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—+—~7 a ¢  Tracking a System of Shared Autonomous Vehicles (SAVs) across the Austin, Texas Network

TEXAS using Agent-Based Simulation

—— AT AUSTIN —— UT Austin’s Drs. Jun Liu & Kara M. Kockelman (kkockelm@mail.utexas.edu)
WHAT STARTS HERE CHANGES THE WORLD ETH Zurich’s Patrick Bosch & Dr. Francesco Ciari

Background & Motivation A Case Study Slte & Key Assumptions SAV Service Performance Results

Benefits of AVs (vs. HVs [human-driven vehicles]): gAv Mode Splits: 2 100% —
ore ’ 0.20 per mile — 36.6% of trips <
Safety Mobility Austin’s M,PO S0.50 per mile — 12.1 % of trips g
-Fewer crashes .Easier travel (CAMPOQO’s S0.75 per mile — 8.0% of trips > 90%
-Less severe crashes - Mobility for non-drivers 6 counties) >1 per mile — 6.4% of trips S
Sustainability .Vehicle-sharing & Served Requests include: 8 s0% - $0.20
. Possibly lower emissions ride-sharing can lower costs »on-time service (waiting =05 5 128?2
.Better fuel economy Possibly lower congestion & greater travel :m;””tes). waiting = 5 ~ 10 s . -1
: ' iahili : | . e late service (walting=5"~ N 70% | | | | |
.Electric SAVs may succeed  time reliability AN | S minutes) 0% 0oe oo aone a0 5o
| | & I S V "N Vo ' Size of SAV fleet in Percentage of Agents Requesting SAVs
Performance metrics at different fare schedules...

. = ‘ - . SRR  $0.50/mi fare — Greatest vehicle
Traffic Analysis Zones Population Realistic Home locations ---- 50.50/

(n = 2102 zones) (n=2.3 M travelers) (n =0.9 M homes) SRR AT A e R 36.6% 12.1% 8.0% 6.4% replacement rate, because...
Mode Choice SAV fleet size in % of travelers 20% 10% 13% 13%  AVS SerYe more. short trips in |
The utility function for using a HY is For travelers with privately owned HVs: HV replacement rate - $0.50/mi scenario, vs. $S0.20/mi

exp(Vsay) NN R AR SR I\ 8.6 161 147 16.5 scenario, & trip request density/

Very) + exp(Viy) + exp(V demand is higher, vs. SO.75+ sce-
exp Wsav) + exp(Viy) + exp(Ver) Extra VMT 11.0% 11.8% |13.7% S 5 >

For travelers without access to privately owned HVs:
Average waiting time (minute)

Vyy = —0.2 X Distance — 17.67 X IVTT Psay =

«SAVs allow users to obtain AV benefits without all the costs & responsibilities of
AV ownership.

The utility function for using bus services is:

o o . ... Vpr = —2—8.84 X IVTTg,; — 35.34 X (OVTT, naTOVTT, qiting) :
.Car-sharing is now common in many US & world cities. - e e S (Vex?;(vs’q”)(v ) Average service time (minute) Essentially, SAV systems are more
- : The utility function of using SAVs is: exp(Vsav) + exp(Vp . :
«SAVs reduce the access hurdles of traditional (human-operated) shared vehicles Y . - A ror Y 2. 0% s81% 8oy efficient for denser, shorter-
(sha red HVS) Vsay = —Fixed Cost — Fare X Distance — 8.84 X IVTT — 35.34 X OVTT y4iting % late service (wait 5 - 10 min.) 14% 15% 14%  14% distance trip request settings.
where V = Mode’s systematic utility; IVTT = in-vehicle travel time (based on HV trips); OVTT = out-of-vehicle travel time; ] . ] .
IVTTgus= 1.5 IVTT; Distances based on HV trips; SAV trips’ cost = $1 per ride + $0.20, $0.50, $0.75, $1.0 per mile. F INd I ThOughtS & E MISSIOoNS EStl mates
Mode Choice Resu |tS Who is selecting SAVs? How do SAVs serve requests?
« Low per-mile rates — longer- « Long-distance travelers — low HV replacement rate
4 SAV fare scenarios = $0.20, $0.50, $0.75 & S1 per mile plus S1 per trip I‘_jl'_Stsnce trips h y | e Short-distance req;e;ts — hlglh HV replacement rate
_ , e HIgh rates — shorter-distance trips e Dense request — high HV replacement rate
Mode Choice & Traffic Simulation for SAVs Choice between HV, Bus & SAV Choice between Bus & SAV Transit use falls in this setting.
o . o . . (a) For travelers with HVs I (b) For travelers without HVs - Sustainability Elements mmmmm
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Surveys E g . ;ISOZ - g § D _ \‘.‘ \ ‘.\. S trlps averageg ; HVs vs. (driving-cycle based ) -8.6% -8.7% -21.2% -15.3% -17.2% -8.7%
5 / R ~S%g " N o -85 50% longer 8 " SANS Total savings 19.6% -13.8% -26.3% -44.1% -32.1% -26.0%
Population IR Da|IyT0-ur MATSIm I 3 _ / "‘\_ E 3 S ‘.I" V0.5 ]] > than HV userg g e — .6% .8% .3% 1% 1% -26.0%
Generation g Generation Executing | | £ © N \ - o E lr_E o vy ‘\ \ _ = & 4 - Fare=$0.20 ExtraVMT=3.5%  -16.8% -10.8% -23.7% -42.1% -29.7% -23.5%
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mpum'?ta e e operation B © SAVSEIVICES % $0.5 ' T gE ° P10 N 9 ® ile rat 7o Fare=$1  ExtraVMT=13.7%  -8.5% -2.0% -16.2% -36.4% -22.8% -15.9%
Simulation S'p it * VMT ©%0[75~ > o \ o é 2 Vo N o (T mil€ rate. | | I | ! | ! B T 0 - 0 $270 1 £70 70 1070 +2 70
t repanning 9 'muation g * VHT = $LO= T T - S < 9 M e N o 2 o 20 40 60 8 100 120 Greater energy & emissions savings when SAV fares are lower. Ex-
I Road Network e — ; 2'0 4'0 6'0 8'0 1(;0 1;0 o | | | | : - © HV Trip Distance (mile) tra VMT by empty SAVs does not overcome other emissions bene-
Generation MATS' m Travel Distance (mile) 0 20 40 60 80 100 120 fits (of smaller vehicles & warm starts, eco-driving, etc.).
Muiti-Agent Transport Simulation | Travel Distance (mile) -
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