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A. PURPCSE

This npdul e defines the formats and content of the media calibration
data provided by the Tracking System Anal ytic Calibration (TSAC) group.

B. REVI SI ON AND CONTROL

Revi sions or changes to the information herein presented may be
initiated in accordance with the procedures in Section | of this docunent.

C. GENERAL | NFORVATI ON

Medi a calibrations provided by the DSN are used by project navigation
teans to inprove the accuracy of spacecraft orbit determ nation; they are
al so used by project Radio Science teans and other investigators. The
calibrations comprise corrections for the effects of transm ssion nedia
(troposphere, ionosphere, and solar plasm) on the radio nmetric data. The
medi a calibrations are to be provided at intervals determ ned by the accuracy
and tineliness requirenents of the primary users and by negotiations with the
various DSN users.

D. DATA FORMATS
1. General Description

Al TSAC calibrations are provided in the formof card i mages (or
punched cards, if necessary) in files on the JPL user's conmputer. On the
Uni vac 1100/81 conputers, the files are in field data format (SDF); on all
ot her computers, they are in Anerican Standard Code for |nformation
I nterchange (ASCI1) format.

TSAC nedi a calibrations conformto the Cormand St at enent
Processor (CSP) English-like command | anguage used by the Orbit Determ nation
Program (ODP) to adjust, delete, or weight data points. The |language is
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described in detail in the DPTRAJ-CDP User's Reference Manual (618-783 Rev.
B, Vol. 1, Section 36).

In general, a CSP conmand consists of a verb and optional scope
limters and conputation specifiers, termnated by a period. A comand nay,
and frequently does, extend over nore than one card i nage. The CSP conmmands
produced by the TSAC software conprise a snmall subset of those used by the
ODP. Elenments of CSP commands used in the TSAC media calibrations are given
in Table TRK-2-23-2; exanples of the calibrations are given bel ow under the
sub- headi ngs Tropospheric Calibrations, |onospheric Calibrations, and Sol ar
Pl asma Cal i brati ons.

Tabl e TRK-2-23-1. CSP Elenents Used in TSAC Media Calibrations

| Verbs ADJUST, DELETE |
[--mmmmm e A Rl I
| Scope Limters | Tinme Span Limters: |
| | FROM BEFORE |
| | TO AFTER |
I | AT I
I I I
| | Network (Complex or Station): |
I | DSN I
| | C10 11, 12, 13, 14 |
| | c40 42, 43, 44 |
| | €60 61, 62, 63 |
I I I
| | Band: S, X; L (VAX CDP only) |
I I I
| | Source: SCID, QUASAR |
I I I
[---mmmm e A R Rl I
Conput ati on Specifiers Series Type

BY NRVPOW BY DNRMPOW

BY CONST BY DCONST

BY TR G BY DTRI G

Model

I
I
I
I
I
I
DRY NUPART (dry troposphere) |
VWET NUPART (tropospheric water vapor)
CHPART (i onosphere) |
DRVI D (i onosphere + solar plasmm) |
I
I
I
I
I
I
I

Data Type:

DOPPLER F1, F2, F3, F3C
RANGE PLOP

VLBI

DVLBI

2. Tine Formats

Times are preceded by a time-span limter (FROM TO, AT,
BEFORE, or AFTER) and are enclosed in parentheses. The format is
(YY/ MM DD, HH: MMt SS). The year, nonth, day, hour, and m nute val ues are
i ntegers; seconds are double precision. Up to three of the right-nmost tinme
fields may be omtted. Wen omitted, their values are taken to be zeroes.
The calibrations apply only during the times specified by the tine-span
limter(s). |If the limter is AT, the tine span depends on the conputer
word length. On the UNIVAC (36-bit word length), the time span is from one
m crosecond before the given tinme to one nicrosecond after; on the VAX
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(32-bit word length), it is fromone nillisecond before to one nmllisecond
after.

3. Nunber Formats

The formats for integers and single- and doubl e-precision floating-
poi nt nunbers are the sane as in FORTRAN. In addition, the sign of the
exponent of a floating point nunber nmay replace the letter Dor E for
exanple, 1.234E-3 may be witten 1.234-3.

4. Comments

Addi tional explanatory information, not to be used by the OCDP, nmay
appear on a conmmand provided that it is preceded by the number sign (#).
Characters follow ng the nunber sign are ignored by the CDP

5. Series Type

Medi a calibrations may be specified by a nornalized power series
(NRMPOW, a single constant (CONST), or a Fourier series (TRIG. |If the
coefficients or constant are doubl e precision, the conputation specifier is
preceded by the letter "D' (e.g., DNRVPOW.

If the ADJUST conmmand contai ned BY NRMPOW (CO, C1, ..., CN) FROM (S)
TO (E), where S and E refer to the start and end tines for the command, the
calibration is conputed fromthe normalized power series CO + C1 * X + C2 *
Xr2 + ... + CN* X*N. This polynomal is called "normalized" because the
time argument of the series, T, has been replaced by the normalized,
di mensi onl ess argunment X, which is defined to be -1 when T = S and +1 when T
= E. This normalization is done by a change of variable given by

X = 2% (T-9)/(E-S) ) -1.

Up to 24 single-precision or 12 doubl e-precision coefficients are allowed in
one seri es.

If the ADJUST command contai ns BY CONST (C), the calibration is given
by the constant C

If the ADJUST command contains BY TRIG (P, A0, Al, Bl, A2, B2, ..., AN
BN) AFTER (S), the calibration is given by the Fourier series

AO + Al cos x + Bl sin x + A2 cos 2x + B2 sin 2x + ..
+ AN cos Nx + BN sin Nx,

where x =2 * Pl * (T-S)/P; Pis the period of the fundamental node, in
seconds.

6. Sign of Calibration

In the ODP, the calibration is, effectively, always subtracted from
the observable. Range calibrations, then, will always be positive; a
positive sign corresponds to a range del ay.

7. Tropospheric Calibrations

Tropospheric calibrations are currently given by a normalized power
series representing the seasonal variation over a two-year span. Two
series are given for each station or conplex; the "dry" and "wet" conponents
of one-way zenith range delay in meters. The dry conponent, typically about
2 neters, is the delay due to the nonwater-vapor conponents of the atnosphere
(N2, @2, C®2, and Ar), whose proportions are essentially constant. The wet
conponent, typically a few centineters, is the contribution of the highly
vari abl e wat er-vapor content of the atnobsphere. The program using the
tropospheric calibrations nust determne the |ine-of-sight delay by mapping
each zenith conponent to the elevation angle corresponding to the |ine-of-
sight; the ODP perforns this function by using separate dry and wet napping
t abl es.
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An exanpl e of the format for tropospheric calibrations is given in
Figure TRK-2-23-1 of this nopdule.

| ADJUST (ALL) BY NRVPOW (.5385215940876400- 001, - . 1545263252791661+000, |
| .6120410421392178+000, . 8393903860788785+000, - . 1757061589993537+001, |
| -.1192449606993796+001, . 1774783212089319+001, . 6265889342013949+000, |
| -.7481685636314813+000, -.1116904190364361+000, . 1136781820255777+000) MODEL|
| (VET NUPART) FROM (83/1/1,00:00:00.01) TO (85/1/1) DSN (Cl0). |

Figure TRK-2-23-1. Format for Tropospheric Calibrations
8. lonospheric Calibrations

| onospheric calibrations are given by a nornalized power series for
each spacecraft pass at each DSN conplex. The calibration represents the
one-way |ine-of-sight ionospheric range delay in nmeters at S-band (2295 MHz).
>Fromthis polynom al, the ODP cal cul ates Doppler corrections (in Hz) and
range corrections (in range units) for each data point inits OD file.

The magni tude of the vertical ionospheric range delay at each conpl ex
depends on tinme of day, season, and tinme since start of the current solar
cycle; it can range fromless than 1 nmeter to nore than 8 nmeters. Because
the slant-range adjustnment factor can vary fromunity at zenith to about 3.5
at 0 degrees elevation, the resulting total variation in |line-of-sight
i onospheric calibration can range fromless than 1 neter to nore than 25
neters.

The tinme spans of each polynom al, except in special circunstances, are
fromspacecraft rise (0 deg) to spacecraft set (0 deg) at the station or
conpl ex.

An exanple of the format for ionospheric calibrations is given in
Fi gure TRK-2-23-2

| ADJUST (ALL) BY NRVPOW (.127504448000000D+001, - . 363046489000000D+000, |
| .221433675000000D+001, . 385002747000000D+000, - . 476505244000000D- 001, |
| -.379998393000000D+000) MODEL ( CHPART) FROM (84/10/31.20: 40: 55) TO |
| (84/11/1,10: 45:30) DSN (C40). #S/ C32 PRED S66 841011 |

Figure TRK-2-23-2. Format for |onospheric Calibrations
9. Solar Plasma Calibrations

Sol ar plasna calibrations are given by a single constant that applies
only at the tine tag of an individual data point. Units are the same as
those of the observables; for exanple, range units for range and Hertz for
Doppl er. The TSAC software reads the ODP input data file to get the tine
tags, and al so renpves the ionospheric portion of the downlink S/ Z dual -
frequency Doppl er neasurenents so that only the solar plasna contributions
remai n.

An exanple of the format for solar plasma calibrations is given in
Fi gure TRK-2-23-3.

| ADJUST (F2) BY CONST (.38755-001) AT (84/10/1.00:03:30) DSN (43) BAND (S)
| ADJUST(PLOP) BY CONST (.69398+002) AT (84/10/1.00:19:46) DSN (43) BAND (S)
| ADJUST (F2) BY CONST (.36505-001) AT (84/10/1.00:20:30) DSN (43) BAND (S)
| ADJUST (F2) BY CONST (.20189-001) AT (84/10/1.00:36:30) DSN (43) BAND (S)
| ADJUST(PLOP) BY CONST (.54675+002) AT (84/10/1.00:38:03) DSN (43) BAND (S)
| ADJUST (F2) BY CONST (-.58993-001) AT (84/10/1.00:47:30) DSN (43) BAND (S)
| ADJUST (F2) BY CONST (-.50877-001) AT (84/10/1.00:54:30) DSN (43) BAND (S)
| ADJUST(PLOP) BY CONST (.69124+002) AT (84/10/1.00:56:20) DSN (43) BAND (S)
| ADJUST (F2) BY CONST (-.70260-001) AT (84/10/1.01:01:30) DSN (43) BAND (S)
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Figure TRK-2-23-3. Format for Solar Plasma Calibrations
NB: First number in parentheses has been truncated from 10 mantissa digits
to 5 mantissa digits to permt display within 80 character line limt here.
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