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The purpose of the Coverage Variability (CV) process XE "Coverage Variability"  is to analyze the effects of possible Coverage Model XE "coverage model"  (CM) indeterminacy upon the results of scheduling processes. 

The user specifies the indeterminacy, or “variability,” of CM parameters in the model being analyzed. 
CV then can automatically perform multiple runs, each run being a case, of the coverage analysis processes, the Scheduling process, and several schedule analysis processes. CV varies the coverage model parameters for each case in a Monte-Carlo fashion according to probability distributions and relationships specified by the user.
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The data that models the coverage variability is contained in the Coverage Variability Model, a database associated with the model. The variability modeling consists of:

· For any mission, specifying the variability in the Visibility Adjustment.

· For any coverage mission, specifying the variability in one or more of the three epochal orbital elements:

· Right ascension of ascending node.

· Argument of perigee.

· Mean anomaly.

· For any coverage mission for which no orbital element variability is modeled, setting a fixed relation between epochal orbital elements and the variable orbital elements of another coverage mission.
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CV consists of two computer processes:

· A CV Multi-Run process XE "Coverage Variability Multi-Run"  that, running in the background, spawns the needed Network Planning and Analysis System (NPAS) processes for each case, produces the CV report file, and produces the output data files.

· A CV Main process  XE "Coverage Variability Main" that provides the user with an interface to spawn CV Multi-Run processes, observe their status, and examine their products. 

These two computer processes communicate with each other via a shared memory XE "shared memory"  segment in the computer. If the context is clear, either or both of the two processes may be referred to as the “CV process.”

In addition to the CV process, there is a reporting process, Coverage Variability Model Report, that produces a report of the Coverage Variability Model. See the presentation of this process in Volume 8.
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The loaded model that the user runs CV on will be called the subject model. 
When the CV Main process submits a CV Multi-Run process it first creates a new shared memory segment for the multi-run process. It then starts a CV Multi-Run process.
The CV Multi-Run process starts by creating a main working directory where it places all temporary files it generates.  This directory is HOME/tmp/CVM_NN, where HOME is the user’s home directory and NN is an integer selected by CV to differentiate between different Multi-Run processes that the user has submitted.  In the main working directory CV Multi-Run creates a working model whose databases consist of copies of some of the databases in the subject model. CV Multi-Run uses the working model to perform its work; it makes no changes to the subject model.
CV determines if any spawns against the unvaried working model are needed and spawns them as case number 0.  If the user has selected the option of making a non-varied run then the spawns include the scheduling processes. If the user has not selected making a non-varied run, then only the coverage analysis runs to provide CED that is needed for each varied case are spawned; no scheduling type results are produced. 

For each varied case, CV Multi-Run generates new varied coverage parameters, correspondingly modifies the working model, and then spawns the needed NPAS processes. These NPAS processes consist of CAS processes, the Schedule process, the Mission Service Utilization process, and the Station Antenna Utilization process. These processes are described in other volumes of this User’s Guide.
The files produced by the spawned processes are usually sent to directories under the main working directory. Each spawned case overwrites the files produced by the preceding case. The main working directory and all these files under it are called working files. When the multi-run process finishes the working files are automatically deleted unless it finishes by aborting. The shared memory segment is usually deleted when the user exits the CV Main process.

The CV Multi-Run process creates a report. The values of the varied parameters and the results of the MSU and the SAU processes are saved in data files. The report file and the data files have names associated with the subject model. Text versions of these data files are inserted into the CV report. These output files are listed in Table 37-1.




Table 37-1. CV Output Files

File
Directory
Name
Description

Report
rpt
CVM_MODEL.rpt
CV report file.

Varied Coverage Parameters
dat
MODEL.cv_var

Contains values of varied CM parameters for each case.

Mission Service Utilization
dat
MODEL.cv_msu

Contains mission service utilization results for each case.

Station Antenna Utilization
dat
MODEL.cv_sau

Contains station antenna utilization results for each case

Key:
“MODEL” is the model filename.


37.2
CV  seq head5 \r0 \h 

 seq head4 \r0 \h 

 seq head3 \r0 \h Modeling

37.2.1
 seq head5 \r0 \h 

 seq head4 \r0 \h Probability Distribution Specification Modes

The variability in a modeling parameter is specified by a probability distribution. There are three (3) modes for specifying a probability distribution:

· Uniform. Probability is uniformly dense in a specified real number interval. If more than one interval is specified then probability is doubled where two intervals overlap, tripled where three intervals overlap, etc. For example: Suppose the two intervals [0, 20.1] and [10, 30] were specified. Then the probability on [10, 20.1] is twice as dense as that on [0, 10] and on [20.1, 30].

· Interval and Step. Probability is equal for each number in the set of points starting from the beginning of a specified interval and incrementing by a specified step to the end of  the specified interval. If more than one such set of points is specified then probability is doubled for those points in exactly two stets, tripled for those points in exactly three sets, etc. First example: Suppose the interval [0, 300] and step 90 is specified. Then points in the set {0, 90, 180, 270} are equally likely. Second example: Suppose the interval [0, 300] and step 90  as well as the interval [0, 90] and step 45 are specified. Then the probability of points in  the set {0, 90} have twice the probability as points in the set {45, 180, 270}.

· Value List. Probability is apportioned to numerical values in a specified list in accordance with specified probability weights. For example: Suppose the specified value-weight pairs were (value 0, weight 0.5), (value 45, weight 1.5) and (value 90, weight 3.0); the weights totaling 5.0. Then 10% of the probability is apportioned to the value 0, 30% to the value 45, and 60% to the value 90.
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If the model does not contain a CV Model database then add one to the model as described in the discussion of the Model Definition window in Volume 1.

37.2.3
Variability Model Window

Modeling the variability of a parameter is done via CV modeling windows accessed via the Model Tool editor. These windows are pictured in Figure 37-1 and Figure 37-2. The common features of these windows will be presented in this paragraph.

The selection of the mode of specifying the probability distribution of a parameter is done in the upper half of the window by selecting a toggle under the Specification Mode label. 
The fields in the bottom half of the window are used to specify the probability distribution in a form determined by the selected mode. The headings that appear at the top of the columns of fields are different for each mode. Examples:
· In Figure 37-1 the Interval and Step mode has been selected. Only one interval and step have been entered into the fields; the interval is [0, 1440] and the step 60. The probability is then distributed evenly among the values 0, 60, 120, 180, …, 1380, and 1440; each value having a probability of 1/25 = 0.04, or 4%.
· In Figure 37-2 the Value List mode has been selected. Five values and weights have been specified. The value of 148.5, for example, has twice the weight as the value 148.0; thus the value 148.5 is twice as probable as the value 148.5. The total weight is 5.0. The probability of the value 148.5, for example, is weight/total weight = 0.5/5.0 = 0.10, or 10%.


The Copy from button in the Options box enables the user to copy the variability from another mission in the model. Selecting the button will bring up a List Manager window listing other coverage missions in the model that have some modeled variability in parameters of the type, visibility adjustment or orbital element, displayed.
 Selecting a listed coverage mission will copy all that variability.

The Sort button will sort the rows of fields by increasing values in the first column.
37.2.4
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 seq head4 \r0 \h Visibility Adjustment Variability
[image: image24.wmf]To model variability XE "variability in:visibility adjustment"  in the bias applied to the coverage event times for a mission, select the Variability button next to the Adjust visibilities by field in the Basic Mission Data window. A Visibility Adjustment Variability window XE "window:Visibility Adjustment Variability"  as in Figure 37-1 will appear.
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Figure 37-1.  Visibility Adjustment Variability Window
The mission name appears under the label Schedule Mission. Its coverage mission appears under the label Coverage Mission. 

Since the time bias has to be an integer, the uniform mode for specifying the variability is not available.
The specification of the probability distribution was discussed in  paragraph 37.2.3. 
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To model variability in XE "variability in:orbital elements"  the orbital elements of a coverage mission  select, from the Model Tool window, a mission that uses the desired coverage mission. Bring up the Orbit Model window, and inside the box labeled Variability Functions select the Orbital Element button. An Orbital Element Variability window XE "window:Orbital Element Variability"  as shown in Figure 37-2 will appear.
[image: image5.png]- VeriabiltyModel
Orbital Element Variability

Schedule Mission Coverage Mission
N/A STS-K

Orbital Element: Rt. Asc. of Asc. Node -

Specification Mode Affected Missions
Uniform probability across STS—KA
specified intervals
_JEqual probability for
specifed intervals and steps

@By specified values and
relative probabilities

Value  Relative
deg. Probability
148.00 0.50

148.50 1.00

149.00 2.00
149.50 1.00
150.00 0.50

Status: ACTIVE

Options





Figure 37-2.  Orbital Element Variability Window


The name of the coverage mission appears under the label Coverage Mission. The names of all missions that use this coverage mission are listed in the box labeled Affected Missions. 

The menu labeled Orbital Element allows you to choose which of the three epochal orbital elements (right ascension of ascending node, argument of perigee, and mean anomaly) the variability specified in the columns of fields refers to. You can model variability in one, two, or all three of these elements.
The specification of the probability distribution was discussed in  paragraph 37.2.3. 

NOTE
Use of the Copy from button to copy orbital element variability from another mission will copy the variability in all of that mission's orbital elements, not just the element selected in the Orbital Element menu. Also, if no variability is specified in the other mission for an orbital element then  nothing will be changed as regards that element; that is, "blank information" doesn't get copied.
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Often one mission’s orbit is related XE "related orbits"  to that of another. An example of this is the Landsat spacecraft which are often modeled as “in the same orbit but 180 degrees apart.” In order to preserve such relations when one of the orbits is variable you have to specify the relation of one mission’s orbit to the variable orbit. 
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To set an orbital relation bring up the Orbit Model window, and inside the box labeled Variability Functions select the Relate to Mission button. A Relational Orbit Model window XE "window:Relational Orbit Model"  as in Figure 37-3 will appear.
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Figure 37-3.  Relational Orbit Model Window

The button by the label Related Coverage Mission shows the coverage mission you are relating to. Selecting this button will bring up a List Manager window showing those coverage missions that have (active) modeled orbital variability.

Specify a relation in any of the listed epochal elements by turning on its toggle and entering a value into its Offset field. This offset will be added to orbital parameter of the coverage mission selected at the top of the window.
37.3
The CV Window

The CV Main process is the user interface to running CV. This process provides a Coverage Variability window for submitting and  monitoring CV Multi-Run processes.
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Access the Coverage Variability window via the NPAS Menu by selecting Submit and then Coverage Variability. The window XE "window:CV Menu" , as shown in Figure 37-4,  XE "window:Coverage Variability" will appear. The window contains the name of the loaded model, if any, and the CV menu bar.
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Figure 37-4.  Coverage Variability Window

37.4
Submitting a CV Multi-Run Process
To submit a CV Multi-Run process select the Submit and Multi-Run Process buttons in the CV window. The Submit CV Multi-Run Process window as shown in Figure 37-5 will appear.
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Figure 37-5.  Submit CV Multi-Run Process Window

If you wish to use the non-varied model as the first case then turn on the toggle labeled Make a non-varied run. The non-varied has a case number of 0.

Enter the number of varied runs you wish CV to make into the Number of varied runs field. This number can, if desired, be changed later while monitoring the process. The ID numbers for the varied runs start with 1.

The Seed to generate variability field contains an integer that “seeds” or “starts” the internal random number generator XE "random seed number" 

 XE "random number generator"  that is used to generate values for the variable parameters. If you are repeating a submit for the same model and you wish to generate runs that are different from the previous submit, then enter a seed that is different from that used in the prior submit.

Enter filenames into the bottom half of the window as required. For information on the GN Geodetics and Mask file see the presentation of coverage analysis in Volume 2. For information on the Screen Filter File see the presentation of the Schedule process in Volume 4.  For details on the Schedule Separation Angle File see the mutual interference section of Volume 9.

Selecting the OK button will initiate a submittal of a CV Multi-Run process. After some possible warning messages and a confirmation window, the process is started and a window to monitor the process, as shown in Figure 37-7, will shortly appear.
CAUTION

Use of a .npasdirs file may cause run errors for CV Multi-Run. It is highly recommended that a user inactivate or delete the .npasdirs file on their home directory before starting a CV Multi-Run process and keep it inactive until the CV Multi-Run process finishes.

CAUTION

The running of more than one (1) CV Multi-Run process at the same time by the same user may cause errors. It is highly recommended that a user have only one CV Multi-Run process running at a time. If needed, several CV Multi-Run processes can run simultaneously under different users.
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The Monitor button in the CV window provides access to monitoring CV Multi-Run processes. The monitoring is done by using the information in the shared memory XE "shared memory"  segments of the multi-run processes. The shared memory segment of a completed CV Multi-Run process is normally deleted when the user who submitted the process exits the CV window.

Selecting Monitor and then Multi-Run Process will bring up a List Manager window, as shown in  Figure 37-6, showing CV Multi-Run processes whose shared memory segments exist. For each process this window displays the computer ID of the submitter, the status of the process (for example “Running_26” means that the process is on run number 26), the full model name, and the time the process started.
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Figure 37-6.  Selecting a CV Multi-Run Processes to Monitor

Selecting a process and then selecting the OK button will bring up a Monitor CV Multi-Run Process window XE "window:Monitor CV Multi-Run Process" , as shown in Figure 37-7, for the selected process.
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Figure 37-7.  Monitor CV Multi-Run Process Window

Most of the items in the monitor window are self-explanatory. 

If you wish to be notified of the completion of each spawned process, turn on the toggle labeled Display completion status window for each spawned process. When a spawned process is finished you will then be notified by a dialog box which also provides direct access to the process's report.  This report will be available during the running of a case; it is overwritten by the succeeding case.
Selecting the Error Messages button will bring up a window displaying error and warning messages from the CV Multi-Run process. Messages from the spawned processes are not available here; you may be able to find such messages in the report files of the spawned processes. See paragraph 37.1.4 on CV products.
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Selecting the Change Num. Runs button will bring up the Change Number of Runs window XE "window:Change Number of Runs"  with which you can change the requested number of varied runs.

Selecting the Abort button will bring up a confirmation window. If you answer positively, then the multi-run process will terminate after the currently running spawned process is finished.  The working files will not be deleted and can be examined if desired. See paragraph 37.1.4 on CV products.
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37.6
Shared Memory and Working File Clean Up

There are situations where CV shared memory segments and working files have not been automatically deleted by a CV process.  To delete these items select File/Clean Up. This will bring 
up a List Manager window, as shown in  Figure 37-8, showing all CV shared memory segments in the computer’s memory. 
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Figure 37-8.  Shared Memory and Working File Cleanup 
The information under the headings ID and Key are used by the computer to identify the shared memory segment and of use mainly to a NPAS software analyst. 

Select the shared memory segments and then select the OK button. For each selected shared memory segment, this will delete the segment and the working files for the corresponding CV Multi-Run process provided that the process is not still running and you are the user who submitted the process.
NOTE

This procedure can only delete working files if the corresponding shared memory segment exists. To delete  CV working files whose shared memory segment has already been deleted, search for the CV main working directories and delete the working files directly.
37.7
CV Report File
The CV report file is produced by the CV Multi-Run process. It contains: 

a. Descriptions of missions in the model as regards coverage missions, what variability is modeled, and existence of CED.

b. Description of the working model.

c. Description of what processes it will spawn.

d. A report on the Coverage Model.

e. A report on the varied parameters for each run.

f. A Mission Service Utilization report for each run.

g. A Station Antenna Utilization report for each run.

h. A report on terminal conditions.
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To bring up the CV report file for the loaded model select  the Report and then the Multi-Run Process buttons in the CV menu. A

n (abridged) example of a report file is shown in Figure 37-9 to Figure 37-16.

Figure 37-9.  CV Report; Working Model


Figure 37-10.  CV Report; Mission Model Sketch

    Coverage Models Varied and Jobs to be Submitted 


Make a non-varied run        : Yes


Number of varied runs        : 100


Seed to generate variability : 1


------------------------------------------------------------ 


| Coverage Mission | Non-varied Model |    Varied Model    | 


|                  |    (One run)     |     (Multi-Run)    | 


|                  |------------------|--------------------|  


|  ID    Name      |   OG   CA   Sep  | V R  OG   CA   Sep |   


------------------------------------------------------------


|   2  ST          |    .    .    .   | X .   X    X    .  |


|   8  SSF         |    .    .    .   | X .   X    .    .  |


|  26  GRO-2       |    .    .    .   | . X   X    X    .  |


|  30  STS-K       |    X    X    .   | . .   .    .    X  |


|  36  TRMM        |    .    .    .   | X .   X    X    .  |


|  84  ERBS-388    |    X    X    .   | . .   .    .    X  |


------------------------------------------------------------


Key:


   OG : Orbit generator  


   CA : Coverage analysis 


   Sep: Separation Angle 


   V  : Vary orbital parameters


   R  : Relate orbital parameters


   X  : Yes


   .  : No 


Notes:


   1. Screening and Scheduling are run for the non-varied model


      only if the user requested the non-varied run.


   2. Screening and Scheduling are always run on the varied model.

Figure 37-11.  CV Report; Processes to be Spawned

    ---------------------------------------------------------------------

    Variability Model

    ------------------------------------------------------

    Mission: 2) ST


Orbit Variability:


    Parameter         : Rt. Asc. of Asc. node


    Specification Mode: Uniform 


      From        To      


      (deg)      (deg)    


    --------------------


       0.0000   360.0000


    Parameter         : Mean Anomaly


    Specification Mode: Step    


      From        To       Step


      (deg)      (deg)     (deg)  


    -------------------------------


       0.0000   100.0000    10.0000


      50.0000   150.0000     5.0000

    ------------------------------------------------------

    Mission: 8) SSF


Orbit Variability:


    Parameter         : Rt. Asc. of Asc. node


    Specification Mode: Value 


      Value     Relative     


      (deg)    Probability  


    ----------------------


       0.0000     1.0000


      20.0000     2.0000


      50.0000     3.0000

    ------------------------------------------------------

Figure 37-12.  CV Report; Coverage Variability Model

    -----------------------------------------------------------------------

    Submits Finished at       : Fri Aug  9 16:40:30 1996

    ID of Last Run            : 100

    -----------------------------------------------------------------------

    Exiting with Condition Code   : 0    (0 = OK; 2 = Aborted by user)

    -----------------------------------------------------------------------

    Error Messages From the Multi-Run Process: (in Shared Memory)


Note: Messages from spawned processes (orbit generator, Schedule,


      etc.) are reported elsewhere.


No error messages found.

    -----------------------------------------------------------------------

Figure 37-13.  CV  Report; Terminal Conditions



 ======================

 Run:    1

 Mission: TRMM

    Visibility Adjustment:    0      min.

 Mission: STS-KA

    Visibility Adjustment: 1200      min.

 Mission: ST

    Rt. Asc. of Asc. Node:  120.9550 deg.

    Mean Anomaly         :   85.0000 deg.

 Mission: GRO-2

    Rt. Asc. of Asc. Node:  165.9550 deg.

    Mean Anomaly         :  265.0000 deg.

 ======================

 Run:    2

 Mission: TRMM

    Visibility Adjustment:  600      min.

 Mission: STS-KA

    Visibility Adjustment:  480      min.

 Mission: ST

    Rt. Asc. of Asc. Node:  206.4042 deg.

    Mean Anomaly         :   40.0000 deg.

 Mission: GRO-2

    Rt. Asc. of Asc. Node:  251.4042 deg.

    Mean Anomaly         :  220.0000 deg.

  .

  .

  .

 ======================

 Run:  100

 Mission: TRMM

    Visibility Adjustment:  700      min.

 Mission: STS-KA

    Visibility Adjustment: 1320      min.

 Mission: ST

    Rt. Asc. of Asc. Node:  125.4817 deg.

    Mean Anomaly         :   50.0000 deg.

 Mission: GRO-2

    Rt. Asc. of Asc. Node:  170.4817 deg.

    Mean Anomaly         :  230.0000 deg.

Figure 37-14.  CV  Report; Varied Coverage Parameters





































 ======================

 Case:    0

 Mission: GRO-2

    SS-R    355.9 minutes (8 events)

    MA-R     22.8 minutes (1 events)

    SB-R     62.2 minutes (10 events)

    SS-F    355.9 minutes (8 events)

    MA-F      8.0 minutes (1 events)

 Mission: HST-SSAF

    SS-R    100.0 minutes (11 events)

    SS-F    290.7 minutes (11 events)

 ======================

 Case:    1

 Mission: GRO-2

    SS-R    402.8 minutes (9 events)

    MA-R     39.0 minutes (1 events)

    SB-R     60.7 minutes (9 events)

    SS-F    402.8 minutes (9 events)

    MA-F      8.0 minutes (1 events)

 Mission: HST-SSAF

    SS-R    140.0 minutes (14 events)

    SS-F    412.1 minutes (14 events)

  .

  .

  .

 ======================

 Case:  100

 Mission: GRO-2

    SS-R    402.9 minutes (9 events)

    MA-R     31.0 minutes (1 events)

    SB-R     57.0 minutes (8 events)

    SS-F    402.9 minutes (9 events)

    MA-F      8.0 minutes (1 events)

 Mission: HST-SSAF

    SS-R    150.0 minutes (15 events)

    SS-F    409.5 minutes (15 events)

Figure 37-15.  CV Report; Mission Service Utilization
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======================

 Case:    0

 Station: 1 T041

 TDRS SA Ku/S Link 1     911.9 minutes

 TDRS SA Ku/S Link 2     622.8 minutes

     TDRS MAR Link 1     554.1 minutes

 Station: 9 T174

 TDRS SA Ku/S Link 1     769.7 minutes

 TDRS SA Ku/S Link 2     660.7 minutes

     TDRS MAR Link 1     744.3 minutes

     TDRS MAR Link 2      17.5 minutes

     TDRS MAF Link 1      25.8 minutes

 Station: 17 AGO

    12m Sband Link 1     145.2 minutes

======================

 Case:    1

 Station: 1 T041

 TDRS SA Ku/S Link 1     925.3 minutes

 TDRS SA Ku/S Link 2    1038.0 minutes

     TDRS MAR Link 1     553.6 minutes

 Station: 9 T174

 TDRS SA Ku/S Link 1     593.7 minutes

 TDRS SA Ku/S Link 2     431.2 minutes

     TDRS MAR Link 1     715.4 minutes

     TDRS MAR Link 2      56.8 minutes

     TDRS MAF Link 1      25.8 minutes

 Station: 17 AGO

    12m Sband Link 1     143.3 minutes

  .

  .

  .

 ======================

 Case:  100

 Station: 1 T041

 TDRS SA Ku/S Link 1     925.5 minutes

 TDRS SA Ku/S Link 2     932.0 minutes

     TDRS MAR Link 1     553.3 minutes

 Station: 9 T174

 TDRS SA Ku/S Link 1     622.0 minutes

 TDRS SA Ku/S Link 2     522.9 minutes

     TDRS MAR Link 1     715.7 minutes

     TDRS MAR Link 2      48.8 minutes

     TDRS MAF Link 1      25.8 minutes

 Station: 17 AGO

    12m Sband Link 1     122.8 minutes

Figure 37-16.  CV  Report; Station Antenna Utilization
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 seq head4 \r0 \h Purpose

The NPAS is often used to model various “what-if” scenarios, requiring analysts to vary certain model parameters manually. Sensitivity Analysis XE "Sensitivity Analysis"  (SA) was developed in order to facilitate automatic variation of mission priorities and the number of station antennas, as well as the submittal of these varied models to the NPAS Schedule program.  The results from all runs are condensed and stored in a Mission Service Utilization (MSU) file and a Station Antenna Utilization (SAU) file for later analysis by programs such as the Report Analysis Program (RAP).

38.1.2
 seq head5 \r0 \h 

 seq head4 \r0 \h Process Overview

Under the Submit menu in the NPAS main window, select the Auxiliary submenu.  From this, select Sensitivity Analysis.  The application’s main window, Figure 38-1, pops up.  


[image: image21.wmf]
Figure 38-1.  Sensitivity Analysis Main Window

The steps for varying a model with Sensitivity Analysis XE "window:Sensitivity Analysis"  proceed from left to right across the menubar.  

a. File. Load a model through the Load option under the File menu.

b. Edit. Using the Variability option under the Edit menu, define how the model should be varied.

c. Submit. Select the Multi-Run Process option from the Submit menu to begin the runs.

d. Monitor. With the Multi-Run Process option in the Monitor menu, observe the progress of the runs.

e. Report. After the runs have completed, check if the process ran successfully and view the results by reviewing the reports, accessible from the Report menu.

38.2
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 seq head3 \r0 \h Loading a Model

Prior to varying, a model must be loaded. follow these steps to load a model:

Step 1.   Select the Load option from the File menu.

Step 2.   Choose a model from the Select a Model window.

Step 3.   Verify that the model has been loaded by checking the Selected model: string below the menu bar.

38.3
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 seq head3 \r0 \h Setting the Variability

The most important task for the user of the Sensitivity Analysis application is setting the variability of the model to be analyzed.  This is done through a single interface window XE "window:Model Variability"  which is accessed by selecting Edit/Variability from the menubar of the SA application.  
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Figure 38-2.  Model Variability Window

The Model Variability window allows the user to specify the variability of mission priority and the number of antennas at stations.  All Min and Max fields are initialized with the mission priorities and antenna number values of the original model.  Once the variability has been set, press Save.

38.3.1
 seq head5 \r0 \h 

 seq head4 \r0 \h Satellite Stations

In the upper left corner of the Model Variability window is the Satellite Stations scrolled list, which displays all the active satellite stations XE "variability in:TDRS configuration"  defined in the loaded model.  Along with each station are values representing the original, minimum, and maximum number of antennas to be defined for that station in the sensitivity analysis.  These values are located under the following headings:

a. Name. The 4-character name of the station as defined in the model.

b. Orig SAs. The original number of single access antennas as defined in the model.

c. Min SAs. The minimum number of single access antennas to be used in the sensitivity analysis of the model.

d. Max SAs. The maximum number of single access antennas to be used in the sensitivity analysis of the model.

e. Orig MARs. The original number of multiple access return antennas as defined in the model.

f. Min MAR. The minimum number of multiple access return antennas to be used in the sensitivity analysis of the model.

g. Max MAR. The maximum number of multiple access return antennas to be used in the sensitivity analysis of the model.

When the multi-run process is initiated, the number of antennas are varied in a manner similar to the operation of a car’s odometer.  The first satellite station’s number of single access antennas acts like the smallest unit position, tenths of a mile.  The second behaves like the miles position and so on. Each combination corresponds to a single schedule run.  Specifically, entries in the Min and Max fields are taken at submittal and cycled through to run every possible combination through the scheduling process.  The first station listed begins at the number of single access antennas entered in the Min SAs field.  This number is incremented until the entered maximum is reached.  As the number of single access antennas for the first satellite station (TDRS) resets to the minimum, the number of single access antennas at the second TDRS is incremented. This continues until the number of single access antennas for all the TDRSs has been varied, then the MARs are incremented.  

Note that the number of antennas is being varied, implying that all services on an antenna are disabled or all are operational.  Selective variation of services is not supported.  All services defined for a satellite station that are associated with the TDRS Ku/S antenna type are assumed to exist on every antenna at that station.

Also note that any services that are on "hold" at a particular station in the original model may be activated at that station by Sensitivity Analysis.  You may want to "delete" any such services (at the station) prior to running Sensitivity Analysis.  (Deleting a service at a station is done by selecting the Delete toggle for the appropriate service in the Station Data window of the Model Tool).  As an example, say you defined a general TDRS station with two types of MAR services: one type (service number "3") is to be active in certain models, and the other (service number "93") is to be active only in certain other models. Only one type of MAR service was intended by the modeler to be active at any given time; when not active, the service would normally have HOLD status.  If Sensitivity Analysis is to vary MAR services at that station, then it will apply its activate or hold operations to all MAR services at that station simultaneously, regardless of the current status of the service.   In this example, the user should have "deleted" the MAR service type that was not to be varied.

38.3.2
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 seq head4 \r0 \h Ground Stations

In the lower left corner of the Model Variability window is the Ground Stations scrolled list, which displays all the active ground stations XE "variability in:ground station configuration"  defined in the loaded model.  Along with each station are values representing the original, minimum, and maximum number of antennas to be defined for that station in the sensitivity analysis.   These values are located under the following headings:

a. Name. The 4-character name of the station as defined in the model when it was loaded.

b. Orig Ant. The original number of antennas as defined in the model when it was loaded.

c. Min Ant. The minimum number of antennas to be used in the sensitivity analysis of the model.

d. Max Ant. The maximum number of antennas to be used in the sensitivity analysis of the model.

The SA application assumes that all services at a ground station are of the same antenna type.  If this assumption is correct and each service type exists on all station antennas, the variation behaves as expected, enabling whole antennas from the set minimum to the set maximum number of antennas.  If, however, the services defined for a station are of different antenna types, a “whole” antenna consists of one of each service type defined at the station.

38.3.3
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 seq head4 \r0 \h Mission Priorities

 XE "mission priorities:varying" 

 XE "variability in:mission priorities" On the right side of the Model Variability window is the Mission Priorities scrolled list.  This lists all the active missions defined in the loaded model.  Along with each mission are values representing the original, minimum, and maximum priority numbers to be defined for that mission in the sensitivity analysis. These values are located under the following headings:

a. Name. The 12 character name of the mission as defined in the model when it was loaded.

b. Orig Pri. The original priority number as defined in the model when it was loaded.

c. Min Pri. The minimum priority number to be used in the sensitivity analysis of the model.

d. Max Pri. The maximum priority number to be used in the sensitivity analysis of the model.

Note that the minimum and maximum referred to by the mission priority Min and Max fields represent the minimum and maximum priority number.  A lower number is a higher priority.

Because no two missions can share a priority.  The range indicated by the Min and Max fields represent the priority numbers that the mission can take on.  The mission, however, may not occupy every priority in that range if the Min and Max fields of the other missions restrict it from taking on that priority.  For example, suppose the mission that originally has first priority is given a maximum priority of 3 and remains with a minimum of 1.  Also, the mission of originally second priority is made to have a minimum and maximum of 2.  The first mission will never be second in priority in any of the resulting combinations, because the second mission always occupies that position.

Within this minimum-maximum scheme the task of moving a single mission in relative priority to the others would require the editing of multiple fields.  Fortunately, the SA application eases this task by altering the other missions’ priority ranges to make room for the mission you are varying.  These adjustments automatically occur after the cursor leaves the field you were editing, either after pressing Return or selecting another field.  Take as an example five missions, A-E.  If mission A is originally first in priority and you want to vary its priority throughout all the missions, set its Max Pri field to 5.  The SA application will adjust the other fields to accommodate mission A.  The fields will adjust to the values in the following figure:
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Now, mission A may traverse the entire priority list.  When A is second priority, because B is restricted to either first or second priority, B must become the mission with first priority.  When A is third priority, C must be second, forcing B to be first again.  This continues for the entire range defined for A, resulting in five combinations, listed in the table below from highest at priority at the top  to lowest priority at the bottom.
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A more complicated scenario arises in cases where the analyst needs to vary two or more missions and where at least two other missions fall between the ones being varied. The program itself will alter the relative priority of the intermediate missions, even though their priority numbers were not changed by the analyst.  For example, if in addition to varying mission A as above, mission E is given a Min Pri of 1, the program will reconfigure the mission priority fields as indicated in the picture at right.  



For this case, some combinations have missions B, C, and D changing in relative priority to each other.  One example is shown at the left where mission D has higher priority than mission C.  This occurs because every combination indicated by the Min Pri and Max Pri fields is run with no regard to whether you or SA modified the fields.

Finally, this method prevents you from defining a min-max range for any particular mission that does not  contain that mission’s original priority.  Using the example above, mission A cannot by given a Min Pri of 2 or greater. 

38.3.3.1
 seq head5 \r0 \h Schedule Groups

For the purpose of varying mission priorities, it may be natural to group schedule requests so they may be moved in priority as a unit.  For example, if a single physical mission is being modeled as multiple missions, the schedule requests associated with those missions should be placed together into a schedule group XE "schedule groups"  for the sensitivity analysis.

To create a schedule group, select Schedule/Schedule Groups... from the Model Tool window.   The window XE "window:Schedule Groups"  in Figure 38-3 will pop up.



Figure 38-3.  Schedule Groups Window

Enter the name for the new group in the field near the top of the window and press Return.  The name will appear in the list at the left, and will be highlighted.  Assign schedule requests to the highlighted group by pressing the Assign button, then selecting the schedule requests from the List Manager and pressing OK.   The assignment can be verified with the Show button.  A group name can be edited by selecting it from the list, pressing the Modify button, making the changes in the field, and pressing Return.  The Delete button removes selected groups.

NOTE

Assignment modifications cannot be reversed by the Cancel button.

38.3.4
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 seq head4 \r0 \h Iterations

At the bottom center of the Model Variability window is the number of iterations to be run.  When any field is adjusted and the cursor leaves that field, the number of possible combinations is calculated based on the values in all minimum and maximum fields.  Then the number is updated, displaying the maximum number of iterations that can be run with the current parameters.
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After the variability of the model has been entered and saved, the model may be submitted for analysis.  To do this, select Multi-Run Process from the Submit menu.  The resulting window, shown in Figure 38-4, allows the user to specify a submittal scheme, assign filter and separation angle files to the analysis, and submit the analysis.



Figure 38-4.  Variability Submittal Window

With these options every possible combination can be run, every other combination in the order they are created, or every nth combination in the order they are created.  The submittal scheme is selected by choosing the appropriate toggle button in the Variability Submittal window XE "window:Variability Submittal" .   In order to run every nth combination, a value for n must be entered in the field to the right of the Run combinations at set intervals option.  Also, the number of combinations you would like to run must be entered in the field to the right of the random option if you wish to run random combinations.

If the model contains user-defined visibility adjustments, requiring a screen filter file, enter the file’s full path in the first field.  If your model considers solar or mutual interference, enter the fully-qualified path of the Schedule Separation Angle file in the appropriate field. The analysis may now be submitted by selecting the Submit button at the bottom of the window.  If you decide not to proceed with the submittal, press the Cancel button.  After submittal, the SA application may be exited without halting the submitted process.
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While an analysis is running, its progress may be monitored.  This is done by selecting Monitor/Multi-Run Process from the menubar.  Making this selection will display the Variability Progress window XE "window:Variability Progress" , depicted in Figure 38-5.  



Figure 38-5.  Variability Progress Window

This window allows the user to visualize how much of the analysis has been completed, which case is being analyzed at the moment, and how much of the analysis remains to be completed.

The top of the window summarizes how many combinations were requested, how many have been done, and how many remain.

The central portion of the window displays information on the combination currently being run, giving the combination number along with specific details on the run.  Under Current Status, the highlighted string indicates which stage the analysis is currently in.  The Networks Configuration list displays the number of SA and MA return antennas at each station.  The Mission Priority list displays the missions for the currently running model from highest to lowest priority.

At the bottom of the window reside several control buttons. The Done button closes the Variability Progress window, while the analysis process is unaffected.  The remaining buttons allow the analysis to be paused, continued, or aborted.  Select the Pause button to pause the analysis.  The analysis has been paused when all the labels under Current Status are inactive.  Press the Continue button to resume after the analysis has been paused.  Select the Abort button to stop the analysis.  You will receive confirmation when the process has been successfully aborted. 
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After the sensitivity analysis has completed, output reports  XE "report:Sensitivity Analysis" may be viewed through the Report menu. 

The Report/Results option displays a report on the parameters of the Sensitivity Analysis process and indicates the completion of each case.  Errors occurring during the process will be listed in this report.  The report resides in your rpt directory with the form, SA_model_name.rpt, where model_name represents the name of your model.

The Report/Mission Service Utilization option generates a report on the output MSU file (model_name.sa_msu in the dat directory), saving it in your rpt directory with the filename, SA_model_name.msurpt.  This report lists the number of minutes and events scheduled on specific service types for each mission in all cases.  Figure 38-6 is a sample portion of a report with only a single variability case shown.

The Report/Station Antenna Utilization option generates a report on the output SAU file (model_name.sa_sau in the dat directory), saving it in your rpt directory with the filename, SA_model_name.saurpt.  This report lists the number of minutes each antenna was in use for all cases. The report is Figure 38-7 is a sample portion of the report with only a single variability case shown.

The Report/Sensitivity Vector option generates a report on the specific parameters of each variability case, listing the missions in priority order and the number of antennas in use. The report is generated from model_name.sa_vect in your dat directory and saved as SA_model_name.vectrpt in your rpt directory.  Figure 38-8 is a sample portion of the report with only a single variability case shown.

The MSU and SAU files associated with the model may also be analyzed with the RAP.

======================

Case:    1

Mission: COBE_TCXO

   SS-R     76.0 minutes (8 events)

   SB-R    186.8 minutes (14 events)

   SS-F     40.0 minutes (4 events)

Mission: COBE_SSA

   SS-R    336.0 minutes (28 events)

   SS-F    168.0 minutes (14 events)

Mission: COBE_HSSA

   SS-R    931.0 minutes (98 events)

   SS-F    490.0 minutes (49 events)

Mission: ERBS_GEN

   SS-R   1767.0 minutes (154 events)

   SS-F   1725.0 minutes (147 events)

Mission: LINK_UNAVAIL

   KS-F  10080.0 minutes (1 events)

   SS-F  10080.0 minutes (1 events)

Mission: LND_4_GEN

   SS-R    283.5 minutes (42 events)

   MA-R    437.0 minutes (58 events)

   SS-F    294.0 minutes (42 events)

   MA-F    399.0 minutes (51 events)

Mission: LND_5_GEN

   SS-R    759.5 minutes (42 events)

   MA-R    339.5 minutes (56 events)

   SS-F    770.0 minutes (42 events)

   MA-F    301.0 minutes (49 events)
Figure 38-6.  Sensitivity Analysis MSU Report

======================

Case:    1

Station: 1 TDE

TDRS SA Ku/S Link 1    1854.0 minutes

    TDRS MAR Link 1     193.9 minutes

    TDRS MAF Link 1     204.4 minutes

Station: 2 TDS

TDRS SA Ku/S Link 2     264.0 minutes

    TDRS MAR Link 1     243.7 minutes

    TDRS MAF Link 1     254.7 minutes

Station: 9 TDW

TDRS SA Ku/S Link 1     448.0 minutes

Station: 24 WPS

    9m Sband Link 1     564.8 minutes
Figure 38-7.  Sensitivity Analysis SAU Report 

== Case 1 of 6 =====================

Mission             Station

Priority List       Name     SAs MAR

------------------  ----------------

LINK_UNAVAIL        TDE      1   20 

LINK_DOWN           TDS      2   20 

ANTENNA_DOWN        TDW      2   20 

NO_USERS            MIL      1   0  

LND_4_SPEC          TGS      1   0  

HST                 WPS      1   0  

LND_5_SPEC          

COBE_TCXO           

COBE_SSA            

COBE_MA             

COBE_HSSA           

COBE_HSMA           

ERBS_GEN            

LND_4_ZOE           

LND_5_ZOE           

LND_4_GEN           

LND_4TG1_GEN        

LND_4TG2_GEN        

LND_5_GEN           

Figure 38-8.  Sensitivity Analysis Vector Report
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Sketch of Mission Information in the Model





	------------------------------------------------------------------


	| Coverage Mission | Active Scheduling  |Sec.|CED|Orbit| Orbit   |


	|                  | Missions That Use  |Mis.|   |Var. | Rel. to | 


	|                  | the Cov. Mission   |    |   |     |         | 


	|  ID    Name      |  ID    Name       V| ID |1 3|R A M| ID R A M| 


	------------------------------------------------------------------


	|   2  ST          | 150  HST-SSAF     X|    |X .|X . X|         |


	|                  | 151  HST          .|    |   |     |         |


	|                  | 153  HST-SSAR     .|    |   |     |         |


	|                  | 155  HST-MAR      .|    |   |     |         |


	|                  |                    |    |   |     |         |


	|   8  SSF         |                    |    |X .|X . .|         |


	|                  |                    |    |   |     |         |


	|  26  GRO-2       |  26  GRO-2        .|    |X .|. . .|  2 X X X|


	|                  |                    |    |   |     |         |


	|  30  STS-K       | 164  STS-KA       X| Sun|X X|. . .|         |


	|                  |                    |   2|   |     |         |


	|                  |                    |    |   |     |         |


	|  36  TRMM        |  36  TRMM         X|    |X .|. X X|         |


	|                  |                    |    |   |     |         |


	------------------------------------------------------------------


	Key:


	   ID        : Mission Identification number. 


	   V         : Variability in Visibility Adjustment ("Bias"). 


	   Sec. Mis. : Secondary Mission or Sun.                      


	   CED1      : COD has CED1 (mission-station coverage event data).


	   CED3      : COD has CED3 (separation angle coverage event data).


	   Orbit Var.: Variability in an orbital parameter.


	   Orbit Rel.: Orbit is related to that of listed coverage mission.


	   R         : Right ascension of ascending node. 


	   A         : Argument of Perigee. 


	   M         : Mean Anomaly. 


	   X         : Yes 


	   .         : No  
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    -----------------------------------------------------------------------


    Working Model: (Edited copy of the model. The model used for runs.


                    Deleted when Multi-Run process finished.)





	                      Model : /usr1/lww/tmp/CV_01/cvtb


	                        DAS : /usr1/lww/tmp/CV_01/cvtb.das


	                        COD : /usr1/lww/tmp/CV_01/cvtb.cod


	          Variability Model : /usr1/lww/test/db/cvtb.vm


	        GN Geodetics & Mask : /nfs/npas16/usr1/lw/test/gsmask/gsmask.dat


	              Screen Filter : 


	  Schedule Separation Angle : 
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