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Transit Data Fusion with Machine Learning Algorithms

On-Board Survey (OBS)

+ Detailed demographic info

Automatic Fare Collection (AFC)

- + Continuous data collection
7/

- Long data collection intervals B + High precision (time/location)

- Costly / Less representative - Lack demographic info
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Transit Data Fusion
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Results: Work Trips Distributions
The proportion of the "Work" label for each grid "‘_
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Results: Transfers Distributions  ranster dominances | =

by time of day os.peak Deminant Tie Paak Daminant
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Transfers were at their highest rate 27.2% at non-peak hours during the pandemic



Part 1
Rural Mobility-as-a-Service (Maa$S)



Mobility-as-a-Service (MaaS)

Ty Ve Heaetiard founon

Exgress S B
\

B8 Poud Bunan Tavea

® 326 Broadway Ave S

Fixed
Route Buses

550 ttan d Conrty Meartland Lrgwens ®  21Eiton Hills Dr NW.

faer lr\l.
Forks Tand| ) Metiueg Arva Trsent
! Leave July 30, 4:38PM ©

G Arowheas Vares

Rechar Conmty

L]

Maotwad
Tt @,
Towwt s

Meav et

Wadena Courty | ramdly /

der Ve T

a

T tonete Coumty Tuamit Rolling Hills Transit

AT W Cap Transt Comvecnion

A % Coud Metro a
Ohnagp lharw County
D Heartiand Exgress

St M

Towwt W

Narvn Trame @ T erer o Cormmaarvy Tarst
o v Tram

— {8 Tskhane Traest 0‘9‘z‘ik‘wo‘od Eftafes”
Prai Tive Q,’.I l" t

Grarwne Fally o~

Feartara) Lagrey Merrescts B Vabey barnt

Sawn Caumby; D ™ re Brvers Harmathlant Trast

Mo tharcd Lgrens @ Worora Yamat Sem sicw
R t Urited Comerunsty . - L Gt
oute ey s
H A Pravseland Vst 7 / \ \
Deviation / , ‘ "\ T
Witrwean Tohe Me These d,._,, kes/ / CO TR Bt Anochester Publc Tramt
Towea Grester Mankano

* e st

Baek, K. & A. Khani*, Evaluating the Effects of Mobility-a ervice (MaaS) Platformin Increasing Equity and Transit Ridership in Rural Areas. Transportation

Research Record, Joumal of Transportation Research Board, Under Third Review



Ridership Growth Analysis (NTD data and SARIMA Model)
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Origin-Destination-Reservation (ODR) Data
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Origin-Destination-Reservation (ODR) Data Collection
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More than 20% of passengers have experienced 30+ minutes of schedule displacement!
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Part 2
Autonomous Mobility-on-Demand (AMoD) Service



Transit Last-Mile Access Problem

- High vehicle ownership
- High VMT and GHG emissions

- Infrequent and distant buses

Q1. How can a last-mile service be designed, optimized,
and integrated with fixed-route transit?
Q2. How much can transit service be improved with a
- Improper access for riders , :
last-mile service?
- Unsafe for pedestrians

- Low transit ridership




Transit Ridership at the Miller-Hill Mall Area
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Transit Last-mile Case Study: Miller Hill Mall, Duluth, MN
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AMoD Simulation — Passengers

On average, AMoD passengers wait no On average, no more than 1 passenger
more than 3 minutes for the AMoD service waits for AMoD at each time.
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AMoD Simulation — Vehicles

As AMoD fleets increase, AMoD vehicle Some AMoD vehicle rebalancing is needed
dispatching is proportional to transit demand but much less than that of dispatching
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Transit Demand Percentage from the Total

Changes in Transit Ridership and VMT

Transit ridership to the MHM area increases
as AMoD fleet size increases.

Fleet size =13 Fleet size =19 Fleet size =25 Fleet size = 31

VMT Saving

VMT saving increases as AMoD fleet size
increases, asvmore people use transit+AMoD.
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Part 3
Integrated Movement of People and Goods



Freight-on-Scheduled Bus (FoSB)

Legend \
\
FedEx Ship Center 1
)
Central Point of Destination Zone \
23\
120 Bus Station A\ Northeast
\
—Rail —BRT —Bus
1.00
2
S 0.80
g
E=3
% 0.60
g =
=
=
>
§D.AD N
0.20 ll
0.00 a
2353353533358 335333658335823835
§ ® ® % 9 9 9 9@ O O o o o o O 90003 ¥ T LWL 0D
2222888z ygyadaggeIsdddgaq
S 2 2 2S5 82888 s s s s o585 S8 88 8 8 2 g
S 8§88 I8 8 IS SIJFJIJTJIISIIIS SR

309 —— Average Passenger Load

20 4 —— Average Package Load

0] ——— i
| I F_/__\
0

T T T T T T T T T T T T T T T T T

1 6 11 16 21 26 31 36 41 46 51 56 61 66 71 76 81
Stops

wd(vmom

20 Tork, N., K. Baek, & A. Khani*, (2025), Efficient Urban Transit Systems: Bridging Freight Logistics and Passenger Transport. Transportation Research Record,

Empty seat-miles could be reduced by 15-38%

Journal of Transportation Research Board, 03611981251350642.



Final Remarks

« Transit systems are in a critical situation, with lower ridership, driver shortage, and in general

financial challenges.

« Most current riders rely on transit for their primary transportation and have special needs and

travel behavior, which warrant further studies.

» Fixed-route service is the backbone of transit, which should remain available with high

frequency and reliability, but complemented with on-demand services.

* New transportation technologies can help (complement) transit by increasing service efficiency,

accessibility, and reliability
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