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CLAIMS
The embodiments of the invention in which an exclusive property or privilege is

claimed are defined as follows:

1. An aerial vehicle, comprising:
an airframe;
vertical propulsion units mounted to the airframe to provide vertical propulsion
and physically organized into propulsion rings including at least an inner ring and an
outer ring;
a flight controller including logic that when executed by flight controller causes
the aerial vehicle to perform operations including:
determining whether an initial thrust command output vector results in a
thrust command clipping of one of the vertical propulsion units;
transferring torque associated with the initial thrust command output
vector from each the vertical propulsion units in the outer ring to the vertical propulsion
units in the inner ring when the thrust command clipping of one of the vertical propulsion
units in the outer ring occurs;
determining a revised thrust command output vector after transferring the
torque; and
driving the vertical propulsion units according to the revised thrust

command output vector.

2. The aerial vehicle of claim 1, wherein the flight controller includes further
logic that when executed by the flight controller causes the aerial vehicle to perform
further operations including:

scaling first thrust values associated with all of the vertical propulsion units in the
outer ring when the thrust command clipping of one of the vertical propulsion units in the
outer ring is determined,

wherein the torque transferred from the outer ring to the inner ring comprises an
amount of torque reduced from the outer ring due to scaling all of the vertical propulsion

units in the outer ring.
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3. The aerial vehicle of claim 2, wherein the flight controller includes further
logic that when executed by the flight controller causes the aerial vehicle to perform
further operations including:

identifying which of the vertical propulsion units in the outer ring has a greatest
amount of the thrust command clipping due to the initial thrust command output vector,

wherein all of the first thrust values of the vertical propulsion units in the outer

ring are scaled based upon the greatest amount of the thrust command clipping.

4. The aerial vehicle of claim 2, wherein the flight controller includes further
logic that when executed by the flight controller causes the aerial vehicle to perform
further operations including:

recomputing second thrust values of the initial thrust command output vector
associated with the inner ring after transferring the torque from the outer ring to the inner
ring, wherein the first thrust values of the outer ring are fixed after the scaling and while

recomputing the second thrust values of the inner ring.

5. The aerial vehicle of claim 1, wherein the flight controller includes further
logic that when executed by the flight controller causes the aerial vehicle to perform
further operations including:

determining the initial thrust command output vector,

wherein the initial thrust command output vector and the revised thrust command

output vector are determined by solving for least squares solutions.

6. The aerial vehicle of claim 5, wherein the initial thrust command output vector
and the revised thrust command output vector are determined by applying a Moore-

Penrose Pseudoinverse allocation matrix to force command input vectors.

7. The aerial vehicle of claim 1, wherein the vertical propulsion units in the outer
ring have greater mechanical advantage due to a longer lever arm to a center of mass the

aerial vehicle than the vertical propulsion units in the inner ring.

8. The aerial vehicle of claim 1, wherein the flight controller includes logic that
when executed by the flight controller causes the aerial vehicle to perform operations
including:

monitoring an effectiveness of each of the vertical propulsion units in real-time;
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identifying when the effectiveness of a given one of the vertical propulsion units
falls outside of an expected operating range;

adjusting a control effectiveness matrix to reflect a reduced effectiveness for the
given one of the vertical propulsion units when the effectiveness is identified as falling
outside of the expected operating range; and

revising a current thrust command output vector for controlling the vertical

propulsion units based upon the control effectiveness matrix after the adjusting.

9. The aerial vehicle of claim 8, wherein monitoring the effectiveness of each of
the vertical propulsion units comprises monitoring drive signals to the vertical propulsion

units.

10. The aerial vehicle of claim 8, further comprising:

operational sensors positioned in, on, or adjacent to the vertical propulsion units
that monitor operation of the vertical propulsion units, wherein monitoring the
effectiveness of each of the vertical propulsion units comprises monitoring feedback

signals from the operational sensors.

11. The aerial vehicle of claim 1, wherein the aerial vehicle comprises an
unmanned aerial vehicle (UAV) having two or more of the vertical propulsion units
physically positioned in each of four quadrants of the airframe and wherein each of the
four quadrants also includes first and second vertical propulsion units associated with the

outer ring and the inner ring, respectively.

12. A method of controlling vertical propulsion units of an aerial vehicle, the
method comprising:

determining whether an initial thrust command output vector results in a thrust
command clipping of one of the vertical propulsion units, wherein the vertical propulsion
units are physically organized into propulsion rings including an inner ring and an outer
ring;

transferring torque associated with the initial thrust command output vector from
each the vertical propulsion units in the outer ring to the vertical propulsion units in the
inner ring when the thrust command clipping of one of the vertical propulsion units in the

outer ring occurs;
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determining a revised thrust command output vector after transferring the torque;
and
driving the vertical propulsion units according to the revised thrust command

output vector.

13. The method of claim 12, further including:

scaling first thrust values associated with all of the vertical propulsion units in the
outer ring when the thrust command clipping of one of the vertical propulsion units in the
outer ring is determined,

wherein the torque transferred from the outer ring to the inner ring comprises an
amount of torque reduced from the outer ring due to scaling all of the vertical propulsion

units in the outer ring.

14. The method of claim 13, further including:

identifying which of the vertical propulsion units in the outer ring has a greatest
amount of the thrust command clipping due to the initial thrust command output vector,

wherein all of the first thrust values of the vertical propulsion units in the outer

ring are scaled based upon the greatest amount of the thrust command clipping.

15. The method of claim 13, further including:

re-computing second thrust values of the initial thrust command output vector
associated with the inner ring after transferring the torque from the outer ring to the inner
ring, wherein the first thrust values of the outer ring are fixed after the scaling and while

re-computing the second thrust values of the inner ring.

16. The method of claim 12, further including:
determining the initial thrust command output vector,
wherein the initial thrust command output vector and the revised thrust command

output vector are determined by solving for least squares solutions.

17. The method of claim 16, wherein the initial thrust command output vector
and the revised thrust command output vector are determined by applying a Moore-

Penrose Pseudoinverse allocation matrix to force command input vectors.
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18. The method of claim 12, wherein the vertical propulsion units in the outer
ring have greater mechanical advantage due to a longer lever arm to a center of mass the

aerial vehicle than the vertical propulsion units in the inner ring.

19. The method of claim 12, further including:

monitoring an effectiveness of each of the vertical propulsion units in real-time;

identifying when the effectiveness of a given one of the vertical propulsion units
falls outside of an expected operating range;

adjusting a control effectiveness matrix to reflect a reduced effectiveness for the
given one of the vertical propulsion units when the effectiveness is identified as falling
outside of the expected operating range; and

revising a current thrust command output vector for controlling the vertical

propulsion units based upon the control effectiveness matrix after the adjusting.

20. The method of claim 19, wherein monitoring the effectiveness of each of the
vertical propulsion units comprises monitoring drive signals to the vertical propulsion

units.

21. The method of claim 19, wherein the aerial vehicle includes operational
sensors that monitor operation of the vertical propulsion units, and wherein monitoring
the effectiveness of each of the vertical propulsion units comprises monitoring feedback

signals from the operational sensors.
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