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Computational flow of Fuzzy Safety Model 

１．Lateral Distance safety check 

２．Longitudinal Distance safety check 

  ◆Calculation of PFS 

     (1) Calculation of PFS-dsafe 

      (2) Calculation of PFS-dunsafe 
  ◆Calculatio of CFS 
   (3) Calculatio of CFS-dsafe 

      (4) Calculatio of CFS-dunsafe 
 

  ◆Coefficient Calculation of PFS and CFS 

        
PFS:Proactive Fuzzy SSM 
CFS:Critical Fuzzy SSM  

３．Reaction Calculation (breaction) 

※Possible main cause of false positive decelerations 



Safety Check Process 

１．Lateral safety check 

Check the potential risk of collision 

Ego 

Right term: Longitudinal travel time+0.1 Sec. 
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Potential risk area 

3 ．Reaction (example) 

Ego 

Comfort deceleration 
dunsafe : Can’t avoid collision even 
            by maximum deceleration 

Case of CSF = 1 



lateral movement Wandering zone 

Natural human drivers are wandering during lane keeping 

Median of Lateral velocity ≒ 0.3m/s, Median of Wandering width ≒ 0.75m 

ふらつきの振幅 １ 
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50%ile：0.75 [m]

95%ile：1.59 [m]

99%ile：2.02 [m]
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Lane Keep cases ONLY n=5244 

Lane width =3.5m 
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Wandering width [m] 

Wandering width distribution 

50%tile:0.75[m] 

Natural human behavior in Japanese highway 
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Lateral velocity[m/s] 

Lateral velocity distribution (wandering) 

90%ile 
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(N=5,244) 
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Width≒0.75m 

Velocity≒0.3m/s 
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Lateral distance [m]
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Lane Keep cases (n=5,244) 

Cut-in cases (n=911) 

FSM’s lateral safety check would induce unnecessary braking in the 

natural wandering cases in real traffic. 
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Comparison of Wandering vs Cutting-in of human driver 
Distribution of maximum lateral velocity & its position 
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Lateral Distance to the ego vehicle [m] 

Lateral distance of  
wandering to ego vehicle 

50%ile 90%ile 

Maximum lateral  
velocity of wandering 

Overlap 

False positive 
deceleration in this area 
would not be acceptable 

 

90%ile 

50%ile 

△s are lateral distance to ego 
vehicle plotted at maximum 

lateral velocity of cut-in cases 
(n=911)  

Lateral safety check line 
by FSM 
(The gradient 
of the line is               ) 

□s are lateral distance to ego 
vehicle plotted at maximum lateral 

velocity of wandering cases 
(n=5,244) 



JRC has validated FSM with real traffic data 
From UNR157-07-06 

4m/s2 deceleration was applied 

150kph 

90kph 



Validation results performed by JRC 

Industry’s interpretation of the results 

These false positives are not acceptable 
because; 

 Pretty big number of unnecessary decelerations 
were observed 

 They could cause safety critical situations in 
natural flow of traffic 

From UNR157-07-06 



How does Industry interpret the assessment 

Compare to 3,000 cutting-ins actually occurred; 

• Due to the lateral movements of the vehicle in the adjacent lane the FSM 
required a mild deceleration of the ego vehicle in 2,802 cases (1.51%) 

⇒ FSM triggered unnecessary deceleration almost as many as actual 
cutting-ins 

• Only in about 300 cases (0.18%) the drop in velocity was bigger than 2 m/s 

⇒ FSM triggered significant unnecessary deceleration almost 10% of actual 
cutting-ins and its deceleration level was not declared in UNR157-07-06 

• In less than 50 cases (0.03%) it was bigger than 5 m/s 

⇒ FSM triggered unnecessary harsh deceleration almost 2% of actual 
cutting-ins and the deceleration level must have been at least 4m/s2 

Conclusion: False positives caused by FSM are significant safety issues 

and not acceptable for customers as well ⇒ Need further investigation 


