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I. Introduction
     On October 28, 2016, the Committee on Transportation, chaired by Council Member Ydanis Rodriguez, will hold an oversight hearing titled, The Future of Driverless Vehicles in New York City. Invited guests include the New York City Department of Transportation (DOT), the Taxi and Limousine Commission (TLC), vehicle manufacturers, representatives of the insurance industry, safe streets advocates, and members of the public.   

II.  Background
The automotive sector—a two trillion dollar set of industries that comprises more than 11 percent of the United States (U.S.) gross domestic product (GDP) and encompasses not just vehicle manufacturing, but insurance, transit of goods and individuals, vehicle financing, mass transit, and energy—is on the precipice of unprecedented changes.
 Technological advances are ushering in a revolution in the way we use vehicles, both as passengers involved in ridesharing vehicles summoned through apps and, increasingly, as “hands off” operators. 
Artificial intelligence (AI), systems capable of rationally solving complex problems or that exhibit behavior commonly thought to require intelligence, is facilitating major progress in an array of fields.
 Advances in narrow AI, the use of AI for a specific application, have made the prospect of fully automated vehicles a reality.
 We are rapidly approaching a time where a vehicle is capable of starting, driving, recharging, and parking itself without active human monitoring—with Tesla planning just such a trip from Los Angeles to New York in 2017.
 
In recent years, autonomous vehicle technology has seen a developmental boom as more countries—including the United States, Japan, the United Kingdom, and Singapore—are permitted testing on public roadways.
 Investment by an array of corporations and governments, including a commitment of $3.9 billion over a 10-year period to study automated vehicle technology by the federal government, is helping to accelerate these advances.
 Utilizing a set of standards set by the Society of Automotive Engineers (SAE) International, driverless vehicles can be sorted into levels based on the automation present: 
· SAE Level 0: A human driver operates all vehicle functions; 

· SAE Level 1: An automated system in the vehicle can sometimes assist a human driver conduct some parts of a driving task, such electronic stability control; 

· SAE Level 2: An automated system in the vehicle can conduct some parts of the driving task, while the human continues to monitor the driving environment and performs the rest of the driving task, such as cruise control or keeping the vehicle centered within a lane; 

· SAE Level 3: An automated system can both conduct parts of the driving task an monitor the driving environment in some instances, but the human driver must be ready to take back control when the automated system requests ; 

· SAE Level 4: an automated system can conduct the driving task and monitor the driving environment, and the human need not take back control, but the automated system can operate only in certain environments and under certain conditions; and 

· SAE Level 5: the automated system can perform all driving tasks, under all conditions that a human driver could perform.

Tesla’s “autopilot” system—currently available commercially—is arguably the most well-known use of level 2 technology.
 Level 3 vehicles are not yet on the market, but have been tested by Google.
 However, there are signs that level 3 vehicles may prove to have a limited shelf-life as manufacturers move toward full automation and further evaluate the risks of increased distracted driving in such vehicles; Ford recently announced plans move straight from a level 2 vehicle to a level 4 vehicle by 2021.
 Mobileye and Delphi plan to sell a vehicle that operates between a level 4 or 5 to auto manufactures by 2019.
 
The NHTSA refers to vehicles categorized in levels 3 to 5 as “highly automated vehicles” (HAVs).
 A level 3 vehicle could operate on its own under most conditions, while allowing a driver to re-engage manual operation in a high traffic urban environment. A level 5 vehicle would be designed without a steering wheel or pedals, allowing passengers to engage in an infinite number of activities while the vehicle takes them to their destination.
   
Benefits and Risks
A transit system comprised of HAVs could result in a substantial reduction in crashes; streamlined traffic with fewer delays; a decrease in per trip costs; a lowered number of overall vehicles; a reduction in emissions; a reduced need for parking; enhanced productivity due to time saved; and a decreased need for law enforcement to monitor traffic.
 However, these advancements will also cause tremendous shifts in the labor market, both among professional drivers and employees in the automotive sector, such as personal vehicle insurance and financing, that will likely experience contractions; have the potential to alter mass transit systems; and raise a host of concerns that come with increased dependence of technology, such as security and ethics.
 Some of these benefits and concerns are discussed in greater detail below.
Safety
Perhaps the greatest potential benefit of HAVs is related to safety.
 Human error or choice is involved in 94 percent of motor vehicle crashes.
 Arguably, the vast majority of the over 35,000 traffic fatalities that occurred in last year, including 233 in New York City, were preventable.
 In its automated vehicle policy, discussed in detail below, the NHTSA also pointed to the potential safety benefits of complementary systems, include vehicle-to-vehicle and vehicle-to-infrastructure sensor technologies.
 New York City’s DOT is working with its counterparts in the federal government to explore some of these benefits as part of a connected vehicle pilot in which City vehicles will be installed with technology that allows them to ‘talk’ to each other and traffic control devices.
 The program is now underway and is expected to last up to 50 months.

However, HAVs—particularly when technology is in its infancy—also raise some safety concerns, highlighted by the recent death of a Florida driver using a Tesla Model S, a level 2 vehicle that is equipped with a camera capable of recognizing road signs, infrastructure, and obstacles in its way when its autopilot feature is engaged, in autopilot mode. The vehicle hit a tractor-trailer making a left turn after it failed to apply the brakes, even after the collision.
 In a statement, Tesla noted that drivers are required to acknowledge that the Tesla Model S autopilot feature is new technology that is in a “public beta phase,” and that drivers are reminded to always keep their hands on the wheel and be prepared to take control at any time.
 This incident, still under investigation by the NHTSA, illustrates the importance of ensuring that drivers are properly educated on the particular functions of vehicles with automated features.
 It should be noted that this is the only death associated with an HAV in the U.S., with Telsa’s autopilot mode logging more than 130 million miles of travel, compared to the current average of a fatality every 94 million miles.
 Related, concerns regarding liability may be another major challenge to allowing fully- automated vehicles to operate on public roads. As discussed below, the NHTSA has stated that questions regarding HAV insurance and liability will largely be decided by the states.
  
In addition, HAV manufacturers and developers will face seriously ethical questions when programming vehicles to make choices that may result in death or injury of passengers, those in other vehicles, pedestrians, or bicyclists.
 This quandary is often referred to as the “trolley problem,” a thought experiment developed by British philosopher Phillipa Foot in 1967 which asks whether a runaway trolley heading toward a group of five immobile people should be allowed to continue on its course or diverted to another track, where it would strike and kill another person.
 Others have cautioned a vehicle’s vulnerability to having its programming overridden is greater danger.
 As with all electronic devices, a driverless vehicle could be susceptible to hacking, including attempts by passengers and third-parties to override any safety features installed or to collect personal information on occupants.
 

Personal Mobility
One notable consequence of removing the need for a human driver, and perhaps even the need to own a personal vehicle, is that HAVs may be far more affordable than personal vehicle transportation is today. One analysis estimated that personally owned vehicles cost an owner $0.97 per mile, but that this cost could drop to $0.31 per mile if HAVs were widely adopted.
 Another estimate found that taxi prices in New York City could fall to less than a quarter of the current level, $0.67 per mile.
 This potential substantial drop in cost is one reason that HAVs hold great potential for improving personal mobility among groups with limited access to traditional vehicles, such as adolescents, seniors, persons with disabilities, and those that are currently unable to afford a personal vehicle.
 One estimate predicts use of driverless vehicles by these groups, along with general population growth, could increase the total number of miles driven in the U.S. by 25 percent by 2040.
 While the lower cost of vehicle trips would increase mobility among many segments of the population, it may also threaten the viability of mass transit if vehicle trips become less expensive than a bus or subway fare.
 
However, there is also great potential in using AI to automate and improve bus service. Finland began testing automated mini-buses for short-range trips at low-speeds in the summer of 2016, while Japan is using vehicles to shuttle mall shoppers.
 Singapore is now testing full-sized buses on city streets, following a successful pilot that began in 2013.
 
Regulation

Federal regulation
So long as the vehicle meets all federal motor vehicle safety standards regarding vehicles and vehicle equipment, it can be operated on public roadways, subject to any applicable state standards, discussed in more detail below.
 In September 2016, the NHTSA waded into the regulatory discussion with their release of a Federal Automated Vehicles Policy, designed to “establish a foundation and framework upon which future agency action will occur.”
 The policy includes guidance for vehicle manufacturers and developers, a model state policy that would create a consistent set of standards, and an analysis of existing federal laws and regulations that can be applied to automated vehicles, as well as potential future tools for regulation.
 As part of this guidance, the NHTSA will request that manufacturers and developers conduct regular safety assessments on their HAV systems.
 These assessments would cover 15 areas, requiring that HAV manufacturers and developers:

1. Data recording and sharing: Develop a plan to collect, store, and analyze data collected;

2. Privacy: Ensure privacy of users through transparency, offering consumers choice on information collected, and protecting data from unauthorized disclosure or use;
3. System safety: Design systems that are free of unreasonable safety risks;

4. Vehicle cybersecurity: Develop products to minimize cybersecurity threats and vulnerabilities; 

5. Human machine interface: Consider the need to properly signal to drivers their responsibilities and use of driver engagement monitoring, as well as the need to signal a vehicle’s intention to other in its environment; 

6. Crashworthiness: Meet NHTSA standards for both occupied and unoccupied vehicles; 

7. Consumer education and training: Develop programs to educate consumers on the differences between autonomous and conventional vehicles; 

8. Registration and certification: Submit information to the NHTSA on items to be used by or in coordination with autonomous vehicles; 

9. Post-crash behavior: Document process for how autonomous vehicles will be reinstated after a crash;

10. Federal, state, and local laws: Create plans for compliance with applicable laws;

11. Ethical considerations: Consider whether autonomous vehicles are required to apply decisional rules during conflicts and develop algorithms for resolving conflicts; 

12. Operational Design Domain: Define the conditions and environments in which an autonomous vehicle will operate; 

13.  Object and Event Detection and Response: Develop a process for assessing the capabilities of a vehicle to respond to certain objects and conditions;

14. Fall Back: Develop a process for detecting possible malfunctions, communicating this to drivers, and enabling the driver to regain control; and
15. Validation methods: Develop tests to demonstrate expected performance.
 

Submission of these assessments will initially be voluntary; however the NHTSA stressed that the guidance was a first step and that they may later move to require safety assessments through rulemaking.

State regulation
Since autonomous vehicle testing began in the U.S. began, their legality under most state laws has been unclear. For example, New York State law mandates that the driver of a vehicle have one hand on the steering wheel at all times when the vehicle is in motion; many states prohibit a vehicle being left “unattended;” and others require that the driver wear a seatbelt while operating a vehicle.
 As such, there are open questions related to automated vehicles of all levels, such as whether software or an individual actively monitoring a vehicle’s operation that is in the position to take manual control qualifies as a “driver” and if a human driver or operator must be in such a vehicle. 
Eight states—California, Florida, Louisiana, Michigan, Nevada, North Dakota, and Tennessee, and Utah—and  Washington, D.C. have adopted legislation authorizing some testing and use of automated driving systems on public roads.
 In the past two years alone, legislation has been introduced in five other states (Illinois, Massachusetts, New Jersey, Pennsylvania, and Rhode Island), but has failed in 14 others (Alabama, Connecticut, Georgia, Hawaii, Idaho, Maryland, Mississippi, Missouri, Minnesota, North Carolina, Oregon, Texas, Virginia, and Washington).
 Moreover, three of the eight states that have succeeded in passing autonomous vehicle legislation still have pending or failed bills on the subject (California, Michigan, and Tennessee).
 The eight states that have enacted legislation on automated vehicles have generally focused on setting safety standards and creating pathways for pilot programs for HAVs.

 Other localities have gone beyond legislative measures to actively encourage automated vehicle testing. The city of Pittsburg, Pennsylvania reached an agreement with Uber’s Advanced Technology Division to use its streets to test automated vehicles to pick up passengers.
 The pilot program began in September 2016, with Uber planning to use 100 Ford Fusions that are equipped with lidar technology on the roof of the vehicles.
 The vehicles’ lidar units use lasers to collect map points which result in a 360-degree image of the car’s surroundings.
 The vehicles are dispatched with a person behind the wheel and an engineer who monitors the sensors.
 The pilot program is still in its early phases, but Uber intends to use the data to develop more advanced software capable of understanding urban environments.

Three bills have been introduced in the New York State Legislature concerning automated vehicles during the 2015-2016 session:

· A00031, by Assembly Member David Ganatt, would authorize the testing and operation of automated vehicles and direct the Commissioner of Motor Vehicles to make recommendations regarding additional legislative actions;
 

· A10586, by Assembly Member Robert Rodriguez, would require the State Department of Transportation to study and report on the operation of automated vehicles and to explore various strategies for implementing and regulating automated vehicles;
 and
· S07879, by Senator Joseph Robach, would permit operation of a vehicle without a person placing their hands on a steering wheel while steering technology is in use.

As of October 2016, the State Legislature has not passed any of these bills. 


Existing federal law and the voluntarily guidelines regarding safety assessments leave much room for the states to legislate in regard to HAVs; however, the federal government “strongly encourages States to allow [U.S.] DOT alone to regulate the performance of HAV technology and vehicles.”
 As part of its goal of encouraging the development and use of HAVs, the NHTSA developed a model framework for state policies which addresses the areas in which it believes the states should be regulating HAVs, including:
1. Administrative responsibilities: Designate a lead regulatory agency, assisted by a jurisdictional automated safety technology committee with representatives from state agencies and authorities that would be involved in the regulations of HAVs;
2. HAV testing: Develop an program, in conjunction with law enforcement, to allow HAV manufacturers and developers to use trained operators to test their vehicles on public roadways; 

3. “Drivers”: Identify and later address—with NHTSA assistance—gaps in regulation that will occur when human drivers are no longer necessary, including law enforcement and emergency response, occupant safety, motor vehicle insurance, crash investigation and reporting, liability, vehicle safety inspections, education and training, vehicle modification and maintenance, and environmental impacts;
4. Registration and titling: Require HAVs that may be operated without a human driver to have such information noted on the vehicle title and registration;

5. Law enforcement:  Train and educate law enforcement and emergency response personnel on HAV technology and develop strategies to address the potential increase in distracted driving in HAVs that are not fully autonomous; and
6. Liability and insurance: Consider the allocation of liability among HAV owners, operators, passengers, and manufactures in the event of a crash.
 

The NHTSA has invited stakeholders to comment on its policy and expects to issue an update within a year.

III. Conclusion
Remotely operated machines have existed for decades, but rarely have remote technology—let alone automated technology—been used with human occupants in such variable and complex conditions as New York City streets.
 HAVs have the potential to profoundly impact the way New Yorkers live, including the ways we design our streets and neighborhoods, safety of all street and sidewalk users, personal mobility, jobs and economic opportunities, and how public transit is provided. Many of these realities could take a significant amount of time to materialize, while other changes are already upon us. In order to remain on the cutting edge and a model for cities worldwide, New York City must begin to grapple with the challenges that HAVs will present and prepare the City to take advantage of their benefits. 
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