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Abstract; To explore the takeoff and landing mode selection and influencing factors for
throughput of urban low-altitude vertiports, a vertiport multi-commodity flow model was
constructed. The impact of the number of touchdown and lift-off facilities ( TLOF) and the

number of boarding gates on the throughput of vertiports was systematically analyzed. The
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quantitative calculation of facility utilization rate and the generation of surface throughput
envelope map were performed. On this basis, the optimal quantity configuration of support
facilities was revealed. The performance differences under different takeoff and landing modes
were compared to provide a scientific basis for optimizing the facility configuration of vertiports.
The utilization efficiency of surface space was improved and the intensive design and operation of
vertiports were achieved. The research results show that the reasonable range of the number of
boarding gates in a single TLOF vertiport is 4 - 5. At this time, the utilization of TLOF is 92%
and 10095, respectively. The utilization of boarding gates is 55% and 57 %, respectively. The
waiting rate of boarding gates is 7% and 12% , respectively. Compared with 4 boarding gates, 5
boarding gates provide higher utilization of facilities, but lead to significant departure queues.
The independent takeoff and landing mode of multiple TLOF vertiports has the most significant
improvement on the surface throughput, which is 57% and 135% higher than that of the single
takeoff and landing mode among 2 - 3 TLOF vertiports considered. The influence of TLOF
number on throughput is limited under the single takeoff and landing mode. The parallel takeoff
and landing mode demonstrates the same throughput growth and maximum unbalanced approach
growth as the independent takeoff and landing mode. However, the envelope area of the former is
smaller than that of the latter. The research results can provide theoretical and methodological
support for calculating the throughput of urban air traffic vertiports, designing infrastructure
schemes, and making operational control decisions, thus promoting the standardized development
of low-altitude infrastructure construction.

Keywords: low-altitude traffic; vertiport; multi-commodity flow model; envelopment analysis;
throughput; take-off and landing mode

Publication history: Received 2025-07-14; Received in revised form 2025-10-15; Accepted 2025-11-27

Funding: Tianjin Science and Technology Plan Program (25JCLQJC00080)

Corresponding author: TANG Xin-min, professor, PhD, E-mail. xmtang@cauc. edu. cn.

107

0 3]

i %5 #2838 (Urban Air Mobility, UAM) /E
AR S AT ke i) EE A R 4y s B AR SR T VAR
DX DX [ 1 A2 308 i 30 e 2 e b T S5 R T s SRy IR
TR Z 0 AT A Y AU AL 35 25 2K 1
B FE AL 25 #% (Vertical Take-off and Landing-
capable Aircraft, VTOL-VCA), Ll & b # H B
T & T T Rl st EE RIS . EEH
EREILHTE UAM REHRERE T REEAD
9 W7 AR S 2 T AT 55, W0 B A R R 1 i
At AT R =W R DN B i< 5 = A | R A
RIS E 179 2K . Chen 5 831 T —Fpild
B R R A, L Tl R A
FE B AL 1 i 03 ik 5 Sun B850 DK [ 56 i 2 2
117 BORTE 55347 Ry 3 R FEL S i e it 1
R A AT o SR T 38T 2 ] A PR ) o) 2 A R AL 3 1Y
BT S0 R T IR Pk A A 52 BR s R N S B A

[

- RE 77 14 e A Ak R XY iR 9T 1 O B )l —L
WA s AT B, BE S i — AP 5 T I B R
HL37 W38 AT RE I - DT B 47 Hb i /2 UAM RS0 &
BiztidoK.

A W EL R AL W 9T £ B TP A P 4
LA 75 1 OB R R U s AT RCR AR T DA M s
PR SE Ty ) b ER LY 2 R A R 5
TET 77 ik A B A B R TR ELR B LI 1 SR
B IA 58K RE &R G870 B 25 U i 5 T AR FE L
B R Z I MR G E R. Zelinskit™ 42 138 1t 1
Ak 3 5 R FE AL 0 0 Fh 45 4 1 T RE 98 78 25 18] 52 B Y
T A B S B A ik BB D 0 B R AR AT 4R THE AT
MORIPWh R 2 M PEZ R, Su g EdmdL
P A5 TR Rl 365 1 BIL R L 7E 25 B TR R BEPL S R R
AR A 14 TR] B e /N Ak Ha, 31 3 R [ 2 i (Electric
Vertical Take-off and Landing, eVTOL) Z [a] /Y 4§
5O . Rimjha S804 L U352 0 37T X 38 2
EFENL S A ik 5 1 S BER R  X0 TR T UAM M 2%



108 Xo@ E Ay

I £ %

2026 F

BIKE TR B A H B & L. Escribano Macias
SO )i R U A A A T A R R L3 1) S R
[A] 2 BRI UAM W 2% 32 75 A 1) G Bk AR 22—, 5K
TH TR S SR R N FE A 5 BRI S a8 A B I & 2%
TF R Rb 4 A BRI 23 ORI DA S BAIG 25 28 38098 U5 1
ALEL B 5% @ aEait. WANE T E IR R AL
55 WO L 25 2 42 ) (0 FE DG B o 5 T 0 AR T T
3 3T T L TR R B T 7E AR
SN AT B ERT T T REE S YR
L&

FEIE AT IR B 5 A kB PP AL O T B oY R
AR 454 5 2 17 S B0 AT PR G (AR BE A
RV S S & Z IR 7R 4 b 5 2 0 R 1 4 5 4 5
F . Preis 80 g 3 8 RE A 0 £ B AR T S
Tk AR R B AL B T R 0 SO S BT B Rkt
A R B AL kPR AR 0 AR R S A T A
DX S5 11 A /0N B TR 75 7 I A O P B B L X AS [ B
L ) B A ML A7 0 AT LA DA A T B R ML
AE 1% 45 HIURNIZ B 1) %42 1t 3 T 7 ook a6 A8 Ak 1) A
M, B R A A X e VTOL 78 3 Bl L%
(AT 55 BRI 5 77 ik o2 A7 B30 ) O e T IR AW O . 1
HT RAAT 55 BRI R A R TE T AL B AT
MG R I, eVTOL 13847 8 B 2 41t T 28
WS, Vascik 20 M d T3 T8
BRI A T TR MR AL 17 5 ) 4 2R B L, AT 4 R T
WG 538 1T S 500 & ki S R R AT o
BT G BT B3O8 0 455 70 7 37 T A k5t 40 AT 55 98 U
Fic &5 16 £ T T A R S Ay e R R AT DX e R
RERLI Y B AL T o e R BRI T R IE Ot
il 5 700 S P . MR IR A AENT B — R 2 AR A
HEASERN 52 R R I 0 B 05 6 R [ 8 A7 AR R AL
Y i IEAT T VEAN S R 20 B 138 17 45 20 55 TR 38 %
GIRZES AR

g5 ik, B 6 F T AR ML I 5T
ErhFIANSE BT 5217 S 80k 3 0 0F 5
B I R R A R IR T R AL
BATREF BT THE B = % 3 B R ML i Bl
Lot 2 WS R R AE LA . XA R T
A M Ay AR IS AT R B 38 I J 1 A7 AE B
Jry B o X DA S v % B T SR B T UAM RS0 vf
FRELB AT . AR SO F B BOR R 2 R LI 2
PR it D ASE TR 4 A = Ak D T R B Y e SR AR
It A 2235 25 38800 VR Sl WL T 66 235 ek oo 9 Ol i
SEPTAN A A 2 AR T 2 S Ak R A R R A

24 5 Xk A ik 4 01 B R ) 2 T S B A R FE AL
Gy AT o BT 0 S R LS AT R R S R —
AR 3 Fop i 0 5 3% 1 1A R T T S
Fe ) st AR, S BN A BRI B DR AR AE R s A
FHAFAEAIE 5 4 HE R0 25 75 210 B8 D50 805 2R 22
5 ol T AU B O AR s . DRI OR AT R
T R ol T e R R L 3 1) T 5 A SR G A
W 7 BRI RE 27 19 73 b 5 PR 3 SRR BT AR
S22 Y T 2 SR P 85 v AR A S B AT R

1 EHEERIZESITMER

1.1 BITEESH

Bertsimas 55" fE 1 B WL R gl A £
B RS A, JF RO B B M R (Integer
Programming, 1P) J5 & #E17 K ik . 1% 7 ¥ A TRl
SR o R B S AR L B AR AT S 5
it AT R A6 05 Bf 20 1) 3 248 M 2 4 A T LR R L
WY IZTT B AR . A8 S0 TR H AR BE AL HoA A 1
Fis a8 S T B FIREFE MBI (G,
FHF i 2s 25 2 B 1) 18 B B 7 & (Touchdown and
Lift-off Facilities, TLOF) (H) 1 F i 25 #8 16 i%
TR S AT I8 . Al @IS AT AT 55 W 4% . AR SO
e HE L a5 48 (Capable Aircraft, VCA) f£ 1 5
R ML AT 1 45 AT 55 3l 52 R 15 050 AT 55 [l 1
IS RIS A AR N 2 TR . KB T4
R E R EEFEILGEE 2 A RAE WS ER
K. 2B 2 EHEgfy, B 2 P EIE
MR GE WAE 551 8 R A E & R R VCA
FEANFAT: 55 2Z 8] 3 9 T 0 56 LA Bl 7« g i
FER MU 2 N 3 BB adE A TR R B AL 3 A DS
B o 1717 45 07 2 i 25 4 25 O T B R B ML 3% 4 o
B HE A JH i 25 B R 5

ERSL R

________________ }_ (USSP WY (S

EREFE H H

B RIS

Fig. 1 Structural of vertiports
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Fig. 2 Operational network flow of vertiports
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