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STEP Practice 1 – Orbits
1. Iridium Constellation
Iridium is a constellation of satellites working in a close orbit. For this exercise just one satellite of the fully constellation (any named IRIDIUM) must be used , hence, following the instructions in Annex.1 insert your chosen satellite in your scenario.
a) What is the orbit of this satellite? How did you realize that? 

b) What is Iridium? (just on a line, what is used for) Piece of advice: Make a small internet search. 
c) Why does Iridium work in this orbit? (again, in one line)
2. MetOp-A

MetOp is intended to be the next generation of climate and meteorological satellite in Europe, operated by the EUMETSAT agency and the collaboration of the European Space Agency (ESA). Following again the instructions in Annex.1, from the 3rd step, add MetOp-A satellite in your scenario.

a) What is the orbit of this satellite? How did you realize that?
b) Being a remote-sensing satellite, why does MetOp-A work in this orbit? (again, in one line)

a) Add a sensor onboard your satellite, with an angle of 45 deg (Annex.2). What is the main feature of this kind of orbits? Bear in mind the sun position regarding the sensing zone each time that the satellite goes from up to down crossing the equator. Note: Remove the sensor from the satellite before passing to the next exercise.
3. GPS Constellation

As probably all of you know the Global Positioning System (GPS) is a technology that enables to know where is an object in a 3 dimensional plane. This is achieved by a constellation of satellites between low and high orbits. Those satellites, called GPS satellite constellation, broadcast data regarding their location and time of sending the signal. This information is used to calculate the position of the receiver regarding the satellite. The reception of at least 3 signals from satellites enables to place an object in a 2 dimensional space, and with 4 in a 3D space. Besides, and thanks to the power of software engineering, positioning is used as a base for the navigation systems, which from the different positions in a given time calculate the navigation data used to guide. So, following the instructions in Annex.1 insert the full constellation of GPS satellites.  
a) What is the orbit of the GPS constellation? How did you realize that? (what is the hint)
b) Add a sensor on every satellite of the constellation; with a Cone Angle of 13.75 deg. Take a look on both Graphics, 2D and 3D. Note: copy&paste can be used to duplicate the sensors. Remove all satellites of the GPS constellation and insert just one of them again.
4. XM Radio Station
XM Radio Station operates from Vernon, New Jersey (41.2N, 74.53W), through a satellite infrastructure to cover the whole US territory, included Canada and some parts of Mexico. XM works with a constellation of 4 satellites in high orbit, broadcasting over the whole country all the time. Following the instructions in Annex.1, insert one of the four satellites, called BLUES_29520.
a) What is the orbit of this satellite? How did you realize that?
b) Take an screenshot of the current Scenario whit the four orbits defined until now, and replace the ones below.
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c) Add a sensor on that satellite and modify the Cone Angle to 3.5 deg. In the Pointing menu, choose the YPR Angles and modify the values of Pitch to -0.5 deg, and Roll to 5.25 deg. What is the zone covered by the satellite along the day? At 10 am? At 10 pm? Remove the sensor from the satellite.
d) Following the instructions in Annex.3 insert the GroundStation of the XM Radio Station, placed in Vernon, New Jersey and pair it with the satellite. How long the satellite is connected with the ground station? Are they paired at 10am? At 10 pm? Why are they or are not they paired at those specific times? Get the Access Report and confirm your answer (Annex.3 5th  step).
5. Sirius Radio Station

Sirius Radio Station operates also from Vernon, New Jersey (41.2N, 74.53W), through a constellation of satellites covering the whole US territory at all times. Actually both radio stations are owned for the same company. Sirius works with a constellation of 3 satellites in a geosynchronous highly elliptical orbit called Tundra, where each satellite broadcast the radio signal over the country at least 16 hours a day. Following the instructions in Annex.1, create a new scenario and insert the full constellation of Sirius (SIRIUS-1_26390, SIRIUS-2_26483 and SIRIUS-3_26626).
a) Add sensors onboard the satellites and modify the Cone Angle to 5 deg. Check out the simulation. How many satellites are beaming the US country at any given time?

b) Add the GroundStation of Sirius in Vernon and pair the three satellites, just like the previous exercise. Check out the simulation again. How many satellites are linked with the ground station at any given time? Get the Access Report and confirm your answer.
c) What is the main difference between the orbits of XM and Sirius radio stations?

d) Try to figure out the main benefit and drawback of using a highly elliptical orbit instead of a geostationary one.
Annex
1. Basic procedure

In this section how to create an scenario and to put a satellite in orbit is explained step by step.

1) Create a New Scenario
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2) Name the scenario according to the exercise and define the time period within the STEP.
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3) Mark Select From Satellite Database in the Select A Method window
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4) Choose the satellite/s from the catalog list. Check as many as satellites needed for each exercise. In case of having more than one satellite, it is possible, and strongly recommended, to merge them in a constellation. For that use the box in the bottom right.  
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5) Play de simulation to watch the satellite/s orbiting in 2D and 3D
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6)  The information regarding an scenario or any object on that is accessed by selecting it on the left menu, pressing the right button on it and choosing Properties
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2.  Sensor as a reference payload for coverage
In this section how to add a sensor onboard a previous defined satellite is explained
1) To insert a sensor, select the object in the Object Browser window and then press the Satellite Icon on the toolbar above. Then select Sensor from the list.
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2) Right-click over the sensor and select Properties to change sensor properties. For some exercises Cone Angle  and Pointing properties may need to be modified.
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3. Facility as a Satellite Ground Station

In this section how to add a facility on the role of Satellite Ground Station is explained step by step, as well as how to pair it with satellites.

1) To insert a facility, select the Scenario in the Object Browser window and then press the Satellite Icon on the toolbar above. Then select Facility from the list. Rename the Facility to GroundStation.
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2) Right-click on the GroundStation and choose Properties. Right there, specify the position of the facility within Position in the Basic menu.  
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Now, satellite and ground station are set up. Next step to do is to pair them in order to enable the communication between both. Ground Station usually performs the tasks of control over the satellite (tracking, telemetry and command - depending on the type of the satellite).
3) Right-click over the GroundStation and choose Access. A new window pop-up to pair the objects of the scenario.
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4)  Select the satellite to pair with the ground station in the Associated Objects window, and press the Compute button placed below. 
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5) A report about the access time between two objects paired can be done pressing the Access… button in the Report to section
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