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• Faster speeds (than walking & sometimes biking).
• No coordination needed (with neighbors or family 

members, for pickup & dropoff at stations).
• Avoid bad weather & carrying items (e.g., bringing a 

bike onto train or bus, carrying briefcase & umbrella 
while walking, in rain or snow).

• No parking costs (though SAV idling sites can be 
important).

• Energy savings over conventional vehicles (if use 
right-sized or all-electric SAVs).

• Lower cost than ridehailing & taxis + Greater fleet 
control (for faster/smarter vehicle-to-rider 
assignments).

Why SAVs for FMLM to Transit?
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• Short-term deployment of AVs is anticipated to be in the form 
of SAVs in geofenced urban districts with high trip densities.

• Transit stations are great use case for AMDs (thanks to high 
densities of transit boarding & alighting throughout the day).

AMD = campus-sized
implementation of CAV 
technology to realize all 

benefits of a fully 
automated mobility service 

within a confined 
neighborhood.

Automated Mobility Districts (AMDs)
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• Quantify impacts of deploying SAVs as FMLM 
connections to transit in AMDs/geofenced regions.

• Investigate details of SAV fleet operations, in 
coordination with mode choice + train schedules. 

Research Objectives

• SUMO = Simulation of Urban Mobility = 
microscopic software used to simulate 
agents (travelers + SAVs) over time, across 
multiple AMDs serving a rail-transit line.
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Austin’s Red Line Rail
• 32-mile commuter rail 

service connecting 
downtown Austin to 
Leander City

• 2,552 person-trips/day = 
average daily ridership

• Expected to reach 10,000 
daily riders by 2025 with a 
15-minute frequency

• FMLM SAVs serve 5
Central Austin stations:
Crestview, Highland, MLK, 
Plaza Saltillo & Downtown
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Network & Travel Demand

• Year 2030 forecast 
from the region 
MPO’s travel 
demand model

• 246 traffic 
analysis zones 
extracted from the 
6-county region’s 
2,252 TAZs.
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• Controller can obtain & react to a riders’ current status & 
location.

• Every 1 minute, SAV ride requests are evaluated & vehicle 
routing plans are generated.

• Dynamic ride-sharing enabled (so riders often share rides 
with strangers).

• SAVs can provide FM & LM service in one routing plan.

Real-Time Simulation Control
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Mode Choice

• Rail headways = 15 min
• SAV fares = $1/mile

FMLM

CarWalk Transit

Walk-&-ride SAV-&-Ride

Base

CarWalk Walk-&-ride

• 15 SAVs per AMD
• 10% travel demand simulated

• Car VMT falls 23.5%.

• SAV+RideTrain mode gains mode share from car.

• Transit Mode share rises 1000%, from 0.4% to 4.1%.

• Occupancy of SAV = 0.74.

• Empty SAV VMT = 36% of total SAV VMT. 
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All 2 AMDs

Shared Vehicle-Miles 31.4%

Shared Person-Trips 90.3%

Average Wait Time 4.61 minutes

Average Ride Distance 2.52 miles

Average Service Duration 15.0 minutes

% Deadheading Distance per Trip 22.3%

% Shared Distance per Trip 27.7%

SAV Fleet Performance

• High shared trips vs. low shared miles.

• 1-mile detour on average.

• SAVs lower total VMT by 3.6%, if FMLM 
riders had been traveling by car.
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Sensitivity Analysis: 
Vehicle Size, 1 to 6 seats

• SAV ride duration doubles in non-private service (7 vs. 15 min).

• But slightly longer wait time (5.1 vs. 4.8 minutes).

• 4-seat SAV = Best Choice (negligible added benefits of 6-seater).

Scenarios

Vehicle-Miles Traveled Average 

Vehicle 

Occupancy

Average 

Wait 

Time 

(min)

Average 

Ride 

Distance 

(mile)

Average 

Service 

Duration 

(min)
#SAVs

Total 

VMT

Empty 

VMT
Shared

Vehicle 

Size =    

# Seats 

per SAV

1
992 

SAVs

16,996 

VMT
51.3% 0.0% 1.00 persons 5.1 min 1.52 mi 7.4 min

2 532 13,365 25.0% 23.4% 1.31 4.8 2.40 14.0

4* 526 12,191 25.4% 31.4% 1.50 4.6 2.52 15.0

6 498 12,187 25.2% 31.7% 1.50 4.5 2.52 15.3
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• FMLM demand comes in spurts, due to train arrivals.

• Longer train headways require larger fleet size & deliver higher % 
eVMT.

• Longer headways also lead to more shared LM rides from stations, 
but fewer FM trips being shared.

Sensitivity Analysis: Train Headways

Scenarios
Average Vehicle 

Occup.

Average 

Wait Time 

(min)

Average Ride 

Distance 

(mile)
# SAVs

Train Head-

way (min)

5 min 459 1.51 persons 4.4 min 2.50 mi

10 496 1.50 4.5 2.55

15* 526 1.50 4.6 2.52

20 565 1.51 4.7 2.51

25 594 1.53 5.0 2.53
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Wait Times at Train Stations

Train Headway = 15 minutes  &   Negative x-axis value = Late arrival
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In Summary…

• SAVs can provide FMLM connectivity to train stations, 
with flexible access/egress decisions & coordination 
with train schedules.

• SUMO microsimulation software provides precise 
estimates of wait times, fleet VMTs & other detailed SAV 
system metrics.

• Future work:

– Load more traffic for more realistic congestion.

– Optimize parking locations for SAV idling & relocation.

– Optimize geofence for more efficient FMLM services.

– Allow travelers to take private SAVs to destinations.
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Questions & Suggestions?

Thanks for your time & support!


