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Car-based personal mobility model 

the mistake #1 (in retrospect, after 1B cars) = personal ownership



Megatrends: CONGESTION / car density

List of countries with more than 10M cars sorted by car density
Country cars per 1000 inhabitants total number of cars

 United States 831 275.913.237,00

 Canada 790 30.754.600,00

 Australia 782 20.335.000,00

 Poland 771 29.369.800,00

 Italy 755 45.487.900,00

 France 668 45.297.000,00

 Germany 628 52.275.833,00

 Spain 627 29.707.581,00

 Japan 624 78.461.953,00

 United Kingdom 600 40.800.000,00

 Netherlands 588 10.248.388,00

 Malaysia 542 17.728.482,00

 South Korea 485 25.167.409,00

 Russia 395 58.116.046,00

 Mexico 391 50.400.000,00

 Argentina 373 17.000.000,00

 Colombia 324 16.500.000,00

 Thailand 280 19.576.630,00

 Turkey 254 21.763.186,00

 Ukraine 245 10.500.000,00

 South Africa 232 13.570.330,00

 China 226 319.000.000,00

 Brazil 215 46.200.000,00

 Iran 175 14.500.000,00

 Indonesia 82 22.587.923,00

 Nigeria 61 13.000.000,00

 India 59 80.888.051,00

Italy: 60M 
people; 45M 
cars)



Megatrends: CONGESTION / travelled distance (EU)

https://www.odyssee-mure.eu/publications/efficiency-by-sector/transport/transport-eu.pdf

10K Km/Y



Remark: car usage (Italy, 2022)

85%  of the cars in Italy 
(2022) are used less 
than 5 % of time

Milano, 2022



Remark: simultaneously-used cars



Electric car and personal ownership: a mismatch

The longer the range, the longer the lifetime: For a 1200 cycles battery : 500Km range = 600.000+Km lifetime

Vehicles mileage per year

Average mileage: (less 
than)10.000km/year



Cross-links…

Fossil fuels

Electric

Personal

Shared

- large mileage
- globally-optimized recharge
- (shorter trips)
- (smaller vehicles)

«perfect fit»



Mass-market Mobility-As-A-Service: is there a cultural barrier?....NO

https://www.smartcitiesdive.com/ex/sustainablecitiescollective/new-study-millennials-prefer-car-access-over-ownership/32723/

https://www.ntu.edu.sg/business/news-events/news/story-detail/millennials-gen-z-drive-car-sharing-boom https://www.mckinsey.com/industries/automotive-and-assembly/our-insights/europes-gen-z-and-the-future-of-mobility



Car-sharing, today (useful but limited effectiveness – hardly scalable)

High (attractive) level of services 

(too) many cars

Low mileage-per-car

High cost (user) or non-profits (provider)

Source: McKinsey Center for Future Mobility

«deadlock»



AI(robo) driver: enabling tecnology for mass-market Mobility As A Service

High (attractive) level of services 

Few cars

High mileage-per-car

Low cost (user) and profits (provider)



Case study: Autonomous Mobility On Demand (MAAS) in Milano

Replacement target: cars with 90% trips «in-in»

10km radius

Simulation (using
real data) of a 
robo-taxi service 
with autonomous
driving
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Replacement target: cars with 90% trips «in-in»

Simulation (using
real data) of a 
robo-taxi service 
with autonomous
driving

10km radius

Case study: Autonomous Mobility On Demand (MAAS) in Padua



Electric, private (20-30%)   >      Autonomous (L4)         >                   MAAS              >          Electric (85 -90%)

Consecutio – the “right” sequence of the events

Electric, personal car

(20% - 30%)

Autonomous

Level 3+ or more

Mobility As A Service -MAAS
Electric, MAAS

(85% - 90%)

Enabling technology
«Big-Bang» of the mobility model transformation



Autonomous Vehicles Technology: roadmap

Autonomous robo-driver: a massive technical problem, still
to be fully solved (in mixed human-AI traffic)



The autonomous car: the «ultimate challenge» in «robotization» of a human task

High speed

Complex and fast vehicle dynamics

High safety issues (humans on-board; humans in dynamic obstacles)

Extremely-variable environmental conditions (grip, weather, type of roads, visibility, etc.)

High mapping uncertainties

Massive localization issues (GNSS not enough; canyoning, tunnels, etc)

Extreme multi-agent environment

Hybrid robot-humans environment

Gray-zones in engagement rules

Extreme variety (type, speed, behaviors) of dynamic obstacles

Extreme dynamic obstacles density

…



Other «Robotization» domains: difficult to find a similar complexity



Roadmap to Autonomous Vehicles: timing?

L3, 2035 prediction: 
10%-95% range…



A political dilemma…

San Francisco, 
October 2023



A political dilemma…

https://www.rand.org/blog/articles/2017/11/why-waiting-for-perfect-autonomous-vehicles-may-cost-lives.html

Scenario 1: Introduce when slightly safer (10%) than humans Scenario 2: Delay AV introduction until nearly perfect

The «good for the individual» is playing against the «good for all»?

Are we ready to accept the errors of technology?



A long-term vision of our cities… (a dream?)



car-based personal mobility model 

the mistake #2 (in retrospect, after 1B cars) = mixing function&fun



Bifurcation | landing point

Today: function & fun

MaaS/MoD  = public transport
Emotional ("red") vehicles (private owner or “service”)



Appendix - “flaghship” projects



Autonomous motorsport



Indy Autonomous challenge: 1st example of autonomous motorsport

(9 IDENTICAL Indylight cars) – Race of AI-DRIVERS (not CARS)



Autonomous Challenge @ CES (Las Vegas) 1/7/22: the birth of Autonomous racing

First ever competition:
• fully autonomous
• multi-agent (head-to-head) 
• high-speed (up to 280kmh)

Winner: Polimove, 
Politecnico di Milano



Autonomous Challenge @ CES (Las Vegas) 7/1/2023 (winners) [current speed record on 

an autonomous car on an oval circuit: 290.0 KPH / 180.2 MPH]

Winner: Polimove, 
Politecnico di Milano



Autonomous Challenge @ Monza  18/6/2023 (winners: 2:05:87) [current speed record 

on an autonomous car on a road course circuit: 273.4 KPH / 169.8 MPH]

Winner: Polimove, 
Politecnico di Milano



World record- (27/4/2022) - Space Florida launch&landing facility, at NASA Kennedy 

Space Center in Cape Canaveral, FL

New world record holder for a fully-autonomous car: 309.3kph=192.2mph (two-ways average, 
average over 1Km); 310.4kph=192.8mph (two-ways average, average over 100m); 
311.9kph=193.8mph (top speed). The previous record was held by Roborace since 2019 
(282,4kph=175,5mph, two-ways average, average over 100m).

Record 
holder: 
PoliMOVE, 
Politecnico 
di Milano



New competition: AbuDhabi Autonomous Racing League (A2RL) 25-26-27 April, 2024

🏆 1st place in the Attack-
Defense Competition

🏆 1st place in the Time-Trial 
Competition

🏎️ special performance prize, lap 
time of Time Trial 2:00.653 within 
the 114% of the lap time of an F1 
driver

⏱️ best officially-timed lap time 
of all: 1:57.854 (112% of the lap 
time of an F1 driver)

4th place in the final 4-cars race



Empowering the human: the AS.CAR.I 

technology



Active coach



“Virtual fence”



“demo” test starting 15/7/2024 – Vairano circuit (Pavia)

Car-makers (large)
Car-makers (atelier)
Track-experience managers
Circuit managers
Track-events managers
Non-professional racers
Private sport-car owners
…



Remark: : an enabling technology for hybrid-racing (co-botics…)



1000 Miglia Autonomous Drive (1000-MAD)



The challenge: high road diversity and public engagement 

Mille Miglia:  “the most 

wonderful race in the 

world” [Enzo Ferrari] 

Brescia-Rome-Brescia (1000 Miles)



BIGGEST Achievement: Authorization to test on public road (D.M.70/2018 
«smart road»)

Full-crossings of: 
➢ BRESCIA
➢ FERRARA
➢ MODENA
➢ PARMA
➢ MILANO
➢ BERGAMO

2nd permission grant in the 5-years history of DM70/2018 – with the largest mileage



1000 Miglia 2023
“Unveil” (Brescia, 11/6/2023)



1000 Miglia 2023
Siena, 15/6/2023



1000 Miglia 2023
Milano 16/6/2023



1000 Miglia 2023
The “Avatar” (to boost public engagement)



1000 Miglia 2024

1000+ Km of authorized road! GranCabrio Folgore
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The AIDA project



Urban-mobility projects (spinoff projects of 1000MAD)

Low-speed with 
human-remote 
supervising for edge
cases



Urban-mobility projects (spinoff projects of 1000MAD)

Low-speed with 
human-remote 
supervising for edge
cases



Special-mobility projects (spinoff projects of 1000MAD)

Focus on a mid-size village («Borgo») without public 
transportation

Focus on: Elderly / medical services

Low-speed with human-remote supervising for edge
cases



Conclusions

A.I.(robo)-driver will revolutionize the 
mobility model

A.I.(robo)-driver car will be the enabler of 
full-scale electrification

Technology still immature for large-scale 
deployment

Pushing the limit of this technology will speed 
up the development and acceptance process

EU: need to speed-up the testing and 
development in open-roads of the A.I.(robo)-
driver – better compromise risk vs. 
opportunity?


