- second ephemeris with a 9th order interpolator 
and 0 . 2  mm/sec from an 11th order interpolator . 
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Velocity Study (Relative) 

The purpose of this relative velocity test is to verify that the absolute 
velocity interpolation error gets scaled according to the ratio of the 
baseline length and 26 , 000 km, approximately. The method used is similar to 
that employed in the earlier position comparisons . The hypothetical baseline 
selected is the same 140-km baseline used before . Ve compute , ehe two-receiver 
(one- satellite) range-rate using the test position-only file , (ECF2) and ' 
compare this with ' the two-receiver range-rate using the velocity from the 900-
second position-velocity (truth) ECF1 file . Hagnitudinal range- rate 
difference means and standard deviations are , as before , in mm/sec . Of course 
the intent is to verify that the velocity from the ECF2 file is effectively 
identical to that from the ECF1 file . The cases parallel those i� =he 
absolute test . 

CASE I (9th versus 9th) 

Subcase ,� :  Truth versus 900-second position-only (ECF2 ) file . 

Subcase B :  Truth versus l , 440-second position-only (ECF2 ) file . 

Sub case C :  Truth versus 2 , 400- second position-only (ECF2 ) file . 

CASE II (11th versus 11th) 

Subcase A:  Truth versus 900-second position-only (ECF2) file . 

Subcase B :  Truth versus l , 440- second position-only (ECF2) f1le . 

Subcase C :  Truth versus 2 , 400-second position-only (ECF2 ) file . 

CASE I :  SUBCASE A (900- second/9th) 

mean (mm/sec) stdv (DIm/sec) 

PRN 3 
PRN 13 

0 . 000436 
0 . 000435 

CASE I :  SUBCASE B 

0 . 000319 
0 . 000339 

(l , 440-second/9th) 

mean (mm/sec) stdv (mm/sec) 

PRN 3 
PRN 13 

0 . 00060 
0 . 00055 

CASE I :  SUBCASE C 

0 . 00057 
0 . 00049 

( 2 , 400- second/9th) 

mean (mm/sec} stdv (�/sec) 

PRN 3 
PRN 13 

0 . 0244 
0 . 02l 

0 . 0239 
0 . 018 
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CASE II : SUBCASE A (900-second/11th) 

mean (mID/sec) stdv (mID/sec) 

PRN 3 0 . 000433 0 . 000316 
PRN 13 0 . 000434 0 . 000336 

CASE II : SUBCASE B (l , 440-second/11th) 

�ean (mID/sec) stdv (mID/sec) 

PRN l 0 . 00039 0 . 00039 
PRN 13 0 . 00043 0 . 00034 

CASE II : SUBCASE C (2 , 400- seeond/11th) 

mean (mID/see) stdv (mID/see) 

PRN 3 0 . 0021 0 . 0026 
PRN 13 0 . 0013 0 . 0011 

Conclusions based on this relative velocity study : The velocity error on the 
two - receiver one - satellite range-rate quantity is reduced , approximately , by the 
factor (basel ine length km) / ( 26 , OOO km) or 140/2 6 , 000 , as expecte d .  

Higher O�de� Interpolators ( 2 , 400-Second Epoch Interval) 

Here we want to demonstrate that an epoch interval of 2 , 400 seconds is 
consistent' with 1 part per billion applications . Stated differently , we will 
demonstrate that a 17th order polynomial interpolator can recover position to 
approximately 2 . 5  cm and velocity to 0 . 1  mID/sec from a 40-minute epoch interval 
ECF2 file . The results , of course , are nearly identical with a 40-minute EF13 

' file . This implies that NGS should distribute GPS positional data on 40-minute 
epochs , just so long as NGS provides the appropriate interpolation and I/O access 
tools . ' 

In all cases below , a polynomial interpolator similar to that , in figure 6 ,  
and developed by the author as a part of this investigation, will be used . 
Ninth , 11th ,  13th ,  15th ,  and 17th order interpolators will be used on the 40-
minute position- only ECF2 file . An 11th order Lagrangian interpolator , similar 
to the 9th order Lagrangian interpolator presented in figure 3 ,  will be used on 
the truth file . The truth file will be a 900-second �poch interval position and 
velocity file in the ECFl format . All results are ' in mID and rom/s o 

PRN 3 Truth minus test positional comparison (mm) 

x stdv x Y stdv Y z stdv z 

9th :  4708 . 4040 . 4807 . 4070 . 1031 . 986 . 
llth :  392 . 412 . 397 . 429 . 118 . 111 . 
13th :  60 . 0  62 . 4  62 . 2  66 . 6  17 . 6  19 . 3  
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15th :  13 . 4  14 . 1  15 . 1  17 . 6  5 . 63 5 . 85 
17th :  5 . 15 5 . 20 7 . 57 10 . 2  4 . 44 4 . 79 

PRN 3 Truth minus test velocity comparison (mm/s ) 

xdot stdv xdot ydot stclv ydot· zdot stdv zdot 

9th:  6 . 10 5 . 09 6 . 24 5 . 15 1 . 33 1 . 25 
11th :  0 . 520 0 . 530 0 . 546 0 . 542 0 . 165 0 . 149 
13th:  0 . 117 0 . 104 0 . 127 0 . 100 0 . 070 0 . 040 
15th :  0 . 088 0 . 070 0 . 089 0 . 072 0 . 066 0 . 032 
17th:  0 . 085 0 . 070 0 . 087 0 . 071 0 . 065 0 . 03 3  

PRN 6 Truth minus test positional comparison (DUD) 

X stclv X y stdv y z stdv z 

9th :  4567'. 3566 . 4608 . 3609 . 559 . 559 . 
11th : 309 . 258 . 292 . 285 . 53 . 42 . 
13th :  29 . 8  28 . 1  31 . 2  28 . 9  6 . 89 5 . 89 
15th :  4 . 86 4 . 68 5 . 65 4 . 98 .3 . 04 2 . 75 
17th :  2 . 84 2 . 25 3 . 05 2 . 36 2 . 93 2 . 52 

PRN 6 Truth minus test velocity comparison (mm/s) 

xdot stdv xdot ydot stdv ydot zdot stclv zdot 

9th :  5 . 92 4 . 51 5 . 95 4 . 54 0 . 729 0 . 697 
11th :  0 . 409 0 . 345 0 . 420 0 . 346 0 . 121 0 . 079 
13th :  0 . 132 0 . 075 0 . 142 0 . 065 0 . 106 r' . 053 
15th :  0 . 132 0 . 055 0 . 136 0 . 054 0 . 106 u . 052 
17th :  0 . 132 0 . 054 0 . 136 0 . 055 0 . 106 0 . 052 

PRN 8 Truth minus test positional comparison (mm) 

x stdv x Y stdv Y z stdv z 

9th : 4519 . 3440 . 4540 . 3559 . 565 . 7  565 . 6  
11th : 300 . 264 . 299 . 276 . 53 . 5 .  50 . S 
13th :  32 . 9  31 . 4  31 . 1  32 . 5  9 . 94 9 . 33 
15th :  9 . 91 12 . 9  7 . 34 6 . 47 5 • .  61 6 . 85 
17th :  7 . 06 12 . 8  4 . 39 4 . 30 5 . 08 6 . 74 

PRN 8 Truth minus test velocity comparison (mm/s ) 

xdot stdv xdot ydot stdv ydot zdot stdv zdot 

9th :  5 . 87 4 . 35 5 . 88 4 . 48 0 . 748 0 . 724 
l1th :  0 . 410 0 . 345 0 . 408 0 . 409 0 . 097 0 . 076 
13th :  0 . 099 0 . 079 0 . 107 0 . 065 0 . 070 0 . 035 
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15th :  0 . 091 0 . 064 0 . 092 0 . 060 0 . 069 0 . 034 
17th : 0 . 091 0 . 064 0 . 091 0 . 061 0 . 069 · 0 . 034 

PRN 9 Truth minus test positional comparison (mm) 

X stdv X y stdv. y z stdv z 

9th ;  4843 . 4349 . 4945 . 4476 . 1252 . 1150 . 
11th :  456 . 8  471 . 7 467 . 4  481 . 4  142 . 8  136 . 7  
13th :  73 . 3  75 . 0  75 . 9  74 . 3  21 . 8  21 0 8  
15th : 14 . 8. 17 . 0  15 . 9  15 . 8  5 . 36 4 . 57 
17th :  4 . .  80 4 . 73 4 . 88 4 . 68 3 . 10 2 . 45 

PRN 9 Truth minus test velocity comparison (mm/s) 

xdot stdv xdot ydot stdv ydot zdot stdv zdot 

9th :  6 . 23 5 . 50 6 . 44 5 . 69 . 1 . 622 1 . 448 
11th :  0 . 621 0 . 585 0 . 621 0 . 621 0 . 218 0 . 176 
13th : 0 . 173 0 . 098 0 . 146· 0 . 133  · 0 . 109 0 . 060 
15th : 0 . 134 0 . 067 0 . 127 0 . 072 0 . 106 0 . 051 
17th : 0 . 131 0 . 068 0 . 126 0 . 067 0 . 106 0 . 051 

PRN 11 Truth minus test positional comparison (mm) 

x stdv x y stdv Y z stdv z 

9th :  4678 . 4192 . 4781 . 4123 . 1135 . 1096 . 
11th : 409 . 455 . 410 . 455 . 0  133 . 0  134 . 0  
13th :  68 . 9  69 . 2  65 . 5  72 . 8  22 . 1  25 . 1  
15th :  15 . 4  17 . 8  15 .4  17 . 9  7 . 00 8 . 44 
17th : 6 . 94 9 . 13 6 . 92 5 . 51 4 . 84 6 . 00 

PRN 11 Truth minus test velocity comparison (mm/s ) 

xdot stdv xdot ydot stdv ydot zdot stdv zdot 

9th :  6 . 07 5 . 31 6 . 21 5 . 17 1 . 48 1 .  39 
11th :  0 . 553 0 . 579 0 . 563 0 . 563 0 . 186 0 . 170 
13th :  0 . 132 0 . 103 0 . 139 0 . 094 0 . 073 0 . 046 
15th :  0 . 094 0 . 064 0 . 096 0 . 061 0 . 068 0 . 034 
17th :  0 . 094 0 . 060 0 . 094 0 . 059 0 . 068 0 . 033  

PRN 12 Truth minus test positional comparison (mm) 

x stdv x Y stdv Y z stdv z 

9th :  4633 . 3870 . 4644 . 3749 . 843 . 8  826 . 4  
11th :  353 . 360 . 337 . 368 . 94 . 4  82 . 1  
13th :  48 . 4  49 . 0  47 . 8  48 . 8  13 . 1  12 . 8  
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15th :  
17th:  

9th :  
11th :  
13th :  
15th:  
17th :  

9th :  
11th :  
13th :  
15th :  
17th : 

9th :  
11th :  
13th :  
15th : 
17th :  

9 . 42 9 . 83 
3 . 51 3 . 02 

PRN 12 Truth minus 

xclot stdv xclot 

5 . 97 4 . 88 
0 . 474 0 . 460 
0 . 134 0 .. 102 
Q . 123 0 . 077 
0 . 123 0 . 075 

PRN 13 Truth minus 

x stdv x 

4409·. 3239 . 
269 . 207 . 
19 . 7  18 . 7  
6 . 04 7 . 38 
4·. 88 6 . 96 

PRN 13 Truth minus 

xclot stdv xdot 

5 . 70 4 . 06 
0 . 367 0 . 269 
0 . 092 0 . 073 
0·. 089 0 . 067 
Q . 089 0 . 067 

9 . 49 9 . 10 3 . 98 3 . 21 
3 . 48 2 . 90 2 .. 98 2 . 41 

test �e1ocity comparison (mm/s) 

yclot stdv yclot ·zclot stdv zdot 

6 . 04 4 . 79 1 . 11 1 . 04 
0 . 483 0 . 456 0 . 162 0 . 113 
0 . 147 0 . 087 0 . 107 · 0 . 055 
0 . 127 0 . 074 0 . 107 0 . 051 
0 . 125 0 . 075 0 . 107 0 . 051 

test positional comparison (mm) 

Y �tdv Y z stdv z 

4421 . 3240 . 391 . 338 . 
267 . 203 . 19 . 7  19 . 1  
18 . 1  18 . 0  6 . 11 7 . 41 
6 . 51 12 . 5  4 . 92 7 . 52 
6 . 45 12 . 5  4 . 89 7 . 55 

test velocity comparison (mm/s) 

ydot stdv ydot zdot stdv zdot 

5 . 74 4 . 09 0 . 517 0 . 436 
0 . 367 0 . 270 0 . 072 0 . 043 
0 . 096 0 . 066 0 . 068 0 . 032 
0 . 089 0 . 065 0 . 067 0 . 032 
0 . 089 0 . 066 0 . 067 0 . 033 

Conclusions based on the interpolation test : It is clear that th� NGS 
distribution of 40·minute position· only GPS orbit data is consistent with 1 part 
per billion geodetic activities . It  should be obvious , based on the earlier 
studies , that both ICF2 and IF13 are consistent with this conclusion. It should 
be equally �bvious , based on numerous earlier case studies , that the .absolute 
position errors in the tables above would be reduced by , approximately . the 
ratio 140/26 , 000 over our hypothetical 140·km baseline . 

Baseline Processing Study 

The higher· order- interpolator study is concluded with the results from 
processing the 7S·km baseline from VANS to EVIL. In this case a 40·minute epoch 
interval IFl3 file was used along with a 17th order interpolator . The baseline 
results are as follows : 

dx(m) dy(m) dz (m) L(m) Amb1 Amb2 Amb3 Amb4 Amb5 

EF13) . 9266 . 1932 . 2805 . 2254 . 918 . 017 . 978 . 962 . 106 
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Comparing this with the ntruthn results given earlier , one sees that there is a 
difference of 0 . 1  mm in dx and 0 . 001 cycle in ambiguities 2 ,  4 ,  and 5 .  This is 
an upper bound in that roundoff is likely a factor . Even at 0 . 1  mm over 
'75 , 000 , 000 mm we have achieved 1 part per billion agreement . 

GPS Week Crossover Problems 

The one item that has not yet been addressed is the week crossover problem.  
Actually there are two week crossover problems : (I)  The problem of knowing .. . 
which file has the desired orbit data, and (2) '  the increased interpolation error 
at the beginning and end of a given file . This discussion applies to all 
formats of this report . The EFl3 will be used as the example due to the 
author ' s  belief that it maintains full accuracy and is , unquestionably , the most 
efficient and practical . 

The problem of knowing which file has the desired orbit data can be solved in 
numerous ways . In fact the solution may be application dependent . The main 
solution offered here assumes that the orbital requests do not jump rapidly back 
and forth between orbit weeks . If such an application exists , the solution is 
to combine consecutive weeks of orbital data into a single file and provide that 
filename to the processing program . In the typical case where data are 
processed across a GPS -week boundary , the switch from one file to the other is . 

done occasionally depending on design. If the orbital positions are computed in 
the preprocessing phase chen each orbit file should only be opened once . On the 
other hand , if orbital data are requested again during each iteration , then a 
dozen or so. openings and closings would be typical and would not be problematic . 

In the first solution the NGS program JOINEF13 . EXE would be run. This program 
requires that the distribution files be named according to the GPS week (e . g . , 
GPS497 . E13 or GPSI003 ·. E13) . One could combine GPS497 . E13 and GPS498 . E13 by 
running JOINEF13 . EXE .  The output would be SP2ASCII . This procedure allows the 
user to inspect the contents and verify proper execution.  · The user would then 
run program SP2_EF13 . EXE .  The resulting file is named EF13BIN . The user would 
· then rename it according to his/her convention. To achieve full accuracy the 
epoch interval of EF13BIN must be the same as the individual files that were 
combined. (This assumes that both input files have the same epoch interval ; 
e . g . , 40 minutes . )  This is the only way to guarantee that there is ·no 
interpolation error in the . process of combining files . The interpolator returns 
the exact value from the orbit file when the file contains data exactly at the 
requested time . This conc�rn about interpolation error is real when consecutive 
files do not overlap ; in the case of no overlap , all interpolation error can be 
avoided if the procedure above is carefully followed . On the other hand , if the 
NGS distribution files contain a . small overlap , this problem disappears and the 
user does not have to be so careful . More will be said about this below. 

In the second solution the name of the file is computed based solely on the 
GPS week . This is a simple solution but it is still subj ect to the 
.interpolatio� error mentioned above if no overlap is built into the distribution 
files . ·�n ·this solution'�ne places all EF13 orbit files (e . g . , GPS497 . E13 , 
GPS498 . E13 , . . .  ) in a directory (e . g . , D : \ORBITS ) .  On each orbit request the 
GPS week is compared with the file cu�rently opened . If there is disagreement , 
the file is closed and the filename based on the requested GPS week is ' computed 
and opened as shown in figure 8 .  The parameters n initln and n last_&ps_weekn are 
both set to non at program start time . nmj dtn is the Modified Julian Day of the 

51 



int ef13 bwr17 ( int isv , long mjdt , double fmj4t , double recf [] , double vecf [] ) 
I I  1**:************************************:;;******************** 1 

I ef13 bvr17 this function performs the orbit file access . 
I - the coefficients are saved to avoid unnecessary file 
I reads . The time is normalized in units of epoch 
I intervals . AD error message is returned if : the 
I satellite is not in the file (3) :  the request is 
l out of range early or late (1 or 2) : or the orbit 
I data good/bad flag is set to bad (4 ) . 
I Benlamin I. lemondi , Author 
I *********************************i****************************/ 

void open re;uired orbit file ( int gps week ) . 
void bwr I7tti ( douJne tiii, · double *zouf, double *vzout , double zt [) , .. 

double dtmiD , char comp_coef , doUble coef [] ) i  
char COIDP coef : static doUble xx[17] , yy [17] , zz [17] :  
register int i ,  J ·t . 
static int lreadl 24] , lerr [24] : 
static int initl = 0: 
static int last-lps week = 0: 
int this�s weet: -
static double tzerol [241 : 
static double coefz [241 117] , coefy [24] [17] , coefz [24] [17] : 
char orbit filenaae [aO] : 
double tfroms , . tnorm, trefno, tzero: 
static double dtmint dnorm, arcl , half , ,erday: 
int ierr=O, itype , KSV, irefep, lread1: 
long irn: 
static i�t iorder , iom1 , iod2: 

static struct efll header ( 
iDt jyear i char imoD i char i4ay · char ihr ; char i.iD · long nepoch : ehar nUlsv: ehar sparea f21 : dou£le seei: ehar sparebtS] i double deltat :  

. cbar sparec [5] : long IDjds� 40uble fmjdS
O
· char spared: cuar idsv [34] : 

char sparee [S] : char coorASYS : char wk1 00: int wk: char sparef [9] : 
J 0 h ·  
struct ef13-pos_record { char flag: long Zi long y :  long z :  J sat_vee : 
this-lps_week = (mjdt - 44244) /7 :  
if (last�ps veek==O) { 

initl = Or 
open_requlred_orbi�_file ( this�s_week ) :  
!r:�-fr,�r:�;s:��:�'=-I::f�ps_week ) f 

1n1tl = 0 :  
close ( f p  ef13 ) . 
open required orhit file ( this-fPs week ) :  
last:Jps_week-= this-Ips_week: -

else I 
initl = 1 :  

if ( initl = 0 ) 
initl = 1 :  
for (i=O : i <24: i++) I 

lread1fi] = -999 : 
lerr [i = O · 
tzerol i] = -§99 .0 :  

I fread ( &o_h , sizeof (o_b) , 1 ,  fp_ef13 ) : 
iorder = 17 : 
dtmin = 0 h.deltat/60 .0 :  
dnorm = 170: 

Figure 8 . --1 demonstration of filename computing and a 17th order 
polynomial interpolator performing I/O on an El13 file . 



arel = 10 b. ftepoeh - l) *dDorm: 
ioml = 10rder - 1 ;  
iod2 = iorder/2 :  
balf = iod2*dnorm; 
perday = 86400 . 0/0_h.deltat ; 

tfroms = « mjdt - o_h.mjds)  + (fmjdt - o_h. fmjds» *perday: 
if f tfroms < (-4Dorm) ) return (ierr = 1) · 
/*If ( tfro.s ) (arcl + half ) ) return Jierr = �) : */ 
if ( tfroms ) (arcl + 4Dorm) ) return (lerr = 2) ; 
itfe = 1 :  

if �f�g:: :=
hT!�el !tlrtif :

) itype = J :  

for (ksv=O: 'ksv<o h.numsv: ' ks,++) I 
if (o h. ids, [ki,] == is,) goto I 1I0'_SIT; 

) - -
return (ierr = 3) ; 
I_D01,-SAT: ; 
switeh (itype) f , 

case 1 :  irefep = tfroms + 1 + 4Dorm*O.OOl : , trefno = irefep - 1 ·  
tzero = trefno - i042: 

iread1 = 8 + ksv + (irefep - iod2 - 1 ) *0 h .Dumsvi 
break · , -

ease 2 :  iread1 = , + ksv: 
tzero = 0:  
break · 

case 3 :  iread1 � 8 + ksv + (0 h .nepoch - iom1 - 1) *0_h.numsv; 
tzero" = 0 h .nepoci - iorder : 
break; -

I t l : 
if f lerr [ksv] == 0 ) I ' 

tnorm = tfroms - tzerol [ksv] : 
if (abs (iread1-lread1 [ksv] ) ==0) I comp_coef = I f  I :  goto BO_NEED_2_1EAD: 1  

I 
tnorm = tfroms - tzero: 
tzerol [ksv] = tzero· 
lread1 [ksv] = ireadi ; 
for (i=O; i<iorder; i++) I 

irn = iread1 + 0 h.Dumsv*i · 
fseek efp ef13 , (fong) eirn*i3L) I 0) ; 
fread e&sit vee , sizeof (sat vee / , 1 ,  fp_ef13 ) : 
XX ii) = sar vec .x/20000 .0 :­
yy i = sat-vec .y/20000 . 0 :  
z z  i = sat-vec . z/20000.0 :  
if sat vec7flag == 1 ) ierr = 4 ; '  
lerr [ksi] = ierr : 

BO_IEED_2_READ: :  
if e lerr .[ksv] ) = return e 
bwr 17th (tnorm, &reCf �O} , 
bwr-17tb ( tnorm, &recf 1 , 
bwr:17th (tnorm, &recf 2 , 

ierr ) :  
&VeCf �O} , 
&vecf 1 , 
&vecf 2 , 

xx , dtmin, comp coef , COefX (kSV� ) ;  
yy ,  dtmin, comp-coef , coefy ksv ) ;  
zz , dtmin, comp:coef , coefz ksv ) :  

return (ierr = 0) : 
I I  
1*++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++*1 

Figure 8 . --1 demonstration of filename computing and a 17th 
order polynomial interpolator performing 1/0 on an 

EF13 file (continued) .  



" void bwr 17th ( double tin , double *fouti double *vfout , double xC] , - double dtmin, char comp_coeI , double a t] ) 
II 1**************************************************************1 

bwr 17th: 1 17-th order polynomial interpolator where - the 17 equations in 17 unknowns have been solved 
s�olically rather than by least�sguares . Once the 
pol�omial lS fit to the provided 17 points ,  the 
posltion is computed. Similarlt the velocity is 
computed from the differentiate polynomial . In 
practice the polynomial coefficients rarely change 
and the file IIO program is responsible to inform 
this function through the camp_coef parameter . 

Benjamin V. lemondi , luthor 
**************************************************************1 

void COIDute odd or even coeff ( double *aIDha, double *a) : 
double alphat8] ,�efa [8l; tl, t2, t3 ,  t4 , lS , t61 t7 , t8 , t9 , tl0 , 

tl , t1�, t13, t14 ,  t1S, t1e; 
register int ii ; 
if ( comp coef == ' t '  ) I 

for (ii=l · ii <=S;  il++) I 
alphatii-1] = ( x [S+1i] +x [8-ii] -2. 0*x[S] ) / (2.0*ii*ii) : 
beta [li-'l] = ( x [S+ii] -x [8-ii] ) / (2". O�li) : ) 

0) 

a [O] = x [8l : 
compute oda or even coeff ( alpha , a+9) : 
compute:odd:o�:even:coeff ( beta, a+1) : 

t1 = tin-8 .0:  
t6  = t3*t3 : 
t11 = tS*t6 : 
t16 = tS*tS: 

t2 0= tl*t1: t3 = t2*t1:  t4 = t2*t2: 
t7 = t4*t3:  t8  = t4*t4 : t9 = t4*tS:  

t12 = t6*t6: t13 = t7*t6: t14 = t7*t7:  
t S  = t4*tl;  
tI0= tS*tS·  
tlS = t7*ti : 

*fout = a ro] + a [1] *tl + a [9] *t2 + a [21*t3 + a [10] *t4 + a ["31*tS + a [11] *t6 
+ a [41 *t7 + a (121 *t8 + a [Sl *t9 + a [ 3] *t10 + a [6] *tll + a [l ] *t12 + a [7] *t13 
+ a [1�] *t14 + a [t] *tlS + a116] *t16 ; 

*vfout "= afl] + 2 . 0*a [91*tl + 3 .0*a [2l *t2 + 4 . O*a rl0l *t3 + s . o*a r3l*t4 + " 
6 . 0*a ll1 *tS + 7 . 0*a [  l*t6 + 8 .0*a [12] *t7 + "9 . 0*a [Sl *tS + 10 .0*a 1l] *t9 + 11 . 0*a 6] *tl0 + 12 . 0*a [ 4] *t11 + 13. 0*a [7] *t12 + 14 . 0*a [lS] *t13 + 

1S . 0*a 8] *t14 + 16 .0*a [16] *tlS: " 

*vfout /= dtmin*60 .0 : ) ) " 
'*+++++++t+++++++++++++++++++++++++++++++++++++++++f f f ++ f f l f f l f l f l f+++*/ 

Figure 8 . --1 demonstrati"on of filename computing and a 17th 
order polynomial interpolator performing I/O on an 

EF13 file (continued) . 



loid compute_odd_or_even_coef f ( doUbl, p rj , double all ) 
. /************************************************************ 1 

r compute odd or even coeff :  This function simply computes 
I - the-coefficients for bwr 17th . The equations for 
I computing the odd and evin coefficients are 
I exactly the sue ones . . 
1 Beniuin V. RemoDdi , Author 
1 *********************************1**************************/ 

double b8 , b7 , b6 , b5 , b4 , b3 , b2 : . 
double e8 , e7 , e6 , eS, e4 , e3 ; 
double d8, d7,  d6, d5, d4: 
double el , e7 , e6 , eS: 
double f8 ,  f7 ,  f6:  
clouble g8 , g7: 

b8 = p 7 - p 0 /63 . 0: 
b7 = P 6 - p 0 148 .0 : 
b6 = P 5 - p 0 135 .0 :  
b 5  = p 4 - P 0 124 .0 :  
b4 = p 3 - p 0 115 .0 :  
b 3  = P 2 - P 0 18 .0:  
b2 = p 1 - p 0 /3 .0; 

e8 = b8 - b2 /60.0:  
c7  = b7 - b 2  145 .0:  
c6 = b6 - b2 132 .0 :  
c5 = b 5  - b2 121 .0:  
c4  = b4 - b2 112 . 0: 
c3 = b3 - b2 15�0:  
d8 = iC8 - e3 1 /55 .0 : 
d7 = c7 - e3 /40.0:  
d6 = c6  - e3 127 .0 :  
dS  = ICS - c3 1 /16 .0 :  
:a : xa. : Xl �li�6: . .  
e7 = d7 - d4 133 .0:  
e6 = (46 - 44) /20 . 0 :  
e S  = (dS - d4) /9 .0:  
f8  = (e8 - e5) /39 .0 :  
f7  = (e7 - eS) /24 .0 :  

. f 6  = ie6 - eS} /11 . 0 :  
g 8  = f8 - f6 128 .0 :  
g7  = f7  - f6 113 .0:  
a 7 = (�8-g7 ) /15 .0b 
: � : f6 : 5��8 :g:: I�I

;
- 91 .0*a!6j 1 

a 4 = e5 - 61490. 0*a 7 - 2002 .0*a 6 - 55. 0*a15) : -
a 3 = d4 - 196053 . 0*a 7 - 11440.0*a 6 - 627 . 0*a 5 - 30 . 0*a [4l ; 
a 2 = c3 - 118482 . 0*a 7 - 13013 . 0*a 6 -1408 . 0*a 5 -147 � 0*a E4 -14 . 0*a [3] : 
a 1 = b2 - 5461. 0*a [7] - 365 . 0*a [6] -3 1 . 0*a [51 -85 . *af4] -21 .0*a [ ] -5 . 0*a{2] :  

l
a 0 . = p rO] - a [7] - a [6] - a [5] - a [4] - a [3] - a [2 - a [l] : 

/*++++++++++++++++++++++++++++++++++++f l l l l l l++++++++++++++++ 1 1 4 I f++++*1 
void .  open required orbit file ( int current "PS week ) 

{ - - - -- -
char orbit filename [80l : 
char agency[] = "GPS" ·  1 *  Also "D: \\ORBITS\ \GPS" *1 
char format [] = " .E13' : 
char week_string [5l i 

itoa ( current�ps week6 week string , ( int ) 10 ) :  
orbit filename 0]-= " \  " i  

-

strca£( orbit ilename , agency ') e 
strcat l orbit-filename , week strlng ) :  
strcat orbit-filename formit ) :  
printf "How opening 's�n" , orbit filename ) :  
If ( (fp eU3 = fopen (orbit filename , "rb" ) l == HULL) 
1 .printf ("Problem opening __ s .  \n" , orbit_f1lename> : 

Figure 8 . --A demonstration of filename computing and a 17th 
order polynomial interpolator performing 1/0 on an 

EF13 file (continued) . 



orbit request which is converted to "this_gps_week. "  This conversion is not 
necessary if GPS time is used instead of Modified Julian Date . 

I shall next demonstrate the beginning-of- file and end-of-file interpolation 
error one can expect .  It will then be shown that this error disappears if a 
week of orbit data has a few extra epochs into the previous .and into the 
subsequent week. It should be emphasized that this overlap is not required, but 
without it the JOINEF13 . EXE  procedure has to be done correctly and the last 1-2  
hours of  the last-received GPS week will have significantly greater 
interpolation error . That error would disappear when the subsequent week ' s  
distribution file is received; only the last couple of hours of the most 
recently received orbit file would have this �ew-meter interp�lation problem . .. 

Figure 9 is a PRN 3 ·positional comparison between the 2 , 400- second EF13 file 
and the 900-second ECFl file . In this example the files are j ust 2 days long to 
permit a better presentation scale ; the end-of- file/start-of- file interpolation 
problem , nevertheless , will be the same as for a full -wee� file . The former was 
computed using a 17th· order interpolator and the latter an 11th order Lagrangian 
interpolator . We. �ow from our earlier studies that the interpolation error is 
in the 1 - 2  em range . This is not true , however ,  at the beginning and end of the 
week unless the techniques under discussion a�e used. Figure 10 shows that the 
end-of-week/start-of- file interpolation errors disappear when the EF13 file has 
4 hours of overlap into the follo�ing and prior weeks . These 4 hours of overlap 
are adequate for all interpolators (9 -17 )  and all epoch intervals (up to 2 , 400) 
in this study . (Mr . Everet� Swift of NSWC suggested that the spikes in figure 
10 are due to PRN 3 going into eclipse ; this was verified . )  The velocity 
comparison plots are similar but are not included. 

The following unnumbered table shows the means and standard deviations 
associated with figure 9 positional errors plus the velocity components not 
shown in figure 9 .  Results are given in millimeters (mm) and millimeters per 
second (mm/s) . 

mean : 
std dev : 

x 

291 . 
2473 . 

Y 

511 . 
3425 . 

z 

69 . 7  
501 . 

xdot 

0 . 678 
6 . 417 

ydot 

1 . 100 
8 . 641 

zdot 

0 . 178 
1 . 310 

In the following table are the means and standard deviations associated with 
figure 10 positional errors plus the velocity components not shown in figure 10 . 
Results are given in mm and mm/s . 

mean : 
std dev : 

x 

5 . 08 
5 . 68 

Y 

8 . 11 
13 . 8  

z 

5 . 34 
7 . 86 

xdot 

0 . 090 
0 . 079 

ydot 

0 . 094 
0 . 080 

zdot 

0 . 049 
0 . 026 

It should be clear that the interpolation results in figure 9 are identical 
with figure 10 except for the first and last 4 hours ; in fact most of the 
difference between the two plots is in the fir�t and last 1 to 2 hours . 

It should be pointed out that the above discussion does not imply that users 
of orbital data must use a 17th order interpolator in · their applications 
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Figure 9 .--End-of-File/Start-of-File interpolation error example . 
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Figure 9 . --End-of-File/S�art-of-File interpolation error 
example (continued) .  
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Figure 9 . --End-of-File/Start-of-File interpolation error 
example (continued) . 
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programs . The user can use the NGS supplied (17th order) programs to accurately 
convert the distribution (40-minute) files to files which have a smaller epoch 
interval and then use a lower order interpolator . In fact. the users can 
convert the 40-minute position-only EF13 file to an SPI or EeFl (position­
velocity) file with near perfect fidelity and with a smaller epoch interval . In 
general . however .  this is not recommended as such files use more disk space . 

' provide no accuracy benefit . furnish little program speed benefit . and supply 
little program size benefit . 

The error removed by using 4 hours of overlap comes from keeping the 
interpolation near the , center of the fitted polynomial . This is distinct from 
the orbit discontinuity from one week to the next . When .consecutive orbit weeks 
are combined into one orbit file this end of w�ek discontinuity is smoothed . 
Host of the effect of this smoothing is from the last epoch of one GPS week to 
the first epoch of the following GPS week. This smoothing will impact the 
neighboring epoch intervals to a lesser extent . This effect is smaller than the 
week- to-week discontinuity . itself . and should not be significant ( i . e  . •  the 
interpolation error is small compared to the orbit error) . The exception to 
this ' would be when one of the two orbit files is significantly more accurate 
than the other. In" this case one might choose to use the more accurate file 
(plus overlap) in the neighborhood of the week crossover . This situation should 
be rare . 

A limited test was run to provide the reader with a rough comparison on 
interpolation speeds . The 9th order polynomial interpolator used a 900-second 
file , whereas the 17th order interpolator used a 2 . 400- second file . Orbital 
positions (x.  y .  and z) were requested every 20 seconds for a 24 -hour period for 
two satellites . When the polynomial coefficients were recomputed every 20 
seconds the 8', 642 positional requests took 33 seconds and 67 seconds for the 9th 
and 17th order polynomial , respectively . On the other hand , when the polynomial 
coefficients were saved in arrays and only recomputed after 900 or 2400 seconds . 
respectively , these 8 , 642 positional requests took 21 and 2S seconds , 
respectively . Thus , when the coefficients were saved (as in fig .  8 ) the 
difference was extremely small . Saving 51 coefficients for 24 satellites takes 
9 , 792 bytes . 

SECTION III . A PROPOSAL FOR A NEW RGS ORBIT FORHAT 

In this last section a new NGS orbital format for GPS (and possibly other 
satellites ) is proposed . (See fig .  11 . )  The maj or addition to earlier 
formats is the satellite clock correction information which is computed 
simultaneously with the orbits . This is a position and clock format ; it does 
not contain velocities . However , velocities can be derived as demonstrated 
above with near-perfect fidelity . Numerous other minor enhancements will b� 
indicated . Should this proposed format be adopted, and this is the current 
intent , NGS software would be provided for backward compatibility to the NGS 
orbital formats discussed in section I .  
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Standard Product #3 ASCII SP3 Format 
(Refer to example given in fig .  11 . )  

SP3 First Line 

Columns 1-2  Symbols # 
Column 3 Unused 
Columns 4-7 Year Start 1988 
Column 8 Unused 
Column 9 - 10 Month Start 10 
Column 11 Unused 
Columns 12.- 13 Day of Mon St 30 
Column 14 Unused 
Columns 15 -16 Hour Start _0 
Column 17 Unused 
Columns 18-19 Minute Start 0 
Column 20 Unused 
Columns 21-31 Second Start· _0 . 00000000 
Column 32 Unused 
Columns 33 - 39 Number of Epochs __ 337 
Column 40 Unused 
Columns 41-45 Data Used U 
Column 46 Unused 
Column 47 - 51 Coordinate Sys tER8S 
Column 52 Unused 
Columns 53 -55 Orbit Type FIT 
Column 56 Unused 
Columns 57 -60 Agency NGS 

SP3 Line Two 

Columns 1-2  Symbols ## 
Colwim 3 Unused 
Columns 4-7  GPS Yeek 460 
Column 8 Unused 
Columns 9-23  Seconds of Yeek 0 . 00000000 

--

Columns 24 Unused 
Columns 25-38 Epoch Interval 1800 . 00000000 -

Column 39 Unused 
Columns 40-44 Mod Jul Day St 47464 
Column 45 Unused 
Columns 46-60 Fractional Day 0 . 0000000000000 

SP3 Line Three 

Columns 1 -2  Symbols + 
Columns 3-4 Unused 
Columns 5 - 6  Number of Sats 7 -

Columns 7 -9  Unused 
Columns 10- 12 Sat #1 Id 3 -
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I 1988 10 30 0 0 0 . 00000000 337 U IER85 FIT HGS 
I 460 0 . 00000000 1800 . 00000000 47464 0 . 0000000000000 

+ 7 3 6 8 9 11 12 13 0 0 0 0 0 0 0 0 0 0 
+ 0 0 0 0 0 0 0 0 0 0 0  0 0 0 0  0 0 
+ . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
+ 0 0 0  0 0 0 0 0 0 0 0 0 0 0 0  0 0 
+ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  0 0 
++ 13 14 15 14 13 13 12 0 0 0 0 0 0 0 0 0 0 
++ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
++ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
++ .. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
++ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
'c cc cc ccc ccc cecc ecce ecce ecce ccccc ccccc ccccc ccccc 
'e ce ee cee cee ecce ecce ecce ecce ccece cccce cceec ceeee 
'f 0 . 0000000 0 . 000000000 0 . 00000000000 0 . 000000000000000 
'f 0 . 0000000 0.000000000 0 . 00000000000 0 . 000000000000000 
'i 0 0 0 0 0 0 0 0 0 
'i . 0 0 0 0 · 0  . 0 0 0 0 
1* CCCCCCCCCCCCCCCCCCCCCCCCCcccccceeeeeccccccecccccccccccccc 
/ - cccccccccccccccccccccccccccceeecccccceccccecceeecccccCCcc 
/*  CCCCccccccceCCCCCCCCCCCCCCCCCCCCCCCccccccceCCCCCCCCCCCccc 
1 *  CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCcccccceccccceccecceec 
* 1988 10· 30 0 0 0 . 00000000 
V 3 8906 . 498000 -8999 . 896800 -23468 . 514100 390 . 868180 
V 6 9153 . 081800 7030 . 106500 23784 . 209000 -360 . 372800 
V 8 6339 . 393000 2503 2 . 294900 5797 . 265500 202 . 337550 
V 9 1758 3 . 281700 -10049 . 089900 16646 . 144600 -128 . 967640 
V 11 13800 . 191100 20583 . 785200 -10061 . 188600 -202 . 216090 
V 12 17296 . 183300 -19368 . 7 93800 4847 . 560600 7 44 . 461200 
V 13 14653 . 9a�900 7 3 1 2 . 393900 -20872 . 694200 373 . 411060 
* 1988 10 30 0 30 0 . 00000000 
V 3 1124 9 . 4 51600 -4196 . 955200 -23890 . 7 30600 · 390 . 86 8847 
V 6 .  6237 . 576900 11597.114100 22908.019700 -360 . 408979 

� � 19��� : �i2�gg ��l�� : ����gg 36:2� : ���lgg -��i : �i��J� 
, 

• 

V 8 6387 . 290600 25107 . 7 92600 5398 . 072600 
V 9 1772 3 . 3 22800 -102 2 4 . 272400 16390 . 454800 
V 11 137 4 4 . 466700 20444 . 530500 -10392 . 913600 
V 12 17326 . 131700 -194 28 . 415000 4462 . 045600 
V 13 14552 . 634600 7 09 2 . 097200 -21018 . 97 1 900 
- 1988 11 6 0 0 0 . 00000000 
V 3 11120 . 221300 -4417 . 982500 -23907 . 478100 
V 6 6335 . 305300 11398 . 995900 22981 . 160700 
V 8 5897 . 306200 23253 . 968500 11242 . 371900 
V 9 15166 . 884900 -6682 . 412400 20286 . 635800 
V 11 1 4 81 4 . 080400 21867 . 892000 -4577 . 543800 
V 12 1617 0 . 115300 -18192 . 415300 10402 . 955500 
V 13 16630 . 804200 10997 . 553800 -17504 . 260600 
BOP 

Figure 11 . --SP3 ASCII format . 

• 

• 

289 . 68681 4 
-132 . 255487 
-205 . 109494 

747 . 42567 5 
374 . 862100 

390 . 528610 
-370 . 3 8 3 3 50 

290 . 032530 
-13 2 . 270820 
-205 . 119440 

747 . 435180 
374 . 868020 



Columns 13 - 15 Sat #2 Id 6 
-

* 
* 
* 

Columns 58-60 Sat #17 Id _0 

SP3 Line Pour 

Columns 1-2  .. Symbols + 
Columns ·3 - 9  Unused 
Columns 10- 12 Sat #18 Id _0 
Columns 13- 15 Sat #19 Id 0 

* 
* 
* 

Columns 58-60 Sat #34 Id 0 

SP3 Line Pive 
Columns · 1-2  Symbols + 
Columns 3 - 9  Unused 
Columns 10- 12 Sat. #35 Id 0 
Columns 13-15 Sat #36 Id _9 * 

* 
* 

Columns 58-60 Sat #51 Id 0 

SP3 Line Six 

Columns 1-2  Symbols + 
Columns 3-9  Unused 
Columns 10-12 Sat #52 Id 0 
Columns 13-15 Sat #53 Id 0 

* 
* 
* 

Columns 58 - 60 Sat #68 Id 0 -

SP3 Line Seven 

Columns 1-2  Symbols + 
Columns 3 -9  Unused 
Columns 10-l2 . Sat #69 Id 0 
Columns 13 -15 Sat #70 Id 0 

* 
* 
* 

Columns 58 -60 Sat #85 Id _0 
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SP) Line Eight 

Columns 1·2  
Columns 3-9  
Columns 10- 12 
Columns 13 - 15 

* 
* 
* 

Columns 58 -60 

SP3 Line Nine 

Columns 1-2 
Columns 3 - 9  
Columns 10- 12 
Columns 13 -15 

* 
* " " 
* 

Columns 58-60 

SP3 Line Ten 

Columns 1 -2  
Columns 3 -9  
Columns 10-12 
Columns 13-15 

* 
* 
* 

Columns 58 -60 

SP3 Line Eleven 

Columns 1 - 2  
Columns 3 - 9  
Columns 10- 12 
Columns 13- 15 

* 
* 
* 

Columns 58-60 

SP3 Line Twelve 

Columns 1 -2  
Columns � - 9  
Columns 10 - 12 
Columns 13-15 

* 

Symbols 
Unused 

++ 

Sac #1 Accuracy _13 
Sat #2 Accuracy 14 

Sat #17 Accuracy __ 0 

Symbols ++ 
Unused 
SaC #18 Accuracy __ 0 
Sat #19 Accuracy __ 0 

Sat #34 Accuracy __ 0 

Symbols ++ 
Unused 
Sat #35 Accuracy __ 0 
Sat #36 Accuracy __ 0 

Sat " #5l Accuracy __ 0 

Symbols ++ 
Unused 
Sat #52 Accuracy __ 0 
Sat #53 Accuracy __ 0 

Sat #68 Accuracy __ 0 

Symbols ++ 
Unused 
Sac #69 Accuracy __ 0 
Sat #70 Accuracy __ 0 
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* 
* 

Columns 58- 60 Sat #85 Accuracy __ 0 

SP) Lines Thirteen and Fourteen 

Columns 1-2  Symbols 'c 
Columns ) Unused 
Columns 4 - 5  2 characters cc 
Column 6 Unused 
Columns 7- 8 2 characters cc 
Column 9 Unused 
Columns 10- l2 3 characters ccc 
Column 13 Unused 
Columns 14- 16 3 characters ccc 
Column 17 Unused 
Columns 18 -21 4 characters cccc 
Column 22 Unused 
Columns 23-26 4 characters cccc 
Column 27 Unused 
Columns 28- 31 4 characters cccc 
Column 32 Unused 
Columns 33-36 4 characters cccc 
Column 37 Unused 
Columns 38 -42 5 characters ccccc 
Column 43 Unused 
Columns 44 -48 5 characters ccccc 
Column 49 Unused 
Columns 50-54 5 characters ccccc 
Column 55 Unused 
Columns 56-60 5 characters ccccc 

SP3 Lines lifteen and Sixteen 

Columns 1-2 Symb�ls 'f 
Column 3 . Unused 
Columns 4 - 13 10-column float _0 . 0000000 
Column 14 Unused 
Columns 15 - 26 l2 -column float :0 . 000000000 
Column 27 Unused 
Columns 28-41 l4-column float 0 . 00000000000 -
Column 42 Unused 
Columns 43 - 60 l8-col� float _0 . 000000000000000 

SP3 Lines Seventeen and Eighteen 

Columns 1 - 2  Symbols U 
Column 3 Unused 
Columns 4 - 7  4 - co1umn int 

----..
0 

Column 8 Unused 
Column 9 - 12 4 - column int _0 
Column 13 Unused 
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Columns 14-17 4-column int 
Column 18 Unused 
Column 19-22 4-column int 
Column 23 Unused 
Columns 24-29 6 -columno int 
Column 30 Unused 
Column 31-36 6-column int 
Column 37 Unused 
Columns 38 -43 6-column int 
Column 44 Unused 
Column 45-50 6-column int 
Column 51 Unused 
Column ' 52-60 9-column int 

SP3 Lines Nineteen to Twenty two 

Columns 1-2  
Column 3 ° 

Columns 4-60 

Symbols 
Unused 
Comment 

_0 

_0 

0 
-

0 
-

0 -

0 

0 

1* 

CC . . •  CC 

SP3 Line' Twenty three (The Epoch Header Record) 

Columns 1-2  
Column 3 
Columns 4-7 
Column 8 
Column 9-10 
Column 11 
Columns 12- 13 
Column 14 
Columns 15-16 
Column 17 
Columns 18 -19 
Column 20 
Columns 21 - 31 

Symbols 
Unused 
Year Start 
Unused 
Month Start 
Unused 
Day of Mon St 
Unused 
Hour Start 
Unused 
Minute Start 
Unused 
Second Start 

* 

1988 

10 

30 

o 

o 

0 . 00000000 

SP3 Line Twenty four (The Position and Clock Record) 

Column 1 Symbol V 
Columns 2-4 Vehicle Id. 3 -

Columns 5-18 x-coordinate (km) 8906 . 4,98000 
Columns 19- 32 y-coordinate (km) - 8999 . 896800 
Columns 33 -46 z-coordinate (km) - 23468 . 514100 -

Columns 47 -60 clock (microsec) 390 . 868180 --

* 
* 
* 
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SP3 Line 22+NUHEPS*(NUHSATS+l)+1 (i . e . , The Last Line) 

Columns 1 - 3  Symbols EOF 

Discussion of the SP3 Format 

The first line comprises the Gregorian date and ·time of day , . the number of 
ep�chs in the . ephemeris file (up to 10 million) , the data used descriptor , the 
orbit type descriptor , and the agency descriptor . The data used descriptor was 
included for ease in distinguishing between multiple orbital solutions from a· 
single organization. This will have primary 'use for the organization generating 
the orbit as it seems unlikely that an organization would distribute more than . 
one ephemeris file for a given week. A possible convention is given below; this 
is not considered final and suggestions are w�lcome . 

u undifferenced carrier phase 
du change in u with time 
s 2 -rcvr/l- sat carrier phase 
ds change in s with time 
d 2 - rcvr/2 - sat carrier phase 
dd change in d with time 
U undifferenced code phase 
dU change in U with time 
S 2 -rcvr/1- sat code phase 
dS change in S with time 
D 2 -rcvr/2 - sat code phase 
dD change in D with time 
+ - - type separator 

Combinations such as " u+U" seem reasonable . If the measurements used were 
complex combinations of standard types , then one could use "mixed" .where mixeq 
could be explained on the comment lines . 

Orbit type and agency are the same as for the SPI and SP2 formats except that 
agency now has four columns . 

The second line has : the GPS week (which will exceed 1000 in the year 1999) ; . 
the seconds of week (0 . 0  <- seconds of week < 604800 . 0) ; the epoch interval 
( O . O<epoch interval<lOOOOO . O  s ) ; the Modified Julian Day Start (where 44244 
represents GPS zero time - - January 6 ,  1980) ; and fractional day (0 . 0  <­
fractional day < 1 . 0) . 

The third line to the seventh line have the number of satellites followed by 
their respective identifiers . The .identifiers must use consecutive slots , and 
they continue on lines 4-7  if required. The value 0 should only appear after 
all the identifiers are listed. 

The' S'th' line to the 12th" line have the orbit accuracy exponents . _. " The value 0 
is interpreted as accuracy unknown. A satellite ' s  accuracy exponent appears in 
the same slot on lines 8 - 12 as the identifier on lines 3 - 7 . The accuracy is 
computed from the exponent as in the following example . If the accuracy 
exponent is 13 . the accuracy is 2**13 mm or 8 m .  The quoted orbital error 
should represent one standard deviation and be based on the orbital data in the 
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entire file for the respective satellite . This may lead to some distortion when 
orbit files are j oined; however this should be rare . . 

Lines 13 - 18 allow the SP3 ASCII file contents to be modified without 
impacti�g the binary file formats in that these lines establish how such changes 
will appear in the binary files . Stated differently. the 'SP3 ASCII format has 
been designed' so that additional parameters may be added to the ·SP3. ASCII file 
'while no modification to the associated binary files would be required. . . 

Lines 19 -22 are free form "comments . 
Line 23 is the epoch header date and time . 

Line 24 is the position and clock line . The 
'
positional values are in 

kilometers and are precise to 1 mm .  The clock values are in microseconds and 
are precise to 1 picosecond. Bad or absent positional values are to be set to 
0 . 000000 . Bad or absent clock values are to be set to �999999 . 999999 . 

Standard Product #3 Binary ECF3 Format 
(Refer to fig. 12 . )  

The following file is the binary (direct or random access ) ECF3 file 
associated with the SP3 ASCII file above . ( See fig. 12 . )  The importance of 
binary and ASCII files was noted earlier in this report . The information 
contained in the ECF3 fHe is exact.ly that contained in the SP3 file . This 
precludes the need to keep the larger ASCII file on the hard disk as the exact 
ASCII file can be regenerated from the binary file . The ECF3 binary format is 
slight�y more general than the · EF18 format introduced later . The ECF3 format 
permits exact duplication of the quantities in the SP3 format . The price one 
pays for this , however ,  is 8-byte real storage of positional and clock data . In 
contrast to this , the EF18 format uses 4-byte integer storage of positional and 
clock data . For this . one gives up a little precision but not to compromise 
accuracy . The additional accuracy potential of ECF3 might be useful for exotic 
future ' applications but is not a factor for mainstream GPS applications . (ECF3 
might be more convenient on (old) machines that do not support 4-byte integers . )  
The SP3 file could be regenerated from the EF18 file with full accuracy but not .

. 

full precision.  Differences are smaller than 1 part per billion so that the 
EFlB binary file should be the generic distribution file . In summary . EF18 is a 
clearly superior choice for almost everyone ; it should be maintained on the 
storage medium rather than SP3 or ECF3 . 

ECF3 Record #1 

Bytes 1 -2  Year Start 2 -byte int 
Bytes 3 Month Start I-byte char 
Byte 4 Day of Month Start I-byte char 
Byte 5 Hour Start I -byte char 
Byte 6 Minute Start I-byte char 
Bytes 7 -14 Second Start 8 -byte float 
Bytes 15-18 Number of Epochs 4-byte int 
Bytes 19 -23  Data Used 5 I-byte char 
Bytes 24- 28 Coordinate Sys . 5 I-byte char 
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Bytes 29 - 31 
Bytes 32 - 34 

ECF3 lecord t:2 

Bytes 1 - 2  
Bytes 3 -10 
Bytes 11 -18 
Bytes 19-22 
Bytes 23-30 
Bytes 31 - 34 

ECF3 Record #3 

Byte 1 
Byte 2 
Byte 3 

* 
* 
* 

Byte 34 

ECF3 Record #4 

Byte 1 
Byte 2 
Byte 3 

* 
� 
* 

Byte 34 

ECF3 llecord #S 

Byte 1 
Byte 2 
Byte 3 

* 
* 
* 

Byte 18 
Bytes 19 - 34 

ECF3 llecord #6 

Byte 1 
Byte 2 

Byte 34 

* 
* 
* 

Orbit Type 
Spare A 

3 1-byte char 
3 l -byte char 

CPS Veek Start 2-byte int 
Second of Veek 8 -byte float 
Epoch interval (sec)8-byte float 
Mod. Ju1 Day Start 4-byte tnt 
Fractional Day St . 8 -byte float 
Agency 4 1-byte char 

Number of Sats 
Satellite #1 Id.  
Sate�1ite #2 Id. 

Satellite #33 Id.  

Satellite #34 Id.  
Satellite #35 Id .  
Satellite #36 Id.  

Satellite #67 Id.  

Satellite #68" Id.  
Satellite #69 Id.  
Satellite #70 Id.  

I-byte char 
I-byte char 
l-byte char 

I-byte char 

I-byte char 
1-byte char 
I-byte char 

1-byte char 

1-byte char 
I -byte char 
l -byte char 

Satellite #85 Id. · I-byte char 
Spare B 16 1�byte char 

Sat #1 Accuracy 
Sat #2 Accuracy 

Sat #34 Accuracy 

1 -byte char 
I -byte char 

1-byte char 
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EeF3 Record ,,7 

Byte 1 Sat #35 Accuracy 1-byte char 
Byte 2 Sat #36 Accuracy 1-byte char 

* 
* 
* 

Byte 34 Sat #68 Accuracy 1-byte char 

EeF3 Record #8 

Byte 1 Sat #69 Accuracy 1-byte char 
Byte 2 Sat #70 Accuracy 1-byte char 

* 
* 
* 

Byte 17 Sat #85 Accuracy 1-byte char 
Bytes 18 - 34 Sp��e C 17 1-byte char 

EeF3 Record ,,9 (character� from SP3 line 11) 
Bytes 1 - 2  First cc 2 1 -byte char (ca2) 
Bytes 3 -4 Second cc 2 1-byte char (cb2) 
Bytes 5 - 7  First ccc 3 1-byte char (cc3) 
Bytes 8 -10 Second ccc 3 1 -byte char (cd3) 
Bytes 11 - 14 First cccc 4 1 -byte char (ce4) 
Bytes 15 - 18 Second cccc · 4 1 -byte char (cf4) 
Bytes 19 - 22 ThIrd cccc 4 1-byte char (cg4) 
Bytes 23 - 26 Fourth cccc 4 1 -byte char (ch4) 
Bytes 27 - 31 First ccccc 5 1 -byte char (ciS) 
Bytes 32 -34 Spare D 3 1 -byte char 

EeF3 Record ,,10 (characters from SP3 line 11) 

Bytes 1 - 5  Second ccccc 5 1-byte char (cj S) 
Bytes 6 - 10 Third ccccc 5 1 -byte char ( ck5) 
Bytes 11 -15 Fourth ccccc 5 1 -byte char (c15) 
Bytes 16 - 34 Spare E 19 1-byte char 

EeF3 Record "11 (characters from SP3 line 12) 

Bytes 1 - 2  First cc 2 1-byte char (cm2) 
Bytes 3 -4  Second cc 2 · 1-byte char (cn2) 
Bytes 5 -7  First ccc 3 1 -byte char (co3 ) 
Bytes 8 - 10 Second ccc 3 1-byte char (cp3 ) 
Bytes 11 - 14 First cccc 4 1-byte char (cq4) 
Bytes 15-18 Second cccc 4 1-byte char (cr4) 
Bytes 19-22 Third cccc 4 1 -byte char (cs4) 
Bytes 23 -26 Fourth ecce 4 1-byte char (ct4) 
Bytes 27 - 31 First ccccc 5 1 -byte char (cuS) 
Bytes 32 - 34 Spare F 3 1 -byte char 
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ECF3 Record .12 (characters from SP3 line 12) 

Bytes l -S  
Bytes 6 -10 
Bytes 11 - 1S 
Bytes 16 - 34 

Second ccccc 
Third ccccc 
Fourth ccccc 
Spa�e G 

S I-byte char (cvS) 
5 1-byte char (cwS) 
5 I-byte char (cxS) 

19 I-byte char 

ECl3 Record *13 (floats from SPl liDe 13) 

Bytes 1 -8  
Bytes 9 -16 
Bytes 17 - 24 

. Bytes 25-32 
Bytes 33-34 

First float 
Second float 

. Third float 
Fourth float 
Spare H 

8 -byte float (fa8) 
8 -byte float ( fb8) 
8 -byte float (fc8) 
8 -byte float ( fd8) 

2 I-byte · char 

ECF3 Record *14 (floats from SP3 line 14) 

Bytes 1 -8  First float 8-byte float (fe8) 
Bytes 9-16 Second float 8 -byte float ( ff8) 
Bytes 17 -24 Third float S-byte float (fg8 ) 
Bytes 25 - 32 Fourth float S.-byte float· (fh8)  
Bytes 33-34 Spare I 2 I-byte char 

ECF3 Record *15 (integers from SP3 line 15) 

Bytes 1 -2  First int 2-byte int ( ia2) 
Bytes 3 -6  Second int 4-byte int (ib4) 
Bytes 7 - 10 Third int 4-byte int (ic4) 
Bytes 11 -14 Fourth int 4-byte int (id4) 
Bytes 15-18 Fifth int 4-byte int ( ie4) 
Bytes 19 -22  Sixth int 4-byte int ( if4) 
Bytes 23-26 Seventh int 4-byte int (1g4) 
Bytes 27 - 30 Eighth int 4-byte int ( ih4) 
Bytes 31 - 34 Ninth int 4-byte int (ii4) 

ECF3 Record #16 (integers from SP3 line 16) 

Bytes 1 -2  First int 2-byte int ( ij 2 )  
Bytes 3 -6  Second int 4-byte int ( ik4) 
Bytes 7 - 10 Third int 4-byte int (il4) 
Bytes 11 - 14 Fourth int 4-byte int ( im4) 
Bytes 15 -18 Fifth int 4-byte int (in4) 
Bytes 19-22 Sixth int 4-byte int ( i04) 
Bytes 23-26 Seventh int 4-byte int ( ip4) 
Bytes 27 - 30 Eighth int 4-byte int ( iq4) 
Bytes 31 - 34 Ninth int 4-byte int ( ir4) 

ECF3 Record .17 (Comments from SP3 line 17) 

Bytes 1 -34 Characters 1-34 34 I -byte char 
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ECF3 Record #18 (Comments from SP3 

Bytes 1-23  Characters 35 - 57 
Bytes 24- 34 Spare J 

ECF3 Record #19 (Comments from SP3 

Bytes 1-34 Characters 1 -34 

ECF3 Record #20 (Comments from SP3 

Bytes 1-23  Characters 35-57 
Bytes 24- 34 Spare K 

ECF3 Record #21 (Comments from SP3 

�ytes 1- 34 Characters 1 - 34 
ECF3 Record #22 (Comments· from SP3 

Bytes 1 - 23 Characters 35- 57 
Bytes 24:- 34 Spare L ·  

ECF3 Record #23 (Comments from SP3 

Bytes 1 - 34: Characters 1 - 34 

ECF3 Record #24 (Comments from SP3 

Bytes 1 - 23 
Bytes 24- 34 

Characters 35-57 
Spare K 

ECF3 Record #25 to the Last Record 

Byte I 
Byte 2 
Bytes 3 -10 
Bytes 11 - 18 
Bytes 19-26 
Bytes 27 - 34 

xyz good/bad flag 
clock goodjbad flag 
x-coordinate (km) 
y-coordinate (km) 
z -coordinate (km) 
clock (microseconds) 

line 17) 
, 

23  l-byte char 
11 1-byte char 

line 18) 

34 1-byte char 

line 18) 

23 I -byte char 
11 I -byte char 

line 19) 

34 I-byte char 
line 19) 

23 1 -byte char 
11 I -byte char 

line 20) 

34 1 -byte char 

line 20) 

23 I -byte char 
11 I -byte char 

I -byte char 
1-byte char 
8 -byte float 
8 -byte float 
8 -byte float 
8 -byte float 
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Standard Product #3 Binary EF18 Format 
(A compact 18-byte binary format) 

(Refer to fig . 13 . )  

EF18 Record #1 

Bytes 1 - 2  
Byte 3 
Byte 4 
Byte 5 
Byte 6 
Bytes 7 - 14 
Bytes 15- 18 

EF18 Record " #2 

Bytes 1 - 5  
Bytes 6 - 10 
Bytes 11 -13 
Bytes 14 - 17 
Byte 18 

EFIS Record #3 

Bytes 1 - 2  
Bytes 3 - 10 
Bytes 11- 18 

EFIS Record #4 

Bytes 1 -4 
Bytes 5 - 12 
Byte 13 
Bytes 14 - 18 

EFlS Record #5 

Byte 1 
Byte 2 

* 
* 
* 

Byte 18 

EFIS Record #6 

Byte 1 
Byte 2 

Year Start 
Month Start 
Day of Month Start 
Hour Start 
Minute Start 
Second Start 
Number of Epochs 

Data Used 
Coordinate Sys . 
Orbit Type 

5 
5 
3 

Agency 4 
Spare A 

GPS Week Start 
Second of Yeek St . 
Epoch Interval (sec) 

2 -byte int 
1 -byte char 
l-byte char 
l -byte char 
I-byte char 
8-byte float 
4-byte int 

I-byte char 
I-byte char 
I-byte char 
I-byte char 
I-byte char 

2 -byte int 
8 -byte float 
8 -byte float 

Mod Jul Day Start 
Fractional Days Start 
Number of Satellites 
Spare B 

4-byte int 
8-byte float 
1-byte char 

5 1-byte char 

Satellite #1 Id 1 -byte char 
Satellite #2 Id 1-byte char 

Satellite #18 Id 1-byte char 

Sat;ellite #19 Id l-byte char 
Satellite #20 Id 1 -byte char 
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n 
u 
.5 

Ii 
19 
110 

111 
12 
113 
It 

115 
16 

'11 118 19 
20 

'21 
1

22 
23 

124 125 
26 
21 

12. 

129 
30 

III 
132 Il3 

l4 

135 

IJ� 38 
39 
40 

ICl 
In 
143 U IHoanllPrn+l 

c+oaaulpra+2 

14+0aDIIPra+lllpra 
U+laallpra+l 

, 
. '4+1 aaul�rl+aulprD 

U+2aDulpra+l 

, 
14+2aluaprl+lulpra 

a 
• 
a 

'C+lnulep-ll *DulprD+1 

lear (2) loatb Oil 10lr lillte Secol4(8)  lepocb lC) 
Data used (5) Coord'ls (5) Or� tlpe ll) 1gencll.) Spire 1 1 1  
GPS ieek Itart(2) Secold of .iei Itlll pocb iDter,al lll 
IJD-Starf14 1  rractioDal 4a! itart'I)- Iliber of.lats • Spare I 51 
'rD 1 1 Pra 21 PrD II · . . . . . . .. .  . .RllI 
.ra 19 .ra 2D PrD 2 1 • • • • • • • •  • Pn 36 
.ra 31 Prl 1. 'rl 1t • • • • ' . ' • • • 'rl 54 
.ra 55 Pra 56 'rl 51 . . . . , . . � 'n 72 
'rl 7l Prn 74 'm 75 • • • • • • •  'rallS) Spare CIS  
1cc 11 lee 21 lcc 3] • • • • • • • • • • • 1CCjll 
1cc 19 1cc 2DI lce 21 . , . .  • •  • • • lee 3& 
lce 37 lee 38 lcc 39 • • • • • • • • • • • lee 54 
lcc 55 lce 56 lec 57 • •  • 1cc 72 
lee 13 lcc 14 Icc 75 . . : : : : : icciisj Spare 15 
CA2 CB CC3 . CD3 CI' Crt 
CGC CB4 CI5 U5 
C15 CL5 
Cl2 CI2 
Cst ct4 
CIS C15 
rl. rBI 
rCI rDI 
rl8 rr. 
rGI rBI 

COl 
CUS 

CP3 
CiS 

112 IBC ICC 104 

ca. 

114 
IrC IGC IBC IIC 
m rn � m m 

spiii'iiii Cu· 
spire'iUi 
Spare '12) 
Spire I 21 
Spare 1 121 
Spire J 21 
spare'iHi 

10. 1ft 10' nt Spare L(2) 
CCCCCCCCCCCCCCCCCC • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  � • • • • • • • • • • • • •  
CCCCCCCCCCCCCCCCCC • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • . 
CCCCCCCCCCCCCCCCCC • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  
cec . . . . • . . . . • . • . . . . • • . . • • . • • • • • • • . • . . • • • • • • • • . . . . . • • • • . . • . • • • • • . . . . .  S'a!. 1(15) 
CCCCCCCCCCCCCCCCCC • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

. CtCCCCCCCCCCCCCCCC • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  
CCCCCCCCCCCCCCCCCC • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

CCC . . . . . . . . . . . . . . . . . . . . . . . . • . • . • • • • . • • . • • • • • • • • • • • • • • • • • • • • • • . . . • • . •  Spare 1(151 
ccccccccccccccccCt • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  
cccccccccccccccecc . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
cccccccccccccccccc . • • • • . . • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  
cec • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  Sp.re 0(15) 
cccccccccccccccccc . . . . . . . . . . . . . . . . • . . . . . . . . • • . • . . . . • . • . . . . • . . . . . . . . . . . . . . . . . . . .  
cccccccccccccccccc . . • . . . . . • • • • • . • • . • . • • • • • • • • • • • • • • • • . . . . • • • . . . . • • . . • • • • . • • • . • .  
cccccccccccccccccc . . . . . . • . . . . . . • • • . . . . . • • . • • . . . . • • • . • • . . • . . • • . • . . • • • . • • . . . . . . • .  
cec . . • . . • . . • • . . • • . • • . . . . • • • . • • . • . • • • • . . . • . • • . . . • • • • • • • • • . • • • • . • . . • • •  Ipare " 15 )  
IIJJlag fl] clOCkJla9 (1) 1(1) 1(1) 1 [1] clock (1) IflJIag 2] cloctJIagU 1 [2 1 [2 1 [2] doct (2 

IJz ' flag [nIIPfn] clock fllg(lllprn] i(n'IPrn] ! [Dllprl] I [nuiprl) cloek[lilPrn] 
II(fllg [1] c:loc(flag [l] I 1 )  J (1) . Ill] doct [l·] . 

IfZ
'
flag faulPrn} clock fllgfnulPln] i fnuIPrn) f [Du.pln) z [luiprn} cloet [DulPln] 

If(flag 1] cloc(flag 1] I 1) I [1] I U] clock [l] 

Ifz'fllg [au.plI) clock fllg[nu.pla) i [aa.pra) ! [ia.Pla) r(alipra) cloct(au.Pla} 
i .- * • * • 
• 
* 

IfIJlag [1] 

* 
* 

c1ockJlag [l) 

* 
* 
1[1] 

* 
• 
1 [1] 

I 
• 
z (1) 

* * 

clock [1] 

Z7z:flag IDulp:n) clock_flag lnulprn] i lnllPrn] J lialpm] z (nuiplD) clock lnulPrn] 

Figure 13 . --EF18 binary �ormat . 



Byte 18 

* 
* 
* 

EF18 llecord #7 

Byte 1 
Byte 2 

Byte 18 

* 
* 
* 

EFl8 Record #8 

Byte 1 
Byte 2 

Byte 18 

* 
* 
* 

EF18 Record #9 

Byte 1 
Byte 2 

* 
* 
* 

Byte 13 
Bytes 14-18 

EFIS Record #10 

Byte 1 
Byte 2 

* 
* 
* 

Byte 18 

EF18 Record #11 

Byte 1 
Byte 2 

* 
* 
* 

Byte 18 

Satellite #36 Id 

Satellite #37 Id 
Satellite #38 Id 

Satellite #54 Id 

Sate�lite #55 Id 
Satellite #56 Id 

Satellite #72 Id 

Satellite #73 Id 
Satellite #74 Id 

Satellite #85 Id 
Spare C 

Satellite #1 Accuracy 
Satellite #2 Accuracy 

Satellite #18 Accuracy 

Satellite #19 Accuracy 
Satellite #20 Accuracy 

Satellite #36 Accuracy 

l-byte char 

l-byte char 
1 -byte char 

l-byte char 

I -byte char 
1-byte char 

1 -byte char 

l-byte char 
1-byte char 

I-byte char 
5 1-byte char 

1-byte char 
l,-byte char 

l-byte char 

I -byte char 
I-byte char 

I-byte char 
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EF1S Record .12 

Byte 1 
Byte 2 

* 
* 
* 

Byte 18 

EF1S Record .13 

Byte 1 
Byte 2 

* 
* 
* 

Byte 18 

EF1S Record .14 

Byte 1 
Byte 2 

* 
* 
* 

Satellite #37 Accuracy 
Satellite #38 Accuracy 

Satellite #54 Accuracy 

Satellite #55 Accuracy 
Satellite #56 Accuracy 

Sa��llite #72 Accuracy 

Satellite #73 Accuracy 
Satel11te #74 Accuracy 

l -byte char 
I -byte char 

l -byte char 

I-byte char 
I-byte char 

I-byte char 

I-byte char 
I-byte char 

Byte 13 Satellite #85 Accuracy I-byte char 
Bytes 14-18 Spare D 5 I -byte char 
EF1S Reco�d .15 (characters from SP3 line 11) 

Bytes 1 - 2  First cc 2 I-byte char (ca2 ) 
Bytes 3-4 Second cc 2 I--byte char (cb2) 
Bytes 5-7  First ccc 3 I -byte char (cc3) 
Bytes 8 -10 Second ccc 3 I -byte char (cd3 ) 
Bytes 11 - 14 First cccc 4 I-byte char (ce4) 
Bytes 15 -18 Second cccc 4 I-byte char (cf4) 

EFlS Record #16 (characters from SP3 line 11) 

Bytes 1 -4  Third cccc 4 I-byte char (cg4) 
Bytes 5 -8  Fourth cccc 4 I-byte char (ch4) 
Bytes 9 - 13 First ccccc S �-byte char (ciS) 
Bytes 14 - 18 Second ccccc 5 1-byte char (cj"5) 

EFlS Record #17 (characters from SP3 line 11) 

Bytes 1 - 5  Third ccccc 5 I-byte char (ck5) 
Bytes 6 -10 Fourth ccccc 5 I-byte char (cIS) 
Bytes 11 - 18 Spare E 8 1-byte char 

78  



EF18 Record #18 (characters from SP3 line 12) 

Bytes 1 -2  First cc 2 I-byte char (cm2) 
Bytes 3-4 Second cc 2 I -byte char (cn2) 
Bytes 5 - 7  First eee 3 I -byte char (co3) 
Bytes 8 - 10 Second ccc 3 1 -byte char (cp3) 
Bytes 11- 14 First cccc 4 1-byte char (cq4) 

" Bytes 15 -18 Second cccc 4 1-byte char (cr4) 

EF18 Record #19 (characters from SP3 line 12) 

Bytes 1-4 
Bytes 5-8 
Bytes 9 - 13 
Bytes 14-18 

Third cccc 
Fourth cccc 
Fir"st ccccc 
Second ccccc 

4 I -byte char (cs4) 
4 1 -byte char (ct4) 
5 1-byte char (cuS) 
5 1-byte char (cv5) 

EF18 Record #20 (characters from SP3 line 12) 

Bytes 1 - 5  
Bytes 6 - 10 
Bytes 11-18 

Third ccccc 
Fourth ccccc 
Spare F 

5 I-byte char (cwS ) 
5 l-byte char (cx5 ) 
8 I -byte char 

EF18 Record #21 " (f1oats from SP3 line 13) 

Bytes 1 -8  First float 
Bytes 9 - 16 Second float 
Bytes 17 -18 Spare G 
EF1S Record #22 (floats from SP3 

Bytes 17 - 24 
Bytes 25-32 
Bytes 33-34 

Third float 
Fourth float 
Spare H 

8 -byte float (fa8 ) 
8 -byte float (£bS) 

2 1-byte char 
l ine 13) 

8-byte float (fc8) 
8 -byte" float (fd8) 

2 1 -byte char 

EF1S Record #23 (floats from SP) line 14) 

Bytes 1 - 8  
Bytes 9 - 16 
Bytes 17 - 18 

First float 
" Second float 
Spare I 

8-byte float (fe8) 
8 -byte float (ff8 ) 

2 1-byte char 

EF18 Record #24 (floats from SP3 line 14) 

Bytes 17 -24 
Bytes 25-32 
Bytes 33 - 34 

Third float 
Fourth float 
Spare J 

8-byte float (fg8) 
8-byte float (fh8) 

2 1 -byte char 

EF18 Record #25 ( integers from SP3 line 15) 

Bytes 1 -2  
Bytes 3 -6  

First int 
Second int 

2 -byte int ( 1a2 ) 
4-byte int (ib4) 
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Bytes 7 - 10 
, Bytes 11-14 
Bytes 15- 18 

Third int 
Fourth int 
Fifth int 

4-byte int ( ic4) 
4-byte int (id4) 
4-byte int ( ie4) 

EF18 Record #26 (integers fram Sf3 line 15) 

Bytes 1-4 
Bytes 5-8 
Bytes 9 -12 
Bytes 13- 16 
Bytes 17- 18 

Sixth int 
Seventh int 
Eighth int 
Ninth ,int 

' Spare' lC 

4-byte int ( if4) 
4-byte 'int ( ig4) 
4-byte int (ih4) 
4-byte int (114) 

2 1-byte cha� 

EF18 Record #27 (integers fram Sf3 liDe 16) 

Bytes 1 -2  First int 2 -byte int (ij 2) 
Bytes 3 - 6  Second int 4-byte int (ik4) 
Bytes 7 - 10 Thi,rd int 4-byte int ( i14) 
Bytes 11-14 Fourth int 4-byte int (im4) 
Byte,s 15- 18 Fifth int 4-byte int , ( in4) 

EF18 Record #28 ( inte�ers from Sf3 line 16) 

Bytes 1-4 Sixth , int 4-byte int (i04) 
Bytes 5 - 8  Seventh int " 4-byte int (ip4) 
Bytes 9-12 , Eighth int 4-byte int (iq4) 
Bytes 13 - 16 Ninth int 4-byte int ( ir4) 
Bytes 17 - 18 Spare L 2 1 -byte char 

EF18 Record #29 (Comments from Sf3 line 17) 

Bytes 1-18 Characters 1 -18 18 I -byte char 

EF18 Record #30 (Comments from SP3 line 17) 

Bytes 1 -18 ' Characters 19 - 36 18 1 -byte char 

EF18 Record #31 (Comments from SP3 line 17) 

Bytes 1-18 Characters 37 - 54 , 18 1-byte char 

EF18 Record #32 (Comments from SP3 line 17) 

Bytes 1-3  
Bytes 4-18 

Characters 55-57 
Spare M 

3 1 -byte char 
15 1-byte char 
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£118 Record .33 (Comments from SP3 line 18) 

Bytes I - 1S Characters 1-18 

E118 Record *34 (Comments from S'3 line 18) 

Bytes 1 - 18 Characters 19-36 18 l -byte char 

EF18 kecDr6 .3S (Comments fra. S'3 line 18) 

aytes 1 -18 18 l -byte char 

ErlS !ecord *36 (Comments from SP3 line 18, 

Bytes l � l  
Bytes 4·18 

Cha-racters 55 - 51 
Spare N 

3 l-byte char 
IS l-byte char 

EF18 Record *37 (Comments from SP3 ltne 19) 

Bytes 1 - 18 ' Charac�ers 1- 18 18 l -byte char 

EF18 Record *38 (Comments from SP3 line 19) 

Byt�$ 1 - 1.8 Charact�rs 1 9 - 36 18 I-byte char 

E118 Record *39 (Comments from Sf3 line 19) 
Bytes 1 - 18 · Characters 37 -54 18 I-byte char 

E118 aecord #40 (Comments from Sf3 line 19) 

Bytes 1 · 3 
Bytes 4 - 18 

Characters 55- 57 
Spare 0 

3 I -byte char 
15 l -byte char 

£F18 Reco�d .41 (Comments from Sf3 line 20) 

�ytes 1� 16 CharaeteJ:'s 1-18 18 I -byte char 

EF18 Jeeord .42 (Comments from SP3 line 20) 

Bytes 1- 18 Characters 19-36 

li18 1eeord #43 (Comments from SP3 line 20) 

Bytes 1 - 18 Characters 37 � 54 . 18 I - byt.e char 
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EF18 Record #44 (Comments from SP3 ltne 20) 

Bytes 1 -3  
Bytes 4-18 

Characters 55-57 ' 
Spare P 

3 1-byte char 
15 1-byte char 

EF18 Record #45 to the Last Record 

Byte 
Byte 
Bytes 
Bytes 
Bytes 
Bytes 

1 
2 
3- 6  
7 -10 
11-14 
15- 18 

xyz good/bad flag 
clock goodjbad flag 
x-coordinate (5  cm) 
y-coordinate (5  em) 
z-coordinate (5  em) 
clock (0 . 1  nanoseconds) 

l-byte char 
I-byte char 
4-byte int 
4-byte int 
4-byte int 
4-byte int 

SUHKAltY 

In Section I we , documented the current NGS orbit formats . They were designed 
around the GPS system, but they were designed to accommodate nearly all relevant 
o'rbits including �xtremes such as lunar or Lagrange-point orbits , low- Earth 
orbits , circular or highly elliptical geostationary orbits , and fixed or moving 
pseudolites . SPI and SP2 ASCII files can accommodate positional coordinates to 
+/- 1 , 000 , 000 km. The same is trUe for ECFl and ECF2 binary formats . On the 
other hand , EF13 has no practical restrictions for GPS or GLONASS or other 
satellite orbits up to 100 , 000 km. EF13 5-cm precision limits the orbital 
accuracy to 2 . 5  cm; tnis is no restric�ion whatsoever . Thus , EF13 is a highly 
efficient orbital format which is consistent with geodetic survey activities at 
the 1 part per billion level of accuracy . 

These formats can be used for inertial coordinates as well as Earth-centered 
body fixed coordinates . These formats have been updated to include the 
parameters "orbit tyPe , " "coordinate system , n  and ncps week start . "  

In Section II we concentrated on three questions . The first question had to 
do with finding the optimum epoch interval as a function of the order of the 
interpolator . The optimum epoch interval is clearly dependent on the accuracy 
required and on the order of the interpolator used . Either a 9th order 
interpolator with a 30-minute epoch inter�al or an llt� order interpolator with 
a 40-minute epoch interval is consistent with 0 . 01 - 0 . 02 ppm geodetic survey 
activities . Naturally . . these conclusions assume small eccentricities 
(e . g . , ecc < 0 . 02) ; however the increase in interpolation error from 
eccentri�ity - 0 . 006 to 0 ; 06 is only a factor of approximately 4 and . therefore . 
eccentricity should not be a problem. Toward the end of Section II . it was 
demonstrated that a 2 . 400- second epoch interval is consistent with I part per 
billion geodetic activities . ' Vith a 2 . 400-second epoch- interval EF13 or ECF2 
file and a 17th order interpolator , position can be recovered with a mean and 
standard deviation of approximately 2 cm and velocity can be recovered with a 
mean and standard devia�ion of approximately 0 . 1  mm/s . , 

, The second question concerned whether NGS should distribute velocity data with 
the positional data . That is . does velocity contain any additional information 
not contained in the positional data? The answer is that velocity could be 
derived from positional data to within a fractional part of 1 mm/sec and . 
therefore . velocity should not be distributed for applications purposes . In 
fact . the absolute velocity components can be derived from the position to 
approximately 0 . 2  mm/sec using an 11th order polynomial interpolator on an EF13 
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file whose epoch interval is 30 minutes and 0 . 5  mm/sec if the epoch interval is 
40 minutes . With a 17th order interpolator velocity can be recovered from a 40-
minute positional file at 0 . 1  mm/s in the mean. 

The third question was somewhat didactic since the answer was known a priori . 
Does the 5 - cm precision of the EF13 file reduce the orbital " accuracy in any 
s�gnificant way? The answer is no . 

The essence of Section II has to do with the optimum file size for GPS orbits . 
This is , admittedly , a mundane question .  File size is important for many 
reasons . If the file is too large , it might not fit on a floppy disk . A year 
of orbit files might not fit on the hard disk; The modem transfer of orbital 
data at 1 , 200 or 2 , 400 baud could be very time-consuming . The issue of file 
size is important because most users still have storage media limitations and 
low-rate modems . If this question had been ignored in 1985 , we would have 
maintained 300-second orbit files instead of the more recent 900 - second or 
l , 200- second orbit files . With ASCII position and velocity formats , this 
amounts to nearly 4 megabytes per week for 24 satellites . Having completed this 
study it is now clear that 79 kilobytes per week is all that is required for 24 
satellites (on 2 , 400- second epochs) .  Below is a file -size table in bytes which 
comprises the eight formats discussed in this report as a function of epoch 
interval in seconds . In all c�ses the file spans one GPS week and includes 24 
sat�llites . With 4 hours of overlap at the beginning and end of the file , these 
values would be approximately 5 percent larger . " 

300 900 1440 1800 

SPI 3933379 "1311235 819583 655699 

ECF1 2516176 838864 524368 419536 

SP2 2191571 730643 456719 365411 

ECF2 1354976 451808 282464 222016 

EF13 629096 209768 131144 104936" 

SP3 2966859 989835 619143 495579 

ECF3 1645872 549168 343536 274992 

EF18 871704 291096 182232 145944 

2400 

491815 

314704 

274103 

169568 

78728 

371015 

206448 

109656 

In Section III a new orbital format (ASCII and binary) is proposed which 
contains position and clock correction data and no velocity data . If adopted , 
NGS would provide the necessary programs to convert backwards to the current NGS 
formats . This new format includes orbit accuracy information Bnd is general 
enough to accommodate changes . 
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CONCLUSIONS 

1 .  With an l , SOO-second epoch interval and using an 11th order interpolator , 
velocity can be derived from positional data to approximately 0 . 2  mm/sec . With 
a 2 , 400-second epoch interval and using an 17th order interpolator , velocity can 
be derived from. positional data to approximately 0 . 1  �!sec . 

2 .  Velocity should not be distributed by NGS . The NGS orbit archive should , 
nevertheless , remain in the SP1/ECFl formats for traditional ·reasons ·such as 
being able to share and compare orbital elements with other organizations which 
generate orbits . 

3 .  An l , SOO-second epoch interval position-only ephemeris is consistent with 
one part per billion geodetic survey activities where an 11th order interpolator 
is assumed � A 2 , 400-second epoch interval position-only ephemeris is consistent 
with one part per billion geodetic survey activities where a 17th order 
interpolator is assumed. 

4 .  A 2 , 400 - second epoch interval pos ition- only ephemeris is cons istent with 
0 : 01 - 0 . 02 parts per million geodetic survey activities where an 11th order 
interpolator is assumed. · If more accuracy than 0 . 02 ppm is required , one should 
switch to a higher order interpolator rather th.n using a smaller epoch 
interval . 

5 .  Without exception, the 2 , 400-second EF13 file will easily· satisfy all 
applications requirements for orbital data. This file consumes a mere 79 
kilobytes per week for 24 satellites . With 4 hours of overlap with the prior 
and the subsequent weeks , this would still be less than 83 kilobytes . 

6 .  These conclusions require the proper use of the interpolators · and assume 
the correct handling of week crossovers . 

7 .  NGS programs are available to man!pulate the NGS-distributed files in 
accordance with the user ' s  environment . 

8 .  Only the 2 , 400-second SP2 and the 2 , 400-second EF13 files should be 
distributed by NGS . The EF13 file should be the primary distribution file . 
They should include 4 hours of overlap . As explained in the text , the full 
accuracy can be achieved without the overlap ; however ,  the user has to be more 
careful . For this reason the overlap is strongly recommended . The data overlap 
will be easier and safer for the user at a cost of a mere 5 percent in file 
size . When the user receives the distribution file (e . g . , EF13) he/she can 
create the data base according to specific needs and wishes with assistance from 
NGS -provided software . 

9 .  NGS should adopt the new SP3/ECF3/EF18 formats . These comprise position 
and satellite clock corrections and are more flexible than current formats . 
lntentionally omitted are the component velocities . Files in these formats can 
now be generated for experimental purposes at NGS and will be · employed on an 
experimental basis . Should these new formats supersede the current formats , NGS 
programs for generating files in the current formats (SP1/ECF1 ; SP2/ECF2/EF13) 
will be provided to the public . Also , programs similar to those given in this 
report for the current formats , for the manipulation of files in the proposed 
formats , would be written and provided to the public . If adopted , the EF18 
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binary file "is recommended to be the primary distribution file , and the 
recommended epoch interval is 2 , 400 seconds . For 24 sa�ellites its file size is 
109 , 656 bytes . It is further recommended that these files span from Saturday 
20 : 00 : 00 of the prior GPS week to Sunday 04 : 00 of the subsequent GPS week . 
These additional 13 epochs , for 24 satellites , increases the EF18 file size by 
5 , 616 bytes . 
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