Mobility for All — Harnessing Emerging Transit Solutions for Underserved Communities

Pls and Researchers: Abhishek Dubey (Vanderbilt), Aron Laszka (University of Houston), Paul Speer (Vanderbilt), Chandra Ward (UTC), Mina
Sartipi (UTC), Philip Pugliese (CARTA), Dan Freudberg (WeGQO), Samitha Samaranayake (Cornell), Himanshu Neema (Vanderbilt), Ayan
Mukhopadyay (Vanderbilt), Lillian Ratliff (UW). Staff: Maxime Coursey (Vanderbilt) , Savannah Ward (CARTA)

Students and PostDocs: Ava Pettet, Dan Calderone, Juan Pablo Talusan, Michael Wilbur, Rishav Sen, Sophie Pavia, Youngseo Kim, Carlos
Martinez, Dhanushka Pandithage, Amutheezan Sivagnanam, Afiya Ayman, Taha Eghtesad, Omidvar Shadi, Tran Toan, Seyedmehdi Khaleghian

Challenge: Provide Wide Coverage while Ensuring Design Algorithms Understanding Equity in Transit
that the Se rVICe IS ECOnOmlcal, EffICIent, and EqUItabIe A few days in advance... One day N advance... Day of trips — N % of Demand Served vs Priority Score
. . . . e A “utilitarian” view of designing transit %12(9)
* Available Modes of Transportation in the city { \ _ , focuses on maximizing ridership. : -
are personal cars, personal bikes, bike shares — 1. Booking ﬁ 3. Service Augmenting priorities to such an approach :
, , , can improve equity. g
fixed line buses, and paratransit vehicles. @O * We are also integrating other notions of £ >
. . . . e C(Clients book microtransit - Recorded requests are . Vehicles serve the assigned runs fa|rne§s Sl.JCh.aS Nash social welfare and % of Demand Served vs Priority Score
* Weare WOFkIng to introduce microtransit and trips over the phone or via assigned to vehicle runs Rawlsian Justice. -
integrate it efficiently with the rest of the an app o . - Clients may request changes to
: :  Eachrequest includes an - Vehicle runs must satisty destinations or book same-day :
pUbl IC transportatlon SyStemS' origin, a destination, and a constraints, such as drivers’ trips e Our preliminary goal is to understand how 2 8
o : : pickup time shifts, travel times between each measure of fairness affects ridership 5 w
The challenge is to provide a means of + Accepted requests are locations, vehicle service time - Issues are resolved in real time and equity of, and accessibility to public Toos RN PO W
transportation for daily activities to everyone recorded between runs, etc. ga”fjt' tir e will fundamentallv transt Naively maximisime dershio fai
, , L. * Our findings will fundamentally transform aively maximizing ridership fails to
who needs it while prioritizing access to the The problem of scheduling on-demand transportation options is computationally complex. The goal the design of public transit infrastructure by serve residents who “need” transit
people who need it most. © Bike sharing stations is to design dynamic routes that ensure all constraints (driver and vehicle availability and quality of making it equitable by construction the most (top). Focusing on priority
ensus block groups w/o info , . o .
¢ service) are met, and the overall utility is maximized. can change the distribution of
accessibility (bottom).
Our Approach Bookings Recommendation Engine Goine b 4 local L.
1. specify pickup locations and 2. enter request __ 3. latest Ol ng eyo n OCal commun Itles
time preferences r\ N e solution Anytime . _ . . _
el J learning agent algorithm Multi-modal routing algorithms for Integrated Fixed-Line, On-Demand,
@ | * We extended our and Feeder Services ~
Client 5. agree on 30- Operator 4. recommended approaches in « Dynamic Dispatching o a
(passenger) minute pickup (CARTA) : : Cell Home Home Address ; ; . ixed Fleet Operation '
- ~ /\ window pickup times 4231231234 4235555555  8th Avenue, Chattanooga, TN éollatior:tlon W:h 5 T ) mer P:rce:)ti:n t DD
b Understand the S|tuat|0n . . Reinforcement Learnin . . First Name Last Name Email Oog e esearc an Ro-.i:-tl)::tein:ti;rzzplsir\:vay : opt::iazli::lner;ar:syi Plralrlrra"snrguc iive Si AA
and analyze the impact of Design Algorithms /0 Understand the system A — pEiEiliEiE e Train DRL agent USi: Anytlme Algorlthm Douglas Smith Douglas.Smith@gmail.com HeIpMum, a hon- il S e e ARopeway e
p;?]?:ifzgtf:gﬁhaiz equilibrium. a 3 Lt & fthe b & i e Continually working on offline ADA/Carta Eligibility WheelChair / Ambulatory profit organization _
ITicati i i i , : i ; . . . T
pandemic ) | ° Desien transit ® Start with using the slack simulations of the booking paratransit scheduling problem A% v | standard wheeichair - based in Nigeria to 1]
Communit e Operate On.-demand accessibility scores and available in paratransit process ‘ <tine booki | i th
° y Engagement Transportation evaluate the operations . Cond | or existing bookings General Client Notes optimize the m= —
. E:?:E:t I:_(;c;]tjgs;ti;?:;s * Integrate On-demand performance over time e Introduce new on-demand ) O:C:ir:tz ;i(;r:ilee);S'i&:]te « Based on a simulated annealing  Pickup behind entrance welcome center -aIIocatiorT of h-ealth — Zn
Surveys IT a”j’lort"’.‘tt;]on With Fixed ) Icr:ef'gvt:;é’:ttir:éae'r service P g algorithm tailored to paratransit Interventions in
\_ / D'”e_ ngT'I I'ms i ¢ sin?ulation e Integrate On-demand service feature vector + May be replaced by other y Ibadan, Nigeria.
. ¢ besign tair line planning to with the fixed line operations o ; )
Communlty Update the f|X€d route \ / \ / .Shape re.\N.a rd: to aVOId algO rith mS fOr Off“ne SChEdU“ng m ’ We are also V.Vorkl.ng Entirff\?;igbl\illli?;hers Immuﬁizaﬁon Centres;)fGUigedtLoéal Seatl_'ch > Branch and Bound to Solve ILP
Engagement . service, if required ) Design evaluation and !ssfues arlstlr]lg (rjcl;m ) A snapshot of our booking application with Varanasi, India Schedules th S — —
impact analysis criteria Infrequent reedbac Published in IJCAI 22 deployed on Google Cloud to test t-he . § cocnaonfrves | | Yeniele oves
generallzatlon Of the Bmgg;g?fgﬁ; ration—i Greedy Pruning ;Mzﬁgzlr:r}gv:ifatl:i)lfity > Travel Vouchers Phone Calls
. - . results and improve —
Online Optimization for Robustness blic transportation
.. . . . . there.
It is important to consider the real-time changes, new bookings, vehicle CAI 22 Best Paper Award
Und di C itv Needs is Critical breakdowns and optimize the trips in real-time, telling the drivers of the change. Pilot O : d N S
nderstanding Community Needs is Critica ilot Operations and Next Steps
ey y iART’:.Mfe;ed 2 clav et or schedulo plannne Problem: Action space is Solution: use cheap heuristics to select k
° We Cond ucted SiX focus rou S Irect route option, now likely is 1 dl you woula use It: ] ] > L. . mam GO
group s 1555 computationally intractable. most promising actions
"0 T walden
followed by SUrveys. W 26.9% m AV Graph « App-based demand responsive service P
. o 25 % "\ 1 1 HIXSON
* In-person collection at key transit = 1925 o~ SN - 90 launched in the expanded service zone on
. 15 29 2 m | August 22, 2022, using commercial ountaivyl’s e v
stops and downtown corridors. ! — — ( carple romising Q e software as a service to provide baseline 2
. ; Actions " Route Plan %
QR COde Survey Ilnk pOSted at bUS Extremely likely Likely No opinion Unlikely Extremely \ Gz i) GNP t data. ) - i J “Qoltewat
unlikely  We plan to Deploy the application and P : / i
shelters and on all buses Survey: If CARTA offered a dial-a-ride, or schedule @ R, 5 algorithms developed by the team within | Chesfieiee) 4
e Partici t idents of planning direct route option, would you be willing to SON paratransit service to a larger service o /] WYAW
drticipants were resiaents o pay more to use it, compared to paying for riding a VV Graph Monte Carlo Tree Search area. 7. |
I bus? . i i p Myl -~ o RN -
Chatta nooga, d nd some ||V€d y o159 us RV-graph: there is an edge between a request and a vehicle for VV-graph: edges represent swaps with highest utility. Wzseeli tot.contl;lue. ct(?mmunljcy outreach Voo e o Graysville (2
outside Of the Clty Of ig _ 34.6% every feasible route plan in which a vehicle can service the new Feasi.ble actions: any independent set of edges from RV U VV and evaluation of existing Services. :
2o - 2.0% request. that includes only one edge from RV.
Chattanooga. : " » — Published in ICCPS 22

2022 NSF S&CC Principal Investigators' Meeting https://smarttransit.ai/ CNS: 1952011 (2020) IRG-1

October 10-12, 2022



https://smarttransit.ai/

