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IntroductionIntroduction
World of Air Traffic Control (ATC) is a World of Air Traffic Control (ATC) is a 
constantly changing environmentconstantly changing environment

NO COMPROMISES!! NO COMPROMISES!! 
SAFETY CRITICAL!!SAFETY CRITICAL!!

What happens during a shift change? How What happens during a shift change? How 
do controllers do controllers ““inheritinherit”” situation situation 
awareness?awareness?



SolutionSolution

Create a tool that models airport Create a tool that models airport 
situationssituations
–– Enable outgoing controller to enter Enable outgoing controller to enter 

current statecurrent state
–– Enable incoming controller to enter pilot Enable incoming controller to enter pilot 

requestsrequests
–– Program outputs controller action and Program outputs controller action and 

updates the current stateupdates the current state
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Use Case DiagramUse Case Diagram
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Finite State MachineFinite State Machine
States: 4 combinations of aircraft in States: 4 combinations of aircraft in 
holding pattern & at terminal gateholding pattern & at terminal gate

Inputs: 3; Request to enter holding Inputs: 3; Request to enter holding 
pattern, request to land and taxi to gate, pattern, request to land and taxi to gate, 
request to taxi to runway and take offrequest to taxi to runway and take off

Output: 4x3=12; Depends on initial state Output: 4x3=12; Depends on initial state 
and inputand input

New StateNew State



Validation TablesValidation Tables
States (location of aircraft) Input (Request from pilot)
S1 [0,0] X1
S2 [0,1] X2
S3 [1,0]
S4 [1,1]

Hold 
Land

X3 Take Off

Output (Action for Controller)
Y1 Order Hold
Y2 Order Land; Order Hold
Y3 Invalid Request
Y4 Order Land
Y5 Order Take Off
Y6 Order Take Off; Order Land

Y7
Order Take Off; Order Land; 
Order Hold

S1 S2 S3 S4
X1 Y1 Y1 Y2 Y7
X2 Y3 Y3 Y4 Y6
X3 Y3 Y5 Y3 Y5

Initial State

In
pu

t

Output/Controller Action

S1 S2 S3 S4
X1 S3 S4 S4 S4
X2 # # S2 S2
X3 # S1 # S3

Initial State

In
pu

t

New State



S1 S2 S3 S4

Y1 Y2 Y3 Y4 Y5 Y6 Y7X1

X2

X3

Finite State Machine (cont)Finite State Machine (cont)

S1 S3S2 S4



State DiagramsState Diagrams
Request to Enter Request to Enter 
Holding PatternHolding Pattern

Plane at the gate?Plane at the gate?
YY

Plane in holding pattern?Plane in holding pattern?YY

NN

1. Order Plane at gate to take 1. Order Plane at gate to take 
offoff

2. Order plane in hold to 2. Order plane in hold to 
landland

3. Order requesting pilot to 3. Order requesting pilot to 
enter holdenter hold

1. Order requesting pilot to enter hold1. Order requesting pilot to enter hold

Updated Situation:Updated Situation:
Plane in Holding PatternPlane in Holding Pattern
Plane at GatePlane at Gate

NN

YY

1. 1. Order plane in hold to Order plane in hold to 
landland

2. Order requesting pilot to 2. Order requesting pilot to 
enter holdenter hold

NN 1.1. Order requesting pilot to Order requesting pilot to 
enter holdenter hold

Updated Situation:Updated Situation:
Plane in Holding PatternPlane in Holding Pattern



State Diagrams (cont)State Diagrams (cont)
Request to LandRequest to Land

Plane at the gate?Plane at the gate?
YY

Plane in holding pattern?Plane in holding pattern?YY

NN

1. Order Plane at gate to take 1. Order Plane at gate to take 
offoff

2. Order requesting pilot to 2. Order requesting pilot to 
landland

### Invalid Request### Invalid Request

NN

NN

YY 1. Order requesting pilot to land1. Order requesting pilot to land

Updated Situation:Updated Situation:
Plane at GatePlane at Gate



State Diagrams (cont)State Diagrams (cont)

Request to Take OffRequest to Take Off

Plane at the gate?Plane at the gate?
YY

Plane in holding pattern?Plane in holding pattern?
YY

NN

### Invalid Request### Invalid Request

NN

Updated Situation:Updated Situation:
Plane in holdPlane in hold

1. Order requesting pilot to take off1. Order requesting pilot to take off

Updated Situation:Updated Situation:
No Aircraft Under ControlNo Aircraft Under Control



MATLABMATLAB
Request=input('Enter Pilot Request','s')

if Request==('E')
if hold==1

if gate==1
disp ('Order aircraft at gate to taxi to 

runway and takeoff')
disp ('Order aircraft in hold to land and 

taxi to gate')
disp('Approve request to enter holding 

pattern')
hold=1;
gate=1;
current_state=[hold, gate]
else disp ('Order aircraft in hold to land 

and taxi to gate')
disp('Approve request to enter holding 

pattern')
hold=1;
gate=1;
current_state=[hold, gate]

end
else disp('Approve request to enter holding 

pattern')
hold=1;
current_state=[hold, gate]
end

k=k+1;
end 

if Request==('L')
if hold==0
disp('Invalid Request')
else

if gate==1
disp('Order aircraft at gate to taxi and 

takeoff')
disp('Approve request to land')
hold=0;
gate=1;
current_state=[hold, gate]
end
if gate==0
disp('Approve request to land')
hold=0;
gate=1;
current_state=[hold, gate]
end

end
k=k+1;
end



Next StepsNext Steps

System simulation and thorough System simulation and thorough 
verification through LTSA/UPPAAL verification through LTSA/UPPAAL 
modelingmodeling
–– AnimationAnimation
–– Multiple Input, Dynamic Behavior Multiple Input, Dynamic Behavior 

validationvalidation


