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1 Model Description

The Bore Angle Calculation model uses vector mathematics in order to calculate the miss angle from
a boresight on the spacecraft to its desired target. The model also calculates the azimuth angle of the
boresight.
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Fig. 1: All of the vectors and the miss angle are labeled here. O is the vector that represents the boresight of
the instrument that the test is interested in. L is the direction that the spacecraft should be pointing its
boresight in. M is the miss angle of the boresight to its desired direction. All of the  vectors are various
position vectors designated by their subscripts.

The model begins by creating a direction cosine martix to represent the pointing frame from the
inertial frame. Then the boresight vector is projected into this frame, and the miss angle and the azimuth
angle are calculated using standard trigonometry. These calculations are performed in the following way:

First, the unit relative position vector of the spacecraft is calculated relative to the celestial body
that the spacecraft is supposed to be pointing at. Using Equation 1. Where 7p/g is the unit relative
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position of the spacecraft to the planet, ry/g is the position of the celestial body in the inertial frame,
and ry/p is the position of the spacecraft in the inertial frame.
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Next, the unit relative velocity of the spacecraft is calculated in the same manner.

o5 = ol IT @
"UN/S - 'UN/B|

Then, direction cosine matrix from the inertial frame to the pointing frame is constructed. The first
row of the direction cosine matrix is set to be the unit relative position vector calculated in the first step.
The last row of the direction cosine matrix is set to be the result of the cross product of the relative unit
position vector with the cross product of the relative position vector with the relative velocity vector.
Then, the second row of the direction cosine matrix is set to be the cross product of the first and last

row of the direction cosine matrix, as show in Equation 3
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Once the direction cosine matrix has been created, the direction cosine matrix from the body frame
to the pointing frame is created by multiplying the direction cosine matrix from the body frame to the
inertial frame and the inertial frame to the pointing frame together. Then the boresight vector, O
(which is shown in Figure 1), is projected into the pointing frame by dotting the new direction cosine
matrix with the boresight vector in the body frame. This is shown in Equation 4.

70 = [PB] -0 (4)

From there, the boresight vector is multiplied by the baseline vector in the pointing frame. Where
the baseline vector in the pointing frame is defined as L = ¢. Then the product of the boresight vector
and the baseline vector is passed through the arccosine function to get the boresight miss angle. As
shown in Equation 5.

M = arccos(O - L) (5)
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Fig. 2: The azimuth angle, A is shown here with respect to the pointing coordinate frame and the vectors used
to construct the azimuth angle.

The azimuth angle is calculated by passing the product of the last two components of the borsight
vector. This is shown in Equation 6 and in Figure 2.

A = arctan (gk) (6)
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2 Model Functions

e Compute Output Data: This method computes the output structure for messaging. The miss
angle is absolute distance between the desired body point and the specified structural vector. The
azimuth angle is the angle between the y pointing axis and the desired pointing vector projected
into the y/z plane.

3 Model Assumptions and Limitations

When the miss angle goes to 0° the azimuth angle is ill defined. The model will default to setting the
azimuth angle to 0°

4 Test Description and Success Criteria

In order to test the model, the boresight vector on the spacecraft, and the orientation of the spacecraft
were varied to be in each quadrant of the body frame. There were a total of 16 different tests performed
in this manner. Eight different boresight vector placements (holding the spacecraft orientation constant),
and eight different spacecraft orientations (holding the boresight vector constant). There was a 17th
test performed in order to check the azimuth angle when the miss angle is zero. For every combination
of parameters, the pointing reference frame was calculated and compared to the simulated pointing
frame, and using that, the miss angle and azimuth angle were calculated.

The boresight vector was calculated in the same manner that it was calculated in the model using
numpy libraries to do so. It was then compared to the model’s boresight vector. The test was deemed
a success if the boresight vector was withing 1E-10 of the model's boresight vector using the unitTest-
Support script. It should be noted that the boresight vector that the user passes to the model doesn't
need to be a unit vector because the model will normalize the vector.

The miss angle was calculated in two separate ways. The first method mirrored the module’s
method. Just as in the module, a direction cosine martix was created to represent the pointing frame
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from the inertial frame. Then the boresight vector was projected into this frame, and the miss angle
was calculated using standard trigonometry. The key difference in the first method of validation is that
the validation used the python numpy library primarily rather than the RigidBodyKinematics.py file.

The second method used the existing inertial reference frame in order to calculate the miss angle of
the boresight. In this method, the baseline vector was projected into the inertial frame. Then just as
the first, the miss angle was calculated using standard trigonometry.

The second method relied on the direction cosine matrices created in the first method. That being
said, the first operation in the second method was to calculate the position vector of the spacecraft
in the inertial reference frame. Then the baseline vector was projected into the inertial frame using
the direction cosine matrix from the inertial frame to the pointing frame. Then the position vector in
the inertial frame was dotted with the baseline projection. Just as in the first method, the product of
the two vectors was passed through the arccosine function in order to calculate the miss angle of the
boresight.

Once the miss angle calculations were complete, the calculated miss angles were compared to the
miss angle pulled from the mission simulation. If the calculated miss angles were withing 1E-10 of the
simulation miss angle, the test passed.

Then the azimuth angle was calculated using the same method as in the model. Again, it should be
noted that the standard python numpy library was used in the validation calculation. The test passed
when the calculated azimuth angle was within 1E-10 of the simulation azimuth angle.

Table 2: Tolerance Table (Absolute)

Parameter Tolerance
Boresight Vector 1E-10

Miss Angle 1E-10
Azimuth Angle 1E-10

5 Test Parameters

Table 3: Table of test parameters

Test | Boresight Vector oB/N Test | Boresight Vector oB/N
1 V3, V3 3 100,00 00| 9 0.0,0.0, 1.0 | -0.079, 0.191, 0.191
2 ~3 V3 V3 100,00,00| 10 | 00,00 10 | -0.261,0.108, 0.631
3 V3,3 v3100,0000| 11 | 00,00, 1.0 | 0261, 0.108, -0.631
4 ~3 N33 100,0000| 12 | 00,00, 1.0 | 0079 0.191,-0.191
5 V3 V3 3 100,0000| 13 | 00,00, 1.0 | 0079 -0.191, 0.191
6 ~3 V3 3 100,0000| 14 | 00,00, 1.0 | 0261, -0.108, 0.631
7 V3,3 M3 100,0000| 15 | 00,00 1.0 |-0.261,-0.108, -0.631
8 | 3,2 ¥ 1000000]| 16 | 00,00 1.0 |-0.079,-0.191, -0.191
17 | 10,0000 0.0, 0.0, 0.0

It should be noted that the boresight vector passed to the model does not need to be a unit vector
because the model will normalize the vector.
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6 Test Results

Table 4: Pass or Fail Table

Test | Pass/Fail | Test | Pass/Fail
PASSED 9 PASSED
PASSED 10 | PASSED
PASSED 11 | PASSED
PASSED 12 | PASSED
PASSED 13 | PASSED
PASSED 14 | PASSED
PASSED 15 | PASSED
PASSED 16 | PASSED
17 | PASSED
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