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Stopping distance

𝑑𝑠𝑡𝑜𝑝 𝑡 + ∆𝑡 = −
𝑣 𝑡 + ∆𝑡 𝑣𝑚𝑎𝑥

2𝑎𝑠𝑡𝑜𝑝

Geofence controller stopping condition (first version): 

▪ If next_position + next_stopping_distance is outside the fence, then 
issue a STOP!

astop is the stopping deceleration constant
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Simplex architectureSimplex Architecture

Complex 
Controller

Safety 
Controller

Monitor

Plant

Simplex

Sensor Data

Gray boxes are high-
assurance components.  
The monitor controls a 
switch that selects the 
output of the complex 
controller or the safety 
controller.

Actuator 
commands



10 | © 2017 Rockwell Collins. All rights reserved. Approved for Public Release. Case Number: 88ABW-2017-3586

Simplex architecture for geofence
application
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Modeling and analysis of the geofence
application, v0.1 

▪ First version: UAV starts in the fence and doesn’t move
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▪ First version: UAV starts in the fence and doesn’t move

▪ First counterexample: The fence moves!

Modeling and analysis of the geofence
application, v0.1 
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Counterexample (fence moves)
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Modeling and analysis of the geofence
application, v0.2

▪ Added an assumption that the fence does not move

▪ This is an example of an implicit assumption, something that was part of 
my mental model but I had not written down
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Modeling and analysis of the geofence
application, v1.0

▪ Modeled the equations for vehicle movement, stopping distance, and the 
STOP condition

▪ Attempt to prove that the vehicle stays in the fence…
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Counterexample to v1.0

next_position + next_stopping_distance is inside the fence, but 
next_position is not

STOP



17 | © 2017 Rockwell Collins. All rights reserved. Approved for Public Release. Case Number: 88ABW-2017-3586

Modeling and analysis of the geofence
application, v1.1

▪ Add a condition to the stopping condition that the next position is inside 
the fence

▪ Attempt to prove the vehicle stays inside the fence…
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Counterexample to v1.1

?
Expected
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▪ A sign error was inserted when the equation was modeled

▪ Fix the sign error and attempt to prove the vehicle stays inside the 
fence…

Modeling and analysis of the geofence
application, v1.2

Stopping Distance
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Success!
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Summary

▪ The modeling and verification approach was useful in identifying 
different kinds of errors

– Implicit assumption

– Equation errors (requirements errors)

– Modeling error (would-be implementation error?)

▪ We were able to find a middle ground between high-fidelity models and 
the limitations of formal verification tools

▪ Another error was found using the TRUST framework and may require a 
different approach to address formally
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Backup
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Simplex architecture for geofence
application
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Errors identified in the process

▪ Fence moves 

– found by model checker with initial version of the models

▪ Need to consider next stopping distance with next position, rather than 
current stopping distance with next position

– found in discussion, not by modeling itself

▪ Need to add to geofence controller STOP condition (25) that we need to 
check that the next position is in the fence 

– model checker found this through a counterexample to the vehicle 
staying in the fence

▪ Sign error in translating equation 26 to models 

– model checker identified through a counterexample to the vehicle 
staying in the fence
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Equations for vehicle motion
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Equations for stopping


