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Background . Experimental Methods & Results .

® Maneuvering Characteristics Augmentation System (MCAS) |

0 An autonomous flight pitch stabilizing controller used in Boeing 737-MAX

0 Introduced due to concerns related to pilots ability to safely fly the 737-MAX

Software defect lead to crash and grounding of two 737-MAX aircraft [2]

FAA grounded 737-MAX and required updates that resolve three issues [3]:

1. Allavailable AoA sensors must exceed 17° and cannot disagree >5.5°

How the MCAS system works

The Boeing 737 Max has a
computer controlled stability system
called MCAS

2. Horizontal stabiliser
trim adjusts to correct
angle if too high

1. Sensors in no
J angle of flight

’lr

3. Nose pushed down to
reduce risk of a stall

+10 degrees:
risk of a stall

4. But if the sensor reading is
wrong, MCAS may activate and

® Perform experiments with Simulink that has:

0 Custom rule-based pilot controller
o Sensor failure injection module

o JSBSim flight dynamics engine [5]
o MCAS control logic module

® Experiments include 9 sensor failure modes and
2 pilot failure modes
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push the nose down anyway

2. MCAS can activate only once in order to stop runaway stabilizer

False reading

o For each failure mode, there is a single parameter that is not constant
3. Pilots should be trained on how to manually disengage MCAS

0 Goal is to find the first value for the parameter for which a crash occurs

The update reverses the purpose of MCAS — prioritizes pilot control
® Compare the original MCAS (MCAS | ), the MCAS with the FAA’s requirements (MCAS

), and SA-MCAS

Semi-Autonomous MCAS (SA—MCAS) SA-MCAS is capable of securing the best of both MCAS_  and MCAS__ , preventing crashes

during sensor failures while also maintaining performance during dangerous pilot control.
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® Discussion:

Synthetic Air Data System (SADS) Arbiter

Model-free Wind
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Values . Split into groups of the
similar by 2? i same sensor

S SADS Send to MCAS

O Passenger trust of autonomous control still needs to be regained

Model-based Flight
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O Limited ability to prevent dangerous pilot control due to limitations inherent to MCAS’s control authority
similar by 27

e Future Work:

0 What do we do when neither the pilot nor the autonomous control is safe?

g g

Internal Consistency Check
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External Consistency Check

Compare a from ADIRU with « from SADS
If the a from esther the left or right ADIRU is

similar to the SADS estimate, then pass the value
to MCAS

o Currently we do equal to the better of autonomous/manual control, but can we do better?

® Takeaways:

SADS model uses sensors collected by Air Data
Inertial Reference Unit (ADIRU)

o Includes AoA, noted with «
Model-free: a = tan'(u/v)
Model-based: a = f{(C, M, h)

Check whether the estimated « is similar and pass

O Semi-autonomous systems should not default control to the manual operator or the autonomous controller
o A good design philosophy should provide dynamic control authority depending on which option is safer

o SA-MCAS demonstrates this point, showing that it can safely control the 737-MAX when either the pilot or MCAS is unsafe
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