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Path	  generaFon	  
MoFon	  control	  

B	  

B	  

B	  

B	  

B	  

D	  

D	  

D	   D	   D	  
D	  

D	  

D/B	  

B	   B	   D	  

QM	   B	  

QM	   QM	   QM	   QM/B	  

33	  

Model	  checking	  of	  lane-‐
level	  planning	  against	  

traffic	  situaFon	  templates	  
(road	  config,	  

#parFcipants,	  road	  
adhesion,	  etc.)	  



Highway	  Driving	  

V2X	  
	  

Radars	  
	  

Cameras	  
	  

LIDARs	  
	  

Sonars	  
	  

IMU	  
	  

GPS	  
	  

Wheel	  
odometry	  

Global	  
Level	  

Lane	  
Level	  

MoFon	  
Level	  

StaAc	  env	  
percepAon	  

Dynamic	  env	  
percepAon	  

Ego	  
percepAon	  

Mission	  
Planning	  

Sensors	  

Route	  planning	  Traffic	  and	  driving	  
condiAons	  summary	  
Report	  traffic	  density,	  
weather	  and	  road	  
surface	  condiFons	  

Road	  network	  updates	  
Report	  discrepancies,	  
e.g.,	  blocked	  exits,	  
blocked	  emergency	  bay,	  
etc.	  

LocalizaAon	  within	  
road	  network	  

LocalizaAon	  within	  lane	  StaAc	  obj	  recogniAon	  
Lanes,	  signs,	  traffic	  
lights	  (lesser	  depth),	  
other	  obstacles	  	  

Place	  recogniAon	  
(to	  support	  loo	  
	  closure	  &	  localizaFon)	  

Dynamic	  obj	  recogniAon	  
Cars,	  pedestrians,	  
(motor)cyclists,	  animals,	  	  
police,	  emergency	  vhcls	  
	  	  

SituaAon	  recogniAon	  
ConstrucFon	  zones,	  
tunnels,	  bridges,	  
accidents,	  traffic	  jams	  

Relevant	  ctx	  recogniAon	  
(being	  stopped	  by	  police,	  
locaFon	  in	  a	  tunnel,	  etc.)	  

Corridor	  planning	  
Virtual	  fences	  

Policies	  &	  decisions	  
Traffic	  rules,	  driving	  
tacFcs	  for	  
highway	  (&maneuvers)	  

Vehicle	  state	  esAmaAon	  StaAc	  obj	  locaAon	   Dynamic	  obj	  tracking	   MoAon	  Controller	  
Path	  generaFon	  
MoFon	  control	  

B	  

B	  

B	  

B	  

B	  

D	  

D	  

D	   D	   D	  
D	  

D	  

D/B	  

B	   B	   D	  

QM	   B	  

QM	   QM	   QM	   QM/B	  
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Assuring	  learned	  models	  
•  ProbabilisFc	  argument	  

(e.g.,	  Probably	  Approx.	  
Correct)	  

•  ExplanaFon	  (e.g.,	  rules)	  
	  



TesAng	  

•  TesFng	  as	  a	  mulF-‐objecFve	  opFmizaFon	  
– Likelihood	  
– Severity	  

•  GeneraFon	  of	  test	  data	  in	  a	  syntheFc	  
environment	  
– Recording	  in	  the	  field	  
– Fuzzing	  
– Design	  of	  new	  situaFons	  
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Test	  Design	  Levels	  

•  Base	  road	  configuraFon	  

•  SituaFon-‐specific	  staFc	  
adaptaFon	  

•  SituaFon-‐specific	  
dynamic	  adaptaFon	  

•  Weather	  and	  road	  
condiFons	  
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TesAng	  Planners	  

V2X	  
	  

Radars	  
	  

Cameras	  
	  

LIDARs	  
	  

Sonars	  
	  

IMU	  
	  

GPS	  
	  

Wheel	  
odometry	  

Global	  
Level	  

Lane	  
Level	  

MoFon	  
Level	  

StaAc	  env	  
percepAon	  

Dynamic	  env	  
percepAon	  

Ego	  
percepAon	  

Mission	  
Planning	  

Sensors	  

Route	  planning	  Traffic	  and	  driving	  
condiAons	  summary	  
Report	  traffic	  density,	  
weather	  and	  road	  
surface	  condiFons	  

Road	  network	  updates	  
Report	  discrepancies,	  
e.g.,	  blocked	  exits,	  
blocked	  emergency	  bay,	  
etc.	  

LocalizaAon	  within	  
road	  network	  

LocalizaAon	  within	  lane	  StaAc	  obj	  recogniAon	  
Lanes,	  signs,	  traffic	  
lights	  (lesser	  depth),	  
other	  obstacles	  	  

Place	  recogniAon	  
(to	  support	  loo	  
	  closure	  &	  localizaFon)	  

Dynamic	  obj	  recogniAon	  
Cars,	  pedestrians,	  
(motor)cyclists,	  animals,	  	  
police,	  emergency	  vhcls	  
	  	  

SituaAon	  recogniAon	  
ConstrucFon	  zones,	  
tunnels,	  bridges,	  
accidents,	  traffic	  jams	  

Relevant	  ctx	  recogniAon	  
(being	  stopped	  by	  police,	  
locaFon	  in	  a	  tunnel,	  etc.)	  

Corridor	  planning	  
Virtual	  fences	  

Policies	  &	  decisions	  
Traffic	  rules,	  driving	  
tacFcs	  for	  
highway	  (&maneuvers)	  

Vehicle	  state	  esAmaAon	  StaAc	  obj	  locaAon	   Dynamic	  obj	  tracking	   MoAon	  Controller	  
Path	  generaFon	  
MoFon	  control	  

B	  

B	  

B	  

B	  

B	  

D	  

D	  

D	   D	   D	  
D	  

D	  

D/B	  

B	   B	   D	  

QM	   B	  

QM	   QM	   QM	   QM/B	  
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TesAng	  PercepAon	  

V2X	  
	  

Radars	  
	  

Cameras	  
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IMU	  
	  

GPS	  
	  

Wheel	  
odometry	  

Global	  
Level	  

Lane	  
Level	  

MoFon	  
Level	  

StaAc	  env	  
percepAon	  

Dynamic	  env	  
percepAon	  

Ego	  
percepAon	  

Mission	  
Planning	  

Sensors	  

Route	  planning	  Traffic	  and	  driving	  
condiAons	  summary	  
Report	  traffic	  density,	  
weather	  and	  road	  
surface	  condiFons	  

Road	  network	  updates	  
Report	  discrepancies,	  
e.g.,	  blocked	  exits,	  
blocked	  emergency	  bay,	  
etc.	  

LocalizaAon	  within	  
road	  network	  

LocalizaAon	  within	  lane	  StaAc	  obj	  recogniAon	  
Lanes,	  signs,	  traffic	  
lights	  (lesser	  depth),	  
other	  obstacles	  	  

Place	  recogniAon	  
(to	  support	  loo	  
	  closure	  &	  localizaFon)	  

Dynamic	  obj	  recogniAon	  
Cars,	  pedestrians,	  
(motor)cyclists,	  animals,	  	  
police,	  emergency	  vhcls	  
	  	  

SituaAon	  recogniAon	  
ConstrucFon	  zones,	  
tunnels,	  bridges,	  
accidents,	  traffic	  jams	  

Relevant	  ctx	  recogniAon	  
(being	  stopped	  by	  police,	  
locaFon	  in	  a	  tunnel,	  etc.)	  

Corridor	  planning	  
Virtual	  fences	  

Policies	  &	  decisions	  
Traffic	  rules,	  driving	  
tacFcs	  for	  
highway	  (&maneuvers)	  

Vehicle	  state	  esAmaAon	  StaAc	  obj	  locaAon	   Dynamic	  obj	  tracking	   MoAon	  Controller	  
Path	  generaFon	  
MoFon	  control	  

B	  

B	  

B	  

B	  

B	  

D	  

D	  

D	   D	   D	  
D	  

D	  

D/B	  

B	   B	   D	  

QM	   B	  

QM	   QM	   QM	   QM/B	  
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Real	  
Requirements	  

Model-‐Based	  Assurance	  
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Model	  

System	  
Model	  

Requirements	  
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ImplementaAon	  
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…	  

TesAng	  
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