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1. AV Characteristics

— Self-Driving Capabilities

— V2l and V2V Connected
— Rational Route Choice

— Electric Power Source
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Presenter
Presentation Notes
These are the characteristics we know about automated vehicles at level 5:
They will have the ability to drive themselves without human interface, this allows for vehicle re-positioning and the ability to perform some household activities
They are equipped with technology to be highly aware of the immediate environment, and have software to react appropriately to avoid crashes.
Related to this, information from the infrastructure and other vehicles will be available to AVs.
Information on network conditions will not be perceived, but actual and in real time.
The consensus is that AVs will be all-electric powered vehicles.


1.1 Implications of Self Driving Capabilities

— Driverless Trips for vehicle
positioning and use

— Access to mobility for Disabled,
Youth, Elderly

— Transit Access and Egress via drop-
off mode

— Automated freight use
— Maintenance activities

— Cost of deliveries lower
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Presenter
Presentation Notes
Self-driving leads to driverless trips in the network which can be used for re-positioning and to perform some maintenance activities.
It also leads to new mobility for disabled, elderly and even young persons, assuming affordability
Transit access and egress can be served by AVs – reducing the need for parking at transit stations


1.2 Implications of Environment sensing

— Improved Safety, reduced
crashes

— Decreased headways

— Greater resilience to system
breakdown
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Presenter
Presentation Notes
Environment sensing will improve safety – 93% of all crashes are caused by driver error – so there is a great potential for saving lives and avoiding crashes that have a daily effect on capacity and flow

AVs will operate at shorter headways, so effective capacity will increase

AVs, with a greater sensing capability and knowledge of downstream traffic conditions will be able to operate in a way that delays the onset of breakdown conditions.


1.3 Implications of V2l and V2V Connected

— V2| — optimization of
signals

— Sophisticated
Wayfinding

— V2V —faster response to B — .
traffic flow changes
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Presenter
Presentation Notes
With V2I technology, signalized intersection control could be optimized
Understanding network conditions allows AVs to collectively develop system optimal routes
V2V allows for shorter reaction times to incidents, and anticipation of queue formation


1.4 Implications of Rational Route Choice

— Potential for system-
optimal assighment

— Greater response to
alternative route messages

— Better emergency response
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Presenter
Presentation Notes
System optimal assignments could be possible
Traffic management and advisory messages could be much more effective
Emergency response would also be more effective



1.5 Implications of Electric Power Sources

— Cost of Driving more dependent upon
electricity generation rates

— Expanded charging station infrastructure

— Improvement in Battery and Motor
technology

— Potential for large reductions in
emissions if “clean” power is used
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Presenter
Presentation Notes
Electric power will have a major effect on the capital cost and operating cost for vehicles
Charging stations will need to be expanded – could be a new industry?
Battery and motor technology will become more efficient – what will be the cost implications?


2. Secondary Implications

— Parking facility and other
land use conversion

— Lower Value of Time —
Longer trips

— Daily Activity pattern
changes

— Greater Trip generation

— Transit ridership — access
or competition

— Transition Management
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Presentation Notes
The vehicle characteristics lead to several secondary impacts, including

Parking facility location, nature and size
Lower driver burden leads to lower traveler VOT – analog to Chicago Commuter Rail?
DAP may change in a number of ways with greater accessibility
Vehicle Trip Generation rates may increase
Transit Ridership could go up or down, dependent upon operating cost
A long transition period of up to 25 years could see significant disruptions to traveler behavior and infrastructure priorities.


3. Scenarios for AV use

— Ownership Model

— Sharing Model

— Mixed

— Partial Implementation

— Transit Access
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Presenter
Presentation Notes
Any AV analysis should consider likely future AV scenarios, including:
An ownership model where AVs are privately owned.
A sharing model where AVs are operated like taxis
A mixed scenario of ownership and sharing – how do we determine which households should own AVs and which should share AVs?
A partial implementation of AVs represents the transition condition combined with a mix of shared and owned AVs
Applicable to any of these is an assumption about AV role in Transit Access



4. Model Implications — First Tier

Change in Vehicle Response to Congestion

— Auto Accessibility RN
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— Driverless Trips

— Vehicle Performance — headways, VDF .
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Presenter
Presentation Notes
Increase Auto accessibility should be incorporated into the model by modifying the auto ownership model component.  Income should remain as an independent variable, but density is no longer a factor

Driverless trips should be generated to tie the end of one trip to the start of another.  The methodology for this is entirely different for households that own AVs vs. those that use a shared fleet.  By-products are fleet size and intensity of use

The ability of AVs to operate at shorter headways and more narrow lanes will increase the effective capacity of freeways and to a lesser extent arterials.  This is dependent upon market penetration.  In the model, this can be represented by increased capacity and modified vdf functions.   Simulation-based assignment can improve the representation of AV behavior in mixed traffic

Bike mode is treated as an afterthought in most models.  This could be improved by adopting a more rigorous bike choice model, supported by survey data.


5. Model Implications — Second Tier

— Transit Access and Egress
— Daily Activity Patterns
— Available trip modes within tours

— Treat Shared Ride outside the household as a distinct choice

Transit
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Presenter
Presentation Notes
Transit access and egress modes need to be augmented.  AV transit access will be like drop-off, and a new AV egress mode should be introduced.  Costs are likely to be a key variable.  Bike access and egress should also be considered

Though unknown at this time, daily activity patterns in ABM model may be altered.  For example, grocery shopping may be done by driverless vehicles on a work tour.  This will be difficult to specify parameters, but the structure of the model could be developed and placed.  Ride-sharing might also be influenced.

For ABM tour and Trip mode choice, AVs will need to be added, less constraints.

Shared Ride formation outside the household is currently very small, consider treating this as a legitimate mode


6. Model Implications — Third Tier

— Dynamic Traffic Assignment —AV driving characteristics

— Land Use changes — Long-term choices, Parking/Recharge Locations

=) 203502 D)) 25y
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Presenter
Presentation Notes
DTA will allow AV driving characteristics to be specified.  This will be particularly true for mixed traffic scenarios

Long-term choices are likely to have implications to travel.  Some of these include the elimination of parking in high-cost land use, the addition of commercial charging stations replacing gas stations, residential location shifts due to lower VOT in AVs.


7. Model Application in the Twin Cities

— Cost Assumptions

— Auto Availability

— Capacity Adjustments

— Driverless Vehicle Movements
— Assignment of AVs

— Overall Model Flow, Feedback
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Cost Assumptions

— Parking Costs
— Auto Operating Costs
— Value of Time

%] CAR POOLS, BUSES :
Wl MOTORCYCLES & 0 RO

— Major issue is what is the value of
these costs?

— Relatively easy to implement within a
model.

— May need to stratify costs between
traditional and AVs, Driverless and
Occupied.

— Some policy assumptions needed, e.g.,
tolling
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Auto Availability Adjustment for AVs

— AVs will allow access to autos for populations that previously did not
have access:

— Elderly and disabled

— Children

— Low income (partially)

— Auto-deficient households

— Model Adjustments

— Adjust inputs so that 95% of Households above lowest Income (>25k) have
sufficient autos to serve adult population. Adjust to 50% for lowest
income group.

16
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Auto Sufficiency

— A household is auto sufficient if autos>=Adults

— Merge input household file with estimated household autos file and re-
compute autos, if necessary, for each household

1. If Autos<Adults, then

1. If HHINC <=S25k, then set Autos=Adults at a 50%
probability

2. If HHINC >S25k, then set Autos=Adults at a 95% probability
2. Else if Autos>=Adults, no change

— Auto Fleet increased by about 26%
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Auto Sufficiency, Placement in Model Stream
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Auto Sufficiency was
adjusted after base
model was run through
feedback, but prior to
tour generation and all
other model steps

Long-Term Choices

Tour-Level Choices
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Capacity Adjustment

— AV use will increase capacity by
— Ability to maintain shorter headways on freeways and express ways

— AV’s have the ability to mitigate the effects of congestion on travel
time

— Model Adjustments — Owned & Shared Scenarios
— Increase capacity by 50% for freeways and expressways
— Increase capacity by 10% for Arterials

— Modify the relationship between volume and speed to be more
“forgiving” with regard to demand

19
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Capacity Adjustment for AVs
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Adjusting
Volume-
Delay
Functions
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Driverless Vehicle Movements for Ownership Scenario, Activity-
Based

— Consider all model-estimated vehicle trips for each household, including
origin, destination, start and end times

— Create an AV, and connect household vehicle trips sequentially through
the day

— Consider time necessary for each driverless trip, and compare with
available time

— |In some cases consider intermediate parking

— Continue to create new AVs until all household trips are served

22
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Driverless Vehicle Movements for the Ownership Scenario

10am

NOON
2pm
4pm
6pm
8pm

10pm
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Example:
Owned Vehicle,
Household 195302

Home Zone 2881 e
SR ag g
: : WS e
26 Occupied Trips o
3 vehicles S
i : S NPT
Vehicle 1: 9 DL trips Je gl -
Vehicle 2: 4 DL trips 2 - SR 3;4} f
Vehicle 3: 2 DL trips o & |
e
\U.
L i
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Driverless Vehicle Movements for Sharing Scenario, Trip-Based

— K-factors used to prohibit/discourage unreasonable trips in time

— Time-Stratified Skims are used to compute when connections cannot be
made in time

— Balancing is done separately for both Start and end of driverless trip so
we can see where and when surplus vehicles might occur — Driverless trip
ends must be satisfied, however

— Matrix balancing uses a steep Friction factor curve to encourage short
trips

— Apply a maximum time was imposed

25



Driverless Vehicle Movements for Sharing Scenario — Trip Based

3-Dimensional
Matrix Balancing

e Trip Starts x
e Trip Ends x
e Time
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Driverless Vehicle Estimation: Activity-Based Model

— Same principal as used for ownership scenario — except all occupied
vehicles are open to being served

— Search pattern seeks to minimize driverless trip time between services,
and dwell time.

— User specifies a minimum and maximum dwell times
— User specifies maximum trip time

— Result is a set of driverless vehicle trip records, and a log of each vehicle’s
movements throughout the day

27
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Assignment of Driverless Vehicles

— Added driverless vehicles as an additional class —

— Subsequent data available to plot where AVs would dwell when not in
use.

— End of Day re-positioning possible
— Wealth of MOE’s available for both occupied and driverless vehicles

— Feedback ensures that congestion imposed by driverless vehicles
influences other behavior

29



Autonomous Vehicle Model Flowchart — Twin Cities ABM
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8. Examples of Results that are Available

— Trip Length Frequency Distribution
— Efficiency of Use by Shared AVs

— Map of Household use of Shared vs. Owned AVs
— VMT by Level of Service by Scenario
— End of Day Vehicle Re-positioning Map
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Ownership Scenario Driverless Trips by Vehicle
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Shared Scenario Driverless Trips by Vehicle

Driverless AV Trip Length Freq Distributions by time -- SHARED
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Shared Scenario Driverless Trips by vehicle

Distribution of Autonomous Vehicles by Number of
Daily Trips
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Change in Shared Scenario Driverless Trips by Vehicle

Driverless Trips Per AV: Shared and Mixed Scenarios
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Map of Zones by Share of Households Owning AVs
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AVDL/AV — Mixed and Ownership
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VMT by Level Of Service

VMT by LOS
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Re-Positioning VMT Distributions
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Shared Vehicle Repositioning — Shared Scenario
3.6M VMT, 64K VHT
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Shared Vehicle Repositioning — Mixed Scenario
0.9M VMT, 15K VHT

‘Shared Veh, Mixed Scenario Vehicle Repositioning
=139 and below =138 to -63
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9. Research That is Needed

AV Driving Characteristics Publi i
00% is mostly AV = 1
Vehicle Capital Cost for each ook
scéena ri (0] S Non-passenger menual cars
S services  Public transit
E switch to AV @ OPfS le;/dfw
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= are E‘QHE’S S0 U 1ons uto aealers
each scenario g ocoptrs = seling Ve
~ [AVson roads
. I | for testmg
Behavioral Changes for \ P
/ M bil vid
— Former non-drivers ;;t;gguﬂf viders
— Activity pattern changes as a ' Today 2020 2035 2040
result of AVs o fmebwe oo

Isaac, Lauren, “Driving Towards Driverless: A Guide For Government Agencies. WSP|Parsons Brinckerhoff. 2016. Page
13.


Presenter
Presentation Notes
We need more research into several aspects of AV use, including
What are the driving characteristics of AVS in mixed and AV traffic?
Costs --  What are the anticipated capital and operation costs for AVs?  This may be highly dependent on timing, the price of electricity, the cost advantages of technology over time and the life of an AV.
How will travelers behavior change?  How will former non-drivers’ DAPs evolve and how will households’ DAPs change with AVs?


Questions?
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