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Automated Vehicles (AVs) & the transition period

Source: https://oppmax.com/blog/state-self-driving-car-mid-2017-report/

Source: https://www.mercedes-benz.com/en/mercedes-benz/innovation/research-vehicle-f-015-luxury-in-

motion/

Source: https://www.mercedes-benz.com/en/mercedes-benz/innovation/research-vehicle-f-015-luxury-in-motion/

https://www.traffictechnologytoday.com/features/futuristic-technologies-improving-roadways-now.html
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Dedicated AV infrastructure

• Dedicated AV lanes

• Dedicated AV links

• Dedicated AV zones

Mixed traffic

• Regular infrastructure

• Enhanced infrastructure

How and where can we accommodate AVs on road 

networks during the transition period?
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Basic Advanced

Enhanced infrastructure (Lu et al. 2019) 
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Basic Advanced

Enhanced infrastructure (Lu et al. 2019) 

Do we need this on all roads?
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AV-ready subnetworks

(Madadi et al., 2019)

Mixed traffic on enhanced infrastructure
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A network of dedicated AV lanes

Accommodating AVs on road networks during the 

transition period



16

A network of dedicated AV lanes

Accommodating AVs on road networks during the 

transition period



17

A network of dedicated AV links

Accommodating AVs on road networks during the 

transition period
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A network of dedicated AV links

Accommodating AVs on road networks during the 

transition period
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AV-ready subnetworks (mixed traffic)

Dedicated AV lanes

Dedicated AV links

Which one is the right one?
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• AV-ready subnetworks (mixed traffic)

• Dedicated AV lanes

• Dedicated AV links

Where and when to deploy?

Unified framework for optimizing road networks for AVs
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Upper level:

Decide which link becomes

• AV-ready link

• Dedicated AV lane

• Dedicated AV link

To maximize total societal benefits

Lower level:

Network equilibrium with 

travelers’ route choice

A bi-level network design problem
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One optimal design for each AV market penetration rate:

10%

30%

50%

70%

90%

Scenario-based approach 
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10% AV market penetration rate

Results
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50% AV market penetration rate

Results
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 10% MPR  

  
 AV-ready  

subnetwork  

 Dedicated  

AV links  

 Dedicated  

AV lanes  

 Autopilot  

(AD mode)  
 AV class  

TTC (€) 44.83% 0.06% 4.59% 49.47% 100.00% 

TTT (h) 38.21% 0.06% 3.31% 41.55% 100.00% 

TTD (km) 62.57% 0.08% 7.07% 69.72% 100.00% 

 30% MPR  

 
 AV-ready  

subnetwork  

 Dedicated  

AV links  

 Dedicated  

AV lanes  

 Autopilot  

(AD mode)  
 AV class  

TTC (€) 28.82% 0.12% 23.43% 52.37% 100.00% 

TTT (h) 26.58% 0.11% 16.94% 43.63% 100.00% 

TTD (km) 37.52% 0.15% 35.52% 73.19% 100.00% 

 50% MPR  

  
 AV-ready  

subnetwork  

 Dedicated  

AV links  

 Dedicated  

AV lanes  

 Autopilot  

(AD mode)  
 AV class  

TTC (€) 19.49% 0.11% 28.39% 47.99% 100.00% 

TTT (h) 18.89% 0.11% 23.84% 42.84% 100.00% 

TTD (km) 27.72% 0.15% 45.57% 73.44% 100.00% 

 90% MPR  

  
 AV-ready  

subnetwork  

 Dedicated  

AV links  

 Dedicated  

AV lanes  

 Autopilot  

(AD mode)  
 AV class  

TTC (€) 22.36% 0.05% 26.57% 48.97% 100.00% 

TTT (h) 20.20% 0.04% 24.92% 45.16% 100.00% 

TTD (km) 34.09% 0.07% 39.15% 73.31% 100.00% 

 

ADS usage
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25% upgraded roads

ADS usage



31

 10% MPR  

  
 AV-ready  

subnetwork  

 Dedicated  

AV links  

 Dedicated  

AV lanes  

 Autopilot  

(AD mode)  
 AV class  

TTC (€) 44.83% 0.06% 4.59% 49.47% 100.00% 

TTT (h) 38.21% 0.06% 3.31% 41.55% 100.00% 

TTD (km) 62.57% 0.08% 7.07% 69.72% 100.00% 

 30% MPR  

 
 AV-ready  

subnetwork  

 Dedicated  

AV links  

 Dedicated  

AV lanes  

 Autopilot  

(AD mode)  
 AV class  

TTC (€) 28.82% 0.12% 23.43% 52.37% 100.00% 

TTT (h) 26.58% 0.11% 16.94% 43.63% 100.00% 

TTD (km) 37.52% 0.15% 35.52% 73.19% 100.00% 

 50% MPR  

  
 AV-ready  

subnetwork  

 Dedicated  

AV links  

 Dedicated  

AV lanes  

 Autopilot  

(AD mode)  
 AV class  

TTC (€) 19.49% 0.11% 28.39% 47.99% 100.00% 

TTT (h) 18.89% 0.11% 23.84% 42.84% 100.00% 

TTD (km) 27.72% 0.15% 45.57% 73.44% 100.00% 

 90% MPR  

  
 AV-ready  

subnetwork  

 Dedicated  

AV links  

 Dedicated  

AV lanes  

 Autopilot  

(AD mode)  
 AV class  

TTC (€) 22.36% 0.05% 26.57% 48.97% 100.00% 

TTT (h) 20.20% 0.04% 24.92% 45.16% 100.00% 

TTD (km) 34.09% 0.07% 39.15% 73.31% 100.00% 

 

ADS usage



32

Share of each network design concept

 10% MPR  

 Road type  
 AV-ready  

subnetwork  

 Dedicated  

AV links  

 Dedicated  

AV lanes  
 All subnetworks  

 Motorways  46.43% 0.09% 12.03% 58.55% 

 Regional roads  25.09% 0.28% 2.35% 27.82% 

 Urban roads  10.90% 0.19% 2.63% 13.63% 

 All roads  82.42% 0.66% 17.01% 1,064 (100%) 

 30% MPR  

 Road type  
 AV-ready  

subnetwork  

 Dedicated  

AV links  

 Dedicated  

AV lanes  
 All subnetworks  

 Motorways  19.33% 0.15% 31.70% 51.18% 

 Regional roads  19.94% 0.38% 9.55% 29.87% 

 Urban roads  10.54% 0.46% 7.87% 18.95% 

 All roads  49.89% 0.99% 49.20% 1,309 (100%) 

 50% MPR  

 Road type  
 AV-ready  

subnetwork  

 Dedicated  

AV links  

 Dedicated  

AV lanes  
 All subnetworks  

 Motorways  14.18% 0.08% 36.81% 51.07% 

 Regional roads  18.52% 0.30% 10.98% 29.80% 

 Urban roads  9.91% 0.38% 8.77% 19.13% 

 All roads  42.61% 0.76% 56.55% 1,312 (100%) 

 90% MPR  

 Road type  
 AV-ready  

subnetwork  

 Dedicated  

AV links  

 Dedicated  

AV lanes  
 All subnetworks  

 Motorways  16.32% 0.08% 34.71% 51.11% 

 Regional roads  18.23% 0.23% 11.21% 29.67% 

 Urban roads  9.92% 0.15% 9.08% 19.22% 

 All roads  44.47% 0.46% 55.07% 1,311 (100%) 
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• Gradually adding dedicated lanes
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THANK YOU!


