
Model Checking for 
Autonomous Vehicles



The Highway Lane Controller Model



Involved variables

•

•

•

•

DEFINE
NUMBER_OF_LANES := 10;

VAR
danger : boolean;
overtake : boolean;
free_left : boolean;
free_right : boolean;
current_lane : 1..NUMBER_OF_LANES;
state : {

entering, cruise_control,
adaptive_cc, change_left,
change_right, emergency_stop,
exiting

};



Variable initialization

•

•

•

•

ASSIGN
init(state) := entering;
init(danger) := {TRUE,FALSE};
init(overtake) := FALSE;
init(free_left) := FALSE;
init(free_right) := FALSE;
init(current_lane) := 1;



Variable evolution: 

•

•

next(danger) := {TRUE, FALSE};



Variable evolution: 

next(overtake) := case
next(state) = adaptive_cc : {TRUE, FALSE};
TRUE: FALSE;

esac;



Variable evolution: 

next(free_right) := case
next(current_lane) = 1: FALSE;
TRUE: {TRUE, FALSE};

esac;

next(free_left) := case
next(current_lane) < NUMBER_OF_LANES: {TRUE, FALSE};
TRUE: FALSE;

esac;



Variable evolution: 

next(current_lane) := case
state = change_left & next(state) != change_left : current_lane + 1;
state = change_right & next(state) != change_right: current_lane - 1;
TRUE: current_lane;

esac;



Variable evolution: 

•

•

next(state) := case

danger : emergency_stop;

state = entering: {cruise_control, adaptive_cc};



Variable evolution: (cont.)

•

•

•

state = cruise_control: case
free_right: change_right;
TRUE: {cruise_control, exiting, adaptive_cc};

esac;



Variable evolution: (cont.)

•

•

•

•

state = adaptive_cc: case
overtake & free_left : change_left;
!overtake & free_right : change_right;
TRUE: {cruise_control, exiting, adaptive_cc};

esac;



Variable evolution: (cont.)

•

•

•

state = change_right : {cruise_control, adaptive_cc, change_right};
state = change_left : {cruise_control, adaptive_cc, change_left};
state = emergency_stop : {emergency_stop, entering};
state = exiting        : exiting;  

esac;



Running NuSMV

D:\NuSMV-2.5.4-i386-pc-mingw32>bin\NuSMV.exe -int
*** This is NuSMV 2.5.4 (compiled on Fri Oct 28 14:06:40 UTC 2011)
*** Copyright (c) 2010, Fondazione Bruno Kessler
*** (omissis)

NuSMV > read_model -i specification.smv
NuSMV > go
NuSMV >



Running NuSMV – Statistics 

7 ∙ 10 ∙ 2 ∙ 2 ∙ 2 ∙ 2 = 1120

NuSMV > print_reachable_states
######################################################################
system diameter: 21
reachable states: 568 (2^9.14975) out of 1120 (2^10.1293)
######################################################################
NuSMV >



Running NuSMV – Verifying properties

NuSMV > check_ltlspec -p "G(current_lane<11)"
-- specification  G current_lane < 11  is true

NuSMV > check_ctlspec -p "AG(state!=entering)"
-- specification AG state != entering  is false
-- as demonstrated by the following execution sequence
Trace Description: CTL Counterexample
Trace Type: Counterexample
-> State: 2.1 <-
state = entering
NUMBER_OF_LANES = 10

NuSMV >



Some interesting properties

•

•

G!( state=cruise_control & overtake )

G!( current_lane = 1 & free_right )



Some interesting properties

•

G( danger -> X(state=emergency_stop) )

G!( danger & X(state!=emergency_stop) )

AG( danger -> AX(state=emergency_stop) )

AG!( danger & AX(state!=emergency_stop) )



Some interesting properties

• change_left change_right

G!( state=change_left & X(state=change_right))
G!( state=change_right & X(state=change_left))

G( state=change_right -> X(state!=change_left) )
G( state=change_left -> X(state!=change_right) )



Some interesting properties

•
exiting

AG(EF(state=exiting))



Some interesting properties

•
change_right change_left

change_right
change_left

state=change_left V state!=change_right



Some interesting properties

•

emergency_stop

G( state=change_left -> F(state!=change_left) )



Some interesting properties

change_left/right

G( state=change_left -> F(state!=change_left) )



Enforcing fairness

FAIRNESS state!=change_left ;
FAIRNESS state!=change_right ;



That’s all! Any questions?
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