EA-467 ATTITUDE ESTIMATION LAB 


    
(rev k)        Fall 2006
Introduction:   This lab is the Attitude Estimation lab, and the next lab will use our LABsats to demonstrate many attitude dynamics and control system (ADCS) capabilities.  Both passive and active magnetic stabilization will be demonstrated as well as reorientation via momentum wheels and a small chemical thruster.   The forces needed to change the attitude of a spacecraft are extremely small in space, but are effective because all other forces acting on the spacecraft in the vacuum and microgravity of space are even smaller.  We can minimize any friction in one axis by hanging our models on a thin string to see the principles involved in 4 out of 5 of the attitude control methods.    We will also demonstrate a simple attitude estimation technique known as TRIAD using the SpySat cameras.  This Attitude Estimation Lab will use three configurations of our LABsat models: 
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Laboratory Configuration:

As in other labs, the LABsat’s transmit their telemetry and receive commands via the central VHF and UHF Ground Stations on the two shared TDMA channels.  To capture your LABsat’s data, use Hyperterm on the PC and start a CAPTURE file with an appropriate file name.  You can either cut-n-past your satellite data from the screen, or save the whole file and run LSAT-GET.exe on the desktop to extract only the data for  your particular satellite by name.  These files are then easy to load into Excel for plotting.  

Part A.   ADCS Demonstration:  One hanging LABsat has been configured with a combination of Solar panels for Sun sensing and magnetorquing coils for attitude control.  To kick off this lab, the satellite has been programmed to use the solar panels as Sun sensors and then to pulse the magnetic coil that is orthogonal to the Earth’s magnetic field based on the attitude estimation from the spotlight “Sun”.  As a result, the spacecraft should begin to spin when it is illuminated.
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In this model, the currents from the X and Y solar panel pairs are connected to telemetry channels 1 and 2  and are being transmitted to the ground station receivers for capturing on your PCs using Hyperterm.  We will illuminate this SUNsat at the start of the lab period and allow the ground stations to collect several minutes of data while you continue with the remainder of the lab.  

Post lab:   Take this X,Y telemetry data into EXCEL and plot the Sun’s X-Y vector in the spacecraft’s X-Y co-ordinate frame.  Notice how the X and Y panels are connected to the “X” and “Y” coils but the coils are oriented 45 degrees to the X and Y arrays and the spacecraft’s coordinate system.   Knowing the telemetry voltage, and coil resistance (42 ohms), calculate the current in the coil.  Then with 200 turns compute the magnetic moment in each coil, Mi = n*I*A, where n is the number of turns, I is the current, and A is the area of the coil.  What are the magnetic moment vectors for the two coils in the body frame?  Since you know that the coils will exert the maximum torque when they are orthogonal to the Earths magnetic field, what orientation of the Sun lamp relative to the North vector is required to maximize the spin of this spacecraft?  Is that where it is located in the lab?
Lab Coordinate Frame:
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The LABSat coordinate frame is shown in Figure 1.  For the purposes of this lab, we will use a coordinate frame with an origin in the center of the room marked on the floor.  The coordinate frame is designated as North-East-Down, and is shown in the Figure below.





Figure 1.  LABsat coordinate frame  

The coordinates of the lab are 38 deg, 59.11 min North Latitude, 76 deg 29.11min West Longitude, and 30 feet above sea level.   Is the NED coordinate frame inertial?   If not, how can you find the transformation from the NED frame to the inertial frame?










Part B:  Reference Vectors - Earth’s Magnetic Field:

A spacecraft uses a magnetometer to measure the Earth’s magnetic field vector.  In our low-cost lab, we will simply use a compass.  Measure the direction of the Earth’s magnetic field vector (horizontal component) at your lab station with respect to the front edge of your desk.  Transfer these vectors to the lab-room layout so that we can see the summation of the magnetic field lines and infer the lines in the vicinity of your lab station and of the center of the room where TORQUEsat is located.  Also use one of the “dip needles” to measure the dip in the magnetic field at your location and write it on the chart.  The magnetic field strength in the lab is approximately 5e-5 Tesla.  Determine the coordinates of the magnetic field vector in the coordinate frame of the lab.

The actual magnetic field vector in the NED frame should be approximately
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The above vector is calculated from a model of the Earth’s magnetic field using the coordinates of the lab.  Why is the actual vector in the lab different?  (What corrupts the magnetic field in the lab?). 

Part C:  Satellite Attitude Estimation (Sun Sensing):    Several methods are used for determining the attitude of a spacecraft.  These include Earth and Sun sensors, magnetometers, star sensors and gyroscopes.  In this first experiment, you will use 2 solar panels of the spacecraft as a simple Sun sensor.  By summing the currents from the pair of solar panels on one axis, you will get a magnitude of the cosine of rotation about the LABSat z direction as shown above.    You can determine the x and y components of the sun vector from the current strengths in the x and y directions.  
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In the example figure above, the +X panel is illuminated and part of the +Y panel.  If the telemetry count for current directly relates to the strength of the sun vector along each panel direction, the angle  is computed as
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A +X and +Y solar panel has been added to your LABsat and connected to a 100 ohm load and to telemetry channels 1 and 2.     
1)  Place your LABsat in the Sun spot of the spot lamp and align it so that the +X panel faces the lamp directly, note the zero angle sun count for ch1.  Do the same for the Y panel and ch2.  This establishes your maximum vcurrent for each panel at a sun angle of 0 for that panel.  

2)  Now place your LABsat in the sun spot again (flat) with the +X face pointed at the sun lamp.  Now rotate it through 90 degrees in 10 degree increments until the Y axis is fully illuminated, pausing at least 10 seconds on each angle to be sure your telemetry reports the X and Y.  Keep a log of telemetry serial number versus angle setting.  Capture your LABsat telemetry data to a file.   

Post Lab:   From the telemetry data, extract only the telemetry from your satellite and read it into EXCEL.  Compute and plot the angles and compare against your input angle to see how well this telemetry system is resolving the rotation angle.  Do your computations match the actual angles you recorded?  Can you completely resolve the attitude with only one vector source?  Why or why not?  

Part D:  Satellite Attitude Estimation, Star Sensor:  In this experiment we will further refine our attitude estimate using our SpySat image sensors to give us two measured vectors to bright “stars” in the lab.  The reference vectors for all the stars mounted in the lab room are given below.   The measured vectors are estimated by determining the location of the star in the plane of the CCD array.   The coordinates of the stars in the lab coordinates are (in inches):
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First you will need to compute the vector from the center of the NED coordinate frame to your LABsat.  Then you can determine the vector from your LABsat to the ‘star’ in the NED frame.  Use the lab XYZ frame to calculate the vector from the center of the XYZ (and NED) frame to your LabSat.  You can use the carpet squares as a means to measure, plus the height of the table.  Convert this vector from the XYZ Lab frame to the NED frame. You will need to estimate the angle, , needed in the transformation. (Hint:  Calculate the DCM from the Lab XYZ frame to the NED frame)











In the 2” square CCD plane (x,z), the coordinates of the star can be approximated.  The focal length (f) of the S-band camera is 3.15 in and for the L-band camera is 2.95 in.  The grid size is 200x200 pixels, with each pixel measuring 0.01 in.  
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Therefore, the measured star unit vector, in terms of the focal length (f) in the LABSat frame (B), is
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 EMBED Equation.3  [image: image16.wmf]where i = the star number

Activate your LABsat image sensor and your ground station receiver and orient your LABSat until you can see two “stars” in the room AT THE SAME TIME.  Note which reference stars you are viewing.  Note your approximate orientation with respect to the lab coordinate frame (see if you can find the stars through a series of rotations with respect to the lab coordinates – think of your motions as 3-2-1 Euler angles).  Record the location of the stars in the CCD plane (approximate the location as best you can).  

Post Lab:   From the telemetry data, compute the direction cosine matrix (DCM) from the NED frame to the LabSat body frame using the TRIAD method.   Convert your DCM into a 3-2-1 Euler sequence.  (Use the handout you were given.)

1.  What is your DCM?

2.  What are your Euler Angles?

3.  Do the Euler Angles seem to match with your sense of how you rotated your LABsat to see the stars?

______
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