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« ATC and HCI

» Basic knowledge

— Operator Choice Model

— Object-Z language
 ATC (modeling and hazard identification)
» Conclusions

Full OCM model for the ATC
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~ — ~Modeling Hazardous situations

P

* 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)

Convergence
e S e o
Overtaking
* @ ® ——@
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* 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

Attend to item

*———

¥
{ Classify itermn H Decide action H Perform action
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* What is Object-Z ?

— Formal specification language. Formal method for
modeling human-computer-interaction.

— Z 1s based in a notion of “set” (€,U,N,#,...),
» “|” and “@” means such as
» “seq” and “o” means sequence
» “==" means equivalence
» Functions “head” and “tail” applied to a sequence

> “I” means sequence concatenation
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More about £...
« Schemas: Variable + predicates constraining the variable
— Traditional logic operator (7, v,—,<)
__Coord
N/ L. .
y: 7 Origin = [(.-’onrd ‘ r=0Ay= U]

rz20Ay =20

— Operation Schema: Model states transition between variables. (?,!,’,A)
_ AddCoord

ACoord

7, y? 7

=4+ 27

y'=y+y?

— Schema Calculus: (7,Mv,—,<)
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* Object-Oriented Z

» Execution Operators
— Conjunction (“*")
— Parallel (“||")

— Sequential (%;7)
— Choice (“[]")

* Predicates can
optionally contains
temporally logic
operators : always (“0"),
eventually (“0”), next (“O”)

_ StackPair

51, 8y @ NatStack

S| F 8z
#s.nats < #s;.nals

_Inrr

s Iwrr A s INiT

Push; = 5. Push

Push, = 55, Push

Popy = 5;.Pop

Popy = 5. Pop

PushBoth = Pushy A\ Pushs,
Transfer = (Popy || Pushs) \ (nat!)
PushOne = Pushy [| Push;

TransferAll = Transfer ¢ TransferAll
I

[-"1'1..'Ift'.ril'i'.q = ,-]
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% "~ _ | Waypoint

\ " [identity A
H position:

150,25)

Aircraft

Waypoint

[ call sign: 123

| speed: 6

type: B747
position: {12833y [

instructedSpeed: 3
route: <A FE H.T=
eta: <10,40,90.110=

next: 2

identity: E
position: (106.40)
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" The formal mode

m—

- | distanceBetween : Position x Position — N

Y posl, pos2 : Position e distanceBetween(posl, pos2) =
abs(first(posl) — first(pos2)) + abs(second(posl) — second(pos2))

Jr Route == seq, Waypoint
v Position | subRoute : Route x N x N - Route
v' Waypoint
v Marxllﬁattan Distance V route : Route; start, end : N | {start, end} C dom route o
v  Route subRoute(route, start, end) = (start .. end) | route
v" SubRoute
v RouteLength
routeLength : Route — N
Latitude == routeLength({)) = 0
Longitude == Vapl, wp2 : Waypoint; route : Route o
Position == Latitude x Longitude routeLength({wpl)) = 0 A
Waypoint routeLength({wpl, wp2) ™ route) =
identity : WaypointID distance Between(wpl.position, wp2.position )+
position : Position routeLength((wp2) 7 route)
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~ The formal mode

L

v" Aircraft schema

__Adrceraft
callsign : Callsign

type : Aircraft Type
posttion : Position

speed : Speed
instructedSpeed : IF Speed
route : Route

eta : seq, Twvme

nert : N

#HinstructedSpeed < 1

Hroute > 2

Hroute = #etla

Voum :1..#Heta—1e
eta(num) < eta(num + 1)

next € 2 .. #route
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~ The formal mode

L

m—

destinationReached : Aircraft — B

v" DestinationReached
Vac: {il'é‘r'cm:fio rf,fﬁ:s'Tf*e?!f‘.i,rjtr,'unﬁeux::’i,eri(.fu;) = v DistanceToWayPOint
ac.next = #(ac.route) A
ac.position = (last(ac.route)).position v" Aircraft movement

distance To Waypoint : Aircraft x N + N

Vac : Aircraft; wpnum : N | ac.next < wpnum < #tac.route o
distance To Waypomt(ac, wpnum) =
distance Between( ac.position, ((ac.route)( ac.next)). position )+
routeLength(subRoute(ac.route, ac.next, wpnum))

____ o

A Awrcraft

callsign” = callsign

type’ = type

route’ = route

(1..next — 1)1 eta’ = (1..next —1)7 eta

next’ = if (position’ = (route(next)).position A next # ffroute)
then next + 1
else next

distance Between(position, position’) € {0, 1}

speed — speed’ € {—1,0,1}
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" The formal mode

The ATC System HCI Screen Schema

__ Sereen.
sector : Sector
aireraft : T Aireraft

—ScreenInat
Vaecl, ac2 : aircraft  acl.callsign = ac2.callsign = acl = ac2 Screen
YV ae : aircraft e
sector.south < first(ac.position) < sector.north A
sector.west < second(ac.position) < sector.east A
(Vwpnum : 1 .. #ac.route —1 @
((ac.route)(wpnum), (ac.route)(wpnum + 1)) €
sector.flightPaths) A
head(ac.route) € sector.handQOuverPoints N
last(ac.route) € sector.handOverPoints

atrceraft = @

__aireraftEnterSereen __ gireraftEritSereen

AScreen AScreen

craft? . F Aircraft craft! : F Aircraft

{ac : craft? o ac.callsign} N {ac : aircraft ® ac.callsign} = & craft! C aircraft

YVac: craft? o Y ac : craft! e destinationReached(ac)
ran(ac.route) C sector.waypoints A atreraft’ = aircraft \ craft!
ac.position = (head(ac.route)).position N\ sector’ = sector
ac.next = 2

atrcraft’ = aireraft U craft?

sector’ = sector
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The HCI functionality

ChangeAireraftRoute = selectAwreraft N\ reroute
ChangeAircraftSpeed = selectAireraft \ changeSpeed

updateScreen = aircraftBatSereen  aureraftMove § aireraft BnterSereen
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“Convergence Hazard

| timeDifference : Time x Time — Time ‘:1 {afc—l\ﬁ. ‘22 wp3
Vil t2: Time L______\‘_j ____________________ wp?
timeDifference(tl, t2) = abs(tl — t2)
wp4  ac2 wps wp6
o
o ®

______________

convergenceHazard : Scenarioldentifier

Vacl, ac2 : Aircraft | acl £ ac2 o convergenceHazard({acl, ac2}) &
(Fpointl : acl.next .. facl.route; point2 : ac2.next .. #ac2.route o
(acl.route)(pointl) = (ac2.route)(point2) A
(acl.route)(pointl — 1) # (ac2.route)(point2 — 1) A
ran(subRoute( acl.route, acl.next — 1, pointl — 1))N
ran(subRoute( ac2.route, ac2.next, point2 — 1)) = @ A
timeDifference((acl.eta)(pointl), (ac2.eta)(point2)) <
separationTime)
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overtakingHazard : Scenarioldentifier

Vacl,ac2 : Aieraft | acl # ac2 o overtakingHozard({acl, ac2}) &
(dpointl : acl.next .. facl.route; point2 : ac2.nest .. #ac.route o
subRoute(ac2.route, ac2.nect — 1, point2) suffix
subRoute(acl.route, acl.nezt — 1, point1) A
distance To Waypoint(acl, pointl) > distance ToWaypoint(ac2, point2) A
((acl.eta)(pointl) < (ac2.eta)(point2) V
timeDifference((acl.eta)(pointl), (ac2.eta)(point2)) < separationTime))
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* 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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