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SummarySummarySummary

• ATC and HCI
• Basic knowledge

– Operator Choice Model 
– Object-Z language

• ATC (modeling and hazard identification)
• Conclusions
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Air-Traffic Control SystemAirAir--Traffic Control SystemTraffic Control System
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Modeling Hazardous situationsModeling Hazardous situationsModeling Hazardous situations

• To combine improved understanding of the 
psychological causes of human errors, with 
formal methods for modeling human-
computer-interaction.

• To incorporate mathematical models of 
operators.
– Object-Z language
– Operator Choice Model

• Simulation and detection of conflicts
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Air-Traffic Control (Hazards)AirAir--Traffic Control (Hazards)Traffic Control (Hazards)

Convergence

Overtaking



Slide #  6

Operator Choice ModelOperator Choice ModelOperator Choice Model

• Designed to model human behavior in a real-world 
system. Simulation of realistic operator behavior in 
complex task evolving unpredictably through time.

• Cycle of: Scan Classify Decide Action Perform Action
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Object-Z notationObjectObject--Z notationZ notation

• What is Object-Z ?
– Formal specification language. Formal method for 

modeling human-computer-interaction.
– Z is based in a notion of “set” (Є,U,∩,#,…),

“|” and “●” means such as
“seq” and “‹›” means sequence
“==” means equivalence
Functions “head” and “tail” applied to a sequence
“∩” means sequence concatenation 
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More about Z…More about ZMore about Z……

• Schemas: Variable + predicates constraining the variable
– Traditional logic operator (¬,^,v,→,↔)

– Operation Schema: Model states transition between variables. (?,!,’,∆)

– Schema Calculus: (¬,^,v,→,↔)
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Object-ZObjectObject--ZZ

• Object-Oriented Z

• Execution Operators
– Conjunction (“^”)
– Parallel (“||”) 
– Sequential (“;”)
– Choice (“[]”)

• Predicates can 
optionally contains 
temporally logic 
operators : always (“□”),  
eventually (“◊”), next (“○”)
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The problemThe problemThe problem
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The formal modelThe formal modelThe formal model

Position
Waypoint
Manhattan Distance
Route
SubRoute
RouteLength
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The formal modelThe formal modelThe formal model
Aircraft schema
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The formal modelThe formal modelThe formal model

DestinationReached
DistanceToWayPoint
Aircraft movement
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The formal modelThe formal modelThe formal model
The ATC System HCI Screen Schema
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The formal modelThe formal modelThe formal model
The HCI functionality
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Convergence HazardConvergence HazardConvergence Hazard
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Overtaking HazardOvertaking HazardOvertaking Hazard
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ConclusionsConclusionsConclusions

• A model of the operator’s cognitive states.

• Represents the human error into the model.

• Stores results in long term memory. 

• Pattern-based techniques (predictions).
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