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14.1
Introduction

The Network Planning and Analysis System (NPAS) Coverage Analysis System XE "Coverage Analysis System"  (CAS) is a set of processes whose purpose is to generate mission spacecraft visibilities and any other similar event data XE "coverage event"  for NPAS coverage missions. A CAS process runs on a single coverage mission at a time. The contents of the CAS process reports, as well as the calculated event data, can be an end in themselves. However, the primary function of the event data, called Coverage Event Data XE "coverage event data"  (CED), is as input data to the NPAS Schedule process. Before running the Schedule process for a model the user should have run CAS processes to generate the needed CED.

A sketch of how CAS is related to a model and to other processes is presented in the system overview in Volume 1. Recall that the Coverage Database  XE "database:Coverage" (COD) is the model database file which contains coverage models and the CED.

Creating missions, stations, and services in a model is presented in Volume 2.

This volume also assumes some knowledge of spacecraft orbital mechanics. This material is in Appendix B and can also be found in the many texts on the subject. The bibliography to this volume lists some of these texts and documents.
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The scope of coverage modeling and computations is sketched in the following:
a. Solar, Lunar, and Planetary model:
1. The Earth surface is modeled as an ellipsoid.

2. The Sun XE "Sun:model"  is modeled as a point.
b. Network model:
1. Ground Network (GN) and Space Network (SN) stations can be modeled. 

2. GN station mask models can contain up to 361 azimuth-elevation points.

3. An SN station can be either perfectly geostationary or moving in a two-body orbit.
c. Spacecraft model:

1. Only non-escape spacecraft trajectories can be modeled.

2. A spacecraft’s epochal state is specified only by true of date Keplerian elements, either osculating or Brouwer mean, centered at the Earth.

3. The orbit generator XE "orbit generator"  process can model solar and lunar gravity, Earth nonspherical geopotential, solar radiation pressure, atmospheric drag, and impulsive maneuvers.

4. 
5. 
6. Spacecraft attitude XE "attitude"  is modeled as fixed relative to astronomical references. Attitude maneuvers, torque on the spacecraft, spinning spacecraft, or an attitude ephemeris are not modeled.

7. 
8. 
9. 
10. Up to two antennas on the spacecraft can be modeled for a mission. Each antenna can have a mask which is modeled as the union of up to five pieces each being modeled by up to 361 azimuth-elevation points.

d. Coverage events:
1. The minimum event time for station-spacecraft visibilities is thirty (30) seconds. This means that if the time between the start and end of a visibility is under 30 seconds then is may not be detected by the software. This minimum event time limitation holds for other coverage events of the type that have a start and end. One exception, however, is separation angle visibilities.
2. 
3. No occultation by the Moon is modeled.

4. No atmospheric refraction is modeled.

5. 
6. No radio frequency modeling is done directly. Antenna mask modeling and Earth multipath height modeling is done geometrically.
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The Coverage Model XE "coverage model" \b  (CM) of a mission includes data to define the trajectory XE "trajectory"  of the mission spacecraft, to specify the communication stations involved with that particular mission, to request generation of particular coverage events, and to specify the requested coverage events. Each CM in the COD has an Identifier (ID) and name. From the point of view of coverage analysis a CM is considered to be a mission and is referred to as a coverage mission XE "coverage mission:defined" .

There are three types of relations between a mission and a CM: a mission can have its own CM, a mission can use the CM and CED of another mission, and a mission can have no CM. Refer to the discussion of mission modeling in Volume 2 for more details.

If a mission has its own CM, then it and its coverage mission have the same ID and name. They are considered to be the same mission. In the Basic Mission Data window there is no mention of a coverage mission.
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If a mission uses the CM and CED of another mission, then this other mission is called the coverage mission used by XE "coverage mission:assigning, using"  or assigned to the mission. In the Basic Mission Data window the assigned coverage mission is displayed by the Coverage Mission label.
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Coverage event data XE "coverage event data" \b  consists of a combination of:  a code for the event; the time of the event; the IDs of the mission, station, and other relevant model elements; and values of various tracking parameters such as azimuth, elevation, and range. The combination depend on the type of event. The time of the event in the CED, called the CED time XE "CED time" , is the integral number of seconds from the beginning of the start day of the coverage mission.

NPAS has several processes that report on CED in a model (refer to Volume 8 on model reports).

Most NPAS processes that use the CED interpret the time of the event to be the CED time measured from the Start Date of the model, not the start date of the coverage mission. Furthermore, the Schedule process can bias the event times of some or all of the CED.

14.5
 seq head5 \r0 \h 

 seq head4 \r0 \h 

 seq head3 \r0 \h Visibilities

The term visibility XE "visibility:defined"  refers to the time interval over which a specified communications configuration is within specified constraints. The constraints are usually Earth occultation of a communications link or antenna masking. For example, a visibility between a ground station and a spacecraft constrained only by Earth occultation is the time interval beginning when the spacecraft appears at the horizon to the next time it disappears below the horizon.

The two coverage events associated with a visibility are the Start of Visibility XE "start of visibility"  (SOV) and the End of Visibility XE "end of visibility"  (EOV).
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A mission-only coverage event XE "coverage event:mission-only"  involves the mission spacecraft as the only man-made object: the Earth, and the Sun can be involved but no stations are involved. The mission-only CED generated by CAS are:

· Spacecraft passage through apogee XE "apogee" .

· Spacecraft passage through perigee XE "perigee" .

· Spacecraft passage through ascending node XE "ascending node" .

· Spacecraft passage through descending node XE "descending node" .

· Spacecraft passage from being in the Sun XE "Sun:event" 's shadow to being in sunlight

· Spacecraft passage from being in sunlight to being in the Sun’s shadow.

· Spacecraft subpoint XE "subpoint"  passage from being in the Sun's shadow to being in sunlight.

· Spacecraft subpoint passage from being in sunlight to being in the Sun’s shadow.

· Spacecraft subpoint transit from land to water.

· Spacecraft subpoint transit from water to land.

· Spacecraft subpoint entrance to a user-defined Earth surface area

· Spacecraft subpoint exit from a user-defined Earth surface area.
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A mission-station coverage event XE "coverage event:mission-station"  involves the mission spacecraft and one or two communications stations.

The four types of mission‑station CED that CAS can generate for SN stations XE "coverage event:space network"  are listed below. Note that all the events but the fourth involve only one SN station. The last listed event involves two stations and is thus sometimes called a mission 2‑station event XE "coverage event:mission 2-station" .

· SOV and EOV of an Earth occultation visibility.

· SOV and EOV of a spacecraft antenna mask visibility.

· SOV and EOV of an Earth multipath visibility.

· Crossing of mid-Zone of Exclusion (ZOE) longitude defined by two SN stations. (Geostationary SN stations only.)

The following five types of mission-station CED XE "coverage event:ground network"  can be generated for GN stations:

· SOV and EOV of an Earth horizon visibility.

· SOV and EOV of a station mask visibility.

· Maximum elevation angle.

· Range transit of a specified cutoff value.

· SOV and EOV of a spacecraft antenna mask visibility.
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A separation angle coverage event XE "coverage event:separation angle"  is one that involves three objects: the mission spacecraft, a station, and a secondary object. The secondary object can be either another mission spacecraft or the Sun XE "Sun:as a secondary object" . In the triangle formed by these three objects, events are defined by the angle whose apex is the mission or by the angle whose apex is the station.

An angular visibility XE "visibility:angular:defined"  is the time interval during which a specified angle is less than or equal to a specified value and both objects can be seen from the apex.

The separation angle CED that can be generated are:

· SOV and EOV of an angular visibility where the angle apex is the mission spacecraft. 

· SOV and EOV of an angular visibility where the angle apex is the station.
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The CAS processes were first presented in the system overview in Volume 1. In more detail, they are depicted in Figure 14-1 and described here. Each process runs on a single coverage mission.

· GTDS XE "GTDS" \b. This is an orbit generator XE "orbit generator" . It is the EPHEM program of the Goddard Trajectory Determination System (GTDS). It calculates the trajectory XE "trajectory"  of the mission spacecraft. In order to run GTDS, NPAS creates a control file, whose name contains the mission name and the suffix “ctl,” which is used by GTDS. The control file is a text file that may be deleted by the user when the GTDS is finished. GTDS produces a ephemeris XE "ephemeris"  file whose name consists of the mission name and the suffix “eph.” It is a temporary, binary file that is transparent to the user.

· GTDS_Convert XE "GTDS_Convert" . This process automatically runs whenever GTDS does; its operation is mostly transparent to the user. Its purpose is to convert the GTDS-produced ephemeris file into a format usable by the other CAS processes. The product, also a binary file, is called an orbit file XE "orbit file:defined"  and its name contains the mission name and the suffix “orbit.” The contents of the orbit file are printed at the end of the report XE "report:GTDS"  produced by GTDS and GTDS_Convert. The ephemeris file is deleted when this process is finished.

· Coverage Analysis XE "Coverage Analysis" \b (CA). This process calculates all the CED except separation angle CED. It uses the mission’s orbit file and CM. The CED is written to several temporary text files.

· Separation Angle XE "Separation Angle" \b  (Sepang XE "Sepang" \t "See Separation Angle" ). This process calculates the separation angle CED. It uses the mission’s CM, the CMs of other missions if they are secondary objects, and the orbit files and horizon or occultation CED for all involved missions. The CED is written to several temporary text files.

· Cascod XE "Cascod" . This is a utility process that reads the temporary CED files produced by CA and Sepang, writes the CED into the COD, and deletes the temporary CED files.

[image: image2.wmf]
Figure 14-1.  Coverage Analysis System

Related to these processes are those that report on the CMs and the CED. These are described in Volume 8.
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CAS uses some data files that are not part of the NPAS model. These files appear in Figure 14-1 and are listed below. All but the last listed file are installed with NPAS and are transparent to the user. The files are:

· GTDS data files. GTDS requires a number of data files covering: astronomical ephemeris XE "ephemeris" , lunar gravity model, Earth gravity model, Earth atmosphere XE "atmosphere:model"  model, and communication among GTDS components.

· Land Water Boundary file XE "Land Water Boundary file" . This file is a model of the land versus water areas of the Earth surface. It is used by the CA process.

· Solar, Lunar, Planetary (SLP) file XE "Solar, Lunar, Planetary file" . This is an astronomical body and Earth nutation XE "nutation:model"  ephemeris file. It is in addition to, and related to, a similar GTDS data file. The file is derived from a file obtained from the Jet Propulsion Laboratory (JPL). It is used by both the CA process and the Sepang process.

· GN Geodetics and Mask file XE "GN Geodetics and Mask file" 

 XE "GN Geodetics and Mask file" \t "See also gsmask file" 

 XE "geodetic coordinates" . This file, also called simply a GN data file XE "gsmask file"  or GN file, contains ground station position and antenna mask data. It is used by CA and Sepang. It is a text file that is created by the user and it is incorporated into the model when CAS processes are submitted. 
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In addition to the SLP and Earth modeling contained in data files outside of the model, there is some SLP and Earth modeling in the CMs. In each mission’s CM this modeling can contain:

· Parameters for the GTDS gravitational model.

· Parameters for the GTDS atmospheric model.

· Parameters to model the shape of the Earth.

· Source for Earth nutation angles.

· Source for the Sun’s position.

· Earth surface boundary area models.

14.11.2
Mission Spacecraft Model

A mission’s CM contains spacecraft parameters from among:

· Epoch and epochal elements.

· Area, mass, and coefficients for modeling atmospheric drag and solar radiation pressure.

· Specification of impulsive orbital maneuvers.

· Attitude and antenna mask models.

14.11.3
Station Modeling XE "station:modeling" 
The stations in a NPAS model are created outside of coverage modeling; refer to Volume 2. A coverage mission’s CM contains a subset of these stations as supporting stations for which it can generate CED. In addition to the GN Geodetics and Mask file, the only further station modeling in a mission’s CM consists of position or orbital elements of an SN station.
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 seq head3 \r0 \h Accessing a Coverage Model
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Access to the  XE "coverage model" CM of a mission is via the Model Tool editor. With the model loaded in the Model Tool, select a mission button to pop up a Basic Mission Data window. If the mission uses another mission for its coverage model, then this mission is shown by the Coverage Mission label; otherwise “mission” and “coverage mission” are synonymous. 
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Selecting the bottom right button, Cov. Model, will pop up the Coverage Model window, XE "window:Coverage Model"Figure 15-1. The Coverage Model window is the entry point to all the windows that are used for editing a CM. Note that the Mission ID and Name in this window is for the coverage mission.
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Figure 15-1.  Coverage Model Window
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The information needed to be entered into the model for running each CAS process is outlined as follows:

a. Orbit Generator XE "orbit generator"  (GTDS XE "GTDS" ):

1. In the Coverage Model window enter a Start and either an End Time or Span. Refer to paragraph 15.3.2.

2. In the Orbit Model window enter the Epoch, epoch elements, and select the Element Type and Ephemeris File Interval. Refer to paragraph 15.6.2.

3. Other windows accessed via the Orbit Model window are optional:

(a) Gravitational, solar radiation pressure and drag modeling in the Dynamical Model window. Refer to paragraph 15.6.3.

(b) Impulsive orbital maneuver modeling in the Maneuver Model window. Refer to paragraph 15.6.4
(c) Orbit generator integrator, orbit generator report file ephemeris, and orbit file XE "orbit file"  in the Orbit Generator window. Refer to paragraph 15.6.5.

b. Coverage Analysis XE "Coverage Analysis"  (CA):

1. All the information needed to run the orbit generator.

2. Choose which mission-only CED is to be calculated by the toggles in the Coverage Model window. Refer to paragraph 15.3.6.

3. Have at least one active supporting station. Refer to paragraph 15.3.7.

4. Create or obtain a GN Geodetics and Mask file containing all supporting GN stations. Refer to paragraphs 14.10 and 15.4.3.1.

5. Model the position of the SN stations in the Space Network Coverage window. Refer to paragraph Error! Reference source not found..

6. Model and request the desired mission-station events for SN stations:

(a) SOV and EOV of an Earth occultation visibility. Refer to paragraph 15.4.2.2. Consider the Earth shape model in the Earth Sun Model window; refer to paragraph 15.7.

(b) SOV and EOV of a spacecraft antenna mask visibility. Refer to paragraph 15.8.

(c) SOV and EOV of an Earth multipath visibility in the Space Network Coverage window. Refer to paragraph 15.4.2.3. Consider the Earth shape model in the Earth Sun Model window; refer to paragraph 15.7.

(d) Mid-ZOE crossings via the ZOE Events button in the Coverage Model window. Refer to paragraph 15.5.

7. Model and request the desired mission-station events for GN stations:

(a) SOV and EOV of an Earth horizon visibility. Refer to paragraph 15.4.3.2.

(b) SOV and EOV of a station mask visibility. Refer to paragraph 15.4.3.2.

(c) Maximum elevation angle in the Ground Network Coverage window. Refer to paragraph 15.4.3.3.

(d) Range transit of a specified cutoff value in the Ground Network Coverage window. Refer to paragraph 15.4.3.4.

(e) SOV and EOV of a spacecraft antenna mask visibility. Refer to paragraph 15.8.

c. Separation Angle XE "Separation Angle"  (Sepang):

1. All the information needed to run the orbit generator for the mission. This information is also needed in the CMs of all secondary missions.

2. Include supporting stations, a GN Geodetics and Mask file, and model SN station positions as for the CA process.

3. Model and request generation of separation angle CED; refer to paragraph 15.10.

4. Consider the Earth shape model in the Earth Sun Model window; refer to paragraph 15.7.

5. If the Sun is a secondary object then consider the Sun position model in the Earth Sun Model window; refer to paragraph 15.7.

15.3
 seq head5 \r0 \h 

 seq head4 \r0 \h 

 seq head3 \r0 \h The Coverage Model Window

 An example of the Coverage Model window XE "window:Coverage Model"  is shown in Figure 15-1. The window contains CM data items and buttons that provide access to other parts of the CM.
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The contents of these labels is not controllable through the window. They are either automatically set or were specified when the mission was created.

The Date Modified label records the last date on which the Save button was chosen for this window. If you choose the Save button today and later reenter the Coverage Model window for this mission, then this field will contain today's date. The Mission ID label shows the coverage mission's identification number. This number is used internally by NPAS. The Mission Name label shows the name for the coverage mission. The Description label shows the mission description (set in the Basic Mission Data window).
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The three fields under the label Start specify the start XE "start time"  of the analysis. Both the orbit file XE "orbit file"  and the generation of CED start at this time (truncated to integral seconds).

The end time XE "end time"  of the analysis is the end time for both the orbit file and for generation of CED. It can be specified in either of two ways: (1) if the Use span toggle is turned on, then a value is entered into the Span  XE "span" field and the end time becomes the start time plus the span; (2) if the Use End Time toggle is turned on, then three fields similar to the Start fields appear and the end date and time are entered there. The time interval from the start time to the end time is the mission's coverage analysis intervalxe "coverage analysis interval".

The Coverage Event Time Resolution option menu is used to specify the resolution to which the coverage event times are calculated. The default value is 1 second. If, for example, 5 seconds were chosen then all event times would be a multiple of 5 seconds relative to the Start time (rounded off to the nearest integral second). Resolutions larger than one second are useful in comparing the NPAS coverage event times to those computed by other software systems that have event time resolutions other than one second.
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The Orbit Generator option menu is used to specify the name of the process that NPAS will use to calculate the spacecraft's trajectory XE "trajectory" . The standard orbit generator is the Goddard Trajectory Determination System EPHEM program, denoted simply by "GTDS." This is the only NPAS orbit generator XE "orbit generator" \b currently operational.

The Epoch label displays the epoch of the orbital elements. It is set in the Orbit Model Window and is displayed here for reference.
The Orbital Period label displays the spacecraft's nodal period XE "period:nodal" . This quantity is calculated by CA and appears here for reference.

15.3.4
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These fields are optional.
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The Orbit number XE "orbit:number"  at epoch field specifies the spacecraft orbit number at epoch. The orbit number increases by one at each crossing of the ascending node XE "ascending node"  and is part of the CED for each event. The primary use of the orbit number is to provide the ability to compare NPAS-calculated coverage events to coverage events calculated by other systems that use orbit numbers. If a blank or non-positive value is entered, then a value of "1" will be used for the orbit number at the analysis start time.

The Projected orbit number and Projected start date XE "projected start date"  fields are useful in an operational scheduling environment where schedules are generated on a periodic basis, say once per week. It is desirable to easily obtain the orbit number and start date for next week's runs from the output of this week's runs. CA does just this by use of these fields and the Span and Orbit number at epoch fields. By entering values in these fields and then submitting CA, the contents of the Projected orbit number and Projected start date fields will be set to the values needed for the next periodic run. The details are described in Table 15-1.

Table 15-1.  Coverage Model I/O For Periodic NPAS Runs

Field
Values Prior to Running CA Process

Values After Completion of Run


Initial Run
Subsequent Runs


Span
Run period + 1
 Run period + 1
Run period + 1

Orbit number at Epoch
2 or greater
 0
0

Projected orbit number
0
Orbit number at Start Date; 1 or greater
Orbit number at Start Date of next run

Projected start date
Same as in Start Date field
Same as in Start Date field
Start Date of next run
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By selecting the Compress database XE "database:compressing"  button the system will clear the CM records whose status is delete. 

15.3.6
Mission-Only Events
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 seq head4 \r0 \h The toggles under the heading Calculate Mission-Only Coverage Events XE "coverage event:mission-only"  allow user request of generation of mission-only events. For Sun XE "Sun:event"  events only occultation by the Earth is modeled. The Sun is modeled as a point. The mission-only toggles and events are:

· Ascending XE "ascending node"  and descending node XE "descending node"  passage. These events are always calculated; there is no toggle.

· Set the Apogee toggle on for calculation of spacecraft passage through apogee XE "apogee" .

· Set the Perigee toggle on for calculation of spacecraft passage through perigee XE "perigee" . 

· Set the Spacecraft Sun Events XE “Sun:event"  toggle on for calculation of spacecraft passage into and out of sunlight. Spacecraft passage from being in the Sun's shadow to being in sunlight is termed an in Sun or sunrise at the spacecraft event. Spacecraft passage from being in sunlight to being in the Sun’s shadow is called an in dark or sunset at the spacecraft event. Consider the Sun position model in the Earth Sun Model window; refer to 15.7.

· Set the Subpoint Sun XE "subpoint Sun event" 

 XE "subpoint"  Events toggle on for calculation of spacecraft subpoint passage into and out of sunlight. Subpoint passage from being in the Sun's shadow to being in sunlight is called a sub Sun or subpoint in Sun event. Subpoint passage from being in sunlight to being in the Sun’s shadow is called a sub dark or a subpoint in dark event. Consider the Earth shape model and the Sun position model in the Earth Sun Model window; refer to 15.7.

· Set the Land/Water Boundary toggle on for calculation of spacecraft subpoint transits of Earth land/water boundaries. A transit from water to land is called a land event XE "land event"  and a transit from land to water is called a water event XE "water event" . The land/water regions are modeled by the land/water data file; refer to 14.10.

· Set the User Boundaries XE "user boundary" \t "See boundary area" 

 XE "boundary area"  toggle on for calculation of spacecraft subpoint transits of user-defined Earth surface areas. Subpoint entrance into one of these areas is called a boundary area entrance XE "boundary area:entrance"  event. Subpoint exit from one of these areas is called a boundary area exit XE "boundary area:exit"  event. The areas are modeled in each mission’s CM via the User Boundaries button; refer to 15.9.2.
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 XE "station:modeling" The stations in the mission’s CM are listed in the Supporting Stations box.

To add stations to the supporting stations list, choose the Add Station button to pop up a List Manager window that lists all stations in the model that are not in the supporting stations list. If a desired station does not appear then you need to exit coverage modeling and create the station. To add stations from this list to the mission's CM, highlight the appropriate station names and choose the OK button. If a station is added then coverage parameters for the station should be edited; this is described in following paragraphs.

To delete stations from the supporting stations list, choose the Del. Station button to obtain a List Manager window. Select the stations to be deleted and choose the OK button.

Up to thirty SN stations and up to ninety-nine GN station can be in a mission’s CM.

15.4
 seq head5 \r0 \h 

 seq head4 \r0 \h 

 seq head3 \r0 \h Supporting Station Modeling
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 XE "station:in a coverage model" This paragraph covers the modeling that is accessed via the station buttons in the Supporting Stations box in the Coverage Model window. The modeling consists of: 

· SN station position.

· Modeling and request for Earth multipath events.

· Request for maximum elevation angle XE "elevation angle:maximum"  events.

· Modeling and request for range cutoff events.

Refer to the modeling outline, paragraph 15.2, for further modeling.

Since a station can support more than one mission and since some station modeling usually should be consistent across missions, the windows used for modeling a station in a mission’s CM contain the option of copying the modeled information to the CMs of all coverage missions that are supported by the station.
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 XE "coverage model:space network" Selecting an SN station button from the Supporting Stations box of the Coverage Model window pops up a Space Network Coverage window XE "window:Space Network Coverage" , as shown in Figure 15-2. At the top of the window, the Station label shows the ID and name of the station. At the bottom of the window is the Status option menu. Mission-station CED will only be generated for the station if its status is ACTIVE. Such a station is called an “active station.” An SN station is often referred to as a “TDRS XE "TDRS" .”
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Figure 15-2.  Space Network Coverage Window

15.4.2.1
 seq head5 \r0 \h Station Modeling

The station modeling XE "station:modeling"  in this window consists of specifying the station location. This can be done in two ways.

If the user wishes to model the TDRS as geostationary, then the Fixed toggle is turned on. This causes the fields needed to specify the station position to appear. The Longitude field is used to specify the longitude of the station. The Height field is used to specify the station height above the Earth. To be geostationary the station must be at a required height. The NPAS value for this height is 35,785 km. Values more than 2 km from this standard should be used only for some nonstandard modeling purpose. 


The other modeling option for station location is to model the station as moving in an elliptical two-body XE "orbit:two-body"  orbit. This is done by turning on the Moving toggle which brings up fields for entering an epoch and osculating Keplerian elements XE "Keplerian elements" . (An option for Brouwer XE "Brouwer mean elements"  Mean elements is not operational.) The coordinate system is assumed to be Earth Inertial True of Date XE "true of date"  with the "date" being the epoch.

15.4.2.2
 seq head5 \r0 \h Earth Occultation Events

CA always calculates Earth occultation visibility XE "visibility:Earth occultation"  events XE "Earth occultation"  for all supporting active SN stations. See Figure 15-3.
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Figure 15-3.  Earth Occultation Visibility

15.4.2.3
 seq head5 \r0 \h Earth Multipath Events

A multipath transmission takes place when a transmitted signal arrives at the receiver by two or more paths of different transmission times. The out-of-phase reception of several copies of the signal can cause an error in signal reception ("ghosts" on a TV screen, error bits in spacecraft digital communication, etc.). Multipath interference XE "multipath:interference"  on the TDRS-mission spacecraft communications link may occur when the straight line signal path is close to the Earth's surface. The interference is believed to be caused by signal reflections from water on the Earth surface. 

The modeling of multipath events is based upon a variable called the height of ray path. The ray path between two points in space is the straight line segment joining the points. The Height of Ray Path XE "height of ray path"  (HORP) is the distance between the ray path and the Earth's surface. If the ray path passes through the Earth, then NPAS measures HORP negatively. Several examples of station-to-spacecraft HORPs are shown in Figure 15-4.

. [image: image20.wmf]
Figure 15-4.  Height of Ray Path Between an SN Station and a Spacecraft

A multipath visibility XE "visibility:multipath"  is a visibility constrained by a HORP greater than a specified multipath height XE "multipath:height" . The multipath events are the SOV and EOV of the multipath visibility. 
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To request calculation of Earth multipath events, turn on the Calculate Multipath Height events toggle and specify the minimum HORP in the Multipath height field.

The constraint of a minimum HORP is equivalent to an Earth occultation constraint where the Earth surface is moved outward by the value of the minimum HORP. Multipath height modeling can thus also be used to generate events whose constraint can be interpreted as a “large Earth.” An example of such an event is a constraint on the minimum elevation angle above the horizon on the mission spacecraft-to-station signal path for mission spacecraft whose orbit is nearly circular.

15.4.2.4
 seq head5 \r0 \h SN Station Azimuth and Elevation Angles

The SN station azimuth and elevation angles are a pair of “look angles” for an SN station. They are one means of specifying the angular position of a spacecraft (or an arbitrary point) as seen from the SN station. They are shown in Figure 15-5. The azimuth angle is measured from the station-to-Earth center line to the projection of the station-to-spacecraft vector onto the station’s orbital plane. It ranges from 0( to 360(. The elevation angle is measured from the station’s orbital plane to the station-to-spacecraft vector. It ranges from -90( to 90(. The positive directions for measuring these angles are indicated in the figure.
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Figure 15-5.  SN Station Azimuth and Elevation Angles
These angles are not in the coverage model. They are, however, calculated by some CAS processes.
15.4.2.5
 seq head5 \r0 \h Copying Across Missions

[image: image1.wmf]If you want the displayed station modeling to be copied to the CMs of all coverage missions that contain the station, then select the Copy button at the bottom of the window. A confirmation window will pop up.

15.4.3
 seq head5 \r0 \h 

 seq head4 \r0 \h GN Coverage Modeling

 XE "coverage model:ground network" Selecting a GN station button from the Supporting Stations box in the Coverage Model window pops up a Ground Network Coverage window XE "window:Ground Network Coverage" , as shown in Figure 15-6. At the top of the window, the Station label shows the ID and name of the station. At the bottom of the window is the Status option menu. CA will generate mission-station events for the station only if its status is active.


[image: image24.wmf]
Figure 15-6.  Ground Network Coverage Window

15.4.3.1
 seq head5 \r0 \h Station Modeling

 XE "station:modeling" Ground station locations are specified by geodetics in the GN data file. This file also contains the modeling data for the stations' masks XE "mask:GN station" . The GN data file is a text file created by the user and the user makes it part of the model via the Submit Coverage Processes window. Refer to Appendix A for an example of a GN data file. A graph  XE "plotting:GN antenna mask" of the mask can be displayed and printed by choosing the Plot Mask button in the Basic Station Data window.

15.4.3.2
 seq head5 \r0 \h Earth Horizon and Station Mask Events

 XE "visibility:Earth horizon" Earth horizon and station mask visibilities XE "visibility:station mask"  are always calculated by CA for active supporting GN stations. See Figure 15-7.




Figure 15-7.  Earth Horizon Visibility

15.4.3.3
 seq head5 \r0 \h Maximum Elevation  Angle Events

By turning on the Calculate Maximum Elevation Angle events toggle, maximum elevation angle events  XE "elevation angle:maximum" will be generated.

15.4.3.4
 seq head5 \r0 \h Range Cutoff Events

Range cutoff events model the situation where a ground antenna has a maximum range within which it can communicate with a specific spacecraft. This maximum range is called the cutoff range XE "cutoff range" \t "See range, cutoff" 

 XE "range:cutoff" . Range cutoff events XE "range cutoff event"  are the events of the spacecraft range transiting the cutoff range while the spacecraft is in view. They are depicted in Figure 15-8. A transit from less than to greater than the cutoff value is called a greater than range cutoff event. A transit from greater than to less than the cutoff value is called a less than range cutoff event. 
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Figure 15-8.  Range Cutoff Events

To request CA generation of these events turn on the Calculate Range Cutoff  events toggle and enter the cutoff range in the Cutoff range field.
15.4.3.5
 seq head5 \r0 \h Copying Across Missions

If you want the displayed station modeling to be copied to all the CMs that contain the station, then select the Copy button at the bottom of the window. A confirmation window will pop up.

15.5
Zone of Exclusion ( seq head5 \r0 \h 

 seq head4 \r0 \h 

 seq head3 \r0 \h ZOE) Events

15.5.1
 seq head5 \r0 \h 

 seq head4 \r0 \h Purpose

The Zone of Exclusion XE "zone of exclusion"  (ZOE) of two TDRSs (SN stations) is that volume of space that is in the Earth's shadow of both TDRSs. If a spacecraft is in the ZOE then it is not in view of either TDRS and no communication via either TDRS is possible.

CA generates Earth occultation events for all active supporting SN stations. Thus the time that a mission is in the ZOE of any two TDRSs can be determined. For scheduling purposes, however, it is desired to also know when the spacecraft passes through or above the middle of the ZOE. This passage is termed a Mid-ZOE Crossing XE "mid-ZOE crossing"  event. If the TDRSs are in the equatorial plane, then this event occurs when the spacecraft's longitude bisects the larger angle between the TDRSs. See Figure 15-9. This longitude can be easily determined for a pair of geostationary TDRSs. CA can generate mid-ZOE crossing events only for geostationary SN stations.
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Figure 15-9.  Mid ZOE Crossing Event

15.5.2
 seq head5 \r0 \h 

 seq head4 \r0 \h Requesting Generation of Mid-ZOE Crossing Events

[image: image27.png]2ZOE Events




In the Coverage Model window select the ZOE Events button to pop up the ZOE Events window XE "window:ZOE Events"  as shown in Figure 15-10. By using the options in this window select the SN station pairs for Mid-ZOE Crossing events. The selected pairs are shown in the window. The ordering within a pair is immaterial. Up to thirty pairs can be selected.
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Figure 15-10. ZOE Events Window

15.6
 seq head5 \r0 \h 

 seq head4 \r0 \h 

 seq head3 \r0 \h Orbit Model

15.6.1
 seq head5 \r0 \h 

 seq head4 \r0 \h Purpose

The orbit model XE "orbit:modeling"  contains the data needed to model the trajectory XE "trajectory"  of the spacecraft. This consists of data to specify the spacecraft state XE "spacecraft:state"  at a specified time and data to model the forces on the spacecraft. It also contains some parameters that control some of the orbit generator report. The trajectory is computed by the orbit generator XE "orbit generator"  process, GTDS. Appendix B on spacecraft orbital mechanics contains information helpful to model the orbit. The bibliography contains further references.

15.6.2
 seq head5 \r0 \h 

 seq head4 \r0 \h Orbit Model Window

[image: image29.png]



Select the Orbit Model button in the Coverage Model window to bring up the Orbit Model window XE "window:Orbit Model"  as shown in Figure 15-11. All the fields and option menus in this window need to be specified. The three buttons just below the orbital elements provide access to optional parts of the orbit model XE "orbit:modeling" . These parts have default settings that can be modified by the user.
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Figure 15-11. Orbit Model Window

Enter the epoch for the orbital elements in the three fields under Epoch. In the Element Type option menu select either Osculating (Keplerian)  XE "Keplerian elements" or Brouwer Mean XE "Brouwer mean elements" . The epochal elements are entered in the six fields Semimajor Axis XE "semimajor axis"  through Mean Anomaly. The coordinate system is assumed to be Earth Inertial True of Date XE "true of date"  referenced to the spacecraft epoch.


The Ephemeris XE "ephemeris"  File Interval option menu is used to specify the time interval between successive points in the orbit file XE "orbit file" . A value of 1200 seconds (20 minutes) is most commonly used and is sufficiently small to provide the accuracy needed for most purposes. If more accuracy is desired then a smaller value should be used. Two cases where 1200 seconds may be too large are: 

· Generation of apogee/perigee passage events for a low-eccentricity spacecraft orbit. If the eccentricity is under 0.04, a field value of 600 or 300 seconds is recommended. 

· CMs that include orbital maneuvers. Event calculations are more accurate if maneuver times are midway between orbit file points XE "ephemeris" .

15.6.3
 seq head5 \r0 \h 

 seq head4 \r0 \h Dynamical Model
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This part of the CM contains the modeling of the non-thrust forces on the spacecraft. These forces are gravity, atmospheric drag, and solar radiation pressure XE "solar radiation pressure" . Select the Dynamical Model button in the Coverage Model window to bring up the Dynamical Model window XE "window:Dynamical Model"  as shown in Figure 15-12. The default values are shown in this figure.
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Figure 15-12. Dynamical Model Window

15.6.3.1
 seq head5 \r0 \h Gravity Model

The Central body XE "central body"  toggle should be set to the body that exerts the dominating gravitational force. The selection is used as the origin for the coordinate system for the orbit integrator XE "orbit integrator" . For Earth-orbiting spacecraft this is the Earth. The Noncentral body toggles select other astronomical bodies for the gravity model. If solar radiation pressure XE "solar radiation pressure"  is to be modeled then the Sun  XE "Sun:model" toggle must be turned on. The values for the gravitational parameters of these bodies are in the GTDS data files and are not modifiable.

The nonspherical geopotential XE "nonspherical geopotential"  is modeled by specifying a particular non-spherical geopotential model and by specifying a truncation of that model. The Model name option menu specifies the nonspherical geopotential XE "nonspherical geopotential"  model to use. The default model is xe "Goddard Earth Model"JGM-2. Other models are the Goddard Earth Model (GEM) –9, GEM-10, GEM-10B, and GEM-T3. The Maximum degree of coefficients to use field specifies truncation of coefficients beyond the specified degree. Similarly the Maximum order of coefficients to use field specifies truncation of coefficients beyond the specified order. Turning on the Use resonant coefficientsxe "resonant coefficients" toggle means "also use any other coefficients that would particularly perturb the orbit specified by the Keplerian elements."

15.6.3.2
 seq head5 \r0 \h Solar Radiation Pressure


To model solar radiation pressure XE "solar radiation pressure:modeling"  turn on the Sun XE "Sun:model"  toggle in the gravity model and turn on the Model solar radiation pressure toggle. The latter will cause the needed fields to appear. 

 XE "spacecraft:mass" The Mass field specifies the spacecraft mass at epoch. If the mass of the spacecraft changes after epoch, then the changes can be modeled through impulsive maneuver parameters accessed via the Maneuver Model button in the Orbit Model window.

The Ave. cross-sectional area field specifies the area of the spacecraft for modeling both drag XE "drag:modeling"  and solar radiation pressure. A different area for the two models can be effectively modeled by adjustments to either the solar radiation pressure or the drag coefficient XE "drag coefficient" .

The Solar radiation pressure coefficient field is used to model the solar reflectivity of the spacecraft surface exposed to the Sun. A value used for the ERBS spacecraft was 1.2. A value used for the Landsat spacecraft was 1.5. This coefficient can be adjusted to compensate for inaccuracies in other parts of the model.

15.6.3.3
 seq head5 \r0 \h Drag XE "drag:modeling" \b 
Table 15-2. Harris-Priester Atmospheric Density Model Code

Model Number
Solar Radiation Flux at 10.7 cm (watts/m2-Hz)

 1
 65

 2
 75

 3
 100

 4
125

 5
150

 6
175

 7
200

 8
225

 9
250

10
275

NPAS uses the GTDS, modified Harris-Priesterxe "Harris-Priester model" atmospheric XE "atmosphere:model"  density model. In this model the effect of a change in the amount of solar radiation upon the atmosphere is modeled via a model number that is related to the 10.7 cm radiation flux as listed in Table 15-2. Drag and the Earth’s atmosphere are discussed in the Appendix B on orbital mechanics.

The modified Harris-Priester model also contains parameters for modeling an error in the drag coefficient, a time variation in density, and the diurnal bulge XE "diurnal bulge"  caused by solar heating. The formula for modeling the spacecraft acceleration due to drag is:




where




= effective drag coefficient times density at time
                    t





= nominal drag coefficient





= drag error parameter





= error coefficient of time variation





= time of instantaneous spacecraft position (sec)





= epoch time





= diurnal variation in atmospheric density

n

= power of cosine XE "power of cosine"  term





= angle between spacecraft position vector and apex of the diurnal bulge.





= nominal density for a particular model number.





= spacecraft height XE "height" 
See formula 4-159 in GTDS Mathematical Theory and the description of the DRAGPAR keyword in the GTDS User’s Guide.  The parameters, 

, 

, 

, 

, and n are entered into the window.


To model drag XE "drag:modeling"  turn on the Model drag toggle to bring up the needed fields. 

The Mass and Ave. cross-sectional area fields are the same as for modeling solar radiation pressure. Enter the spacecraft’s nominal drag coefficient XE "drag coefficient"  into the Drag coefficient field. This is the factor 

 in the formula. For example, orbit determinations at GSFC for Landsat and ERBS have used a value of 2.2.

Enter the drag error parameter, 

, into the Drag Error Parameter (rho sub 1) field. This parameter is used to compensate for errors in the drag model. In normal spacecraft orbit operations the nominal coefficient of drag is held fixed throughout the life of the spacecraft and the error parameter is used to make adjustments to the drag force as the need for such adjustments become apparent. The value of this field can be positive or negative as more or less drag is needed. The value never goes to negative one (thus eliminating drag). The default value is 0.0 corresponding to “no error.”

Enter a value for the Harris-Priester density model number that corresponds for the desired solar flux XE "Sun:flux"  value into the Density model (Harris-Priester) number field. Predictions of the 10.7 cm solar flux are contained in the weekly publication, Preliminary Report and Forecast of Solar Geophysical Data, from the Joint NOAA-USAF Space Environment Services Center in Boulder, Colorado. This publication is available in the GSFC library. The default value is 5.
To model the atmospheric bulge:

· Enter the power of cosine term, n, into the Power of cosine term for diurnal bulge field (default value is 6).

· Enter the lag angle between the Sun and the bulge into the Angle between Sun and diurnal bulge field (default value is 30.0).

· Enter the diurnal variation in atmospheric density, into the Diurnal Variation in Density field. This parameter specifies the relative increase in density along the bulge apex. The default value is 0.0.

Enter the diurnal variation in atmospheric density, 

, into the Time variation in density field. This parameter models a linearly time dependent change in the atmospheric density. Note that the unit of time is seconds. For example, if you want the density to double in one day from epoch, then enter a value of 1.0/86400 = 1.1574E-05. The default value is 0.0.

15.6.4
 seq head5 \r0 \h 

 seq head4 \r0 \h Impulsive Orbital Maneuver Model.
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Spacecraft thrusts XE "thrust"  are modeled as velocity impulse XE "velocity impulse" s called impulsive orbital maneuver XE "impulsive orbital maneuver" s. Impulsive maneuver modeling is accessed by choosing the Maneuver Model Button in the Orbit Model window. This pops up the Impulsive Orbital Maneuver Model window XE "window:Impulsive Orbital Maneuver Model"  as shown in Figure 15-13. Up to five maneuvers can be modeled. The modeling consists of specifying the time instant of the maneuver, the value of the velocity impulse and the change in spacecraft XE "spacecraft:mass"  mass due to fuel spent in thrusting. Some work on analyzing the original and final trajectories for each maneuver is usually needed to obtain the values of the modeling parameters.
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Figure 15-13. Impulsive Orbital Maneuver Model Window

The Maneuver Name field is optionally used to tag the maneuver.

The Maneuver Date and the Maneuver Time fields specify the instant of time of the velocity impulse. Maneuver times must be within the coverage analysis interval specified in the Coverage Model window. The time must also be at least five integration steps after the start time. If the default integration step size of one minute is used, then the maneuver times must be at least 5 minutes later than the coverage analysis start time.

The Coordinate System option menu is used to specify the coordinate system of the velocity impulse vector. It is best to picture this system as centered at the spacecraft.

The Method of Specification option menu is used to select the method of specifying the velocity impulse. The choices are: (1) the vector's magnitude, yaw XE "yaw" , and pitch XE "pitch" ; and (2) the vector's Cartesian coordinates.

If the velocity impulse is to be specified by magnitude, yaw, and pitch then the next three fields are interpreted by the left portions of their labels; namely the Magnitude, Yaw, and Pitch fields. Yaw and Pitch angles are shown Figure 15-14. Note that this method of specification uses a coordinate system defined by the spacecraft position and velocity at the impulse time.

[image: image41.png]



Figure 15-14. Yaw and Pitch Angles of a Velocity Impulse

If the velocity impulse is to be specified by Cartesian components then the next three fields are interpreted by the right portions of their labels, namely the X Component, the Y Component, and the Z Component fields. Enter the components of the impulse velocity, expressed in the coordinate system specified in the Coordinate System option menu.

The S/C Mass before Maneuver and S/C Mass after Maneuver fields are used to specify the mass of the spacecraft before and after the maneuver. Aside from having to be positive, the values in these fields are only of concern if either drag or solar radiation pressure XE "solar radiation pressure"  forces are being modeled.

15.6.5

 seq head5 \r0 \h 

 seq head4 \r0 \h 
Orbit Generator
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Access to parameters specifying operation of the orbit generator XE "orbit generator"  process is obtained by choosing the Orbit Generator button in the Orbit Model window. This brings up the first of two Orbit Generator windows XE "window:Orbit Generator"  as shown in Figure 15-15 (1 of 2). The Integrator and Report file buttons allow the user to switch between the two. The default values are shown in this figure.
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Figure 15-15.  First Orbit Generator Window

15.6.5.1
 seq head5 \r0 \h Trajectory Integrator

The integrator XE "orbit integrator"  computes the spacecraft trajectory XE "trajectory"  by "stepping" through time. It starts with the epochal state XE "spacecraft:state" , then it calculates the state at epoch plus length of first time step. Then using the same or a calculated step size, it takes another time step and calculates the state there. It continues stepping along the analysis time interval until finished. Along the way it uses the calculated states to interpolate the states requested by the NPAS user for the orbit file XE "orbit file"  and for the ephemeris in the report file.

Parameters for modeling the trajectory integrator are in the upper half of the first Orbit Generator window. 
The Type option menu specifies the integrator type. Refer to the reference GTDS Mathematical Theory for a full description of the available options. The default selection is Cowell. The Cowell XE "Cowell integrator"  method is recommended for near-Earth, near-circular orbits. For near-Earth orbits with eccentricity greater than 0.1, Time-Regularized Cowell is recommended.

The Step Mode option menu specifies the integration step mode. Refer to the reference GTDS Mathematical Theory the for a full description of the available options. The default selection is Fixed Step. The Regular Variable Step option is useful for orbits that are not low-Earth nor near-circular. Highly eccentric orbits or orbits that approach the Moon are examples of such orbits.

The Size of First Step field specifies the length of the first integration step. If the Step Mode option is Fixed Step then all steps are of this size. If a non-fixed step mode is selected then the integrator calculates the length of succeeding steps, trying to use the longest step consistent with accuracy. Longer steps can be used as the net force on the spacecraft decreases.

The Coordinate System Orientation  XE "orientation" option menu specifies the inertial coordinate system used by the orbit integrator. The default selection is Mean of J2000.0 XE "Mean of B1950" . If the Mean of J2000.0 system is selected, then the nutation XE "nutation:model"  and precession of the Earth are modeled to calculate the position of the Earth. The position of the Earth is needed to calculate the nonspherical gravitational force. If the True of Referencexe "true of reference" system is selected, then precession and nutation are ignored thereby speeding the computation time at the expense of a small inaccuracy in the force model. If the third option, Mean of 1950.0, is selected then Mean of J2000.0 is actually used. The selection in this menu influences the availability of choices of coordinate system in other parts of the window. The selections in these other menus that are not possible are displayed in the insensitive mode. The origin of the coordinate system is set by the Central body XE "central body"  toggle in the Dynamical Model window.

15.6.5.2
 seq head5 \r0 \h Orbit File

The bottom half of the first Orbit Generator window contains parameters for the orbit file XE "orbit file" .

The toggles under Coordinate System Central Body specify the center of the coordinate system for the orbit file. The default setting is the Earth toggle turned on. The CED-generating processes that read the file assume the center of the coordinate system to be the Earth center.

The Coordinate System Orientation option menu is used to specify the coordinate system used in the orbit file. The default selection is  XE "true of date" True of Date and this is the coordinate system assumed by the CAS processes that read the file. The selections that are displayed in the insensitive mode are not available for the displayed choice of Coordinate System Orientation of the orbit integrator XE "orbit integrator" .

15.6.5.3
 seq head5 \r0 \h Report File Ephemeris

The second Orbit Generator window deals with the spacecraft ephemeris XE "ephemeris"  contained in the report file of the orbit generator process. This ephemeris can have a different span, spacing, and content than the orbit file. The start, however, is the same.
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Figure 15-15A. Second Orbit Generator Window

The End Time toggles are used to specify the end time of the report file ephemeris. If the Same as End of CAS Analysis toggle is turned on then the ephemeris ends at the End Time specified for coverage analysis in the Coverage Model window. If the User specified toggle is turned on, then fields are displayed for user specification of the end time.

The Time Spacing of Points toggles are used to specify the time spacing of points in the report file ephemeris. The user has the choice of spacing these points by a specified fixed time interval or setting the points to be among the various nodal crossings. If the Fixed Interval toggle is turned on, then a field is displayed for specification of a fixed-length time interval. If the Every n-th Nodal Crossing toggle is turned on, then a field and toggles are displayed for specifying which nodal crossings will be used. These toggles specify ascending or descending nodal crossings. The field specifies the frequency of nodal crossing selection: a "1" denotes "at every crossing," a "2" denotes every second crossing, etc.

By use of the Include Points at Perigee  and/or Apogee toggles, the user can optionally include points at perigee XE "perigee"  and apogee XE "apogee"  in the report file ephemeris.

By use of the Coordinate System(s) Central Bodies toggles, the user can select one or more points as the center of the coordinate system(s).

The Coordinate System Orientation  XE "orientation" option menu is used to specify the coordinate system(s) used. The default selection is  XE "true of date" True of Date (Inertial). The selections that are displayed in the insensitive mode are not available for the displayed choice of Coordinate System Orientation of the orbit integrator XE "orbit integrator"  (top portion of the window).

The Coordinate System Types in Addition to Cartesian toggles specify other methods of expressing the spacecraft state XE "spacecraft:state"  in addition to specifying the Cartesian position and velocity.







15.7
 seq head5 \r0 \h 

 seq head4 \r0 \h 

 seq head3 \r0 \h Earth and Sun Model

[image: image46.png]Earth Sun
Model




To access the parameters that model the mass of the Earth, the shape of the Earth, the Earth nutation angles XE "nutation angles" , and the position of the Sun XE "Sun:model"  select the Earth Sun Model button in the Coverage Model window. This brings up the Earth Sun Model window XE "window:Earth Sun Model"  as shown in Figure 15-16.

These model parameters are used by the GTDS_Convert process and the CED-generating processes; the orbit generator process has its own internal model. The Earth gravitational parameter XE "Earth:gravitational parameter"  is used to interpolate between orbit file points. The Earth shape parameters are used in the calculation of Earth occultation events, Multipath events, GN station Cartesian positions (and thus all GN station events), and spacecraft height and geodetic latitude. The Earth nutation angles XE "nutation angles"  are used to convert between true of date XE "true of date"  and mean of date XE "mean of date"  coordinate systems and to most exactly calculate the orientation of the Earth. The Sun position is used to calculate Sun events.
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Figure 15-16. Earth Sun Model Window

The Earth Radius XE "Earth:radius"  field specifies the Earth equatorial radius. The default value is 6378.136 km. 

The Earth Flattening field specifies the Earth inverse flattening coefficient XE "flattening coefficient" . The default value is 298.257.

The Earth Grav. Const. field specifies the value for the Earth gravitational parameter. This parameter equals the mass of the Earth times the universal gravitational constant. The default value is 3.9860044E+14.

The Earth Nutation Model option menu provides the user a selection of Earth nutation model XE "nutation:model" . The two options are: the Ephemeris option which means use of the external SLP file; and the Analytical option which means that an internal formula is used. The SLP file provides the more accurate values. The difference between the two models is slight, both in terms of computer time and numerical output. The default option is Ephemeris.

The Sun Position Model option menu provides the user a selection of the Sun position model. The options are the same as in the Earth Nutation Model option.

15.8
 seq head5 \r0 \h 

 seq head4 \r0 \h 

 seq head3 \r0 \h Spacecraft Attitude and Antenna

15.8.1
 seq head5 \r0 \h 

 seq head4 \r0 \h Purpose and Model Outline

Spacecraft attitude XE "attitude:modeling"  and antenna XE "antenna:spacecraft"  modeling is used to model a mask XE "mask:mission spacecraft"  for an antenna mounted on the mission spacecraft. The model is primarily used for the generation of spacecraft antenna mask visibilities XE "visibility:spacecraft antenna mask" . The spacecraft attitude and the antenna orientation XE "antenna:orientation"  parts of the model are used to provide spacecraft to station view angles.

The antenna mask is described by points on a sphere, specified by either (az, el) or (phi, theta) and relative to an antenna coordinate system XE "antenna:coordinate system" . The antenna coordinate system has a fixed, specifiable, orientation relative to the spacecraft attitude XE "attitude"  system, which can be one of several coordinate systems definable in terms of the spacecraft position and velocity vectors and astronomical references.

Exactly one attitude has to be specified for a mission. The choice of either (az, el) or (phi, theta) must be made for at least one antenna. Up to two antennas can be specified.

15.8.2
 seq head5 \r0 \h 

 seq head4 \r0 \h Accessing the Model
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Select the Attitude & Antenna button in the Coverage Model window to bring up the Mission Attitude and Antennas window XE "window:Mission Attitude and Antennas"  as shown in Figure 15-17.




Figure 15-17. Mission Attitude and Antennas Window

15.8.3
 seq head5 \r0 \h 

 seq head4 \r0 \h Attitude

The spacecraft attitude XE "attitude:defined"  is a coordinate system whose origin is at the spacecraft and whose axes are considered to be fixed relative to the spacecraft. It describes the spacecraft’s orientation XE "orientation:spacecraft"  in space. One of the several options shown in Figure 15-17 must be chosen. The available selections are defined in terms of the spacecraft position and velocity vectors and astronomical references. They are defined in Table 15-3 and are depicted in Figure 15-18 through Figure 15-24. NPAS does not model attitude maneuvers, the torque on the spacecraft, spinning spacecraft, nor an attitude ephemeris. The default choice is Local Vertical.

Table 15-3. Spacecraft Attitude Models

Name
Description


Axis
Direction


xI
xeq

Inertial XE "inertial" 
yI
yeq


zI
zeq


xLV
r

Local Vertical
zLV
r ( v


yLV
zLV ( xLV


yLO
- (r ( v)

Local Orbital
zLO
- r


xLO
yLO ( zLO


zE
To the Sun

Ecliptic XE "ecliptic" 
xE
zE ( xeq


yE
zE ( xE


xRE
To the Sun

Rotating Ecliptic
yRE
xRE ( r


zRE
xRE ( yRE

Notes:
1. r is the Earth-centered spacecraft position vector.


2. v is the spacecraft (inertial) velocity vector.


3. (xeq, yeq, zeq) is an Earth Inertial Equatorial coordinate system.
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Figure 15-18. Spacecraft Inertial Attitude
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Figure 15-19. Spacecraft Local Vertical Attitude
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Figure 15-20.  Spacecraft Local Orbital Attitude

[image: image53.wmf],

,

N

o

t

e

s

:

1

.

(

3

.

i

s

(

a

l

m

o

s

t

)

p

e

r

p

e

n

d

i

c

u

l

a

r

t

o

t

h

e

e

c

l

i

p

t

i

c

2

.

i

s

(

a

l

m

o

s

t

)

p

a

r

a

l

l

e

l

t

o

t

h

e

e

c

l

i

p

t

i

c

)

=

E

a

r

t

h

i

n

e

r

t

i

a

l

e

c

l

i

p

t

i

c

c

o

o

r

d

i

n

a

t

e

s

y

s

t

e

m

t

o

S

u

n

H

a

l

f

p

l

a

n

e

o

f

(

n

o

r

t

h

e

r

n

)

s

u

m

m

e

r

S

u

n

e

c

l

i

p

t

i

c

E

a

r

t

h

e

q

u

a

t

o

r

E

a

r

t

h

c

e

n

t

e

r

s

p

a

c

e

c

r

a

f

t

x

x

x

z

z

y

y

x

y

z

z

e

c

E

E

E

E

E

e

c

e

c

e

c

e

c

e

c

E

c

l

i

p

t

i

c

N

o

r

t

h


Figure 15-21.  Spacecraft Ecliptic XE "Ecliptic"  Attitude in (Northern) Summer
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Figure 15-22.  Spacecraft Ecliptic Attitude in (Northern) Winter
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Figure 15-23. Spacecraft Rotating Ecliptic Attitude In Plane of Earth, Spacecraft,
 

  and Sun
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Figure 15-24. Spacecraft Rotating Ecliptic XE "Ecliptic"  Attitude For Several Spacecraft 


  Positions

15.8.4
 seq head5 \r0 \h 

 seq head4 \r0 \h Antenna Model

15.8.4.1
 seq head5 \r0 \h Access

[image: image57.png]Mission Antennas

1) Big Antenna
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 XE "antenna:modeling" The IDs and names of the modeled antennas are labeled on buttons in the right portion of the Mission Attitude and Antennas window. Selecting a button brings up the Mission Antenna window XE "window:Mission Antenna"  for modeling the antenna named on the button. See Figure 15-25. The antenna ID and name are fields at the top of this window.
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Figure 15-25. Mission Antenna Window

15.8.4.2
 seq head5 \r0 \h Antenna Orientation

The antenna orientation  XE "antenna:orientation" specifies an antenna coordinate system that is fixed on the spacecraft and is usually closely related to the antenna’s mounting on the spacecraft. For example, one of the axes of the antenna coordinate system could be the boresight of the antenna. The antenna coordinate system is specified by its orientation relative to the spacecraft attitude coordinate system. The orientation is specified by three orientation XE "orientation"  angles. Starting with the spacecraft attitude XE "attitude"  system, performing these rotations in the specified sequence results in the antenna coordinate system. Refer to the presentation of rotations and orientation in Appendix B on orbital mechanics.

In the Mission Antenna window enter the orientation angles in the Rotation Angle fields and enter the sequence for performing the rotations in the Rotation Sequence fields.
15.8.4.3
 seq head5 \r0 \h Angular Coordinate System

 XE "antenna:angular coordinate system" The direction to a station, as seen by the antenna on the spacecraft, can be specified by two angles relative to the antenna’s coordinate system. These angles can be specified in either of two angular coordinate systems; a phi-theta system XE "phi-theta system"  or an az-el system XE "az-el system" . These two angular coordinate systems are defined in Table 15-4 and are depicted in Figure 15-26 and Figure 15-27.

Table 15-4. Angular Coordinate Systems

System
Angle


Name
Formula
Description

Phi-Theta
Phi, (
Arctan (y/-z)
Angle between the negative zant-axis and the projection of the spacecraft-station vector onto the yant-zant plane. Measured positively from the negative zant-axis toward the yant-axis. Ranges from 0 to 360 degrees. 


Theta, (
Arccos (x/r)
Angle between the xant-axis and the spacecraft-station vector. Ranges from 0 to 180 degrees.

Az-El
Az
Arctan (y/x)
Angle between the xant-axis and the projection of the spacecraft-station vector onto the xant-yant plane. Measured positively from the xant-axis toward the yant -axis. Ranges from 0 to 360 degrees.


El
Arcsin (-z/r)
Angle between the spacecraft-station vector and the xant-yant plane. Measured positively from the xant-yant plane toward the negative zant-axis. Ranges from -90 to +90 degrees.

[image: image59.wmf]
Figure 15-26. Spacecraft Antenna Phi-Theta Angular Coordinates
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Figure 15-27. Spacecraft Antenna Az-El Angular Coordinates

In the Mission Antenna window select the desired angular coordinate system by setting the toggle below the label Antenna Angular Coordinate System.

15.8.4.4
 seq head5 \r0 \h Mask Specification Data

 XE "mask:mission spacecraft" Antenna mask specification data XE "mask specification data"  or, simply, masking data XE "masking data" \t "See mask specification data"  is a set of angular values, in the selected angular coordinate system, which specify the spacecraft antenna mask. The following description of masking data is done using the phi-theta angular coordinate system. The description using the az-el system is similar.

The mask is the union of one to five bands. On a Cartesian graph in phi-theta space, each band goes from 0 to 360 degrees in phi but can have a varying theta width. A band is specified by a set of (phi, theta1, theta2) points. The lower boundary of the band is formed by connected line segments between the (phi, theta1) points; the upper boundary is similarly formed by the (phi, theta2) points. If any upper and lower line segments coincide then the mask has zero width there; no masking occurs. The mask is the union of all the bands. An example of a mask consisting of two bands is depicted in Figure 15-28; the mask consists of all the shaded area. Band 2 in this figure is that specified by the masking data depicted in Figure 15-25. For plotting of masking data refer to 15.8.5.

[image: image61.wmf]
Figure 15-28. Example of a Spacecraft Antenna Mask

To specify a band select one of the buttons under the Select Band label in the Mission Antenna window and enter points in the scroll window. If the phi-theta toggle is on then this scroll window is headed Phi Theta1 Theta2. If the az-el toggle is on then it is headed Az El1 El2. The entered points must include a point whose first coordinate is 0.0 degrees and another whose first coordinate is 360.0 degrees. Up to 361 points can be entered for each band. The points need not be ordered. Any subset of the five available bands can be employed.

The buttons under the Band Options label allow one to sort points by increasing first coordinate and to delete selected or all points.

15.8.4.5
 seq head5 \r0 \h Network Applicability

Use the toggles to the right of the Network Applicability label in the Mission Antenna window to specify the network applicability of the mission spacecraft antenna. At most one antenna can be applicable to a network; separate antennas can apply to the SN and GN or a single antenna can apply to both networks, or one antenna is applicable to one network, or no antenna is applicable to either network.

View angles will be generated in the CA report XE "report:Coverage Analysis"  and in the mission-station CED for mission-SN station events using the mission antenna applicable to the SN. If no mission antenna is specified for the SN then view angles are not generated for the mission-SN station events. Similar considerations hold for GN stations.

15.8.4.6
 seq head5 \r0 \h Generation of Mission Antenna Mask CED

To request generation of mission antenna mask events XE "mission antenna mask event"  for a particular mission antenna, turn on the Calculate Masking Events toggle in the Mission Antenna window. Spacecraft antenna mask events for the displayed antenna will then be calculated by the CA process for all stations in the of the applicable type(s) selected by the Network Applicability toggles.

15.8.5
 seq head5 \r0 \h 

 seq head4 \r0 \h Plotting Mission Antenna Mask Specification Data

 XE "plotting:mission antenna mask" By selecting the Plot Mask button in the Mission Attitude and Antennas window, the system will present a window showing plots of the mask specification data for the mission antenna models. See Figure 15-29.
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Figure 15-29. Plot of Mask Specification Data

15.9
 seq head5 \r0 \h 

 seq head4 \r0 \h 

 seq head3 \r0 \h User-Defined Earth Surface Boundary Areas

15.9.1

 seq head5 \r0 \h 

 seq head4 \r0 \h 
Purpose and Model Outline

Earth surface boundary area XE "boundary area:modeling"  modeling is used to model areas on the Earth's surface. Spacecraft subpoint XE "subpoint"  entrances to and exits from these areas can then be calculated by the CA process.

An area is modeled as the union of area elements. An area element is a part of the Earth's surface bounded by two specified latitudes and two specified longitudes. Overlapping of area elements in a boundary area is allowed.

15.9.2
The Boundary Area Model

[image: image63.png]M User Boundaries




[image: image64.png]



To access the boundary area models, bring up the Coverage Model window and turn on the User Boundaries toggle. Then selecting the User Boundaries button will bring up the User Boundaries window XE "window:User Boundaries"  as depicted below in Figure 15-30. This window lists the names of areas in the mission's CM. Up to twenty areas can be modeled for each mission.

[image: image65.png]Defined Boundaries

1) EQUATOR

2) N. AMERICA

3) S. AMERICA

4) EUROPE/N. AFRICA
5) USSR/ASIA

6) AUSTRALIA

Save
Changes

New
Boundary,

Cancel
Changes

Help





Figure 15-30. User Boundaries Window

By choosing the button for an area, or by choosing the New Boundary button, the User Boundary Area Data window XE "window:User Boundary Area Data"  pops up as shown in Figure 15-31. This window contains the specification of the area elements that make up the boundary area. The Boundary Area field displays the name of the boundary area. The boundary area ID appears as a label; it is determined by the system. 
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Figure 15-31. User Boundary Area Data Window

Each data line of four fields under the headings Latitude From To and E. Longitude From To specifies an area element. The area element is the area on the Earth's surface bounded by the two latitudes and the two E. longitudes XE "longitude" . The value in From field must be less than the value in the following To field. Latitude ranges from -90 to 90 degrees. E. Longitude ranges from 0 to 360 degrees. The values in these fields are integers. Use the Insert and Delete buttons to the right of a data line to insert a new data line or to delete the data line. Use the Next Page and Prev Page buttons to scroll through the data lines. Use the Delete Bnd. button to delete the boundary area from the model.

Up to 1,000 area elements can be specified for a mission. This is a total over all boundary areas.

The boundary area specified in Figure 15-31 is shown in Figure 15-32.
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Figure 15-32. Boundary Area "N. America" on a World Map

15.9.3
 seq head5 \r0 \h 

 seq head4 \r0 \h Generation of User Boundary CED

To request generation of boundary area CED turn on the User Boundaries toggle in the list of mission-only events in the Coverage Model window. The events will be calculated by the CA process.

15.10
 seq head5 \r0 \h 

 seq head4 \r0 \h 

 seq head3 \r0 \h Separation Angle Modeling

15.10.1
 seq head5 \r0 \h 

 seq head4 \r0 \h Purpose and Model

Separation angle events XE "separation angle event" \t “See under coverage event"  are used to model the potential effect upon the mission spacecraft-station communications link of a secondary object XE "secondary object" . The influence of the secondary object falls into two cases depending on whether simultaneous signal transmission or reception with the secondary object is desirable or undesirable:

· Desirable. Simultaneous reception of or transmission to the secondary object is desirable. This case is also called two spacecraft on one antenna XE "two spacecraft on one antenna" \t "See inclusion of secondary" . From the viewpoint of NPAS scheduling, this case is called Inclusionxe "inclusion of secondary" \b.

· Undesirable. Either the secondary object is the source of an interfering message signal or noise, or transmission to the secondary object is undesirable. From the viewpoint of NPAS scheduling, this case is called Exclusionxe "exclusion of secondary".

The model uses the angular separation between the secondary object and the spacecraft-station communication link as a measure of the secondary's "closeness" to the link. The secondary objects that can be modeled are the Sun XE "Sun:as a secondary object"  and another coverage mission in the model. Figure 15-33 shows the triangle formed by the mission, a station, and the secondary object. The angle of interest can be either the angle of the triangle whose apex is at the station or the angle whose apex is at the mission.
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Figure 15-33. Separation Angle Geometry

An angular visibility XE "visibility:angular:defined"  is a maximal time interval during which a specified angle, either the angle at the station or at the mission, is less than a user specified value and also during which the objects at the other vertices of the triangle are in view. If the angle is at the station then both the mission and the secondary object are in view of the station. If the angle is at the mission spacecraft then both the station and the secondary object are in view of the mission spacecraft. The only view constraints are Earth occultation and Earth horizon. Separation angle events are calculated by the Sepang process; they are the SOV and EOV of an angular visibility.

15.10.2
 seq head5 \r0 \h 

 seq head4 \r0 \h Accessing the Separation Angle Model

[image: image69.png]



To access separation angle modeling choose the Separation Angle button in the Coverage Model window. This brings up the Separation Angle Requests window XE "window:Separation Angle Requests"  as shown in Figure 15-34. Each line of data in this window models an angular visibility XE "visibility:angular" . The Sort button presents the user with a number of optional ways of sorting how the requests appear in the window. Selecting the Add Requests button allows the user to add a number of requests to the window. The added requests have default values and a hold status; the bottom two requests in Figure 15-34 are added and unedited.
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Figure 15-34. Separation Angle Requests Window

By selecting the Edit button for a displayed request, the Separation Angle Event Request window XE "window:Separation Angle Event Request" , as shown in Figure 15-35, pops up. This window is used for entering the data to specify the request. In both of these windows the term “primary” refers to the mission being modeled and the term “secondary” refers to the secondary object.
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Figure 15-35. Separation Angle Event Request Window

15.10.3
 seq head5 \r0 \h 

 seq head4 \r0 \h Modeling an Angular Visibility

 XE "visibility:angular:modeling" To model an angular visibility:

· Select the station via the Station button. Selecting this button will bring up a List Manager window for selecting from the supporting stations for the mission.

· Select the secondary object via the Mission button under the Secondary label. Selecting this button will bring up a List Manager window for selecting from the Sun and other missions in the model.

· Select the angle type via the Angle Apex button. The angle apex can be either at the station or at the mission.

· Enter the defining angle value into the Angle field.

The other items in the window are “labels” that are added to the CED for use by other NPAS processes: 

· Use the Service button under the Primary label to select the service provided by the station to the mission. Selecting this button will bring up a List Manager window for selecting from the services modeled for the station and the non-specific service denoted by “Any.”

· Use the Service button under the Secondary label to select the service provided by the station to the secondary object. The selections available are the same as for the primary service.

· Use the Schedule Option menu to select from Inclusion and Exclusion. 

The same angular visibility can be modeled and generated with different sets of labeling data.

The system does some validity checking of the data in a request; for example, if the secondary object is the Sun then the schedule option should not be Inclusion.

15.10.4
 seq head5 \r0 \h 

 seq head4 \r0 \h Duplicating Requests
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Figure 15-36. Duplicate Request Window

 seq head5 \r0 \h 

 seq head4 \r0 \h The Duplicate button allows the user another way to create new requests. The created requests are duplicates of the displayed request with specified changes. Selecting this button brings up the Duplicate Request window XE "window:Duplicate Request"  shown in Figure 15-36. Toggle on the type of item that is to be changed in the duplicated request and then select the Continue button. A List Manager window will appear to select items of the selected type.

15.10.5
 seq head5 \r0 \h 

 seq head4 \r0 \h Generation of Separation Angle CED

Separation angle CED is generated by the Sepang process for all active separation angle requests.

Section 16.
 seq table \r0 \h 

 seq figs \r0 \h 

 seq head5 \r0 \h 

 seq head4 \r0 \h 

 seq head3 \r0 \h 

 seq head2 \r0 \h Submitting CAS Processes

16.1
 seq head5 \r0 \h 

 seq head4 \r0 \h 

 seq head3 \r0 \h Access
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To submit any of the CAS processes for missions in a model, select the Submit button in the NPAS Menu and then select the Coverage Analysis option. This will start the Submit CAS process by bringing up the Submit Coverage Processes window as shown in Figure 16-1.
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Figure 16-1. Submit Coverage Processes Window

The model for which coverage processes are to be submitted is shown at the top of the window by the Selected Model label. The window XE "window:Coverage Analysis Submittal"  contains toggles for submitting CAS processes for the coverage missions in the model’s COD. If a selected process requires the running of other processes then these other processes are automatically toggled on.
When the window is initially displayed, NPAS examines the COD for already existing CED and turns on the toggles for those processes that are needed to be run to generate all remaining requested CED for all missions. These are called the default processes. If all you want to do is to submit the default processes then select Submit/Submit Processes and then exit via  the usual File/Exit.
16.2
 seq head5 \r0 \h 

 seq head4 \r0 \h 

 seq head3 \r0 \h File Menu
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Selecting File on the menu bar brings up the File menu. Use the Load Model option to load a different model. Use the Information option to get the names of the model's database files and the GN file and of the GTDS SLP files. Use the Exit option to exit the submittal processes.
16.3
 seq head5 \r0 \h 

 seq head4 \r0 \h 

 seq head3 \r0 \h Set Processes Menu
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Selecting Set Processes on the menu bar brings up the Set Processes menu. 
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16.4
 seq head5 \r0 \h 

 seq head4 \r0 \h 

 seq head3 \r0 \h Submit Menu

Before submitting check the options at the bottom of the window. Use Submit/Submit Processes on the menu bar to submit the processes that are toggled on. 
The run status of the submitted processes appears in the bottom part of the NPAS Menu window.
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Furthermore, when all the processes are finished, a dialog box will notify you.

16.5
 seq head5 \r0 \h 

 seq head4 \r0 \h 

 seq head3 \r0 \h GN Geodetics and Mask File

When a model is loaded the name of model's GN data file is displayed in a field by the label GN Geodetics and Mask File. To change this file either enter the filename into the field or use the File Manager provided via the Select button. If CED involving any ground station is to be generated then the model's GN data file XE "gsmask file"  must contain data for the involved stations.
The CAS submittal process can be used to only change the name of the model's GN data file. Do this by placing the desired filename into the field, setting all processes off, and then proceeding as if actually submitting processes.
16.6
Coverage Mission Information Window seq head5 \r0 \h 

 seq head4 \r0 \h 

 seq head3 \r0 \h  seq head5 \r0 \h 

 seq head4 \r0 \h 

 seq head3 \r0 \h 
Selecting one of the displayed coverage missions brings up a Coverage Mission Information window as shown in Figure 16-2. Use this window to determine what missions use this coverage mission, the primary and secondary missions, and other information that may be helpful for determining the submission of processes for the coverage mission.
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Figure 16-2. Coverage Mission Information Window



16.8
 seq head5 \r0 \h 

 seq head4 \r0 \h 

 seq head3 \r0 \h Options
There are several options at the bottom of the submit window.
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If the option labeled Notify at completion of each process is toggled on, then at the completion of each submitted process a dialog box will appear notifying completion and providing direct access to the generated report file.

If the option labeled Always create orbit file for each OG process (GTDS_Convert) is toggled on, then the GTDS Convert process will be run after each orbit generator process to convert the OG output into an orbit file.

If the option labeled Deleted GTDS control files when finished is toggled on, then for each submitted orbit generator process the control file used as process input will be deleted.
If the option labeled Delete created orbit files when finished is toggled on, then for each submitted orbit generator process, if an orbit file was created it will be deleted after all submitted processes are finished.









Section 17.
CAS Reports seq head5 \r0 \h 

 seq head4 \r0 \h 

 seq head3 \r0 \h 

 seq head2 \r0 \h 

 seq table \r0 \h 

 seq figs \r0 \h 

 seq head5 \r0 \h 

 seq head4 \r0 \h 

 seq head3 \r0 \h 

 seq head2 \r0 \h 
17.1
 seq head5 \r0 \h 

 seq head4 \r0 \h 

 seq head3 \r0 \h Introduction

This section presents excerpts of the three report files produced by the Coverage Analysis System  (CAS) processes. In this section, “MIS” represents the name of the coverage mission. The report filenames are:

· GTDS_MIS.rpt. Report from the GTDS and GTDS_Convert processes.

· CAS_MIS.rpt. Report from the CA and Cascod processes.

· SEP_MIS.rpt. Report from the Sepang and Cascod processes.

The CAS-related processes that report on the coverage models and coverage event data in a COD are presented in Volume 8.

17.2
 seq head5 \r0 \h 

 seq head4 \r0 \h 

 seq head3 \r0 \h Access

As mentioned in paragraph 16.8, when a CAS process has finished running, and if so requested by the user, the system informs the user of the name of the report file and provides the option of viewing the report file. 
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A CAS process report file can be selected for viewing by selecting the Reports pulldown in the NPAS Menu, then the Coverage Analysis option, and then the option for the desired type of CAS process. The user will be presented with a window for searching and selecting the desired report file. See Figures 17-1 through 17-17 for example reports.

17.3
Orbit Generator XE "report:orbit generator"  (GTDS XE "report:GTDS" ) Report seq head5 \r0 \h 

 seq head4 \r0 \h 

 seq head3 \r0 \h 

 seq head5 \r0 \h 

 seq head4 \r0 \h 

 seq head3 \r0 \h 

                     INPUT CARD IMAGES

                            INDEX - INPUT CARD IMAGES

        COLUMN 1

               CONTROL  EPHEM                                              TRMM            36 

               ELEMENT1  3  2  1  8.0000000000000e+03  3.0000000000000e-02  1.5000000000000e+02

               ELEMENT2  0  0  0  3.0053421000000e+02  3.0000000000000e+01  1.2095497100000e+02

               EPOCH     0  0  0          880921.0000               0.0000           

               ORBTYPE   2  1  1  6.0000000000000e+01                     

               OUTPUT    2  2  1          880923.0000               0.0000  8.6400000000000e+04

               OGOPT                                      

               MAXORDEQ  1  0  0  8.0000000000000e+00                     

               MAXDEGEQ  1  0  0  8.0000000000000e+00                     

               OUTOPT    3  1  2    880921000000.0000    880923000000.0000  1.2000000000000e+03

               END                                       

               FIN  

Figure 17-1. GTDS Report; GTDS Control File

                                        GTDS INITIAL CONDITIONS REPORT         

   SATELLITE NAME        TRMM  

   SATELLITE NUMBER            36

   SATELLITE CONFIGURATION:

       SATELLITE IS SPHERICAL        

       DIAMETER                =  .16736568D+01 METERS

                                                           COEFFICIENT OF DRAG USED FOR THE RUN =  .20000000D+01

       MASS                    =  .20000000D+03 KG

       AERO VARIATION (RHO1)   =  .00000000D+00

       REFLECTIVITY CONSTANT   =  .12000000D+01            AREA FOR RADIATION PRESSURE          =  .22000000D+01 M**2

Figure 17-2. GTDS Report; Spacecraft Model

EPOCH TIME=SEPT21, 1988, 0 HRS, 0 MIN,  .000 SEC WILL BE USED AS ANCHOR POINT  

OSCULATING KEPLERIAN   ELEMENTS INPUT

                                             CENTRAL BODY = EARTH          TRUE OF EPOCH      

CARTESIAN COORDINATES

         X     -.6379579720610418D+04         Y    .4708078817709045D+04           Z   .1791486344848596D+04

         DX     .2956195478055461D+01         DY   .5480613971799939D+01           DZ  -.3077674630146538D+01

KEPLERIAN ELEMENTS

         SMA    .8000000000000000D+04         ECC  .3000000000000000D-01           INC  .1500000000000000D+03

         LAN    .3005342100000000D+03         AP   .3000000000000001D+02           MA   .1209549710000000D+03

Figure 17-3. GTDS Report; Epoch Elements

                           FORCE OPTIONS CONSIDERED

           SYSTEM OF INTEGRATION                        1950

           NAME OF ATMOSPHERIC DENSITY MODEL            NOT REQUIRED  

           NAME OF EARTH POTENTIAL FIELD MODEL          GEOPOTENTIAL EARTH MODEL NINE GEM 9                  

           NAME OF LUNAR POTENTIAL FIELD MODEL          NOT REQUIRED  

           NO SECTION MODEL RETRIEVED FROM PERM FILES(DEFAULT AND CARD INPUT USED)

               SECTION 1   

INTEG STP MODE   FIXED   

STEP SIZE (SEC)     60.0  

HARMONICS       ZON-TESL  

    MAX DEGREE

                     8

    MAX ORDER

                     8

RESONANT POTENTIAL NO     

        ORDER       12    

CENTRAL BODY      EARTH   

NON-CENT BODY1     MOON   

NON-CENT BODY2     SUN   

2-BODY MOTION      NO     

SOL RAD PRESS      NO     

DRAG               NO     

POLAR MOTION       NO     

THRUST             NO     

INTEG RESTART    MUL-STEP  

ORBIT TYPE        COWELL         

* * * * * * * * * * * * * * * * * * * * * * * * * * * PHYSICAL CONSTANTS* * * * * * * * * * * * * * * * * * * * * * * * * * * 

                                 UNIVERSAL GRAVITATIONAL CONSTANT   =    .66730000D-22 KM**3/(SEC**2)(GRAM)

                                 ASTRONOMICAL UNIT                  =    .14959789D+09 KM

                                 SOLAR RADIATION PRESSURE           =    .45700000D-02 (KG/SEC**2)/KM

        CONSTANTS OF BODIES CONSIDERED THIS FLIGHT--

GRAV CONST(KM**3/SEC**2)   EARTH       .39860064D+06           MOON        .49028015D+04     SUN     .13271250D+12

MEAN EQUATORIAL RADIUS(KM) EARTH       .63781400D+04           MOON        .17380900D+04     SUN     .69599200D+06

ROTATION RATE(RAD/SEC)     EARTH       .72921159D-04           MOON        .26616995D-05     SUN     .00000000D+00

SPHERE OF INFLUENCE(KM)    EARTH       .92500000D+06           MOON        .66000000D+05     SUN     .00000000D+00

INVERSE FLATTENING COEFF   EARTH       .29825000D+03           MOON        .10000000D+31     SUN     .10000000D+31

GREENWICH HOUR ANGLE       EARTH       .15257794D-02     

              HARMONIC COEFFICIENTS          EARTH                               MAXIMUM DEGREE =  8

                                                                                 MAXIMUM ORDER =  8


     ZONALS

     INDEX          VALUE           INDEX          VALUE           INDEX         VALUE          INDEX       VALUE   

      N  M                           N  M                           N  M                         N  M          

      2  0 -.1082627100000000D-02    3  0  .2535886800000000D-05    4  0 .1624618000000000D-05   5  0 .2269859900000000D-06 

      6  0 -.5451857199999999D-06    7  0  .3613986600000001D-06    8  0 .2100686200000000D-06 

     SECTORALS AND TESSERALS

     INDEX                     VALUE                               INDEX                     VALUE            

      N  M           C                     S                        N  M           C                      S       

      2  1 -.2763595700000000D-09  -.5235745399999999D-08           2  2  .1571142300000000D-05  -.9023133700000002D-06

      3  1  .2190769400000000D-05   .2726707399999999D-06           3  2  .3046682500000001D-06  -.2125929800000000D-06

Figure 17-4. GTDS Report; Dynamical Model XE "dynamical model" 
                               GTDS SATELLITE EPHEM REPORT SECTION 1         

                                             INDEX - GTDS SATELLITE EPHEM REPORT SECTION 1 

**********************************************************************************************************************************

DATE   SEPT 21, 1988    0HRS   0MINS      .000SECS  (JULIAN DATE = 2447425.5000)

ELAPSED TIME FROM EPOCH =  0 DAYS    0 HRS     0 MINS   .000 SECS

FLIGHT CENTRAL BODY IS EARTH  

OUTPUT CENTRAL BODY IS EARTH  

                                                             TRUE EQUATOR AND EQUINOX OF DATE

X   -6379.579721      Y    4708.078818      Z    1791.486345      DX   2.956195478      DY   5.480613972      DZ  -3.077674630  

SMA  8000.000000      ECC  .3000000000E-01  INC  150.0000000      RAAN 300.5342100      AP   30.00000000      MA   120.9549710  

EA   122.4061647      P    1.978077724      SLR  7992.800000      PR   7760.000000      APR  8240.000000      PH   1381.860000  

APH  1861.860000      C3  -24.91254000      TA   123.8460313      LAT  12.79710220      LON  143.4855503      HGT  1751.522525  

R    8128.620233      V    6.946099794      RA   143.5729710      DEC  12.73208318      VPA  88.54846345      AZ   242.6051388  

**********************************************************************************************************************************

DATE   SEPT 22, 1988    0HRS   0MINS      .000SECS  (JULIAN DATE = 2447426.5000)

ELAPSED TIME FROM EPOCH =  1 DAYS    0 HRS     0 MINS   .000 SECS

FLIGHT CENTRAL BODY IS EARTH  

OUTPUT CENTRAL BODY IS EARTH  

                                                             TRUE EQUATOR AND EQUINOX OF DATE

X   -1203.058583      Y    7897.120814      Z   -2003.906756      DX   6.159437330      DY   .1993720854      DZ  -2.998570097  

SMA  7999.553175      ECC  .2968454056E-01  INC  150.0011502      RAAN 304.4165347      AP   34.87698543      MA   173.8949921  

EA   174.0706871      P    1.977912004      SLR  7992.504193      PR   7762.090114      APR  8237.016235      PH   1383.950114  

APH  1858.876235      C3  -24.91393152      TA   174.2438635      LAT -14.15290781      LON  97.58884376      HGT  1858.876115  

R    8235.745831      V    6.853454609      RA   98.66192167      DEC -14.08246566      VPA  89.82422815      AZ   243.2360419  

**********************************************************************************************************************************

DATE   SEPT 23, 1988    0HRS   0MINS      .000SECS (JULIAN DATE = 2447427.5000)

ELAPSED TIME FROM EPOCH =  2 DAYS    0 HRS     0 MINS   .000 SECS

FLIGHT CENTRAL BODY IS EARTH  

OUTPUT CENTRAL BODY IS EARTH  

                                                             TRUE EQUATOR AND EQUINOX OF DATE

X    5005.815633      Y    5016.404373      Z   -4060.294546      DX   4.650742015      DY  -5.104432900      DZ  -.2766408192  

SMA  7996.797126      ECC  .3014969594E-01  INC  150.0199950      RAAN 308.3551423      AP   40.47483650      MA   226.1371409  

EA   224.9174110      P    1.976889930      SLR  7989.528004      PR   7755.696124      APR  8237.898128      PH   1377.556124  

APH  1859.758128      C3  -24.92251796      TA   223.7103373      LAT -29.93972900      LON  43.00181498      HGT  1794.686057  

R    8167.526846      V    6.910945425      RA   45.06053448      DEC -29.81007630      VPA  91.22010014      AZ   266.6550743  

Figure 17-5.  GTDS Report; Spacecraft Ephemeris

------- Time ------      X           Y           Z         XDOT        YDOT        ZDOT           LAT        LON         HGT

yymmdd hhmm ss.ssss     (m)         (m)         (m)       (m/sec)     (m/sec)     (m/sec)        (deg)      (deg)        (m)

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

880921 0000   .0000  -6379579.7   4708078.8   1791486.3   2956.1955   5480.6140  -3077.6746     12.79710   143.485421  1751522.525

880921 0020   .0000   -352150.7   7941712.5  -2154821.3   6178.4755   -528.8159  -2916.8700    -15.24170    87.437702  1859715.059

880921 0040   .0000   6005165.2   3640010.1  -4050865.6   3454.0326  -6046.2814     61.4512    -30.11014    21.107075  1734074.934

880921 0100   .0000   6379558.1  -4164983.5  -1939961.8  -2989.7932  -5710.2860   3167.1116    -14.36037   311.732310  1485055.852

880921 0120   .0000     -2168.9  -7435465.8   2192744.2  -6573.8511    868.2090   3007.1719     16.51701   249.840978  1375627.413

880921 0140   .0000  -6394707.9  -2500597.1   3907460.0  -3024.5884   6461.3471   -409.4071     29.77705   176.201570  1527328.912

880921 0200   .0000  -6103991.3   5179639.6   1491511.2   3367.7645   5150.3600  -3194.5876     10.60824   109.513508  1765796.823

880921 0220   .0000    195513.8   7866684.1  -2426842.1   6188.0417  -1032.6572  -2760.4093    -17.22386    53.392921  1858558.294

880921 0240   .0000   6297957.5   3088011.4  -4032262.9   3048.1942  -6266.8736    350.9444    -30.02420   345.922546  1717873.894

880921 0300   .0000   6100779.7  -4656619.9  -1633484.1  -3445.7539  -5382.2277   3306.4679    -12.07909   277.435373  1469566.062

880921 0320   .0000   -581328.2  -7328124.4   2468145.3  -6556.9040   1430.4138   2817.7257     18.65511   215.239870  1378457.916

880921 0340   .0000  -6645819.5  -1915888.7   3853469.2  -2562.9252   6616.3889   -707.4117     29.25596   140.843329  1544437.869

880921 0400   .0000  -5792725.7   5620000.8   1181363.2   3758.3673   4792.0506  -3289.3957      8.37059    75.615245  1779251.938

880921 0420   .0000    742894.1   7747002.5  -2683017.8   6162.9914  -1530.1210  -2585.6687    -19.11353    19.256889  1856181.336

880921 0440   .0000   6554172.6   2518617.1  -3986057.8   2621.3542  -6450.7281    639.6958    -29.71405   310.741408  1701073.582

880921 0500   .0000   5782472.1  -5116773.9  -1314971.2  -3882.7307  -5017.6180   3421.9180     -9.71697   243.202242  1454930.010

880921 0520   .0000  -1157489.9  -7171234.3   2724486.2  -6496.5304   1981.3630   2606.9139     20.66345   180.524532  1382676.650

880921 0540   .0000  -6855761.8  -1319669.4   3771342.8  -2087.5366   6728.1500   -998.4333     28.50651   105.575354  1561817.843

Figure 17-6.  GTDS Report; Orbit File Report from GTDS_Convert XE "ephemeris" 
17.4
Coverage Analysis XE "report:Coverage Analysis"  Report

                                        ***  COVERAGE MODEL OF THE MISSION  ***

Mission Identification and CAS Start and End Times: (parts of the MIB1 record and the CVM1 record)

    Mission Name                                : TWOHOUR     

    Mission Number                              :    1

    Mission index in the COD                    :    1

    Date Created                                : 960726

    Analysis Start Date & Time                  : 981225 0000   .000

    End Date & Time                             : 981225 0800   .000               The end date & time, if later than the start,

    Mission Span                                :    0 days                        takes precedence over the span in determining

                                                                                   the end time.

Basic Orbit Data:  (rest of the MIB1 record)

    Epoch Date & Time                           : 981225 0000   .000

    Epoch Element Type                          : OSCU

    Epoch Elements :

         Semi-major Axis                        :  .8062000000000000D+07 m

         Eccentricity                           :  .1000000000000000D-01

         Inclination                            :  .8900000000000000D+02 deg

         Rt. Asc. Asc. Node                     :  .2700010000000000D+03 deg

         Argument of Perigee                    :  .0000000000000000D+00 deg

         Mean Anomaly                           :  .0000000000000000D+00 deg

   .

   .

   .

   .

Ground Stations in the Mission's Coverage Model: (CVM2 records)

    Note: The station geodetics were obtained from the GN Geodetics and Mask File.

     Station       Max.     Range Cutoff          --------- Geodetics ----------

     No.  Name     El.     Flag      Value         Lat.     E. Long.      Height

                   Flag              (km)          (deg)     (deg)         (m)

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

      11  BLT       T       F           .000       38.9984  283.1582        4.40

      17  AGO       F       T       1000.000      -33.1510  289.3337      706.60

      15  ULA       T       T       5000.000       64.9767  212.4824      299.50

Space-Based Stations in the Mission's Coverage Model: (CVM3 records)

    FIXED   (GEOSTATIONARY)

     Station        E. Longitude     W. Longitude     Height     Multipath

     No.  Name         (deg)            (deg)         (km)       Hgt. (km)

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

       2  F171        189.0000         171.0000      35785.000        .000

       1  F041        319.0000          41.0000      35785.000        .000

    MOVING  (TWO-BODY ORBIT MODEL)

     Station           Epoch           Semi. Axis   Eccent.     Incl.    RAA Node   Arg. Per.  M. Anom.  Multipath

     No.  Name     yymmdd hhmm ss.ss    (km)                    (deg)      (deg)      (deg)      (deg)   Hgt. (km)

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

       6  MP2      981224 0000 00.00    42170.000   .0300000     .2000    10.0000    30.0000    20.0000     50.000

Zone of Exclusion TDRS Pairs: (ZOE Mid. Lon. is calculated from station longitudes.)

    Pair  First Station     Second Station     ZOE MidLine

    ID    Name  E. Lon.     Name  E. Lon.       E. Lon.

                 (deg)             (deg)         (deg)

      1   F041  319.0000    F171  189.0000      74.0000

Separation Angle Event Requests:  (CVM5 records)

    No Separation Angle records in the mission's CM

END OF COVERAGE MODEL -------------

Figure 17-7.  CA Report; Coverage Model XE "coverage model" 

COVERAGE ANALYSIS SYSTEM GSTDN EVENT SUMMARY FOR TWOHOUR     

              MIS  STA-  STA  ---- TIME -----   ORBIT     STATION   STATION                           USER      USER      USER

 EVENT TYPE   ANT  TION  ANT  YYMMDD HHMM SS.   NUMBER    AZIMUTH   ELEVATION  RANGE (M)    SIGNAL    PHI       THETA     SIGNAL


HORIZON  SOV    2  ULA     0  981225 0011 34.        3   236.2023     .0384     4829315.      .000  206.5325     .1009      .000

LT RNG          2  ULA     0  981225 0011 34.        3   236.2023     .0384     4829315.      .000  206.5325     .1009      .000

36 COMP  SOV    2  ULA     0  981225 0013 19.        3   240.8504    5.0071     4318924.      .000  201.9982   -4.7733      .000

GT RNG          2  ULA     0  981225 0035 11.        3    20.0989    -.0283     4998028.      .000   18.8085  -40.9960      .000

HORIZON  EOV    2  ULA     0  981225 0035 10.        3    20.0605     .0146     4993145.      .000   18.8588  -41.0366      .000

HORIZON  SOV    2  ULA     0  981225 0216 28.        4   281.1594     .0045     4866883.      .000  195.2128  -17.5002      .000

LT RNG          2  ULA     0  981225 0216 28.        4   281.1594     .0045     4866883.      .000  195.2128  -17.5002      .000

36 COMP  SOV    2  ULA     0  981225 0218 38.        4   289.2423    5.0206     4355157.      .000  189.9185  -25.2916      .000

USR GEOM SOV    2  ULA     0  981225 0222 48.        4   310.8165   14.1726     3590667.      .000  176.5370  -45.0014      .000

36 COMP  EOV    2  ULA     0  981225 0233 33.        4    23.9415    9.5155     4039348.      .000   27.4613  -62.8630      .000

MAX EL          2  ULA     0  981225 0227  0.        4   341.1142   18.5887     3308306.      .000  145.1579  -68.7374      .000

HORIZON  SOV    2  BLT     9  981225 0235  0.        4    13.4504     .0274     4984635.      .000  147.5068  -48.3373      .000

USR GEOM SOV    2  BLT     9  981225 0235  0.        4    13.4504     .0274     4984635.      .000  147.5068  -48.3373      .000

36 COMP  SOV    2  BLT     9  981225 0237 11.        4    21.4251    4.8801     4485904.      .000  139.9113  -56.0314      .000

GT RNG          2  ULA     0  981225 0237 48.        4    40.7880     .0917     4998410.      .000    8.8028  -47.4890      .000

HORIZON  EOV    2  ULA     0  981225 0237 50.        4    40.8947     .0188     5006697.      .000    8.7032  -47.3845      .000

USR GEOM EOV    2  ULA     0  981225 0237 50.        4    40.8947     .0188     5006697.      .000    8.7032  -47.3845      .000

MAX EL          2  BLT     9  981225 0245 42.        4    71.9558   18.0072     3434839.      .000    8.0701  -69.5279      .000

HORIZON  EOV    2  BLT     9  981225 0256 24.        4   129.5340     .0136     5045683.      .000  320.7361  -18.6481      .000

HORIZON  SOV    2  AGO     0  981225 0300 18.        4    37.5328     .0381     5039438.      .000   43.7044  -51.2603      .000

USR GEOM SOV    2  AGO     0  981225 0300 18.        4    37.5328     .0381     5039438.      .000   43.7044  -51.2603      .000

GT RNG          2  AGO     0  981225 0300 18.        4    37.5328     .0381     5039438.      .000   43.7044  -51.2603      .000

36 COMP  SOV    2  AGO     0  981225 0302 32.        4    43.0614    6.2459     4399800.      .000   30.3726  -51.6128      .000

USR GEOM EOV    2  AGO     0  981225 0308 15.        4    69.5324   24.3853     3057216.      .000  343.3257  -45.0166      .000

36 COMP  EOV    2  AGO     0  981225 0322 27.        4   166.9581    3.0778     4666106.      .000  252.6249    9.7521      .000

HORIZON  EOV    2  AGO     0  981225 0323 33.        4   169.3914     .0130     4989713.      .000  248.8114   11.2578      .000

Figure 17-8.  CA Report; Mission-GN Station Events XE "coverage event:mission-station" 


COVERAGE ANALYSIS SYSTEM TDRSS EVENT SUMMARY FOR TWOHOUR     

              MIS  STA-  STA  ---- TIME -----   ORBIT      TDRS      TDRS                             USER      USER      USER

 EVENT TYPE   ANT  TION  ANT  YYMMDD HHMM SS.   NUMBER     E-W       N-S       RANGE (M)    SIGNAL    PHI       THETA     SIGNAL

OCCULT   SOV    1  F171    0  981225 0000  0.        2    -2.8333     .0000    34407130.      .000  269.9999   74.8623      .000

OCCULT   SOV    1  F041    1  981225 0017 47.        3    -3.3092    8.0408    46549047.      .000   80.7573   60.3943      .000

OCCULT   SOV    1  MP2     0  981225 0019  4.        3    -2.2133    8.6437    45421455.      .000   80.9694   69.6940      .000

MULTPATH SOV    1  MP2     0  981225 0019 19.        3    -2.1683    8.7287    45348518.      .000   80.8800   69.7197      .000

OCCULT   EOV    1  F171    0  981225 0040 35.        3     2.2107    8.3997    46692325.      .000  278.9388   69.9591      .000

OCCULT   SOV    1  F171    0  981225 0118 39.        3     2.9303   -8.1840    46694462.      .000  260.6661   61.2328      .000

USR GEOM SOV    1  F171    0  981225 0121 33.        3     2.3227   -9.1017    45864440.      .000  259.4834   59.9970      .000

MULTPATH EOV    1  MP2     0  981225 0139 36.        3      .0192   -8.9242    45631389.      .000   99.1237   88.4016      .000

OCCULT   EOV    1  MP2     0  981225 0139 49.        3      .0202   -8.8536    45704858.      .000   99.0529   88.4563      .000

OCCULT   EOV    1  F041    1  981225 0140  7.        3     -.9195   -8.6290    46562734.      .000   98.8075   78.4556      .000

OCCULT   SOV    1  MP2     0  981225 0219 58.        4      .6117    8.7970    45883003.      .000   81.3140   98.1960      .000

OCCULT   SOV    1  F041    1  981225 0220  2.        4     -.3702    8.6672    46565956.      .000   81.3266   87.8043      .000

MULTPATH SOV    1  MP2     0  981225 0220 11.        4      .6007    8.8671    45812089.      .000   81.2417   98.2607      .000

OCCULT   EOV    1  F171    0  981225 0250  9.        4     7.2284    4.8781    46722458.      .000  277.1743   42.4942      .000

USR GEOM EOV    1  F171    0  981225 0250  9.        4     7.2284    4.8781    46722458.      .000  277.1743   42.4942      .000

OCCULT   SOV    1  F171    0  981225 0306  6.        4     8.1397   -3.1060    46726573.      .000  265.1401   39.2840      .000

USR GEOM SOV    1  F171    0  981225 0306  6.        4     8.1397   -3.1060    46726573.      .000  265.1401   39.2840      .000

OCCULT   EOV    1  F041    1  981225 0340 33.        4     1.6833   -8.5158    46560748.      .000   98.8460  105.7297      .000

MULTPATH EOV    1  MP2     0  981225 0341 22.        4     2.8666   -8.3339    46222969.      .000   99.5304  116.5836      .000

OCCULT   EOV    1  MP2     0  981225 0341 38.        4     2.9240   -8.2415    46295774.      .000   99.4278  116.6005      .000

OCCULT   SOV    1  MP2     0  981225 0417 13.        5     3.6831    7.8955    46486860.      .000   80.6163  124.7555      .000

MULTPATH SOV    1  MP2     0  981225 0417 30.        5     3.6192    7.9975    46418423.      .000   80.4765  124.8789      .000

Figure 17-9.  CA Report; Mission-SN Station Events XE "coverage event:mission-station" 
COVERAGE ANALYSIS SYSTEM TWO-TDRS EVENT SUMMARY FOR TWOHOUR     

         TDRS  EVENT                               ---- Mission Geodetics -----  ----- FIRST STATION ----  ---- SECOND STATION ----

         PAIR  SPEC.      ---- TIME -----  ORBIT    LAT.    E.LONG.    HEIGHT    NAME   E-W     N-S        NAME   E-W     N-S

EVENT    ID    PARAMETER  YYMMDD HHMM SS.  NUMBER   (deg)    (deg)      (m)            (deg)   (deg)             (deg)   (deg)

ZOE_MID    1      74.000  981225 0130 26.       3  -88.985   75.115   1698295.2  F041                      F171

ZOE_MID    1      74.000  981225 0330 39.       4  -88.696   74.030   1697249.8  F041                      F171

ZOE_MID    1      74.000  981225 0531 18.       5  -87.051   73.868   1694342.8  F041                      F171

Figure 17-10.  CA Report; Mid-ZOE Crossing Events


 COVERAGE ANALYSIS SYSTEM ORBIT EVENT SUMMARY FOR TWOHOUR     

 EVENT    ---- TIME -----   ORBIT

 TYPE     YYMMDD HHMM SS.  NUMBER  LATITUDE  LONGITUDE      HEIGHT  LOCAL TIME

SUN       981225 0000  0.        2      .0000   176.6966    1603240.0    114647

SUB SUN   981225 0000  0.        2      .0000   176.6966    1603240.0    114647

ASC NODE  981225 0000  1.        3      .0513   176.6933    1603240.0    114647

PBEXT 1   981225 0000 20.        3     1.0250   176.6308    1603259.3    114651

PBENT 5   981225 0006 31.        3    20.0224   175.4254    1610001.3    114813

SUB DARK  981225 0022  7.        3    67.4570   173.5503    1666256.6    115619

WATER     981225 0022 58.        3    70.0117   173.6762    1670026.2    115740

PBEXT 5   981225 0026 19.        3    80.0397   175.7767    1684855.9    120925

LAND      981225 0032 18.        3    81.9878   341.5066    1709210.7    231820

WATER     981225 0032 59.        3    79.9672   342.7898    1711788.1    232409

DARK      981225 0034 34.        3    75.2755   344.2382    1717509.2    233131

LAND      981225 0037 42.        3    65.9877   345.0084    1727480.1    233744

WATER     981225 0038  2.        3    65.0000   345.0247    1728556.0    233808

PBENT 4   981225 0039  3.        3    61.9878   345.0335    1731503.9    233911

APOGEE    981225 0059 57.        3      .1503   341.6624    1758500.0    234636

PBENT 1   981225 0059 40.        3      .9886   341.7189    1758497.8    234633

DES NODE  981225 0100  1.        3     -.0469   341.6492    1758499.5    234637

PBEXT 1   981225 0100 21.        3    -1.0330   341.5827    1758491.1    234641

SUN       981225 0109 32.        3   -28.1998   339.7961    1753253.1    234843

LAND      981225 0125  1.        3   -74.0387   338.8642    1718633.0        28

WATER     981225 0137 43.        3   -67.9570   149.7347    1666660.7    113639

PBENT 6   981225 0145 39.        3   -43.9576   149.2456    1633334.3    114238

LAND      981225 0147 37.        3   -37.9678   148.9356    1626173.8    114322

WATER     981225 0158  3.        3    -5.9930   146.9923    1603966.7    114601

ASC NODE  981225 0200  0.        4      .0027   146.6080    1603337.1    114626

PERIGEE   981225 0159 56.        3     -.2023   146.6211    1603336.8    114625

PBENT 1   981225 0159 41.        3     -.9710   146.6705    1603349.7    114622

LAND      981225 0216  1.        4    49.0247   143.7388    1640287.7    115058

WATER     981225 0216 41.        4    51.0472   143.6570    1643002.8    115119

LAND      981225 0219 19.        4    59.0164   143.4235    1654218.6    115301

SUB DARK  981225 0222  7.        4    67.4563   143.4626    1666526.3    115558

WATER     981225 0223 58.        4    73.0115   143.8607    1674804.5    115925

PBEXT 5   981225 0226 19.        4    80.0381   145.6897    1685117.2    120905

LAND      981225 0232 18.        4    81.9903   311.4120    1709440.0    231757

DARK      981225 0234 34.        4    75.2784   314.1468    1717721.0    233109

WATER     981225 0239 24.        4    60.9547   314.9349    1732641.8    233908

PBENT 3   981225 0255 57.        4    11.9886   312.3681    1757614.6    234525

APOGEE    981225 0259 55.        4      .2536   311.5807    1758439.9    234614

PBENT 1   981225 0259 40.        4      .9932   311.6305    1758439.9    234611

LAND      981225 0300  1.        4     -.0423   311.5608    1758438.4    234616

PBEXT 1   981225 0300 21.        4    -1.0284   311.4944    1758426.9    234620

SUN       981225 0309 32.        4   -28.1958   309.7082    1753120.4    234822

WATER     981225 0310 29.        4   -31.0061   309.5347    1751989.5    234837

PBEXT 3   981225 0319 17.        4   -57.0465   308.2668    1735479.7    235221

LAND      981225 0431 58.        5    82.9788   280.3763    1708461.1    231328

WATER     981225 0433 40.        5    77.9514   283.3984    1714772.6    232716

DARK      981225 0434 34.        5    75.2841   284.0507    1717959.5    233046

PBENT 2   981225 0435 21.        5    72.9620   284.3984    1720613.3    233257

LAND      981225 0435 41.        5    71.9739   284.5049    1721708.1    233342

WATER     981225 0436 42.        5    68.9605   284.7227    1724918.8    233535

WATER     981225 0457 22.        5     7.8064   281.9988    1758226.9    234522

LAND      981225 0459 20.        5     1.9880   281.6078    1758482.6    234546

APOGEE    981225 0459 51.        5      .4595   281.5049    1758486.1    234552

PBENT 1   981225 0459 41.        5      .9525   281.5381    1758487.5    234550

SUN       981225 0509 32.        5   -28.1873   279.6197    1753055.3    234801

PBEXT 3   981225 0519 17.        5   -57.0388   278.1794    1735322.2    235200

SUB SUN   981225 0522 14.        5   -65.7784   278.1194    1727103.7    235443

LAND      981225 0524 41.        5   -73.0412   278.5606    1719395.9    235856

WATER     981225 0538  3.        5   -66.9598    89.5872    1664974.3    113624

Figure 17-11.  CA Report; Mission-Only Events  XE "mid-ZOE crossing" 
Reading Mission-Station Data    (CED1) file and writing into the COD:

    Last COD record before write      :   1034

    Last COD record after write       :   1045

Reading Mission-Only Data       (CED2) file and writing into the COD:

    Last COD record before write      :   1045

    Last COD record after write       :   1048

Reading Mission-TwoStation Data (CED4) file and writing into the COD:

    Last COD record before write      :   1048

    Last COD record after write       :   1049

Figure 17-12.  CA Report; Report from Cascod
17.5
 seq head5 \r0 \h 

 seq head4 \r0 \h 

 seq head3 \r0 \h Separation Angle Report XE "report:Separation Angle" 
Mission Spacecraft:

    Name                  : STS-K       

    Number                :  30

    Index in COD          :   6

    Epoch, Epoch Elements : Epoch = 880921 000000.000

     and Period

                            Semi. Axis =    6678.1 (km)

                            Eccent.    = .00010000

                            Incl.      =   28.5000 (deg)

                            RAA Node   =  280.0510 (deg)

                            Arg. Per.  =     .0001 (deg)

                            M. Anom.   =     .0001 (deg)

                            Period     =    5431.2 (sec) =   90.520 (min)   [Two-body]

    Start of Analysis     : 880921 000000

    End of Analysis       : 880930 000000

Figure 17-13.  Sepang Report; Mission Sketch 

Secondary Objects ( S/C, Sun, etc.) in the Mission's Coverage Model:

    S E C O N D A R Y   O B J E C T S

    Name           Number    Index in COD

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

    Sun             none          none

    ST                2             1

    TOPEX(TN)         7             2

Figure 17-14.  Sepang Report; Secondary Object List
                   ********** START OF PROCESSING A NEW SECONDARY OBJECT **********

Secondary Object:

    Type               :  Another Mission in the COD, i.e., a "secondary mission."

    Name               :  TOPEX(TN)   

    Number             :   7

    Index in COD       :   2

    Epoch and Elements :  Epoch = 880921 000000.000

     and Period

                          Semi. Axis =    7712.1 (km)

                          Eccent.    = .00010000

                          Incl.      =   35.0000 (deg)

                          RAA Node   =   29.0000 (deg)

                          Arg. Per.  =     .0001 (deg)

                          M. Anom.   =     .4000 (deg)

                          Period     =    6740.2 (sec) =  112.337 (min)   [Two-body]


    Start of Analysis  :  880921 000000

    End of Analysis    :  880930 000000

Separation Angle Analysis Interval (intersection of the mission spacecraft analysis interval

with the secondary object analysis interval):

    Start of Separation Angle Analysis : 880921 000000

    End of Separation Angle Analysis   : 880930 000000

Figure 17-15.  Sepang Report; Header for Secondary Object
SEPANG PROGRAM LOG     EVENT REPORT                       Mission Spacecraft : STS-K         (No.  30)                   Page  47

                                                          Secondary Object   : TOPEX(TN)     (No.   7)

                                                          Station            : T041          (No.   1)


                         ***  NEW COMBINATION OF SECONDARY OBJECT AND STATION  ***

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

                   |                  Separation Angle Data in the Mission's                 |

                   |                  Coverage Model for this Combination.                   |

                   |                                                                         |

                   |                                                                         |

                   |   Apex at Mission, Between Station and Secondary Object. (Alpha)        |

                   |                                                                         |

                   |          Mission    Secondary  Schedule     Angle                       |

                   |          Service    Service    Option       (deg)                       |

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

                   |                 None                                                    |

                   |                                                                         |

                   |                                                                         |

                   |   Apex at Station, Between Mission and Secondary Object. (Beta)         |

                   |                                                                         |

                   |          Mission    Secondary  Schedule     Angle                       |

                   |          Service    Service    Option       (deg)                       |

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

                   |              2           3        E        1.800000                     |

                   |                                                                         |

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

EVENT TYPE    ANGLE   MISS.  SEC.   SCHED.  ANGLE       - TIME / START OF VIS -     ----- END OF VIS ------    -- Duration --

              APEX    SVC.   SVC.   OPT.    SPEC.           Time          Angle         Time          Angle    (sec)    (min)

                                            (deg)      (yymmdd hhmmss)    (deg)    (yymmdd hhmmss)    (deg)

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

Mis-Sta Vis                                             880921 000000               880921 003606               2166    36.10

Sta-Sec Vis                                             880921 000000               880921 001829               1109    18.48

MinAng        Sta                                       880921 001829    2.9959

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

Mis-Sta Vis                                             880921 011931               880921 021313               3222    53.70

Sta-Sec Vis                                             880921 011931               880921 021313               3222    53.70

MinAng        Sta                                       880921 011931    3.3729

MinAng        Sta                                       880921 020418    1.5734

AngVis        Sta       2      3      E      1.8000     880921 020247    1.7959     880921 020553    1.7976      186     3.10

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

Mis-Sta Vis                                             880921 025642               880921 035042               3240    54.00

Sta-Sec Vis                                             880921 030137               880921 035042               2945    49.08

MinAng        Sta                                       880921 030137    4.1912

MinAng        Sta                                       880921 034919    4.5728

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

Mis-Sta Vis                                             880921 043412               880921 052753               3221    53.68

Sta-Sec Vis                                             880921 050146               880921 052753               1567    26.12

MinAng        Sta                                       880921 050146   12.7399

MinAng        Sta                                       880921 052753   14.9892

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

Mis-Sta Vis                                             880921 061118               880921 070423               3185    53.08

Sta-Sec Vis                                             880921 061118               880921 061909                471     7.85

MinAng        Sta                                       880921 061909   15.8191

Sta-Sec Vis                                             880921 070127               880921 070423                176     2.93

MinAng        Sta                                       880921 070127   15.1362

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

Mis-Sta Vis                                             880921 074743               880921 084021               3158    52.63

Sta-Sec Vis                                             880921 074743               880921 082125               2022    33.70

MinAng        Sta                                       880921 074743    9.9487

MinAng        Sta                                       880921 082125    4.3230

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

Mis-Sta Vis                                             880921 092339               880921 101611               3152    52.53

Sta-Sec Vis                                             880921 092339               880921 101611               3152    52.53

MinAng        Sta                                       880921 093138     .1924

MinAng        Sta                                       880921 101611    4.6320

AngVis        Sta       2      3      E      1.8000     880921 092802    1.7988     880921 093507    1.7991      425     7.08

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

Mis-Sta Vis                                             880921 105930               880921 115222               3172    52.87

Sta-Sec Vis                                             880921 110551               880921 115222               2791    46.52

MinAng        Sta                                       880921 111259    3.0518

MinAng        Sta                                       880921 115222    9.3050

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

Figure 17-16.  Sepang Report; Events
Mission in the COD file to which the CED is written:

    Mission Name                      : STS-K       

    Mission Number                    :   30

    Mission index in COD              :    6

Reading Separation Angle Data   (CED3) file and writing into the COD:

    Last COD record before write      :   3755

    Last COD record after write       :   3872

Figure 17-17.  Sepang Report; Report from Cascod
This is the “control file”, MIS.ctl, that NPAS creates and inputs to GTDS. See the GTDS User’s Guide for details.
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