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Chapter 1 

Test Plan Overview 

This document contains a test plan for testing input values to the General Mission Analysis Tool (GMAT). The plan 
inclurles four primary types of information, which rigorously define all tests that sho~ild be performed to validate 
that GMAT will accept allowable inputs and deny disallowed inputs. The first is a complete list of all allowed object 
fields in GMAT. The second type of information, is test inpnt to be attempted for each field. The third type of 
information is allowable input values for all objects fields in GMAT. The final piece of information is bow GMAT 
sholdcl respond to both valid ancl invalid information. 

It is VERY important to note that the tests below mi~st be performed for both the Graphical User Interface and 
the script!! The examples are ilhlstratecl wing a scripting perspective, because it is simpler to write up. However, 
the test must be performed for both interfaces to GMAT. 

1.1 Tests to Verify Disallowed Fields are Rejected 

The tables contained in this clocument detail all allowed fields that the user sho~drl have access to in the GMAT iser 
interfaces including the script and GUI. The tables are organized in terms of objects. Each object has a table that 
defines the allowable fie11 names. The tables contain a complete definition of what object fielcls the riser should have 
access to in the user interface. The user should not have access to or be able to set fields that are not contained in 
the field lists. This incl~ldes being able to set the field from the GUI or script, or seeing the field when the "Show 
Script" button is hit on the object's associaterl dialogue box or a mission is saved. 

T h e e  following tests sho~ilrl be performer1 to ensure that the user does not have access to fields that are read 
only or some other type internal field. 

0 Using show script ancl by saving missions, verify that only fields that are defined in the tables below are user 
settable and accessible. If a field name does not appear in the tables below, it should not appear in show script, 
or a saved mission. 

0 Verify that the setting for fields in a saved mission and show script meet the allowable values. For example, 
currently if you hit show script on an OpenGL plot, yo~i'll see a line like this 

0penGLPl.otl.ViewPointVector = Vector; 

The word L'Vector" is not an allowable vahie for the ViewPointVector field. 

o Try G m T  Object .DoesNotExist .= I for all objects; 



CHAP?E~ 1. TEST PLA.hT OVERI~IEW 

1.2 Input Range Tests for Fields that Accept Numeric Values 

This section documents tests to be perforrnecl to ensure that GMAT accepts allowable vahies for numeric fields, and 
denies ctisallowecl values. The tests apply to fields that accept real numbers or integers. The tests ensure that both 
allowed and disallowecl vahies are attempter1 in the test process. 

The tests are ctescribecl in Table 1.1. Let's ilhistrate one of the tests and select the case where the input is a 
real nunlber such that Real > c. The ECC field on the Spacecraft object is in this category. According to the Table 
1.1, the tests to be performed on the ECC field are to try inputing values of -1, 0, 1, 'DoesNotExist', and ' ' (Note: 
according to the notation in the table, c = 0 for the ECC field). In the GNIAT script syntax, the tests to be performed 
on the ECC field are: 

GMAT DefaultSC.ECC = -1.0 
GMAT DefaultSC.ECC = 0.0 
G U T  DefaultSC.ECC = 1.0 
GMAT DefaultSC.ECC = DoesNotExist 
G U T  DefaultSC.ECC = 

We see in Table 2.1 that the allowable option? are ECCr 0, so we know that only the second and thircl lines above 
sho~dd pass the test. The first, fourth, and fifth lines should throw an error message consistent with the format 
discussecl in See. 1.4. 

'I',zble 1.1.: Input Range 'I?c?st,jt,s for Fic:lds thata Ac:ct:pL Real ~1.tIXi~e~s anti Integer,.: 

Allr~rn-ai:~le Input Type j Test inp~l t  
R e d  1 -1.01 : 1.01 , 'DoesNot'Exist' , ' ' 
Re2.i :> c ' j ol , c , c+l , 'L)oesNotExist' , ' ' 
Real <: c. 
T t ~ l i ~ l  > C 

Red < c  
! Red f c i 

cl , H.ed 1 Q I I:; - 1, CX, -!- L : ~ )  j2, c2, c2 + I, :L)oesNotExist' : ' 

c1 2 Real > c2 I q --- 1: 4, (c.~ +- ~ : ~ ) , / 2 :  ~ 2 ,  c2 -i- 1 , ' D ~ e g N ~ t E ~ i s t '  ' ' 
Integer j -1, 1, 1.01 ; 'DoesN!~tExist', ' ' 
Intcgcr 2 c i c-0.5' c -  1 , c ? c f  0.5 : c+ 1 : 'DocsNcrtExist7 , " 

i 
11itcgcr 5 c i 
Imeger > c i 

! 

1-3 Input Range Tests for Fields that Accept Strings 

There are numerolls fields in GMAT that accept strings as input vahies. For some fields, the list of strings that are 
acceptable is predefined, and the user cannot acld to the list of possible vahies. A good exanlple of this type of field is 
the StateType field on the Spacecraft object. The allowable inputs for the StateType are restricted to the following: 
Cartesian, Keplerian, ModifiedKeplerian, SphericalAZFPA, SphericalRADEC, Equinoctial . The user cannot 
ndtl to this list. 

The second type of field that accepts strings as input is best ilhistrated by the CoordinateSystem field on the 
Spacecraft object. For the CoordinateSystem field, the user can select from the ctefalilt list of coordinate systenls 
s r ~ h  as EarthMJ2000Eq, EarthMJ2000Ec7 or EarthFixed. However, the user can also select from any user-defined 
eoorclinate system. So if the user has defined a coordinate systenl called EarthSunRotating, then they can choose 
this as the coordinate systenl defined by the CoordinateSystem field object on the Spacecraft object. 



1.4. BEHAV?CIR IVHEN A DIS-4LLOWED CIL3.JECT FIELD IS E ~ T C O  Z~NTER~D 9 

For all string fields we sholild teat that numeric val~ies (we 1.0 for value) and the string DoesNotExis-t are not 
accepted by GbIAT. Now let's look at the tests for these two types of fields. 

1.3.1 Tests for Strings that are Restricted to a Predefined List 

For the first type, where the user can only select from a list of predefined strings, we should attempt two of the 
strings. The first shonld be the defa~ilt value, the second sho~ilcl not be a defmilt vahie. As a.n example, for the 
StateType field on the spacecraft object, we sho~ild test the following two inputs: 

Def aultSC.StateType = Cartesian; 
DefaultSC.StateType = Keplerian; 

We sholild perform similar tests for all fields of this type. 

1.3.2 Tests for Strings that are not Restricted to a Predefined List 

For the seconcl type of string input, where the user can select from a predefined list of strings as well as a user clefineel 
list, we shoull test one value from the predefined list. Then we sho~ilcl create an object of the type appropriate do 
the field, and test that the object name can be ~isecl as input to the field. Let's look again at the CoordinateSystern 
field on the spacecraft object as an example. We sho~lld perform the following: 

Create Coordinatesystem MyCoordSys; 
Defau1tSC.CoordinateSystem = EarthMJ2000Eq; 
Defau1tSC.CoordinateSystem = MyCoordSys; 

We shoulcl perform sinlilrtr tests for all fields of th& type. 

1.4 Behavior When a Disallowed Object Field is Encountered 

There are two types of error handling clescribecl in this section. The first, is when a user tries to set a field that does 
not exist, or that the user is not allowed access to. The seconcl type, is when the user tries to set an allowed fieid, 
but does not use an allowable setting for the field. 

1.4.1 Error Message for a Disallowed Field 

If a field that is not allowed is enco~intered by GMAT, GMAT should olitp~it the following error niessage: 

The field name " " on object '' " is not permitted. As an example, if the user inputs the following, 

then GMAT sho~ilcl respond with the following error niessage: 

The field name "DoesNotExist" on object DefaliltSC is not permitted. 



1.4.2 Error Message for an Invalid Input for an Allowed Field 

IS the user inputs a disallowed value for an allowed field GMAT should respond with the following message 

The value of '' " for field " " on object " " is not an allowed value. The allowed values are: [insert options here]. 

For example, if the user input the following line of script 

DefaultSC.StateType = DoesNotExist 

then GMAT should respond with the following error message: 

The value of DoesNotExist for field StateType on object Defa~iltSC is not an allowed value. The allowed values 
are: [~artesian, Keplerian, Modif iedKeplerian, SphericalAZFPA, SphericalRADEC , ~quinoct ia l ] .  

The allowed vahies for all other fields are found in the the tables below. 

1.5 Notes 

ABM integrator settings. 

For Differential corrector, UseCentralDifferencing is not implemented in base code. 

Nornlalization of quaternion, are we doing this? 

Changed Targetstatus to Solver I te ra t i~~ on XYplots and OpenGL plots, and added the field to Reports. 

The following fields have been changed according to this document 

SolarSystenl.RotationDataSou1rce = DE405 or false IAU2002 (nsed to be 0 or 1) 

Equinoctial elements have changed from the labels on the GUI. 

Spacecraft . DateFormat -> Spacecraft . EpochFormat for consistency with the rest of GI\/IAT 

ABbl integrator settings changed 

LowerError -> MinIntegrationError 
Targe tEr ro : r  -> NomIntegrationError 



Chapter 2 

Objects and Resources 

2.1 Spacecraft and Hardware Fields 

Table 2.1: Fields Associated with a Spacecraft Orbit State 
(Orbit Tab) 

Field Options ancl Description 
StateType Defadt: Cartesian. Options: [Cartesian, Kepleriaa, 

Modif iedKeplerian, SphericalAZFPA, ~ ~ h e r i c a l ~ ~ ~ ~ ~ ,  Equinoctial 1. 
The StateType field allows the user to configure the type of state vector 
that they wish to use. The Statetype field has a dependency upon the 
Coordinatesystem field. If the Coorclinate System chosen by the user 
does not have a gravitational bocly at the origin, then the state types 
Keplerian, Modif iedKeplerian, ancl Equinoctial are not permitted. 
This is becmise these state types require a p value. Units: N/A. When the 
Keplerian or Modif iedKeplerian state types are selected, the Anomaly 
Type fielcl becomes visible. 

Coordinate System Defa~lt: EarthMJ2000Eq. Options: [ EarthMJ2000Eq, EarthMJ2000Ec, 
EarthFixed, or any user defined system]: The Coordinate System field 
allows the ulser to choose which coordinate systeni with which to define the 
orbit state vector. The CoordinateSystem field has a depenclency upon 
the StateType fielcl. If the Coordinate System chosen by the user does not 
have a gravitational bocly at the origin, then the state types Keplerian, 
Modif iedKeplerian, and Equinoctial are not permitted. This is because 
these state types require a p vah~e. Units: N/A. 

EpochFormat Defadt: TAIModJulian. Options: [~IModJulian, TAIModJulian, 
UTCModJulian, TTModJulian, AlGregorian, TAIGregorian, 
UTCGregorian, TTGregorian 1: The DateFormat field allows the user to 
specify the format for defining a spacecraft's initial epoch. DateFormat 
determines both the time system (TAI, TT, etc) and the time format 
(MJD or Gregorian). Units: N/A. 

Epoch Default: 21545.000000000. Options: [See Conlments]: The Epoch field 
allows the user to specify the initial spacecraft epoch. The format of the 
epoch nilst be consistent with the DateFormat field. If DateFormat is of the 
"MJD" type, then the epoch is in Modified Julian format. If DateFormat 
is a "Gregorian Type", the format is similar to 01 Jan 2000 12:00:00.000. 
Units: MJD - days, Gregorian - N/A. 



Table 2.1: (Fields Associated with a Spacecraft Orbit State 
(Orbit Tab). continlied) 

Fieid Options and Description 

AnomalyType Defalllt: TA. Options: [ TA, MA, EA, HA]: The Epoch field allows the 
user to specify the to select the AnomalyType needed for the Keplerian 
or Modif iedKeplerian spacecraft state. In the scripting enviromlent, 
AnomalyType is not used. Units: N/A. 

Fields associated with Cartesian state. 

Defadt: 7100. Options: [ Real N~mnlber 1: X is the x-component of 
the Spacecraft state in the coordinate system chosen in the Spacecraft 
CoordinateSystem field. Units: km. 

Defadt: 0. Options: [ Real Number 1: Y is the y-component of 
the Spacecraft state in the coordinate system chosen in the Spacecraft 
CoordinateSystem field. Units: km. 

Defallt: 1300. Options: [ Real Number 1: Z is the z-conlponent of 
the Spacecraft state in the coordinate systeni chosen in the Spacecraft 
CoordinateSystem field. Units: km. 

Defadt: 0. Options: [ Real Number 1: VX is the x-component of the 
Spacecraft velocity in the coordinate system chosen in the Spacecraft 
CoordinateSystem field. Units: km/sec. 

Default: 7.35. Options: [ Real N~mnlber 1: VY is the y-component of 
the Spacecraft velocity in the coordinate system chosen in the Spacecraft 
CoordinateSystem field. Units: kni/sec. 

Defallt: 1.0. Options: [ Real Number 1: VZ is the z-component of 
the Spacecraft velocity in the coordinate systeni chosen in the Spacecraft 
CoordinateSystem field. Units: km/sec. 

NOTE: Defa~llt values for the remaining state types are obtaineel through 
transformations of the clefa~ilt Cartesian spacecraft state values. The 
Keplerian, Modif iedKeplerian, ancl Equinoctial are clependant on the 
origin of the CoordinateSystem, because the state types req~lire a p value. 

Fields associated with Keplerian state. 

Default: 7191.938817629. Options: [Real Nlmlber # 0 1: The SbIA field 
is the spacecraft orbit's osclilating Keplerian seniinlajor axis in coordinate 
system chosen in the Spacecraft CoordinateSystem field. SMA mlist be 
strictly greater than or less than zero. For circuilar ancl elliptical (0 5 ECC 
< 1) orbits SMA shorllcl only be a positive Real Nunher and for hyperbolic 
orbits (ECC > 1) SNIA shoudcl only be a negative Real Nlinlber. GMAT 
does not support the creation of parabolic orbits. Units: kni. 



2.1. SPACECK4FT AND HARD WARE FIELDS 

Table 2.1: (Fields Associated with a Spacecraft Orbit State 
(Orbit Tab). continued) 

Fielcl Options and Description 

ECC Defadt: 0.024549749. Options: [ 0 < Real Nlinlber, ECCf 1 1: The EGG 
field is the spacecraft orbit's osculating eccentricity. ECC must be greater 
than or eqlial to zero but not equal to one (GMAT does not support 
parabolic orbits). Note: ECC can be greater thanone. See the SMA cle- 
scription for additional restrictions to the allowable vallies of ECC. Units: 
Dimensionless. 

INC 

AOP 

RAAN 

RadApo 

RadPer 

INC 

Defadt: 12.850080057. Options: [Real Nuniber]: The INC field is the 
spacecraft orbit's oscnlating inclination, in degrees, w/r/t to the selecterl 
coorclinate system. Units: clegrees. 

Default: 314.190551536. Options: [Real Nlmiber]:The AOP field is the 
spacecraft orbit's osclilating argument of periapsis, in degrees, w/r/t to the 
selected coordinate system. Units: rlegrees. 

Defaillt: 306.614802195. Options: [Real N~miber]: The RAAN field is 
the spacecraft orbit's osc~llating right ascension of the ascending nocle, in 
clegrees, w/r/t to the selectecl coorrlinate system. Units: degrees. 

Default: 99.887749332. Options: [Real Nliniber]: The TA fielcl is the space- 
craft orbit's osculating true anonlaly. Units: clegrees. 

Defmllt: 97.107826639. Options: [Real N~imber]: The MA field is the 
spacecraft orbit's osc~ilating mean anomaly. Units: degrees. 

Defaillt: 98.498977103. Options: [Real N~in~ber]: The EA field is the space- 
craft orbit's oscillating eccentric anomaly. Units: clegrees. 

Defadt: 0.000000000. Options: [Real N~mniber]: The HA field is the spnee- 
craft orbit's osculating hyperbolic anonialy. Units: degrees. 

Fields associated with Modif iedKeplerian state. 

Defadt: 7015.378524789. Options: [Real Number # 0 1: The RadApo field 
is the spacecraft orbit's osc~ilating r ~ l i ~ l s  of apoapsis. RadApo must be 
strictly greater than or less than zero. When RadApo is negative, the orbit 
is hyperbolic. Units: knl. 

Defadt: 7368.4991104681 Options: [Real Nunlber > 0 1: The RadPer field 
is the spacecraft orbit's osculating radius of periapsis. RadPer nlrwt be 
greater than zero. Units: kni. 

See the Keplerian state section for a description on this field. 

AOP See the Keplerian state section for a description on this fielcl. 

RAAN See the Keplerian state section for a description on this field. 

T A See the Keplerian state section for a description on this field. 

MA See the Keplerian state section for a description on this field. 



Table 2.1: (Fields Associated with a Spacecraft Orbit State 
(Orbit Tab). contin~led) 

Field Options and Description 

E A See the Keplerian s ta te  section for a clescription on this field. 

HA See the Keplerian s ta te  section for a clescription on this field. 

Fields associated with SphericalAZFPA state. 

RMAG 

R A 

DEC 

V r n G  

AZI  

FPA 

R m G  

R A 

DEC 

V U G  

R  AV 

DECV 

Default: 7218.03297304. Options: [Real Number > 01: The RMAG field 
allows the user to set the nlagnitrlde of the spacecrafts position vector. 
Units: hi. 

Defa~lt: 0. Options: [Real N~imber]: The RA field allows the user to set 
the spacecraft's right ascension. Units: degrees. 

Default: 10.3758449200. Options: [Real Nunlber]: The DEC field allows the 
user to set the spacecraft's cleclination. Units: degrees. 

Defaldt: 7.41771528167. Options: [Real Nllnlber 2 01: The VMAG fielcl 
allows the user to set the rnagnit~lde of the spacecraft's velocity. Units: 
knl/sec. 

Default: 82.377421681. Options: [Real Nunlber]: The AZI field allows the 
user to set the spacecraft's azimuth angle. Units: degrees. 

Defaudt: 88.60870365370. Options: [Real Number]: The FPA allows the 
user to set a spacecraft's flight path angle. Units: degrees. 

Fields associated with SphericalRADEC state. 

See the SphericalAZFPA s ta te  section for a description on this field. 

See the SphericalAZFPA s ta te  section for a description on this fielcl. 

See the SphericalAZFPA s ta te  section for a clescription on this field. 

See the SphericalAZFPA s ta te  section for a description on this field. 

Defadt: 90. Options: [Real Nuirnber]: The RAV field i allows the wer to set 
the right =tension of the spacecraft's velocity. Units: degrees. 

Defa~lt: 7.7477720361. Options: [Real Nlimber]: The DECV field allows the 
user to set the declination of the spacecraft's velocity. Units: degrees. 

Fields associated with Equinoctial elements. 

SMA See the Keplerian s ta te  section for a description on this field. 
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Table 2.1: (Fields Associateel with a Spacecraft Orbit State 
(Orbit Tab). continlied) 

Fielcl Options and Description 

h Defa~dt: -0.024234314. Options: [Real Number]: The h field is the projec- 
tion of the eccentricity vector onto the yep axes. The F,, systenl is a system 
used in calc~llating the equinoctial elements and is beyond the scope of this 
discussion. The GMAT Pvlathematical Specifications doc~inlent discrlsses 
Fe, and the calc~llation of the eq~iinoctial elements in detail. Units: None. 

Default: -0.003922779. Options: [Real Nunlber]: The k field is the projec- 
tion of the eccentricity vector onto the zep axes. The F,, system is a systenl 
used in calcdating the equinoctial elements ancl is beyoncl the scope of this 
discussion. The GMAT Mathematical Specifications rloc~inlent iliscl~sses 
F,, and the cdc~lat ion of the equinoctial elements in detail. Units: None. 

Defa~lt: -0.090388347. Options: [Real N~mnlber]: The p field is the projee- 
tion of the N vector onto the yep axes. The N vector ancl the FeP system 
are used in calculating the eq~iinoctial elements ancl are beyonil the scope 
of this cliscl~ssion. The GMAT Mathematical Specifications doclmlent dis- 
cusses N and FeP ancl the calc~~lation of the eq~linoctial elements in detail. 
Units: None. 

Default: 0.067164549. Optionq: [Real Nunlber]: The q field is the projec- 
tion of the N vector onto the zep axes. The N vector ancl the Fep system 
are used in calcdating the eqliinoctial elements ancl are beyonil the scope 
of this clisclssion. The GMAT Mathematicd Specifications doc~urrent dis- 
cusses N and Fe, ancl the calculation of the equinoctial elements in detail. 
Units: None. 

MeanLongitude Default: 3.16359946. Options: [Real Numher]: The MeanLongitude field 
is the the spacecraft's niean longit~icle. The GMAT Mathematical Spec- 
ifications cloc~mnlent discusses niean longitude and the calc~ilation of the 
equinoctial elements in detail. Units: degrees. 

Table 2.2: Fields Associated with Spacecraft Physical Properties 
(Ballistic/Mass Tab) 

Fielcl Options and Description 
DryMass Default: 850. Options: [Real Number 2 01: The DryMass field allows the 

user to specify the mass of the spacecraft struct~lre, but does not incl~~ile 
the mays of tanks, thrusters, or fuel. Units: kg. 

DragArea 

Defadt: 2.2. Option.: [Real Number 2 01: The Cd field allows the user to 
specify the spacecraft's drag coefficient. Units: None. 

Default: 1.8. Options: [Real Number 2 01: The Cr field allows the user to 
specify the spacecraft's coefficient of reflectivity. Units: None. 

Default: 15. Options: [Real Nnmber 2 01: The DragArea is the effective 
spacecraft area used in calculate the force due to drag. Units: m2. 
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Table 2.2: (Fields Associated with Spacecraft Physical Properties 
(Orbit Tab). contin~ied) 

Field Options and Description 

SPSArea Default: 1. Options: [Real Nlinlber 2 01: The SRPArea is the effective 
spacecraft area used in calclllate the force clue to solar radiation pressures. 
Units: m2. 

Table 2.3: Fields Associated with Spacecraft Attitude State 
(Attit~icle Tab) 

Field Options and Description 
Attitude Default: CSFixed. Options:[ CSFixed, spinner]: The AttitudeMode niode field allows the 
Mode user to specify the attitude ciynamics model to be lised by GMAT to propagate a spacecraft's 

attitude. The attitude clynamics model uses the initial attitude state and the algorithm 
associated with AttitudeMode to advance the attit~icle state in time. Units: N/A. 

Attitude Default: EarthMJ2000Eq. Options: [ EarthMJ2000Eq, EarthMJ2000Ec, EarthMJ2000Eq, 
Coordinate or any user definecl system]: A spacecraft's initial body axes orientation as defined 
System by the quaternions or sonie other parameterizations are expressed with respect to the 

Attitudecoordinatesystem. Unlike an orbit state, an attitlicle state is really informa- 
tion that liniqliely defines a rotation matrix. A spacecraft's attitllcle is the orientation of 
the spacecraft's body-fixed frame with respect to the inertial franle. However, it is often 
more convenient to define the initial attit~xcle with respect to an intermediate frame than 
with respect to an inertial franle. The Attitude Coordinatesystem allows the user to 
clefine the initial orientation of a spacecraft's body axes, with respect to any frame GMAT 
knows how to calculate. Units: N/A. 

Attitude Default: EulerAngles. Options: [ ~ u l e r ~ n g l e s ,  quaternions, DCM]: The 
StateType AttitudeStateType field allows the user to choose anlong different attitude parame- 

terization~ when defining the attitude initial conditions. Units: N/A. 

A t t  i tude Default: EulerAngleRat es. Options: [ ~ u l e r ~ n g l e ~ a t  es, ~ n ~ u l a r v e l o c i  ty] : The 
Rate AttitudeRateStateType field allows the user to define the attitu~cle parameterization to 
StateType he used in defining the initial attitude rate. Units: N/A. 

Euler Defadt: 312. Options:[ 123, 132, 121, 131, 213, 231, 212, 232, 312, 321, 313, 
Angle 323 1: The EulerAngleSequence field allows the user to define the Eliler sequence ~ised in 
Sequence rotating from the body-fixed to the inertial axes. For example, if EulerAngleSequence is 

selected as 321, then the first rotation is a 3 rotation through Eulerhgle l ,  the second 
rotation is a 2 rotation through EulerAngle2, and the third rotation is a 1 rotation through 
EulerAngle3. Units: N/A. 

Fields associated with Spacecraft Attitude State 

EulerAnglel Default: 0. Options:[Real Nlinlber]: EulerAnglel is one of three Eliler angles that can be 
used to define the initial conclitions of a spacecraft. EulerAnglel corresponds to the first 
rotation perfornled in the seqnence that goes from the spacecraft body franie to the inertial 
franie. For example, if the EulerAngleSequence fielcl is set to 321,the first rotation from 
the body to the inertial frame would be a 3-rotation throughEulerAngle1. Units: degrees. 
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C.. ._. .: 

Table 2.3: (Fields Associated with Spacecraft Attiturle State 
(Attitncle Tab) .... contimmed) 

Fielcl Ontions and Descrintion 

EulerAngle2 Defaillt: 0. Options:[Real Nlmnlber]: EulerAngle2 is one of three Elmler angles that can be 
used to define the initial conditions of a spacecraft. EulerAngle2 corresponcls to the seconcl 
rotation performecl in the sequence that goes from the spacecraft body franle to the inertial 
frame. For example, if the EulerAngleSequence field is set to 321,the second rotation from 
the body to the inertial kanle wonld be a 2-rotation throughEulerAngle2. Units: degrees. 

EulerAngle3 Default: 0. Options:[Real Number]: EulerAngle3 is one of three Elmler angles that can he 
usecl to define the initial conditions of a spacecraft. EulerAngle3 corresponals to the third 
rotation performed in the sequence that goes from the spacecraft body frame to the inertial 
frame. For exanlple, if the EulerAngleSequence field is set to 321,the third rotation from 
the body to the inertial fiwrle would be a 1-rotation throughEulerAngle3. Units: degrees. 

q l  Defallt: 0. Options:[Real N~lrnber]: The q i  parameter is the first element of the q~~aternion. 
GWIAT normalizes the quaternion to be of length 1. Units: degrees. 

92 Defailt: 0. Options:[Real Number]: The q2 parameter is the second element of the q~aater- 
nion.GMAT nornlalizes the quaternion to be of length 1. Units: de, arees. 

~3 Defa~lt: 0. Options:[Real Number]: The q3 parameter is the third element of the quaternion. 
GMAT normalizes the quaternion to be of length 1. Units: degrees. 

~4 Defaillt: 1. Options:[Real Nimber]: The q4 parameter is the fourth elenlent of the quater- 
nion. GMAT nornlalizes the q~xaternion to be of length 1. Units: degrees. 

D C M l l  Default: 1. Options:[Real Nimber]: The DCMlI  parameter is the upper left component of 
the direction cosine matrix that rotates from the spacecraft body frame to the inertiel frame. 
GMAT normalizes the attitucle nmtrix to have a determinant of 1. The <lefa~ilt DCM matrix 
is the identity matrix. Units: None. 

DCMl2 Default: 0. Options:[Real Nlmber]: The DCMl2 parameter is the R12 component of the 
direction cosine matrix that rotates from the spacecraft body frame to the inertial frame. 
GMAT normalizes the attitncle matrix to have a determinant of 1. The defaillt DCLl matrix 
is the iclentity matrix. Units: None. 

DCM33 Default: 1. Options:[Real N~mber]: The DCM33 parameter is the R33 component of the 
direction cosine matrix that rotates from the spacecraft body frame to the inertial frarne. 
GMAT normalizes the attitucle matrix to have a determinant of 1. The clefault DCM matrix 
is the iclentity matrix. Units: None. 

EulerAngle Defa~lt:  0. Options:[Real Number]: The EulerAngleRatel defines the time-rate-of-change 
Rate1 of EulerAnglel, expresser1 in the the system defined by AttitudeCoordinateSystem. Units: 

deg/sec. 

EulerAngle Defa~lt: 0. Options:[Real Nlinlber]: The EulerAngleRate2 defines the time-rate-of-change 
Rat e2 of EulerAngle2, expressed in the the system defined by AttitudeCoordinateSystem. Units: 

deg/sec. 

EulerAngle Defadt: 0. Options:[Real N~mnlber]: The EulerAngleRate3 defines the time-rate-of-change 
Rat e3 of EulerAngle3, expressed in the the system defined by AttitudeCoordinateSystem. Units: 

cleg/sec. 



Table 2.3: (Fields Associated with Spacecraft Attitnde State 
(Attitude Tab) .... continued) 

Field Options and Description 

Angular Defauilt: 0. Options:[Real Nlimher]: The AngularVelocityX conlponent is the x- - 
Velocityx component of the spacecraft's bocly axes with respect to the system defined by 

Att itudeCoordinateSystem. Units: deg/sec. 

Angular Default: 0. Options: [Real N~mrnher]: The AngularVelo cityY conlponent is the y- 
VelocityY component of the spacecraft's body axes with respect to the system defined by 

AttitudeCoordinateSystem. Units: deg/sec. 

Angular Default: 0. Options:[Real Nunlber]: The AngularVelocityZ conlponent is the z- 
VelocityZ conlponent of the spacecraft's bocly axes with respect to the system defined by 

AttitudeCoordinateSystem. Units: degjsec. 

Field Options and Description 
FuelMass Defadt: 756. Option?: [Real Nl~niber 2 01: The FuelMass field is the nlass 

of fuel in the tank. Units: kg. 

Pressure Default: 1500. Options: [Real Nunlber 2 01: The Pressure field is the 
preswire of the fiiel in the tank. Units: kPa. 

Temperature Default: 20. Options: [Real Nunlher]: The Temperature field is the tenl- 
perature of the fuel in the tank. Units: C. 

Ref Temperature Default: 20. Optiom: [Real Nuder] :  RefTemperature Units: C. 

Volume Defadt: 0.75. Options: [Red Nlinlber 2 01: The Volume field is the volllme 
of the tank. Units: m3. 

FuelDensity Defadt: 1260. Options: [Real Nuinlber 2 01: The FuelDensit y parameter 
is the fiiel density. Units: kg/m3 

PressweRegulated Default: true. Options: [true false]: The PressureRegulated flag allows 
the user to choose between a preswire regdated tank or a blow clown tank. If 
PressureRegulated is true, then the pressme is held constant as fuel mass 
is depleted. If PressureRegulated is fdse, then the pressrire decreases a? 
fuel is depleted. 



i . 
2.1. SPA(>ECXA4FT AND HARDW4RE FIELDS 

., ....., 

Table 2.5: Fielcls Associated with a Spacecraft Thruster 
(Actuators Tab) 

Field Options and Description 
CoordinateSystem Default: EarthMJ2000Eq. Options: [ EarthMJ2000Eq, EarthMJ2000Ec, 

EarthMJ2000Eq, or any iser defined system]: The CoordinateSystem field 
for a thruster determines what coordinate system the orientation parame- 
ters XDirection, Y-Direction, and ZBirect ion are referenced to. This 
is a tenlporary fix in GMAT. Eventually, the user will specify the attitude 
of a spacecraft, and then X-Direction, YDirection, and Z-Direction will 
be referencecl to the spacecraft body frame. 

Axis 

Origin 

Default: VNB. Options: [ Ine r t i a l  VNB]: The Axis field allows the user to 
define a local coorclinate system for a thruster. Note that there is a coupling 
between the Axis parameter and the CoordinateSystem parameter for a 
thr~ister. Only one of the two can be specified. Units: N/A. 

Defadt: Earth. Options: [Sun, Mercury, Venus, Earth, Luna, Mars, 
Jupiter,  Saturn, Uranus, Neptune, Pluto 1: The Origin field allows the 
user to define a local origin for a thruster. Note that there is a coupling 
between the Origin parameter and the CoordinateSystem parameter for 
a thnlster. Only one of the two can be specified. Units: N/A. 

XDirection Default: 1. Options: [Real Numlber]: XDirection, divided by the RSS 
of the three direction conrponents, forms the z direction of the spacecraft 
thrust vector direction. 

YDirection Default: 0. Options: [Real Nimber]: Y-Direction, divided by the RSS 
of the three clirection components, forms the y direction of the spacecraft 
thriist vector direction. 

ZDirection Default: 0. Options: [Real Nimiber]: Zs i rec t ion ,  divided by the RSS 
of the three direction conlponents, forms the z direction of the spacecraft 
thriist vector clirection. 

ThrustScaleFactor Defaidt: 1. Options: [Real N~inlber > 01: ThrustScaleFactor is a scale 
factor that is m~iltipliecl by the thnist vector for a given thruster, before 
the thrust vector is added into the total accleration. Units: None. 

Tank Default: None. Options: [Tank Name]: The Tank field specifies which tank 
the thruster draws propellant from. 

The constants Ci below are used in the following equation to calculate 
thrilst FT as a fiinction of pressure P and temperature T 

C 1 Defailt: 500. Options: [Real Number]: Thrnst coefficient. Units: N 

C2 Defadt: 0. Options: [Real N~imber]: Thrust coefficient. Units: N/kPa. 

C 3  Defaidt: 0. Options: [Real Nimlber]: Thrust coefficient. Units: N/kPa2 
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Table 2.5: Fields Associated with a Spacecraft Thruster 
(Actuators Tab) (continued) 

Field Options and Description 

Defadt: 0. Options: [Real N~imber]: Thrust coefficient. Units: ~ / k P a ~ ~ .  

Defadt: 0. Options: [Real Nlinlber]: Thrust coefficient. Units: None 

Default: 0. Options: [Real Nlirnber]: Thrust coefficient. Units: ~ / k ~ a ~ ? .  

C7 Defa~lt: 0. Options: [Real Nlirnber]: Thrust coefficient. Units: None 

C8 Defallt: 0. Options: [Real N~imber]: Thrust coefficient. Units: ~ / k ~ a ~ '  

Defallt: 0. Options: [Real N~imber]: Thrust coefficient. Units: None 

Default: 0. Options: [Real Nnniber]: Thrust coefficient. Units: N. 

Defmlt: 1. Options: [Real Nlmiber]: Thrust coefficient. Units: None 

C12 Defadt: 0. Options: [Real N~iniber]: Thrust coefficient. Units: l/kPa. 

Defadt: 0. Options: [Real Nlmiber]: Thrust coefficient. Units: None. 

Default: 0. Options: [Real Number]: Thrust coefficient. Units l/kPa. 

The constants Ki below are used in the following equation to calclilate Isp 
as a function of presslire P and tenlperatnre T 

Defadt: 2150. Options: [Real Nlmber]: Isp coefficient. Units: m/sec 

Defallt: 0. Options: [Real Ni~mber] : Isp coefficient. Units: m/(sec kPa). 

K3 Default: 0. Options: [Real N~mnlber]: Isp coefficient. Units: ni/(sec. kPa2) 

Defa~lt: 0. Options: [Real Nlmlber]: Isp coefficient. Units: ni/(sec, 
kpaK 9). 

Defallt: 0. Options: [Real N~inlber]: Isp coefficient. Units: None 

Defadt: 0. Options: [Real Nunlber]: Isp coefficient. Units: m/(sec. 
kPaK7). 

Defadt: 0. Options: [Real Nunlber]: Isp coefficient. Units: None 

Default: 0. Options: [Real N~mlber]: Isp coefficient. Units: nl/(sec kPaK9. 

K 9  Default: 0. Options: [Real Nlimber]: Isp coefficient. Units: None 
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Table 2.5: Fields Associated with a Spacecraft Thruster 
(Actuators Tab) (contimled) 

Field Options and Description 

K10 Defadt: 0. Options: [Real Nunlber]: Isp coefficient. Units: ni/sec. 

K i l  Defadt: 1. Options: [Real Number]: Isp coefficient. Units: None 

K 1 2  Defadt: 0. Options: [Real Number]: Isp coefficient. Units: l/kPa. 

K 1 3  Defadt: 0. Options: [Real Nunlber]: Isp coefficient. Units: None. 

K 14 Defadt: 0. Options: [Real Number]: Isp coefficient. Units l/kPa. 

2.2 Propagator Fields 

Field Options and Description 
CentralBody Defadt: Earth. Options: / Sun, Mercury, Venus. Earth. Luna. 

Mars,  Jupi ter ,  Saturn, Uranus, Neptune, Pluto 1: The Gen- 
tralBody field allows the user to select the origin for the propaga- 
tion. All propagation occurs in the FK5 axes system, a b o ~ ~ t  the 
CentralBody chosen by the user. The CentralBody niilst be a grav- 
itational body ancl so cannot be a Librationpoint or other special 
point. Units: N/A. 

PrimaryBodies Defadt: {Earth). Options: [ Sun, Mercury, Venus, Earth, Luna? 
Mars, Jupi ter ,  Saturn, Uranus, Neptune, Pluto 1: The Pri- 
maryBoclies field is a list of all celestial bodies that are to be 
niodelled with a force model more coniplex than point mass grav- 
ity. Lists are surrouincled by curly braces. For each PrimaryBo~ly, 
the user can choose a drag, magnetic field, and aspherical gravity 
model. There is a coupling between the PrimaryBodies filed and 
the PointMasses fielcl. A primary body can be any planet or moon 
not inchlded in the PointMasses field. Units: N/A. 



... Table 2.6: (Fieltls At,bc,t:iaieci with a Force M{)del c:ot~tjrn~etl) 

Fielci Options ancl Description 

Gravity.PrimaryBody.Potentia1File Default: JGM2. Options: [ CentralBody-based models, Other. See 
Comments 1. This fie11 allows the user to define the source for the 
non-spherical gravity coefficients for a primary body. If a grav- 
ity file is located in the Primary Bocly7s potential path as defined 
in the startup file, yo11 only need to specify the model name and 
not the entire path. For example, if the JGM2 coefficients file is 
contained in the directory defined in the startup file by the line 
EARTH-POT-PATH, then yo11 only need to specify the niodel 
name JGM2. If the model is not contained in the body's poten- 
tial path, you nnxst suipply the entire path as well as the file name. 
If GMAT does not sliccessfillly find the file requested, it uses the 
default gravity model as defined in the startup file. Rorn the GUI, 
only models for Earth appear if Earth is the active primary body. 
This is to avoid allowing the user to select a lunar potential nlodel 
for the Earth. If the Other option is selected the user has the abil- 
ity of selecting a gravity moclel file on their local conlpllter. Units: 
None. 

Gsavity.P'rimaryBody.Degree Default: 4. Options: [ Integer 2 0  and < the nmaxirn~ml specified by 
the model, Order < Degree 1. This field allows the user to select the 
the clegree, or number of zonal terms, in the non-spherical gravity 
model. Ex. Gravity .Earth.Degree = 2 tells GhfAT to use only 
the 52 zonal term for the Earth. The value for Degree nlllst be less 
than the nlaxinllinl clegree specified by the Model. Units: None. 

Drag 

Drag. F107 

Defadt: 4. Options: [ Integer 2 0  and < the maxinllml specified by 
the model, Order < Degree 1. This field allows the user to select 
the the order, or nlinlber of tesseral terms, in the non-spherical 
gravity model. Ex. Gravity.Earth.Orc1er = 2 tells GMAT to use 
2 tesseral terms. Note: Order niust be greater than or equal to 
Degree. Units: None. 

Default: None. Options: [None, JachhiaRoberts, MSISESO, 
Exponential 1. The Drag field allows a user to specify a drag 
model. Cllrrently, only one drag model can be chosen for a partic- 
ular propagator and only Earth models are available. Units: N/A. 
Note: This field wil l  be deprecated in future versions of GMAT. 
Currently, the Drag field and the Drag.AtmosphereMode1 field 
must be set to the same value. 

Defallt: None. Options: [Jacbhia~oberts,  MSISESO, 
Exponential 1. The Drag.AtmosphereMode1 field allows a user 
to speclfy a drag nloclel. Clirrently, only one drag nlodel can be 
chosen for a partic~lar propagator and only Earth models are avail- 
able. Units: N/A. 

Defadt: 150. Options: [ Real Number 2 0 1. The F107 field allows 
yon to set the FI0,7 solar flux value nsed in compnting atmospheric 
density. is the solar radiation at a wavelength of 10.7 cm. 
Units: W/m2/ Hz 

Drag.FI07A Defa~lt: 150. Options: [ Real N~lniher L. 0 1. The F107A field 
allows you to set the average F10.7 value. F10.7 is the average of 
FI0.7 over one month. Units: W/m2/ Hz 
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Table 2.6: (Fields Abbot:iaietl with a Force Mod 4... c:ut1tir111t:(1) 

Field Options and Description 

SRP 

ErrorControl 

Defadt:3. Options: [ 0 < Real Nulnlber 5 9 1: The Magneticlndex 
inclex field allows you to set the k;, value for we  in atmospheric 
density calc~ilations. kp is a planetary 3-hollr-average, geomagnetic 
inclex that measures niagnetic effects of solar radiation. Units: 
None. 

Defadt: Off. Options: [ On, Off 1. The SRP field allows the user to 
inchlde the force clue to solar radiation pressure in the total sum 
of forces. Units: N/A. 

Default: None. Options [Sun, Mercury, Venus, Earth, Luna, Mars, 
Jupi ter ,  Saturn, Uranus, Neptune, Pluto 1. A PointMms is 8, 
planet or nioon that is moclelled by a point source located at its 
center of gravity. A PointMass body can he any planet or moon 
not inchlded in the PrimaryBodies field. Units: N/A. 

Defadt: RSSStep. Options: [ RSSStep, RSSState, Largeststate,  
Largest Step]: The ErrorControl field allows you to choose how 
a Propagator rneasunes the error in an integration step. The algo- 
rithm selected in the ErrorControl field is lisecl to deternline the 
error in the current step, and this error i s  conlpared to the value 
set in the Accuracy field to determine if the step has an accept- 
able error or needs to be inlproved. All error measurements are 
relative error, however, the reference for the relative error changes 
depending upon the selection of ErrorControl. RSSSt at e is the 
Root Sum Square (RSS) relative error measu~red with respect to 
the current step. RSSState is the (RSS) relative error nleasiared 
with respect to the c~lrrent state. Largeststep is the state vector 
component with the largest relative error measured with respect 
to the current step. Largests tate  is the state vector conlponent 
with the largest relative error measnred with respect to the current 
state. For a more cletailecl discussion see the GMAT Mathenlatical 
Specification. Units: N/A. 

Field Ontions ancl Descri~tion 

Fields associated with All Integrators 

Defadt: RungeKutta89. Options: [ RungeKutta89, RungeKutta68, 
RungeKutta56, PrinceDormand45, PrinceDormand78, BulirschStoer, 
AdamsBashforthMoulton 1: The Type field is user1 to set the type of 
n~lnierical integrator. Units: N/A. 
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Table 2.7: Fields Associabatl w i i l ~  a,n 1ntegrst;or ....( c:orttinc~ed) 

Field Options and Description 

InitialStepSize Defaudt: 60 (sec). Options: [ Real Number 1. The In i t ia l s teps ize  is 
the size of the first attempted step by the integrator. If the step defined by 
InitialStepSize does not satisfy Accuracy, the integrator adapts the step 
accorcling an algorithnl clefined in the mathematical specifications clocuinlent to 
find an acceptable first step that meets the user's requested Accuracy. Units: 
sec. 

Accuracy 

NlinStep 

MaxSt ep 

MaxStepAttempts 

Defaudt: le-11. Options: [ Real Ni~niber 2 0 1. The Accuracy field is used 
to set the desired accuuracy for an integration step. Units: N/A. When you 
set a value for Accuracy, GMAT ulses the method selected in ErrorControl 
field on the Force iVIode1, to determine a metric of the accuracy. For each step, 
the integrator ensures that the accuiracy, as calcuilate wing the method define 
by ErrorControl, is less than the limit clefined by Accuracy. If an integrator 
exceeds MaxStepAttempts trying to nieet the requested accliracy, ancl error 
message is thrown and propagation stops. 

Defaudt: .001 (sec). Options: [ Real Nuiniber > 0, MinStep < MaxStep 1. The 
MinStep field is uisecl to set the minimum1 allowable step size. Units: sec. . 

Defadt: 2700.0 (sec.). Options: f Real Nuniber > 0, MinStep 5 MaxStep 1. 
The MaxStep field is ulsed to set the maximum allowable step size. Units: sec. 

Default: 50. Options: [ Integer > 01. The MaxStepAttempts field allows the 
user to set the number of attenipts the integrator takes to meet the tolerance 
defined by Accuracy. Units: None. 

Fields associated only with Adams-Bashforth-Moulton Integrator 

MinIntegrationError Defaudt: 1.0e-13. Optiom: [ Real Number > 0, MinIntegrationError < 
NomIntegrationError < Accuracy 1: The MinIntegratiodrror field is used 
by the ABM integrator (and other predictor-corrector integrators when irnple- 
mented) as the desired integration error to be obtained when the step size is 
changed. Predictor-Corrector integrators adapt step size when the obtained in- 
tegration error falls outside of the range of acceptable steps, as determined by 
the bolmds set by the MinIntegrationError and Accuracy fields. The integr% 
tor then applies an internal calcuilation to recompuite the step size, attenipting 
to hit the NomIntegrationError, ancl restarts the integrator. Units: N/A. 

NornInCegrationError Default: 1.0e-11. Options: [ Real Nllniber > 0, MinIntegrationError < 
NomIntegrationError < Accuracy 1: The NomIntegrationError field is ulsecl 
by the ABI\/I integrator (and other predictor-corrector integrators when imple- 
mented) as the desired integration error to be obtained when the step size is 
changed. Predictor-Corrector integrators xlapt step size when the obtained in- 
tegration error falls outside of the range of acceptable steps, as determined by 
the bounds set by the MinIntegratiodrror and Accuracy fields. The integra, 
tor then applies an internal calc~ilation to reconlplite the step size, attempting 
to hit the NomIntegrationError, and restarts the integrator. Units: N/A. 



Field Options and Description 

Script Examples 

Create ForceModel Myprop-ForceModel; 
GMAT Myprop-ForceModel.Centra1Body = Earth; 
GMAT Myprop-ForceMode1.PrimaryBodies = {Earth); 
GMAT Myprop-ForceModel.PointMasses = {Sun, Luna); 
GMAT MyProp,ForceModel.Drag = None; 
GMAT Myprop-ForceModel.SRP = Off; 
GMAT Myprop-ForceModel.ErrorControl = RSSStep; 
GMAT Myprop-ForceMode1.Gravity.Earth.Degree = 4; 
GMAT Myprop-ForceModel.Gravity.Earth.0rder = 4; 
GMAT Myprop-ForceModel.Gravity.Earth.PotentialFile =/JGM2v; 

Create Propagator MyProp; 
GMAT MyProp.FM = Myprop-ForceModel; 
GMAT MyProp.Type = RungeKutta89; 
GMAT MyProp.Initia1StepSize = 60; 
GMAT MyProp.Accuracy = 9.999999999999999e-012; 
GMAT MyProp.MinStep = 0.001; 
GMAT MyProp.MaxStep = 2700; 
GMAT MyProp.MaxStepAttempts = 50; 

2.3 Maneuvers 

Ta!>:La 3.8: Fit3J.d~ A.ssociat;ed with an Xmpnbiw :[31lrxl 

Field Options and Description 
Origin Default: Earth . Options: [Any celestial body]: Together the Origin anci 

Axes fielcls describe the coordinate system in which a maneuver is applied. 
The Origin field determines the origin of the manenver coorclinat~e system. 
The ability to define the coordinate system locally avoicls having to  create 
many coorclinate systems, associated with specific spacecraft, in order do 
perform finite maneuvers for nmltiple spacecraft. Units: N/A. 

Axes 

VectorFormat 

Default: VNB . Options: [VNB,MJ2000Eq]: The Axes field, together with 
the Origin field, describe the coordinate system in which an impulsive 
maneuver is applied. If VNB is chosen for Axes, a local wordinate system is 
created such that the x-axis points in the velocity direction of the spacecraft, 
with respect to the point defined by Origin, the y-axis points in the normal 
direction of the spacecraft with respect to Origin, and the z-axis completes 
the right-handed set. Units: N/A. 

Default: Cartesian . Options: [Cartesian, Spherical]: The 
VectorFormat field allows the user to  define the format of the maneuver 
vector. Units: N/A. 



Table 2.8: (t:onl:ixu~e(I.) 

Field Options ancl Description 

Element 1 Default: 0. Options: [Real Number]: The Element1 field allows the user 
to define the first elenlent of the impulsive rnane1lver vector. Elementl is 
z if VectorFormat is Cartesian. Elementl is the nlagnitlide of the burn 
if Vect orFormat is spherical. Units: km/sec. 

Default: 0. Options: [Real Nuimher]: The Element2 field allows the user 
to clefine the second elenlent of the impulsive maneliver vector. Element2 
is y if VectorFormat is Cartesian. Units: knl/sec. 

Default: 0. Options: ]Real Nlimber]: The Element3 field allows the user 
to clefine the seconcl element of the inlp~ilsive mane1iver vector. Element3 
is z if VectorFormat is Cartesian. Units: hi/sec. 

Table 2.9: Fields Associated wit11 ii Fit~ilr. Burn 

Field Options and Description 
Origin Defadt: Earth . Options: [Any celestial body, libration point, or barycen- 

ter]: Together the Origin and Axes fields describe the coordinate system 
in which a maneuver is applied. The Origin field determines the origin 
of the maneliver coordinate system. The ability to define the coordinate 
system locally avoids having to create many coordinate systems, associated 
with specific spacecraft, in order to perform finite maneuvers for niultiple 
spacecraft. Units: N/A. 

Axes 

Thrusters 

BurnScaleFactor 

Default: VNB . Options: [VNB, MJ2000Eq I: The Axes field, together with 
the Origin field, describe the coordinate system in which a finite maneuver 
is applied. If VNB is chosen for Axes, a local coordinate system is created 
such that the x-axis points in the velocity direction of the spacecraft, with 
respect to the point defined by Origin, the y-axis points in the normal 
direction of the spacecraft with respect to Origin, and the z-axis completes 
the right-handed set. Units: N/A. 

Defadt: No Default. Options: [Any thruister created by user]: The 
Thrusters field allows the selection of which thrusters to use when 
applying a finite maneliver. The user can select more than one 
thruster, from the list of thrusters previo~isly created, by incluicling all 
thrusters in curly braces. An example is MyFinit eBurn. Thrusters = 

{Thrust erl , Thruster2, ~hruster3). Units: N/A. 

Default: 1.0 . Options: [Real N~imher]: The BurnScaleFactor is used 
to scale the total acceleration before xlding the acceleration due to a fi- 
nite burn into the slim of the accelerations of a spacecraft. The scding is 
performed by taking the s~ini of the accelerations applied by all thrusters 
specified under the Thrusters field, and multiplying the total thrust by 
BurnScaleFact or. Units: None. 

2-4 Solver Fields 



. - 

2.4. SOLVER FIELDS 
.c. ... ..' 

T;itk)lr. 2.10: Fielcls Assur:jatrtl with the froit~cctn Solver 

Field Options and Description 

Dif f Max Defa~llt: 0.1 . Options: [Real Nlinlber > 01: The Dif f MaxChange parameter sets the upper 
Change limit on the pert~rbation wed in MATLAB's finite differencing algorithm. For fnlincon, 

yon don't specify a single perhirhation vahie, but rather give MATLAB a range, and it uses 
an adaptive algorithm that attempts to find the optinlal perturbation. Units: N/A . 

D i f  fMin Default: le-8 . Options: [Real Number > 01: The Dif fMinChange parameter sets the lower 
Change limit on the pert~lrhation 1sec1 in MATLAB's finite differencing algorithm. For fmincon, 

yo11 don't specify a single perturbation val~ie, but rather give MATLAB a range, and it uses 
an adaptive algorithm that attenlpts to find the optinlid perturbatin. Units: N/A . 

MaxFunEvals Default: 1000. Options: [Integer > 01: The MaxFunEvals paranleter allows the user to set 
the maximunl number of cost fiinction evahiations in an attempt to find an optimal soh~tion. 
This is eql~ivalent to setting the maxinllim number of passes through an opttn~ization loop 
in a GMAT script. If a sohition is not found before the mwrinlurn fiinction eval~iations, 
fnlincon o~itpnts an ExitFlag of zero, and GMAT continlies. Units: N/A. 

MaxIter Defadt: 400. Options: [Integer > 01: The MaxIter partmeter allows the user to set the 
maxinlum allowable number of optiniizer iterations. Depending upon the nature of the 
problenl, and whether gradients are provicled, it may take many f~inction evaluations for 
each optimizer iteration. The MaxIter parameter allows the user to control the nlaxini~lnl 
function evaluations, ancl nlaxinllini iterations indepenclently. Units: N/A . 

TolX Defadt: le-4. Options: [Real Nlmber > 01: The TolX parameter is the termination toler- 
ance on the vector of independent variables, and is used only if the user sets a value. Units: 
N/A. 

TolFun Default: le-4. Options: [Real Number > 01: The TolFun parameter is the convergence 
tolerance on the cost fiinction vahie. Units: N/A . 

TolCon Defadt: le-4 . Options: [Real Nlinlber > 01: The TolCon parameter is the convergence 
tolerance on the constraint fiinctions. Units: N/A . 

Derivative Defadt: off .  Options: [on, off]: If the Derivativecheck option is set to on, tlhen fnlineon 
Check will calculate the gradients of the cost ancl constraints using finite clifferncing, and compare 

the values to the vahies calculated analytically. Units: N/A . 

Diagnostics Defadt: off . Options: [on, off]: The Diagnostics parameter tells fnlincon to oiltp~rt 
general information on the problem by writing cliagnostic information to the MATEAB 
prompt. The diagnostic information contains the nlinlber of independent variables, the 
number and types of constraints, the sources for derivatives and other information. Units: 
N/A . 

Display Default: i t e r .  Options: [ off ,  on, i t e r ,  notify, final]:  The Display parameter allows the 
nser to select between several different options that displays information at the MATLAB 
prompt that indicates the progress of the optinlization process. Units: N/A . 

GradObj Defadt: off.  Options: [on, off]: The GradObj parameter allows the user to tell fmineon 
to llse finite differencing to calc~ilate the cost fiinction derivative, or to use the cost fiinction 
derivative provided by the user. Units: N/A . 



Table 2.10: (Fields Associated with the fnlincon 
Solver.. . .contintled) 

Field Options and Description 

GradConstr Default: off. Options: [on, off]: The GradConstr parameter allows the 1ser to tell fnlin- 
con to use finite differencing to calculate the constraint function derivatives, or to use the 
constraint function derivatives provided by the user. Units: N/A. 

Field Options and Description 
MaximumIterations Default: 25. Options: [Integer > 01: The Maximum I tera t ions  field allows the 

user to define the m&im~lnl number of iterations taken in attempt to find a 
sohition. Units: N/A. 

Showprogress Default: true. Options: [true, false]: When the ShowProgress field is set to 
t rue,  then data ilhlstrating the progress of the differential correction process 
are written to the status bar. The status bar is updated with infornlation on 
perturbation and iteration passes. . Units: N/A. 

ReportStyle 

TargeterTextFile 

Defadt: Normal . Options: [Normal, Concise, Verbose, Debug]: The 
ReportStyle field allows the user to control the anlo~int ancl type of infor- 
nlation written to TargeterTextFile. Units: N/A. 

Default: Dif f erentialCorrectorDCName. Options: [FiIename consistent 
with OS]: The TargeterTextFile field allows the liser to specify the path and 
file name for the targeter report. Units: N/A. 

UseCentralDif f erences Defadt: f a l s e  Options: [true, false]: The UseCentralDif f erences field 
allows the user to choose between one-sided ancl central differencing for deter- 
niining the Jacobian matrix. If UseCentralDif f erences is set to false, then 
one-sided differencing is used, if UseCentralDif f erences is set to true, then 
central differencing is used. Units: N/A. 

2 3  Plots and Reports 

Table 2.12: Fieids Associated with OpenGL Plots 

Field Options and Description 

Fields associated with Plot Options 

ShowPlot Defa~lt: true. Options: [ t rue,  false]: The ShowPlot field allows the user to 
turn off a plot for a particnlar run7 without deleting the plot object, or removing 
it from the script. If yo11 select true, then the plot will be shown. If yon select 
false,  then the plot will not be shown. Units: N/A. 



f :  .. . >.. 
2.5. PLOTS AXD REPORTS 

Field Options and Description 

DataCollectFrequency Default: 1. Options: [ Integer 2 11: The DataCollectFrequency field allows 
the user to define how data is collected for plotting. It is often inefficient to draw 
every ephemeris point associatecl with a trajectory. Often, drawing a snlaller 
subset of the data still results in snlooth trajectory plots, while executing more 
quickly. The DataCollectFrequency is an integer that represents how often to 
collect data and store for plotting. If DataCollectFrequency is 10, then Data 
is collected every ten integration steps. Units: Integration Steps 

UpdatePlotFrequency Defadt: 50. Options: [Integer 2 I]: The UpdatePlotFrequency field al- 
lows the user to specify how often to update an OpenGL plot is ~ipdaheci 
with new data collected cluring the process of propagating spacecraft and nm- 
ning a mission. Data is collectecl for a plot accorcling the valne defined by 
DataCollectFrequency. An OpenGL plot is upclatecl with the new data, ac- 
corcling to the vahie set in UpdatePlotFrequency. If UpdatePlotFrequency is 
set to 10, then the plot is upclatecl with new data every ten integration steps. 
Units: Integration Steps. 

NumPointsToRedraw Default: 0. Options: [Integer > 01: When NumPointsToRedraw is set to zero, 
all ephemeris points are drawn. When NumPointsToRedraw is set to a, positive 
integer, say 10 for example, only the last 10 collected data points are drawn. See 
DataCollectFrequency for explanation of how data is collecterl for an OpenGL 
plot. Units: Integration Steps. 

Fields associated with Drawing Options 

WireFrame 

SolverIterations 

Axes 

Defadt: Off . Options: [ On, Off 1: When the WireFrame field is set to Oil: 
celestial bodies we drawn using a wireframe model. When the WireFrame field 
is set to Off, then celestial boclies are drawn using a full map. Units: N/A. 

Default: Off. Options: [On, Off]: The SolverIterations field cleternlines 
whether or not pert~irbed trajectories are plotted during a solver (Targeter, 
Optimize) sequence. When SolverIterations is set to On, solver iterations 
are shown on the plot. When SolverIterations is Off, the solver iterations 
are not shown on the plot. Units: N/A. 

Defadt: Off. Options: [On,Of f ,  Note: Only allowed for OpenGL plots with 
Coordinate Systems that use the MJ2000Eq axis system]: The EclipticPlane 
field allows the user to tell GMAT to draw a gricl representing the ecliptic plane 
in an OpenGL plot. Note, the ecliptic plane can currently only be drawn for 
plots whose coordinate systenl iLses the MJ2000Eq axis systenl. Units: N/A . 

Default: On. Options: [On,Off]: The XYPlane flag allows the wser to tell GMAT 
to draw a piel representing the XY-plane of the coordinate system selecteti 
~inder the CoordinateSystem field of the OpenGL plot. Units: N/PL . 

Default: On. Options: [On,Off]: The Axis flag allows the user to tell GM-4T to 
elraw the Cartesian axis system rrssociatecl with the coordinate system selected 
under the Coordinatesystem field of an OpenGL plot. Units: N/A . 

Grid Defa~lt: On. Options: [On,Off]: The Grid flag allows the user to tell GMAT to 
draw a gricl representing the longihide anel latitulde lines celestial bodies added 
to an OpenGL plot. Units: N/A . 



AND RESO C'RCES 

Table 2.1.2: (Fields Associsted wj.th Opt:oC:I, Plot:s .... cot~timled) 

Field Options and Description 

EarthSunLines Defmdt: On. Options: [0n,Off]: The EarthSunLines allows the user to tell 
GMAT to draw a line that starts at the center of Earth and points towards the 
Slm. Units: N/A . 

Fields Associated with View Definition 

CoordinateSystem Defa~llt: EarthMJ2000Eq. Options: [ Any defalllt or user defined coordinate 
system]: The CoordinateSystem field on an OpenGL plot allows the nser to 
select which coordinate system to use to draw the plot data. A coordinate 
system is defined as an origin ancl an axis system, and the CoordinateSystem 
field allows the user to determine the origin and axis system of an OpenGL plot. 
See the CoordinateSystem object fields for information of defining different 
types of coordinate systems. Units: N/A. 

Add 

Remove 

Default: Def aultSC, Earth. Options: [SpacecraftName CelestialBodyNanie 
LibrationPointNanle BasycenterNanle]: The Ark1 s~lbfiell alds a space- 
craft,celestial body, libration point,or barycenter to a plot. When creating a 
plot the Earth is alded as a clefault bocly and may be remover1 by using the Re- 
move command. The user can add a spacecraft, celestial body, libration point, 
or barycenter to a plot by using the name used to create the object. The GUI's 
Selectecl field is the equivalent of the script's Add field. In the event of no Ackl 
command or no objects in the Selectecl field, GMAT should run without the 
OpenGL plot and a warning message displayed in the message window. The 
following warning message is sufficient: OpenGL plot will be turned off . 
No object has been selected for plotting. Units: N/A. 

Default: No Default. Options: [Any object inchldecl in the Add list 1: The Re- 
move subfield removes a spacecraft,celestial body, libration point, or barycenter 
from a plot. The user can remove any object that has been added to a plot by 
using the name wed to add the object. Units: NJA. 

ViewPointReference Default: Earth. Options: [SpacecraftName CelestialBoclyName Libration- 
PointNanie BnrycenterNanle, or a %vector of nllmerical vahies 1: The 
ViewPointReference field is an optional field that allows the user to 
change the reference point from which ViewPointVector is measlired. 
ViewPointReference defaults to the origin of the coordinate system for the 
plot. A ViewPointRef erence can be any spacecraft, celestial body, libration 
point, or barycenter. Units: N/A. 

ViewPointVector Defaldt: [0 0 300001. Options: [ SpacecraftNanle CelestialBodyNanle Libration- 
PointName BarycenterNanle, or a 3-vector of nllnlerical values 1: The product 
of ViewScaleFactor and ViewPointVector fielcl determines the view point lo- 
cation with respect to ViewPointRef erence. ViewPointVector can be a vec- 
tor, or any.of the following objects: spacecraft,celestial body, libration point,or 
barycenter. The location of the Viewpoint in three-space is definer1 rrs the 
vector aldition of ViewPointRef erence, and the vector defined by product of 
ViewScaleFactor and ViewPointVector in the coordinate system chosen by 
the user. Units: km or N/A. 



2.5. PLOTS ,4XD REPORTS .'I. __...' 

Tal)le 2.1 2: (Fields Avsoci;itecl wi th  OpvrjGI4 Plot P.. ..contimid) 

Field Options and Description 

ViewDirection Default: Earth. Options: [ SpacecraftName CelestialBoclyNanle Eibra- 
tionPointNanle ~ w ~ c e n t e r ~ w n e ,  or a 3-vector of numerical vallles 1: The 
ViewDirection field allows the user to select the direction of view in an OpenGL 
plot. The user can specify the view direction by choosing an object to point 
at  such as a spacecraft,celestial bocly, libration point,or barycenter. Alternai- 
tively, the user can specify a vector of the form [x y z]. If the xser specification 
of ViewDirection, ViewPointReference, and ViewPointVectolr, results in n 
zero vector, GMAT uses [0 0 10000] for ViewDirection. Units: km or N/A. 

ViewScaleFactor 

Viewupcoordinate 
System 

ViewUpAxis 

UseInitialView 

Default: 1. Options [ Real Number 2 01: The ViewScaleFactor field 
scales ViewPointVector before adding it to ViewPointReference. The 
ViewScaleFactor allows the user to back away from an object to fit in the 
field of view. Units: None. 

Fields Associated with View Up Definition 

Defadt: EarthMJ2000Eq. Options: [Any defalilt or user defined coorctinate 
system]: The ViewUpCoordinateSystem and ViewUpAxis fielcls are i ~ s e d  to de- 
termine which direction appears as up in an OpenGL plot and together with the 
fields associated the the View Direction, liniqliely define the view. The fields 
associated with the View Definition allow the user to define the point of view 
in 3-space, and the direction of the line of sight. However, this infornlntion 
alone is not enough to liniq~iely define the view. We also must provicie how 
the view is orientecl abo~i t  the line of sight. This is accomplished by defining 
what clirection should appear as the up clirection in the plot and is config- 
ured wing the ViewUpCoordinateSystem field and the ViewUpAxis field. The 
ViewUpCoordinateSystem allows the user to select a coorclinate system to cie- 
fine the lip direction. Most of the time this systenl will be the sanie as the 
coordinate systenl chosen under the Coordinatesystem field. Units: N/A. 

Default: 2. Options: [X, -X, Y, -Y, 2, -2.1: The ViewUpAxis allows the user to 
define which axis of the ViewUpCoordinateSystem that will appear as the i lp  di- 
rection in an OpenGL plot. See the comments under ViewUpCoordinateSystera 
for more details of fields 1~7ecl to determine the 11p direction in an OpenGL plot. 
Units: NJA. 

Fields Associated with Field of View 

Defadt: On. Options: [On, Off]: The UseInitialView field allows the user 
to control the view of an OpenGL plot between nmltiple nms of a nlission 
seqlience. The first time a specific OpenGL plot is created, GMAT will auto- 
nlatically use the view as defined by the fields associatecl with View Definition. 
View Up Direction, and Field of View. However, if the user changes the view 
using the mouse, GMAT will retain this view upon renmning the nlission if 
UseInitialView is set to fa l se .  If UseInitialView is set to t rue?  the view 
for an OpenGL plot will be retiirned to the view defined by the initial settings. 
Units: N/A. 
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CH-APTER"'~~"' OBJECTS AND RESO T/TRCES 

Table 2.1.2: (Fidtlri Associiitecl wit11 Ol1tcr1G1~ Plotis .... cot~ti.r~uetl) 

Field. Options and Description 

PersoectiveMode Default: Off. Options: [on, Off]: The PerspectiveMode field allows to 
user to toggle between the Orthogonal or Perspective projections. When 
PerspectiveMode is set to true, the Perspective projection is \wed. When 
PerspectiveMode is set to fa l se ,  the Orthogonal projection is used. Units: 
N/A. 

UseFixedFov Default: Off. Options: [On, Off]: Units: N/A. 

FixedFovAngle Defatlt: 45. Options: [ Real Number 2 11: Units: Degrees. 

Tal~le 2.13: Fieids Associateci with R,eport Files 

Field Options and Description 
Fileldame Default: /RunReports/ReportFilel.txt. Options: [Valid File Path and 

Name]: The FileName field allows the user to define the file path ancl file 
name for a report. Units: None. 

Precision Default: 16. Options: [Integer > 01: The Precision field allows the user to set 
the precision of the variable written to a report. Units: Same as variable being 
reported. 

Add Default: N/A. Options: [Any user-defined parameter. Ex. Variables, Ar- 
rays, SIC parameters]: The Add field allows a user to acld iiser-defined vari- 
ables to a report file. . To add m~ltiple 11ser-defined variables, enclose the 
variables with curly brackets. Ex. MyReportName .Add = {Sat. X , Sat. Y ,  
V a r l ,  Array(1, l)}; The GUI's Selected field is the equivalent of the script's 
Add fielcl. In the event of no Adcl commancl or no objects in the Selected 
field, GWIAT should rlln without the Report olitptit and a warning message 
displayed in the message window. The following warning message is suffi- 
cient: Report plot  w i l l  be turned of f .  No object has been selected 
fo r  reporting. Units: N/A. 

Wri-teReport Default: On . Options: [On, Off]: The WriteReport field specifies whether to 
write data to the report FileName. Units: N/A. 

WaiteHeaders Defadt: On . Optioas: [on, off]: The WriteHeaders field specifies whether to 
incllicle headers that describe the variables in a report. Units: N/A. 

LeftSustify Defaillt: On. Options: [On, Off]: When the Lef t Jus t i f  y field is set to On, then 
the data is left justified and appears at the left most side of the cohin~n. If the 
Left Just ify field is set to Off, then the data is centered in the cohimn. Units: 
N/A. 

ZeroFill Defa~dt: On. Options: [on, Off]: Units: N/A 

CollunnWidth Defadt: 20. Options: [ Integer > 01: The ColumnWidth field is ~ised to define 
the width of the clata collrnlns in a report file. The value for ColumnWidth is 
applied to all cohlnlns of data. For exanlple, if ColumnWidth is set to 20, then 
each data cohlnln will be 20 white-spaces wide. Units: Characters. 



2.6. SOLAR SYSTEIvI, CELEST144L BODIES -.1ArD OTHER SPACE POINTS....' 

Table 2.13: Fields Associe, t,etl w:i12b Report Files ....( c:ot1ti~~iie(1) 

- 

Field Options and Description 

SolverIterations Defadt: Off. Options: [On, Off]: The SolverIterations field deter- 
mines whether or not data associated with perturbed trajectories rhning 
a solver (Targeter, Optimize) sequence is written to a report file. When 
SolverIterations is set to On, solver iterations are written.to the report file. 
When SolverIterations is Off, the solver iterations are not written to the 
report file. Units: N/A. 

Table 2.1-1: Fidds Associated with XY-Plots 

Field Options ancl Description 
IndVar Defadt: Def aultSC .AIModJulian. Options: [Any user variable, array element, 

or spacecraft parameter]: The IndVar field allows the user to define the indepen- 
dent variable for an xy-plot. Only one variable can be defined as an inrlependent 
variable. For example, the line MyXYPlot . IndVar = Def aultSC . AIHodJuLian 
sets the inclepenclent variable to be the epoch of Defa~iltSC in the A l  time 
system and modified Jlilian format. Units: N/A. 

Add 

Grid 

SolverIterations 

ShowPlot 

Default: Default SC . EarthMJ2000Eq. X. Options: [Any user variable, array ems 
ment, or spacecraft parameter]:: The Add field allows the user to add dependent 
variables to an xy-plot. All dependent variables are plotted on the y-axis vs the 
independent variable defined by IndVar. To rlefine niultiple dependent vari- 
ables, they shodd be inchiclecl in curly braces. For example, MyXYPlot . Add 
= (~efaultSC.EarthMJ2000Eq.Y , Default~C.EarthMJ2000Eq.Z~): . The 
GUI's Selected field is the eq~rivalent of the script's Add field. In the event 
of no Add command or no objects in the Selected field, GMAT should nm 
without the XYPlot and a warning message <lisplayecl in the message window. 
The following warning message is s~ifficient: XYPlot w i l l  be turned o f f .  
No object has been selected fo r  plot t ing.  Units: N/A. 

Default: On . Options: [ On, Off 1: When the Grid field is set to On, then a grid 
is drawn on an xy-plot. When the Grid field is set to Off, then a grid is not 
drawn. Units: N/A. 

Defadt: Off. Options: [On, Off]: The SolverIterations field determines 
whether or not perturbed trajectories are plotted cluring a solver (Tnrgeter, 
Optimize) sequence. When SolverIterations is set to On, solver iterations 
are shown on the plot. When SolverIterations is set to off,  solver iterations 
are not shown on the plot. Units: N/A. 

Defadt: true. Options: [ t rue,  false]: The ShowPlot field allows the riser to 
turn off a plot for a particular run, without deleting the plot object, or removing 
it from the script. If you select true, then the plot will be shown. If you select 
fa l se ,  then the plot will not be shown. Units: N/A. 

2;6 Solar System, Celestial Bodies and other Space Points 



a b l e  2.15: Fields Associat,rd, wit,ll the Solex Systext~. 

Fielrl Options and Description 
E~hemerisSource Defadt: DE405. Options: f~E405, DE200, SLP, Analytic]: The 

EphemerisSource field ailows the &er to select the source user1 for planetary 
ephemerides. The source is used globally whenever planetary ephemeris infor- 
mation is required. Units: None. 

Ephemeris 
UpdaceInterval 

Defa~lt: 0. Options: [ Real Number 2 01. The EphemerisUpdateInterval is 
user1 to set how often planetary positions are updatetl when calculating accel- 
erations during propagation. For low-Earth orbits, EphemerisUpdateInterval 
can be set to aro~ind 60 for faster numerical integration with little ef- 
fect on the accuracy of the propagation. For deep space propagation, 
EphemerisUpdateInterval should be set to zero. Units: sec. 

UseTTForEphemeris Defa~lt: fa l se .  Options: [ true, false]: GMAT ~ises time in the TDB system 
as the default time system in the JPL ephemeris files. However, often it is 
possible to use time in the T T  time system, without significant difference in 
propagation accuiracy. (TT ancl TDB are within 1 nlillisecond of each other). 
The aclmntage to using TT  is that it avoids the transformation from TT to TDB 
ancl therefore orbit propagation will execute faster. The UseTTForEphemeris 
field allows the user to choose between the default of TDB in the ephemeris files 
(UseTTForEphemeris=false), or T T  in the ephemeris files (UseTTForEphemeris 
= true). Units: N/A. 

EphemerisFile Default: Same as startup file. Options:[ File path and file name consistent 
with operating system 1: The EphemerisFile field allows the user to specify 
the location and name of the file for each type of ephemeris GMAT slipports. 
For example, if Ephemeris is set to DE405, yo11 can set the path for a DE405 
file wing SolarSystem . EphemerisFile = c : /MyPath/MyDE405. f i l e .  Units: 
N/A. 

AnalyticModel Defadt: LowFidelity. Options: [ ~owFidelity]: Units: N/A. 

Field Options and Description 
Primary Defadt: Sun. Options: [ Sun, Mercury, Venus, Earth, Luna, Mars, Jupiter,  

Saturn, Uranus, Neptune, Pluto , or any Barycenter. ( The Primary and Sec- 
ondary bodies cannot be the same )]: The Primary field tells GMAT which body 
to consider the primary bocly in the calclllation of the location of a libration 
point. Units: NJA. 

Secondary 

Point 

Defa~lt: Earth. Options: [ Sun, Mercury, Venus, Earth, Luna, Mars, Jupiter,  
Saturn, Uranus, Neptune, Pluto , or any Barycenter. ( The Primary and 
Secondary boclies cannot be the same )]: The Secondary field tells GMAT 
which body to consicler the secondary body in the calculation of the location 
of a libration point. Units: N/A. 

Default: L1. Options: [LI, L2, L3, L4, ~51:  The Point field specifies which 
libration point the object corresponds to. Units: NJA. 



2.6. SOLAR SYSTEM, CELEST144L BODIES AND OTHER SF-ACE POIXTS".'" 

Table 2.17: Fieltb As~oc.ia,ted with a. Bi~ryCenter 

Field Options and Description 
BodyNames Defa~lt:  {Earth, Luna). Optionq: [ Sun, Mercury, Venus, Earth. Luna, Mas. 

Jupiter,  Saturn, Uranus, Neptune, Pluto . (At least one body must be se- 
lected!)]: The BodyNames field is list that contains the bodies usetl to define 
a barycenter. In a script, the list nluist be s~irrolincled by c~iriy 'braces i.e. 
BaryCenterName .BodyNames = {Earth, Luna) ; Units: N/A. 

Field Ontions and Descrintion 

Fields Associated with All Celestial Bodies. ( Using Default Values 
for Ea r th  as  a n  Example) 

Defa~dt: 398600.4414. Options: [Real Nulnlber > 01: The Mu field allows the 
user to define the gravitational paraniter of a celestial body. Units: km"sec2. 

Equatorial Radius Default: 6378.1363. Options: [Real N~mrnber > 01: The EquatorialRadius fielcl 
allows the user to define the equatorial radius of a celestial bocly. Units: knl. 

Flattening Defaudt: 0.00335270. Options: [Real Nunlber]: The Flattening field allows 
the user to clefine the mass of a celestial body. Units: None. 

InitialEpoch Default: 21544.500371. Options: [Real Nunlber 1: The I n i t  ialEpo ch field 
allows the uiser to  define the initial epoch, in A1 Modified Jlllian Date, for a 
celestial hocly. The initial epoch is only used when the umer selects Analytic 
for the Ephemeris field on the solar system. In this case, GlLlAT solves Kepler's 
problenl to determine the position and velocity of a celestial body, using the 
initial epoch and state information described below. Units: AlMoclJ~dian. 

SMA 

ECC 

INC 

RAAN 

Default: 149653978.978377. Options: [Real Number # 01: The SMPL field allows 
the user to clefine the senlinlajor axis of a celestial bocly's orbit about its central 
body. (Only used when the user selects Analytic for the Ephemeris field on 
the Solar System.) Units: km. 

Defaudt: 0.017046. Options: [Real Number 2 01: The ECC field allows the 
user to define the eccentricity of a celestial bocly's orbit abo~i t  its central body. 
(Only used when the user selects Analytic for the Ephemeris fielcl on the Solar 
System.) Units: None. 

Default: 23.439034. Options: [Real Numiher]: The I N C  field allows the user to 
define the inclination of a celestial bocly's orbit about its central hotly. in t%e 
FK5 coorclinate system. (Only used when the user selects Analytic for the 
Ephemeris field on the Solar System.) Units: deg. 

Default: 0.000186. Options: [Real Niunber]: The RAAN field allows the user 
to define the right ascension of the ascending node of a celestial bocly's orbit 
about its central body, in the FK5 coordinate system. (Only umed when the 
user selects Analytic for the Ephemeris field on the Solar System.) TJnits: [leg. 



Table 2.18: (Fielib Associa,ted wit11 Celestial Bodies. ..c:orlti,1111t:d) 

Field Options and Description 

AOP Default: 101.741639. Options: [Real Nlmber]: The AOP field allows the user 
to define the argument of periapsis of a celestial body's orbit about its central 
body, in the FK5 coordinate system. (Only used when the user selects Analytic 
for the Ephemeris fielcl on the Solar System.) Units: cleg. 

Defa~lt: 358.127085. Options: [Real Nlmlber]: The TA field allows the user 
to define the true anomaly of a celestial body's orbit about its central body. 
(Only wsed when the user selects Analytic for the Ephemeris field on the Solar 
System.) Units: deg. 

Special Fields Associated with Earth 

Nut at ianUpdat e 
In te rva l  

Defadt: 60. Options: [Real Number 2 01: The NutationUpdateInterval 
field, on the Earth Celestial Body, determines how often GWlAT npclates the 
Nutation matrix wed in FK5 rednction. If NutationUpdateInterval is set to 
zero, the Nntation is updated every time a request is macle to calclllate the 
orientation of the Earth. If NutationUpdateInterval is set to a real number 
greater than zero, then GMAT only lipclates the Nutation matrix if the number 
of seconds defined by Nut a t  ionUpdateInterva1 have elapsed since the last 
request for the Earth's orientation data. Units: sec. 

Special Fields Associated with Luna 

RotationData Source Default: DE405. Options: [~E405, 1~~2002] :  The RotationDataSource, on 
the Llina Celestial Bocly, cleternlines what source GMAT uses to obtain data 
describing the orientation of the moon with respect to the FK5 system. The 
RotationDataSource field is only used for hmar orientation data when calculat- 
ing moon-based coordinate systems with the axes types of Fixed and Equator. 
Units: N/A 

Field Options and Description 
Origin Default: Earth. Options: [ Any celestial body, barycenter, libration point, or 

spacecraft]: The Origin field allows the user to select the origin of a coorc-linate 
systeni. Units: N/A . 

Axes 

Primary 

Defa~lt: MJ2000Eq. Options: [ MJ2000Eq, MJ2000Ec, EarthFixed, BodyFixed, 
TOEEq, TOEEc, MOEEq, MOEEc, TODEq, TODEc, MODEq, MODEc, ObjectRef erenced, 
Equator, BodyFixed, BodyInertial,GSE, GSM 1: Units: N/A. 

Default: Earth . Options: [Any celestial body, barycenter, libration point, or 
spacecraft, except the object chosen as in the Secondary fielcl 1: The Primary 
field is only active when Axes is set to ObjectRef erenced. Otherwise, GMAT 
ignores the Primary fielcl. Units: N/A . 
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Table 2.19: (Fields Associated with a Coordinate Sys- 
tem.. .continued) 

Field Options and Description 

Secondary Defalllt: Luna . Options: [Any celestial bocly, barycenter, libration point, or 
spacecraft, except the object chosen ns in the Primary field]: The Secondary 
fielcl is only active when Axes is set to Dbj ectRef erenced. Otherwise, GMAT 
ignores the Secondary fielcl. Units: N/A . 

Epoch 

XAxis 

YAxis 

Default: 21545.0. Options: [ Real N~in~her  2 01: The Epoch field is only active 
if the Axes field is defined hy an epoch referenced axis system: MDEEq, MOEEc, 
TOEEq, TOEEc. Units: Days . 

Default: R. Options: [ R, -R, V, -V, N, -N]: The X field. is only active if the Axes 
field is set to ObjectRef erenced. Otherwise, GMAT ignores the X field. Units: 
N/A. 

Defadt: No Default. Options: [R, -R, V, -V, N, -N]: The Y field is only active 
if the Axes field is set to ObjectReferenced. Otherwise, GWIAT ignores the Y 
field. Units: N/A. 

Defadt: N . Options: [R, -R, V, -V, N, -N]: The Z field is only active if the Axes 
field is set to ObjectRef erenced. Otherwise, GMAT ignores the Z field. Units: 
N/A. 

Updat eInterval  Defadt: 60. Options: [Real Nlmiber 2 01: Units: seconds. 

Table 2.20: Field:., .4ssociatetl with MATTAR 'f;iu:ct.ious 

Field Options and Description 
Functionpath Default: \niatlab\work. Options: [Any valid path for Operating System]: 

Units: N/A. 





Chapter 3 

Commands and Events 

3.1 Propagat ion 

Table 3.1: Propagate Cornrna~~d 

Propagate Mode BackProp PropagatorName (SatList 1, {~to~CondLis t l} )  . . . 
BackPropPropagatorName (SatListN, {StopCondListN}) 

Option Option Description 
BackProp Defaidt: None. Options: I Backwards or None 1: The BackProp option allows the - - 

user to  set the flag to enable or disable backwards propagation for all spacecraft. in 
the the SatListN option. The Backward Propagation GUI check box field stores 
all the data in BackProp. A check indicates backward propagation is enabled and 
no check indicates forward propagation. In the script, BackProp can be the word 
Backwards for backward propagation or blank for forward propagation. Units: N/A. 

Mode Defanlt: None. Options: [ Synchronized or None 1: The Mode option allows the 
user to set the propagation mode for the propagator that will affect all of the 
spacecraft added to the SatListN option. For example, if synchronized is selected, 
all spacecraft are propagated at the same step size. The Propagate Mode GUI field 
stores all the data in Mode. In the script, Mode is left blank for the None option 
and the text of the other options available is ilsecl for their respective modes. Units: 
N/ A. 

PropagatorNnme Defadt: DefmlltProp. Options: [ Default propagator or any user-defined propaga- 
tor 1: The PmpagatorName option allows the user to select a user defined propagator 
to use in spacecraft and/or formation propagation. The Propagator GUI Eeld stores 
all the data in PmpagatorName. Units: N/A. 

SatListN Defaudt: Defa~iltSC. Options: [ Any existing spacecraft or formations, not being 
propagated by another propagator in the same Propagate event. Multiple spacecraft 
must be expressed in a conlma delinlited list format. 1: The SatListN option allows 
the mer to enter all the satellites and/or forniations they want to propagate using 
the PropagatorName propagator settings. The Spacecraft List GUI field stores all 
the data in SatListN. Units: N/A. 



Table 3.1: Propagate Command . . . continued 

StopCondListN Defadt : DefaultS C.ElapsedSecs =. Options: [ Any single element user accessi- 
/Parameter ble spacecraft parameter followed by an equal sign 1. The StopCondListN option 

alIows the user to enter all the parameters used for the propagator stopping condi- 
tion. See the ~top~ondList~/Condit ion Option/Field for additional details to the 
StopCondListN option. Units: N/A. 

StopCondListN Defa~lt: 8640.0. Options: [ Real N~lniber, Array element, Variable, spacecraft 
/ Conclition paranieter, or any user defined parameter 1. The StopCondListN option allows 

the user to enter the propagator stopping condition's v-al~ie for the StopCondListN 
Paranleter field. Units: Depenclant on the condition selected. 

Script Exan~ples 
% Single spacecraft propagation with one stopping condition 
% Syntax #1 
Propagate Def aultProp(Def aultSC , {Def a u l t ~ C  .ElapsedSecs = 8640.0)) ; 

% Single spacecraft propagation with one stopping conclition 
% Syntax #2 
Propagate Def aultProp(Def aultSC) {Def a u l t ~ C  .ElapsedSecs = 8640.0); 

% Single spacecraft propagation by one integration step 
Propagate Def aultProp (Def aultSC) ; 

% IbIv~ultiple spacecraft propagation by one integration step 
Propagate DefaultProp(Sat1, Sat2, Sat3); 

% Single fornlation propagation by one integration step 
Propagate Def aultProp (Def aultFormation) ; 

% Single spacecraft backwards propagation by one integration step 
Propagate Backwards DefaultProp(Defau1tSC); 

% Two spacecraft synchronized propagation with one stopping condition 
Propagate Synchronized Def aultProp(Sat1, Sat2, { ~ e f  aultSC .ElapsedSecs = 8640.0)) ; 

% Multiple spacecraft propagation with mliltiple stopping conditions and propagation settings 
% Syntax #1 
Propagate Propl(Satl,Sat2, {Satl.ElapsedSecs = 8640.0, Sat2.MA = 90)) ... 
Prop2(Sat3, {SatS.TA = 0.0)) ; 

% hIliltiple spacecraft propagation with nlultiple stopping conditions and propagation settings 
% Syntax #2 
Propagate Prop1 (Sat I ,  Sat2) {sat I .  ~ l apsedsecs  = 8640.0, Sat2 .MA = 90) . . . 
Prop2 (Sat31 {Sat3. TA = 0.0); 



3.2 Control Flow 

Script Syntax 

(Simple If statement) 
If <logical expression>; 

<Statements> ; 
EndIf ; 

(Compound If statement) 
If <logical expression> I <logical expression> & <logical expression>; 

<Statements>; 
EndIf ; 

(If-Else statement) 
If <logical expression>; 

<St at ement s> ; 
Else; 

<Statements> ; 
EndIf ; 

Option Option Description 
<logical expression> Defadt: Defau1tSC.ElapsedDays < 1.0. Options:[ Argl < Arg2 and < can - - 

be >, <, >=, <=, ==, -= 1. Argl ancl Arg2 can be any of the following: Real 
Number, Array elenlent, Variable, Spacecraft Parameter or any other mer cle- 
fined parameter. Units: NJA. 

<Statements> Defmllt: NJA. Options:[ Any script line that can be in the mission sequence ] 
Units: N/A. 

Defadt: NJA. Options:[N/A]. The I option allows the user to set an OR oper- 
ator in between <logical expression>s. Units: N/A. 

Default: N/A. Options:[N/A]. The I option allows the user to set an AND 
operator in between <logical expression>s. Units: NJA. 

Script Examples 
If Defau1tSC.ElapsedDays < I; 

Propagate Def aultProp ( DefaultSC , { Def aultSC .ElapsedDays = 0.01 1); 
EndIf: 

If Myvariable < MyArray(1,l); 
MyArray(1,l) = 5; 

EndIf: 

If DefaultSC.Earth.TA < MyArray(l,2); 
Propagate Defaultprop( DefaultSC ); 

EndIf; 



'I'i~blt: 3.3: Wtlile Command 

Script Syntax 

(Simple While Loop) 
While <logical expression>; 

<Statements> ; 
EndWhile ; 

( Compound While Loop) 
While <logical expression> I <logical expression> & <logical expression> 

< S t  at ement s> 
Endmile  

Option Option Description 
<logical expression> Defaullt: Defau1tSC.ElapsedDays < 1.0. Option%[ Argi < Arg2 and < can be 

>, <, >=, <=, ==, N= 1. Argl and Arg2 can be any of the following: Real Nunlber, 
Array, Variable, Spacecraft Parameter or any other user definecl parameter. Units: 
N/A. 

<Statements> Default: N/A. Options:[ Any script line that can be in the mission sequence 1. 
Units: N/A. 

Defarllt: N/A. Options:[N/A]. The I option allows the user to set an OR operator 
in between <logical expression>s. Units: NJA. 

Default: N/A. Options:[N/Aj. The I option allows the user to set an AND operator 
in between <logical expression>s. Units: N/A. 

Script Exaniples 
While DefaultSC.ElapsedDays < 1; 

Propagate Def aultProp( Def aultSC , ( Def aultSC .ElapsedDays = 0.01 1); 
Endmile; 

While Myvariable < MyArray(1,l); 
MyArray (1,l) = 5; 

EndWhile; 
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(Simple For Loop) 
For V a r i a b l e  = Start:End; 

<Statements> ; 
EndFor ; 

(Ezpanded For Loop) 
For V a r i a b  Ze = Star t  :Increment :End; 

<Statements> ; 
EndFor ; 

Command Descrintion 

The for loop is a control flow statement that allows portions of code to be executed iteratively using an 
explicit loop variable (Wikipedia). GMAT for loops are three-expression loops that allow the user to set 
the initial vahie of the loop variable, its increment, and the test to exit the loop. A parameter must Re 
defined explicitly using a Create. Variable statement or GUI equivalent before it can be used in a for loop 
command statement. The only parameter type that can be used as a loop variable is the variable type. 
The parameters wed to clefine Star t ,  Increment, and End can be any of the following GMAT pammeters: 
integer??(real), variable, array element, spacecraft property. 

GMAT allows the for loop variable to be changed inside the loop by the user, and the resulting bebaeor of 
the for loop is eqnivdent to the behavior defined in ANSI C. If a change is made to the loop variable inside 
of the loop, if this change calises the exit test to be violated, GMAT will exit the for loop. 

Option Option Description 
V a r i a b l e  Defadt: No Default. Options: [ Variable 1: The Var iab  Z e option allows the user to 

clefine the variable that will store the For Loop numeric range. Units: N/A. 

Sta r t  Defadt: 1. Options: [ Red Number, Array element, Variable, or any user defineci 
parameter 1. The S ta r t  option allows the user to set the starting mimeric range 
value of the For Loop. S t a r t  can be equal to End, but the For Loop will not execute. 
Units: N/A. 

Increment Default: 1. Options: [ Real Number, Array element, Variable, or any user de- 
fined parameter 1. The Increment option allows the user to set the numeric range 
increment value of the For Loop. When the Increment option is left out of the 
script syntax the default value is used. If an Increment value of 0 is used, the 
For Loop sho~ild not execute but GMAT shoukl continue to run. If End>StarL 
and Increment < 0, then the For Loop should not exec~rte. If Start>End anal 
Increment > 0, then the For Loop should not execute. Units: N/A. 

End Defadt: 10. Options: [ Real Number, Array, Variable, or any user defined parani- 
eter 1. The End option allows the user to set the ending numeric range value of the 
For Loop. End can be eqlid to Start ,  but the For Loop will not execute. Units: 
N/A. 

Script Exanlples 
% O u t p ~ t  the value of the For loop V a r i a b l e  to a file 



... Table 3.4: For Commancl contimled 

For I = 1:1:10; 
GMAT tes tVar  = I ;  
Reporit DefaultReportFile I ;  

EadFor ; 

-- 



Script Syntax 

Target SolverName ; 
<Statements> 

EndTarget ; 

Option Option Description 
So lverName Default: Def aultDC. Options:[ Any differential corrector existing in the resource 

tree or created in the script 1: The SoZverName option allows the user to choose 
between any previously created differential correctors for me in a targeting sequence. 
For example, to begin a targeting sequence using DefaultDC, the script is Target 
Def aultDC. Units: N/A. 

<Statements> Defadt: None. Options:[ Any non-targeter and non-optimizer commancl lines used 
in the mission sequence, as well m the targeter clepenclent conlniand lines Achieve 
and Vary.]: Units: N/A. 

Script Exanlples 
% Beginning ancl ending syntax for the Target comnlancl 
Target DefaultDC; 

EndTarget; 

Script Syntax 

Optimize So ZverName ; 
<Statements> 

EndOptimize; 

Option Option Description 
SoZverName Default: Default SQP. Options: [ Any existing optimizer 1: The So lverName fieid 

allows the user to choose between any previo~aly created optimizer for use in 
an optimization sequence. For example, to begin a optinlization sequence wing 
Def aultSQP, the script is Optimize Def aultSQP. Units: N/A. 

Default: None. Options:[ Any non-targeter and non-optimizer cornnland lines iasetl 
in the mission. sequence, as well a? the optiniizer dependent conlmnntl lines Vary. 
NonLinearConstraint, ancl Minimize. 1: Units: N/A. 

Script Exanlples 
% Beginning and ending syntax for the Optiniize command 
Optimize DefaultDC; 

EndOptimize; 



Table 3.6: Optimize Command . . . continued 

Scriptsyntax: Achieve So ZverName (Goa Z = Argl , {~olerance  = ~ r g 2 ) )  ; 

Option Option Description 

Argl 

Default: Defau1tSC.Earth.RMAG. Options: [ Spacecraft paranleter, Array elenlent, 
Variable, or any other single elenlent user defined paranleter, exchlding nllmbers 1: 
The Goal option allows the user to select any single element user defined parameter, 
except a number, to Achieve. 

Default: 42165. Options: [ ~ e a l  Number, Array elenlent, Variable, or any user 
defined parameter that obeys the conditions of Chapter 2 for the selected Goal ] 
The Argl option is the desired value for Goal after the solver has converged. Units: 
N/A. 

Tolerance Defa~llt: 0.1. Options: [ Real Number, Array elenlent, Variable, or any i~ ,e r  de- 
fined paranleter > 0 1: The Tolerance option sets Arg2. Arg2 is the convergence 
tolerance for Argl. Units: N/A. 

SolverNurne Defaillt: DefaultDC. Options: [ Any user defined differential corrector 1: The S O ~ V ~ T -  
Name option allows the user to choose which solver to assign to the Achieve conl- 
nland. Units: N/A. 

Script Examples 

Achieve DefaultDC(DefadtSC.Enrth.RMAG = 42165.0, {Tolerance = 0.1)); 
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ScrintSvntax 

Vary SolverName (Variable = InitialGuess,{Perturbation = Arg1,MaxStep = Arg2,Lower = Arg3, 
... Upper = Arg4, AdditiveScaleFactor = Arg5, MulitiplicativeScaleFactor = Arg6)) 

Ontion Ontion Descrintion 

Parameters Associated with All Solvers. 

SoloerName Default: DefaidtDC. Options: [ Any user defined solver 1: The SolverName option 
allows the ilser to choose which solver to assign to the vary command. Units: M/A. 

Variable Default: Defa1iltIB.V. Options: [ Spacecraft parameter, Array elenlent, Variable, or 
any other single element user defined parameter, exclurling nlmbers ] The Variable 
option allows the user to select any single elenlent user defined parameter, except 
a number, to vary. For example, DefaultIB.V, Defa~iltIB.N, Defa~iltIB .Element 1 
DefaidtSC.TA, Array(l,l), and Variable are all valid vahies. The tbree elenlent 
burn vector or multidiniensional Arrays are not valicl values. Units: lU/A. 



Table 3.8: Vary Coniniancl . . . continlieel 

InitialGuess Default: 0.5. Options: [ Real Nlmlber, Array elenlent, Variable, or any user defined 
parameter that obeys the conditions of Chapter 2 for the selected Variable]: The 
InitialGuess option allows the user to  set the initial guess for the selected Variable. 
Units: knl/s. 

Lower 

Upper 

Defadt: 0.0 . Options: [ Real Nlinlber, Array element, Variable, or any user defined 
paranieter (Upper > Lower ) 1: The Lower option allows the user to set Arg3 to the 
lower bolind of the quantity being varied. Units: N/A. 

Defadt: 3.14159 . Options: [ Real Nliniber, Array elenient, Variable, or any user 
defined pnrameter (Upper > Lower ) 1: The Upper option allows the user to set 
Arg4 to the upper bolin<l of the quantity being varied. Units: N/A. 

Parameters Associated with Differential Corrector. 

Perturbat ion Defadt: le-4 . Options: [ Real Nlmiber, Array element, Variable, or any user 
defined paranieter > 0 1: The Perturbation option is set by specifying a vahie for 
Argl. The vnhle of Argl is the perturbation size in calc~dating the finite difference 
derivative. Units: N/A. 

Default: 0.2 . Options: [ Real N~inlber, Array element, Variable, or any user clefineel 
parameter > 0 1: The MaxStep option is set by specifying a value for Arg2. The 
value of Arg2 limits the size of the step taken during an interaction of the differential 
corrector. Units: N/A. 

Parameters Associated with fmincon Optimizer. 

Additive Scale Defadt: 0 . Options: [ Real Number, Array element, Variable, or any user defined 
Factor parameter 1: The AdditiveScaleFactor Field is user1 to n~nclinle~ionalize the 

independent variable. fmincon sees only the nondimensional form of the variable. 
The n~n~lime~ional izat ion is performed using the following equation: z,, = (zd - 
a) /m . (x,, is the non-dimensional parameter. zd is the dimensional paranleter. 
a = additive scale factor. m = nlliltiplicative scale factor.) Units: N/A. 

Multiplicative Scale Defadt: 1.0 . Options: [ Real Nlmber, Array element, Variable, or any user 
Factor defined paranieter 1: The MultiplicativeScaleFactor Field is used to nondinien- 

sionalize the independent variable. fmincon sees only the nondimensional form of 
the variable. The nondinlensionalization is performed using the following eqnation: 
2, = (xd - a)/m . (z, is the non-dimensional paranleter. zd is the dimensional 
parameter. a = aclclitive scale factor. m = nlldtiplicative scale factor.) Units: N/A. 

Script Exanlples 
% Impulsive Burn Vary Conlrnand 
Vary DefaultDC(Default1B.V = 0.5, {perturbation = 0.0001, MaxStep = 0.2, .. . 
Lower = 0, Upper = 3.14159)) ; 
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Script Syntax: Minimize Opt imizerName (Arg ) 



Table 3.9: Minimize Comnland . . . continued 

Option Option Description 
Opt imizerNarne Defa~ilt: SQPI. Options: [ Any existing fnlincon solver 1: The Opt imizerName option 

allows the user to specify which solver to me  to mininlize the cost frmction. Units: 
N/A. 

Default: DefaultSC.ECC. Options:[ Variable, Spacecraft parameter, or Array ele- 
ment]. The Arg field. allows the wer to specify the function to be minimized lipon 
convergence of the solver given by OptzmizerName. Arg can be any of the following: 
Variable, Array elenlent, or Spacecraft Paranleter or any other 1x1 nlmleric user 
defined parameter. Units: N/A. 

Script Examples 
% Minimize the eccentricity of Sat, using fminconSQP 
Minimize fminconSQP (Sat. ECC) ; 

% Minimize the Variable DeltaV, using f minconSqP 
Minimize fminconSqP (DeltaV) ; 

% Minimize the first conlponent of MyArray, using fminconSqP 
Minimize f minconSQP (MyArray (I, I)  ) ; 



6 .  ......... 
2.3. SOLVER-RELATED 

'ni2)le 3.10: n'~~~l~~itleilrC(!n~'t~r?zini~ Clommtzntl 

Script Syntax: NonLinearConstraint OptimizerName(<logical expression>) 

Option Option Description 
Up t imizerName Defadt: SQPI. Options:[ Any existing fmincon solver 1: The OptimizelrName option 

allows the lser to specify which solver to use in satisbng nonlinear constraints. 
Units: N/A. 

<logical expression> Default: DefaultSC.SMA = 7000. Options:[ Argl < Arg2 where < can he >= 
, <=, = 1. The logical expression fielcl allows the wer to specify the constraint to 
be satisfied upon convergence of the solver given by OptimizerNnme. Argl and 
Arg2 can be any of the following: Real Number, a 1-D Array (column vector), 
Array element, Variable, Spacecraft Parameter or any other nlrnleric laser defined 
parameter. If Argl is a 1-D Array, then Arg2 nillcrt be a 1-D Array with the snnie 
climensions ancl vice-versa. Units: N/A. 

Script Exaniples 
% Constrain the SMA of Sat to be 7000 k n ~ ,  using fminconSQP 
NonLinearConstraint fminconSQP( Sat.SMA = 7000 ) ;  

% Constrain the SMA of Sat to be less than or equal to 7000 km, using fminconSqP 
NonLinearConstraint fminconSQP( Sat.SMA <= 7000 );  

% Constrain the SMA of Sat to be greater than or eq~mal to 7000 km, wing fminconSQP 
NonLinearConstraint fminconSQP( Sat .SMA >= 7000a ) : 



3 -4 Miscellaneous 

Table 3.1 1 : Maneuver Command 

Script Syntax: Maneuver BurnName (Spacecraf tName ) ; 

Option Option Description 

Bur d a m e  Defadt: Def aultIB. Options: [ Any inipnlsive burn existing in the resource tree or 
created in the script]: The BurnName fielcl allows the user to choose between any 
previonsly created impulsive burn. As an example, to maneuver Def aultSC us- 
ing Default IB, the script line wolild appear as Manevuer Def aultIB(Def aultSC) . 
Units: N/A. 

Spacecra~tName Defadt: Def aultSC. Options:[ Any spacecraft existing in the resource tree or cre- 
ated in the script] : The Spacecra f tName fielcl allows the user to select which space- 
craft to maneliver using the maneuver selected in the BurnName field. 
Units: N/A. 

Script Exanlples 
% Impulsive Burn 
Maneuver ~efaultTB(Defau1tSC); 

Script Syntax: BeginFiniteBurn ManevverName (Spacecraf tName ) ; 

Option Option Description 
ManeuverName Default: Def aultFB. Options:[ Any finite burn existing in the resonrce tree or cre- 

ated in the script]: The ManeuverName option allows the user to choose between 
any previously created finite burn. As an example, to maneuver Def aultSC 11s- 
ing Default FB, the script line wo~ilcl appear as Manevuer Def aultFB (Def ault SC) . 
Units: N/A. 

Spacecraf tName Defadt: DefaultSC. Option3:[ Any spacecraft existing in the resource tree or cre- 
ated in the script]: The Spacecraf tName option allows the ilser to select which 
spacecraft to maneuver using the maneuver selected in the ManevverName option. 
Units: N/A. 

Script Examples 
7% Default BeginFiniteBurn syntax 
BeginFiniteBurn ~efaultFB(Defau1tSC); 
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Script Syntax: EndFiniteBurn ManeuverName (Spacecraf tName ) ; 

- - 

Option Option Description 
ManeuverName Default: Def aultFB. Option?:[ Any finite birrn exkting in the reso~nree tree or cre- 

ated in the script]: The ~ a n e k v e r h e  option allows the user to choose between 
any previo~isly created finite burn. As an example, to maneuver DefaultSC 11s- 
ing Def aultFB, the script line wo~lld appear as Manevuer Def aultFB (Defaul tSC) . 
Units: N/A. 

Spacecraf tName Default: Def aultSC. Options:[ Any spacecraft existing in the resource tree or ere- 
ated in the script]: The SpacecraftName option allows the user to select which 
spacecraft to maneuver using the maneuver selected in the ManeuverName option. 
Units: N/A. 

Script Exnniples 
% Default EndFiniteBtirn syntax 
EndFiniteBurn DefaultFB(Defau1tSC); 

Function ~ ~ 1 1  with Inputs and Outputs 
GMAT [OutputList] = Function (InputList) 

Function call with Outputs only 
GMAT [OutputListl = Function 

Fmct ion  call with Inputs only 
GMAT Function(1nputList) 

Function call '1~2th no  Inputs or  Output.9 
GMAT Function 

Option Option Description 
OutputList Defadt: None. Options:[ Variables, Arrays, S/C Paramters, any other user-defined 

parameters, or blank. Multiple o~i tp~i t s  &st be expressed in a comma delimited 
list format 1: The OutputList option allows the user to set the output of Funct ion  
to a user defined parameter. Units: N/A. 

InputList 

Function 

Default: None. Options:[ Variables, Arrays, S/C Paramters, any other ~~ser-defined 
parameters, or blank. Multiple inputs nlust be expressed in a coninia delimited list 
format. 1: The InputList option allows the user to set the input of Function to a 
user defined paranieter. Units: N/A. 

Defadt: None. Options:[ GMAT of Matlab Function 1: The Funct ion option allows 
the user to set the function that will be called in a specific location of the mission 
sequence. The function has to be defined before it can be ~ised in the CalW~inction 
Command. Units: N/A. 

Script Examples 



Table 3.14: CallF~mnction Coninland ... contin~ied. 

% Matlab fimction call without inputs or outputs 
% Syntax 1 
GMAT ciearAl1; 

% Matlab function call without inputs or ontputs 
% Syntax 2 
GlClAT [ ] = clearAll( ); 

Script Syntax: Toggle UutputNames Arg 

Option Option Description 
DvLputNames Defa~dt: DefaidtOpenGL . Options:[ Any OpenGL, Report, XYplot, or any other 

PlotJReport type 1: The Toggle option allows the user to assign the Plot/Report(s) 
to be togglerl. When more than one Plot/Report is being toggled they need to be 
separated by a space. Units: NJA. 

Default: On. Options:[ On or Off 1: The Arg option allows the user to turn off or 
on the data o~itplit to a Plot/Report. Units: N/A. 

Script Exanlples 
% 'P'tm off Report file for the first clay of propagation 
Toggle ReportFilel Off . 
Propagate DefaultProp(DefaultSC, DefaultSC.ElapsedDays = 1); 
Toggle RepoxtFilel On 
Propagate DefaultProp(DefaultSC, Defau1tSC.ElapsedDays = 1); 

% %?urn off XYPlot and Report file for the first day of propagation 
Toggle XYPlotl ReportFilel Off 
Propagate DefaultProp(DefaultSC, Defau1tSC.ElapsedDays = 1); 
Toggle XYPlotl ReportFilel On 
Propagate DefaultProp(DefaultSC, Defau1tSC.ElapsedDays = 1); 

Ti11)lr 3.16: Report, Coninjat~d 



'Script Syntax: Report Repartflame Dat aL i s  t 

Option Option Description 
ReportName Defadt: N/A. Options:[ Any ReportFile created 1: The ReportName option allows 

the user to specify the ReportFile for data output. Units: N/A. 

DataLis t  Defadt: N/A. Options:[ Spacecraft parameter, Array, Variable, String, or any other 
single user clefined parameter 1: The DataList option allows the user to outp~lt 
data to the Filename specified by the ReportName. Multiple objects can be in the 
DataL i s t  when they are separated by spaces. Units: N/A. 



Table 3.16: Report Conlniancl . . . continued 

Script Exaniples 
% Report the time and position of DefmiltSC 
Report DefaultReport DefaultSC.AlModJulian Defau1tSC.X Defau1tSC.Y DefaultSC.2; 

Script Syntax 

Beginscript; 
<St at ement s> ; 

EndScript; 

Option Option Description 
<Statements> Default: NJA. Options: [ Any valid line of GNIAT script 1. Units: NJA. 

Script Examples 
% Assignnient coninland inside Script Event 
Beginscript ; 

GNAT testVar = 24; 
EndScript; 

Script Syntax: Pause 

Command Description 
The Pause command allows the Imer to parrse a running GMAT script. 

Script Exaniples 
% Pause between propagation sequences 
Propagate DefaultProp(Defau1tSC) DefaultSC.ElapsedSecs = 8640.0; 
Pause; 
Propagate DefaultProp(Defau1tSC) Defau1tSC.ElapsedDays = 10.0; 

Ttiblc 3. L !I: Stop Coru~riaud 

Script Syntax: Stop 

Gonmmand Description 
The Stop conlniancl allows the wer to stop a running GMAT script. 

Scrint Exanmles 
% Stop between propagation sequences 
Propagate DefaultProp(Defau1tSC) Defau1tSC.ElapsedSecs = 8640.0; 
Stop; 



Table 3.19: Stop Coniniancl . . . contin~lecl 

Propagate DefaultProp(Defau1tSC) Defau1tSC.ElapsedDays = 10.0; 

Table 3.20: Saxre Coninlwitl 

Script Syntax: Save Ob j e c t L i s t  

Option Option Description 
Ob j e c t L i s t  Defadt: DefaulltSC. Options:[ Any u~ser-defined objects, excluding variables and 

arrays I: The O b j e c t L i s t  option allows the ulser to save the properties of the 
objects selected to the output path. WIurltiple objects can be in the Db j e c t L i s t  
when they are separated by spaces. Units: N/A. 

Script Exaniples 
% Save DefaultSC data after a 1 day propngation 
Propagate DefaultProp(DefaultSC, DefaultSC.ElapsedDays = I ) ;  
Save DefaultSC; 
% Save Implllsive Burn and DefaultSC data after a Targeter sequence 
EndTarget; 
Save DefaultIB DefaultSC; 
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