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Vertiport Siting Changes Travel Behaviour and Network Conditions L

| need to reach the city,
but there is no public

transport here. A vertiport
would help.

A vertiport just opened

nearby. Maybe | can
take an eVTOL.

The new vertiport has
increased traffic. Ground
travel is slower now.

Evaluating vertiport siting requires behavioural simulation
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MATSIim Resolves Traveller-network Feedback Through Iteration University
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High-fidelity Evaluation Creates an Optimisation Bottleneck

b

Vertiport siting problem: mXin{—ShareUAM (X), B(X)}

HIGH X: open/close each site (binary)

ShareUAM(.X) : UAM mode share GA | NSGA.Il + MATSim\\
B(X): vertiport numbers

Calculational Captures: heterogeneous agents

Burden and multimodal network feedback
Limitation: very high runtime and
Noisy convergence

@ Data-driven surrogate /
Captures: rapid screening of many
candidate layouts
Limitation: depends on training data
and weakens outside its sample
'@ static FLP /IP / MILP O This study
. J

Captures: discrete sites, capacity,
_ { cost and coverage
'@ Clustering / GIS Limitation: fixed demand and

simplified travel impedance

Captures: demand hotspots and
spatial coverage

Limitation: no traveller choice or
network feedback

LOW HIGH
Behavioural Fidelity
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A Mechanistic Surrogate for MATSIim-UAM L University
MATSim UAM-extension, DMC Mechanistic surrogate + MILP
Network execution

Execute Plan n, or the initial Plan O

: : Save
Extract netyvork §tate O(Ilpk, time) current 6
Calculate 15-minute link travel-time states 6 \
Mode-specific routing

» Car: time-dependent least-cost routing
» Walk/Bike: teleported routing

Simulation » UAM: minimum-time station-pair routing Optimisation

DUAM,real(X) T g(X) # - Pl (If any): Table lookup DUAM,predicted (X) — max(f(X, ‘9))

Utility Calculation

max(dg, 0.001)
Vm’q — ASCm + :Bt,mtm,q + ﬁC d—f
re

)M (cndy)

MNL Probabilities Best X under
exp(Vinq) current 0

P =
(m|q) Y exp(Vi q) /
lShare Tallied over Monte Carlo—simulated Plansl l Closed-form Expected Share I

ShareUAM,real '
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Damping Mechanism of 0 University

b

Round 0 _ Round 1~n

 1: free-flow MILP optimum » 2: per-state MILP proposals, ranked by full-window mean score
» N/B: random covering designs * 4: best one-swap neighbors across the top 6 archived designs
The last 6 iterations Munich, 22 vertiports
INn 1 simulation
0 I - 100
280000 - i
- 99
270000 -
1%}
—
5 _
= -90 &
o> 2060000 - % - obs )
= N observed from MATSim 9?,,’ . damped for MILP 0, 4 %
% free-flow MILP optimum ] [ %
i 250000 - \_'_I ::' random covering design [ [ " 39 %
= Different siting g MILP predicted optimum O o S
ﬁ - options ';' neighborhood design O ® Q0 =
~ 240000 - 9,=N,*> 8, , damped centre
':: RMS; ¢ 4 (érﬂjs — 9328) # mismatch |s]
- 75
230000 - !
_ll|F
0 1 2 3 4 D

outer round
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Space Mapping Optimisiation Framework University
I Initializ_ation: fix vertiport budget B Next round: state update & precomputation
00 = Otrectiows T =0 r<r+1, é*r,s — (1 o a)é’r—l T aggt_)sl S
U2, B B N = : < .
g'r — N’F Zszrl QTaS
v Route skimming & MNL separately for each damped state

Initial candidates & MATSIm evaluation

Free-flow MILP optimum + random covering designs v
M /B]| covering designs; M = 50

Archive results; retain 6 snapshots per design

Candidate generation: up to 6 untried designs

2: per-state MILP proposals, ranked by full-window mean score

4: best one-swap neighbors across the top 6 archived designs

Rank neighbors by the same score; deduplicate both groups

Convergence: all conditions must hold \ 4

* * —4
fr— oy <10 MATSim evaluation
X:=X;, =X\,

Qo.99(10, — 6,_1]) < 0.255
Q0.999(|0r — 0r-1]) < 60s

f* and X*: best-so-far observed objective and design

Update archive; retain 6 state snapshots per design

N: counts snapshots; candidate batch size 1s at most 6 Converged or No

round limit reached?

No: next B xes
Yes v
Store best design for this B
Output: Pareto front < All B swept? _ o
Rank by observed MATSim objective
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Experimental design

b

Corsica, FR Munich, DE

Population: 3,162 agents, 1% sample Population: 3,240 agents, 0.05% sample
Area: 8,752 km? Area: 14,882 km?

Network: 34k nodes / 70k links L e Network: 213k nodes / 499Kk links
Vertiports: 50 candidates et W SY/N Vertiports: 50 candidates

OD pairs: 7,764 pairs OD pairs: 5,349 pairs

Modes: car, car_passenger, bike, walk Modes: car, car _passenger, bike, walk, PT

Utility ref: Horl & Balac 2021

Mode ASC,, B¢ (/min) c,,(€/km) VOT
car 1.35 —0.060  0.15 17.5
walk 143 —-0.150 O 43.7
bike —2.00 —0.050 O 14.6 ¥
uam  —128-0.153 126  44.60° S
car pass captive, =700

Utility ref:  Fu et al. (2019)

Mode  ASC,, b¢m(/min) Cm (€/km)VOT
car 0.00 —0.0946 0.15 27.6

" ‘;'-’r’ Walk O O O ﬁ v t’ N— _O . O 9 2 7 . 5/
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Select B vertiports from 50 {
50!

B __
Cs0 =5 (50 — B)!

—— Road network Trip ends (OD endpoints) Candidate vertiports
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Optimisation Result University
0.6 4
= 0.5 = 39 &
qw o o aw O
7 o 73 *
< 04 Y o
= © = O
= 0.0 o = 2
<< <
- — 1.5
= 0.2 o FL5S bM < o FLS SM
Z NSGA TII = ]
S 0.1 GA Ngen=20 5 05 NSGA 11
GA Ngen=6 | GA Ngen=20
0 0
0 5 10 1o 2() 29 30 5 10 1o 20) 29 50
Number of active vertiports Number of active vertiports
Pareto frontier of Corsica Pareto frontier of Munich
Comparison of optimisation methods across scenarios
Corsica Munich
Method HV Evals Evals/pt. Time(h) HV Evals Evals/pt. Time(h)
FLS-SM 0.759 211 30.2 17.5 0.748 195 32.0 D3.0
(GA-Ngen20 0.707 1200 200 47.5 0.739 1200 200 127.0

HV: hypervolume, normalised area a front covers toward the ideal corner
Evals: the number of true MATSIm runs a method spent to produce its whole front
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Discussion: Corsica University
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Share of trips with positive rgs
B10 (10 vertiports) B19 (19 vertiports)
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Discussion: Munich University
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Share of trips with positive rts
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Conclusions:
Than k YOU  FLS-SM combines a mechanistic surrogate with MATSIm.
» TJests in Corsica and Munich demonstrate its broad applicability

fOr yC)U [ attenthn! o FLS-SM uses 82-84%% fewer evaluations than GA with higher HV.

Future Work:

* Tune hyperparameters and damping strategies to improve performance.

* Jest generalisability to other tasks, such as road-policy optimisation.

* Extend beyond DMC to alternative mode-choice approaches, such as SMC.

Zlyue Song
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     min 𝑿 ⁡   {    −   S h a r e  U A M  ( 𝑿 ) ,  B ( 𝑿 ) }


  𝑿


  𝑿


    𝑺 𝒉 𝒂 𝒓 𝒆  𝑼 𝑨 𝑴 , 𝒓 𝒆 𝒂 𝒍


   C 50 B =   50 !  B !  ( 50 − B ) !


  A S  C m


   𝛽  t , m


   c m


  ± 700


  A S  C m


   𝛽  t , m


  X


   c m


   𝛽  i v t , m


   𝛽  w w t , m


  ± 700


    S h a r e  U A M  ( X )  


  B ( X )


   V  m , q =   A S C m +  𝛽  t , m  t  m , q +  𝛽 c    (   max ⁡ (  d q , 0 . 001 )   d  r e f )   𝜆 d  (  c m  d q )


  P ( m | q ) =   exp ⁡ (  V  m , q )    ∑ k  exp ⁡ (  V  k , q )


   D  U A M , p r e d i c t e d  ( 𝑿 ) = max ( f ( 𝑿 , 𝜃 ) )


   D  U A M , r e a l  ( 𝑿 ) = 𝒈  ( 𝑿 )


  𝑿

