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Design of an Auction Mechanism for eVTOL Vertiports in the
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Abstract: Against the backdrop of global technological and industrial transformation, the low-altitude economy has
emerged as a strategic frontier for reshaping regional competitiveness. However, existing studies offer no thorough
investigation into the operational management issues associated with the allocation and pricing of electric vertical take-off
and landing (eVTOL) vertiports. To address this gap, this paper designs an allocation and pricing mechanism that enhances
social welfare, incentivizes truthful bidding, and mitigates market monopolization. An eVTOL vertiport allocation model
based on Vickrey-Clarke-Groves (VCG) auction theory is developed, with Shenzhen as a case study. Through experimental
simulations, the performance of the one-shot VCG auction (O-VCG) and the partitioned sequential VCG auction (S-VCG) is
compared across various market environments, with focus on the impact of vertiport quantity, operator bidding behavior,
cross-regional package preferences, and regional partition granularity on allocation efficiency. Experimental results
demonstrate that the optimal auction mechanism depends on the market environment and agent characteristics. (1) Auction
mechanisms, especially the S-VCG auction, outperform fixed pricing mechanisms in terms of social welfare. Although fixed
pricing may increase short-term platform revenue, it reduces operator profits and market participation. (2) Partitioned
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auctions show greater robustness across most scenarios where S-VCG comprehensively outperforms O-VCG in platform

revenue and achieves higher social welfare when resources are sufficient or bidding activity is high. (3) An optimal

granularity exists for regional partition. Increasing regional quantity initially promotes but eventually suppresses social

welfare, indicating the need to balance competition incentives with matching efficiency. This study provides low-altitude

economy regulators with a scientific resource allocation tool and decision basis based on the auction theory, and confirms

the substantial potential of mechanism design to address complex airspace resource management problems.
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Figure 1 eVTOL vertiport layout and low-altitude application

scenarios in Shenzhen
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Figure 2 Impact of vertiport quantity and operator preferences on auction mechanisms



32 Tk T f%

55029 %

MNmlF SR e . mmir B AREAL K2 g =T
(M1=41) 1& H O-VCGLA LR B Pp [ WS 2t s+ i 2f B
PRAE BB 34 B ECR A S-VCG; % fm 4 3 A4 AX
TE IR (17]=25) K& H O-VCG, HIE TR IS
S-VCG Eflt. fEKI 2 (b) H', S-VCG ¥ &l s fE
BT A i 3 5 R #H8F O-VCG, H 25 5 1 &
KACEFFHLHI A, S-VCG TR A Uk i
B, 1M O-VCG T & b U s 55t i

EE R TN 2 () Fras, PRRTALH] AU
i M 2R FIREAZTEAS i, AR 5 4L S 4R R A
L, BB VEFR B O-VCG A Fiz & ng, (HALH
N as 5 H A Al om B 2 AR OC, RS g1
Weas i mr, HHmIFIRZ, mimiF k. B2 () X
b T RSB R L, S BIRECD R, mAE
T 1032 8 T K el b, X R BITE SRR 5K
T, JBSRE AL A 1) SR 2 T I B (1) 5
PG, 5 o RS AT T R
432 FAREE 5E B B RET AT 40 £ AUH 6% 0h

PR FEHE bR E R H AL ) B A BN 5 X 45 Al

1 600
1400
= 1200
InE
%
- 1000 |
800
600 - L " L " R .
10 15 20 25 30 35 40 45 50
R AR XORB
(a) FE2ARH]
1200
1100 \/V,---<
N
1000 | A
/J\"/ -
% 900 f
ey N
= 800 o %
= «/PJ e NI
fm 700 7 AN Il\_._/“ Ny
i) 600 L ’,/ A\ v V-
N ’
500
. Inp 2N
400 ?\-/‘vv\\ll L RS Y N,
300

10 15 20 25 30 35 40 45 50
R XOR S
(c) I&E R R

WIS, ARSI WE 1) =10, |J]=40, |Z|=4,
BEAREELN IV 46 5 B bR 2H A 5B AE 10 ~ 50 1
BEGOE N EUE. HRIER 3.3.1 /N

K] 3 (a) ' S-VCG Mtk 2 4@F] =T 0-VCG, H
T TR R ZE PR AT 5 XA A 5 P 3
oz A K3 (b) fEF B U E T, S-VCG
ML E 2 & T O-VCG, 1M O-VCG HLifill T A [ fim &7
XS BT B U e W B AR ] 3 (0) ' S-VCG
R E R E T O-VCG, HEEmE S4HE
aF A s B 3 (d) MK LLBIRE, Brmd
B U BEARTE B8 7 X (R Bl ok, 4K 24
TS N BR L i TS . WERZE IR
F, REARFERZE THHRL: SimrigE
/N T PIFRHLE] AL AR R ZE R, (AR T
FEME (a5 WML AEC): S-VCG T ik ad
Hig g mARMM I, M O-VCG U X 5 5 14 A fi
B R A IS S T I AR R AR B E R B R B
W, RPHLEIRNEXAATRERGBAEEY
5 55 52 BIHLH UL AL BRI 2

800
o -
i R
600 | , ,'\‘ ’,;\—\\”/,“'w )’fv)/ "
¥ 500 Rl
2 sl '
WA,
s 400 5{
300
200 W*.W—V\
100 . . . . . . .
10 15 20 25 30 35 40 45 50
Fe KB XORE &=
(b) FE e
1:000 T Ty TR
T
[l 1 1
0.998 | ll||“' |||'”|| ll“' ,'||| I|'"l||”l
' \y Loy A 1 h “ll, 1]
1y Ly IS RIRITRTIRT
K 099 ""7", :nHI “nu:n:Hl u
juny I 1 1
& ! ! 1 - g !
= 0994 | h il
1§ v 1 ot
n un
1 I
0.992 | p W
] i
\ 11
0.990 — —

10 15 20 25 30 35 40 45 50
I KPARXORE =
(d) BRE LA

= O-VCG-H =— O-VCG-M

O-VCG-L =+ S-VCG-H =- S-VCG-M S-VCG-L

3 RHENEER RTINS

Figure 3 Impact of bid quantity and operator preferences on auction mechanisms



513

T 75, fLHEREG, 1REF: KFRYF T eVTOL &I LhLH 51t 33

433 iaEAF L B2 2 M AUEE R RBX 5T
B9 PR AT

S 3 A AR IT XK 43 BB S L) K
S E MR B2, 1% B IE T 7 I X 3 1A
RN, FIR¥E =10, /=50, |Bl=30, X
WEEN2. 4. 6. 8. X—HESH TIHIITH
XHEH, MHEBA KE eVTOL T 3R AI4TH X 15k 2]
ARV IZE eVTOL B X8, B H IR 23 35 3
S DX R ) A 3 X Y A B . JE e LA ]
X 3Kl 2 e AL R B, AT 7R 23 k0 5 B
43 XX SR IC B RCR R, IR S &5 X
KBRS AR o

Xof EE AL ) G 45 P b Sz AL A LR [ E A Bl
il o [ 5 72 A WL 30 3 18 S G — 1 A FH O %
M Pred BAT FIR L . N RGBS ZAHL I FE AR
W& TR, Wik 3 MEENEKE: &
Wi Py BB VR AL TSR PR, BRI DY 4367
s A P B R AL E,  DUBERAE 75 AE T 38 i
EARS 5 AR PORIMEA BRI T R4S, B
B T YA 128 B AE A E AR T A%

TSI G, o AR I HE NS it ey, UE
RS BN BC . ML LR 20 HC I RE R A ARG %
Xk ) [ B W AR AR U

FELERWE 3 PR, X EH MRS, B
X HEER N, AR el s E IR
a3 RO ST A R R AR S . X
ANE R X SR RE S R OR T 38 4 0 5 TR
BRI AL R 2 [0 AR fie P, AT SE B A 2 48
AR LR E G, DB OE 2 &
MR Pt TR S A SR N, ki
AR RCR PR T . 7R R P B ] 2 B sk
LR, R 2> X BHASE (S-VCG) ML, FF4
PARHE R XA, REAS IE I 51 NI FE A X 31A] 58
F, ARERTTRIBERREMR SHmA . ZRY,
M AR BEAT SRR NI AR A RS B AT
LG, MRERE VAL HX T 5e 4 4 M 2Bid,  LL
TFRBEARBER FAL MR TT %

X EE AR SE AL 5 T 5E SE A L R A S 6 45 R
s 3R E AN HLE] (Rt R AR BrseEL
(R A8 A AR T2 X3 BRI SE (S-VCG) HLf

®3 REBESENVHEIRNE

Table 3 Impact of the number of regions and pricing mechanisms

[X e HLHI Y e iap il FEGER EEEE PR L

0-VCG 1023.99 71.06 952.93 1.00

S-VCG 1199.77 197.02 1002.74 1.00

2 B B Py 115430 792.24 362.06 0.59
FSE M T P 1154.62 653.25 501.37 0.78

B sEf: (R Py 1075.08 446.96 628.12 0.89

0-VCG 117231 97.41 1074.89 1.00

S-VCG 1471.65 344.52 1127.13 1.00

4 Rl B P, 1166.78 806.10 360.68 0.58
EE R P Py 1179.60 663.80 515.80 0.78

SR IR P, 1089.04 45827 630.77 0.90

0-VCG 1163.70 104.84 1058.95 1.00

S-VCG 1385.41 341.94 1043.47 1.00

6 B B Py 112236 780.57 341.80 0.53
FSE M T P 1145.68 637.48 508.20 0.72

s sEf: (R Py 1081.76 442.64 639.12 0.84

0-VCG 115425 109.56 1044.70 1.00

S-VCG 129023 246.77 1043.47 1.00

8 s B P, 1109.82 784.78 325.04 0.50
EEM: B Py 1142.42 626.76 515.66 0.67

B e & Py 1076.50 429.99 646.51 0.78




34 Tk T #2

55029 %

SR, [ 52 58 A LRI AE - & Wi as 75 R B R
H s e S R P B Ui A A SE AL
i, XEZFE AL BOES s EESRIT &
rr AR . LRI, X2 A AR £ [
SEFE M AL S AR T IS L, S T pi A e
XTI A e GSE ) He R B 3508 .

UEAk, [ E E M L AR R L) AR, 3R
WRAESERRR A, 2 R e e T3k, Ref i 2
A% T THE T R HE N T I )3 8 T B R b, T
WS HE TR, AP HRE A SR8k,
WATREHI 99 T2 58 4% 11, KIZRE AR T 5 A
B ZBURE AT RS R E E M RN
RENS 9 & I O oK B i, (HL AR 2t 1
TURACE AR M| IS E R eI, T RE S
R R LT RG . RItE,  FEAR A B A i
BURB T, 75 7R BURN B KA 5 T 3 K S e
R 2 18] H AL A

5 Zig

AL AR S 2 5 UL I B T e VTOL 2 B
WX — REEFG G SR B 0, ORI 2 ou 8
AN OB 5, BT R R Ha s
WHINS R AU, RaEHAT T
— IR A 525 4 X 3807 5 40 32 DA R A% Sl 5 e
WLl RE . AW FE R EZEDTERE T, Rk 73
AT 2 RETHALIHMWER, HXRMNEEZTH
A JRACE MALA, N eVTOL & [37 14 it 55 &
WAL T RGN B 7 R P SRR -

AW T B A% O BET AR I AE LR 4 AN J5 T
1) M T — AN A5 R E T XA A Wi 50
7 2 X D) RE L AR B Fa AR, B SRS E 1)
W28 A0 5 5 A RRAE s 2) Sl 1 J s, KRR
TR E AR S I (IR T . 5
B, XK ) AR N P (A 1 5 iE)
Z KRR, NS E R RIS %,
3) A T A0 SEALEIAR T AR Gl e e AN TR SR T A 2
R PRBEIEE P e AR T 3% 2 J0 5 4 7 TH I
R, FEHE R T e & O B Ae 5 3G i
TABUBON AR LA 17 3538 775 Bie B8R AR
4) B UE T 4y X7 RS2 AE 2 8O0 5, did
FINE FE e A R R R AR T, FRIRHITECA R K

JRM BIHLH IR PR A2

TR RLE R, EEERIITRS L5 RN
W RHUUFEE G R SEEREN: 1) e E Y
PHRAR BB B, WK 4 XTSI SE (S-VCG) 1E
NEFHS], B RIEEm M E M, 10 H
XIEEEW T 2) BE W RES IR n, SR
NI A5 (0-VCG) LU RS X I8 W [l 4
MBS AL 3) X3k 7 ROBAE “ Thie T . &
G RN, 3G I B A o T BRI ks 4) MR
FE M ESEW NGBS S SRS, FRES
) EWT EIR (U.), RIS AF 5545

ST AT R R, Kok TAERT MLLR 3 07
R 1) SINER AT NERL, AR
BN TEAFE AN, KRR AR P 5
Sz 12 2T e 5 SR HEARAN ATy, AR B
EISE. 2) RRZ A AT, AR
LR 7 I} TE) R P B — BARE YT, SRR AT ALIB E T
X [F— 3t 2 A a R AL A T oK, RS 5 2 T
e % BT S A HASEN LA . 3) IRk Sis T FE il
A, SRS EALH S S S RS TR
RIEBITIH KRGS, W oIk —E17”
IR R SRAE LS, RIESR S AT LR R R
(L8R T 1]

S

[1] e AL E [F 55 B, It R [J] S5 Be ek (IE K 474 AL
1R A2 58 W %I 49 B ) [EB/OL]. (2021-02-24)[2025-11-03].
https://www.gov.cn/gongbao/content/2021/content_5593440.
htm.

21 S@AN. R 25 & Hm CINL AR B, 2024-07-
06(6).

31 e, HSCHk, 24, 55, MR eVTOL i 2% S 3 2
IE A I B LRIR [T]. AT IS i T2 4R, 2020, 20(4): 35-54.

[4] Kong X T R, Xu S X, Cheng M, et al. loT-enabled parking
space sharing and allocation mechanisms[J]. IEEE Transactions
on Automation Science and Engineering, 2018, 15(4): 1654-
1664.

[5] Yan Y P, Wang K, Qu X B. Urban air mobility (UAM) and
ground transportation integration: a survey[J]. Frontiers of Engi-
neering Management, 2024, 11(4): 734-758.

[6] Huang H L, SuJ C, Wang F Y. The potential of low-altitude
airspace: the future of urban air transportation[J]. IEEE Transac-
tions on Intelligent Vehicles, 2024, 9(8): 5250-5254.

[7]1 Long Q, Ma J, Jiang F F, et al. Demand analysis in urban air
mobility: a literature review[J]. Journal of Air Transport Man-
agement, 2023, 112: 102436.


https://www.gov.cn/gongbao/content/2021/content_5593440.htm
https://www.gov.cn/gongbao/content/2021/content_5593440.htm
https://doi.org/10.1109/TASE.2017.2785241
https://doi.org/10.1109/TASE.2017.2785241
https://doi.org/10.1007/s42524-024-0298-0
https://doi.org/10.1007/s42524-024-0298-0
https://doi.org/10.1007/s42524-024-0298-0
https://doi.org/10.1109/TIV.2024.3483889
https://doi.org/10.1109/TIV.2024.3483889
https://doi.org/10.1109/TIV.2024.3483889
https://doi.org/10.1016/j.jairtraman.2023.102436
https://doi.org/10.1016/j.jairtraman.2023.102436
https://doi.org/10.1016/j.jairtraman.2023.102436

T 75, fLHEREG, 1REF: KFRYF T eVTOL &I LhLH 51t 35

[8] Hyun K. Choice model based analysis of consumer preference
for drone delivery service[J]. Journal of Air Transport Manage-
ment, 2020, 84: 101785.

[9] Ren X H, Wang J R. Symbiotic evolution mechanism of urban
air mobility industrial innovation ecosystem: evidence from low
altitude air mobility in Shenzhen[J]. Journal of Air Transport
Management, 2025, 124: 102750.

[10] BRAR . B8 ORI T {1 2 52 S A B by 2 15 Al 55 PG 10 A BB
T GE[C/ R TR0 T A 2 2 3BT S A R
T2 ) 310 M 25 o 7 2 T ——2025 3, T 2 I8 MR 4F 2 18 SCAR.
Lifg: LTI 2 d BT A R TURE, 2025: 280-289.

[11] Pons-Prats J, Zivojinovié T, Kuljanin J. On the understanding of
the current status of urban air mobility development and its fu-
ture prospects: commuting in a flying vehicle as a new para-
digm[J]. Transportation Research Part E: Logistics and Trans-
portation Review, 2022, 166: 102868.

[12] Decker C, Chiambaretto P. Economic policy choices and trade-
offs for unmanned aircraft systems traffic management (UTM):
insights from europe and the united States[J]. Transportation
Research Part A: Policy and Practice, 2022, 157: 40-58.

[13] 28, Ak, BAARAT, 55 02 T AR BCIE BT 7 15 B 4%

R[] Tk TRE, 2025, 28(1): 9-21.
Fu Hui, Cui Yu, Zhao Jiahong, et al. A review of research and
applications in low-altitude logistics and delivery using un-
manned aerial vehicles[J]. Industrial Engineering Journal, 2025,
28(1): 9-21.

[14] Vickrey W S. Congestion theory and transport investment[J].
American Economic Review, 1969, 59(2): 251-260.

[15] Cramton P. Spectrum auction design[M]. Cambridge: Cam-
bridge University Press, 2013.

[16] Lee H, Jung J, Lee D J. An auction-based airport slot realloca-
tion scheme considering the grandfather rights of airlines[J].
Journal of Air Transport Management, 2024, 118: 102612.

[17] Zaman S, Grosu D. A combinatorial auction-based mechanism

for dynamic VM provisioning and allocation in clouds[J]. IEEE

Transactions on Cloud Computing, 2013, 1(2): 129-141.

[18] X1 77 Bly. 4= oA & 2% B P 5 I B 5 U 20 TS ML o) ) AT
[D].Fa 5% B A AU AR K27, 2011

[19] Xu S X, Huang G Q. Efficient auctions for distributed trans-
portation procurement[J]. Transportation Research Part B:
Methodological, 2014, 65: 47-64.

[20] Xu S X, Zhao Z H, Huang G Q, et al. A meta-auction for on-de-
mand transportation procurement in industry 5.0[J]. Transporta-
tion Research Part E: Logistics and Transportation Review,
2025, 193: 103842.

[21] Feng J H, Yu N, Wang Z H, et al. ChatGPT-enabled two-stage
auctions for electric vehicle battery recycling[J]. Transportation
Research Part E: Logistics and Transportation Review, 2024,
183:103453.

[22] Husain Z, El-fouly T H M, Singh S, et al. BlockCharge: a
blockchain-based auction framework for EV charging via mo-
bile stations[J]. Applied Energy, 2025, 377: 124638.

[23] Guo J T, Zhang J L, Cheng T C E. Truthful multi-unit double
auction with transaction costs and sellers’ changing marginal
costs[J]. International Journal of Production Economics, 2024,
278:109430.

[24] FLAE R Hi, £, RER T, . BT L8 T 6 S KL UE

SEHLHIBETT[I]. REE B ], 2023, 32(4): 651-663.
Kong Xiangtianrui, Wang Chao, Xu Suxiu, et al. Hierarchical
auction enabled integrated purchasing and delivering mecha-
nism for digital wholesaler platform[J]. Journal of Systems &
Management, 2023, 32(4): 651-663.

[25] Shao S J, Xu S X, Yang H, et al. Parking reservation distur-
bances[J]. Transportation Research Part B: Methodological,
2020, 135: 83-97.

[26] Beil D R, Wein L M. An inverse-optimization-based auction
mechanism to support a multiattribute RFQ process[J]. Manage-
ment Science, 2003, 49(11): 1529-1545.

USRS Rk H)


https://doi.org/10.1016/j.jairtraman.2020.101785
https://doi.org/10.1016/j.jairtraman.2020.101785
https://doi.org/10.1016/j.jairtraman.2020.101785
https://doi.org/10.1016/j.jairtraman.2025.102750
https://doi.org/10.1016/j.jairtraman.2025.102750
https://doi.org/10.1016/j.tre.2022.102868
https://doi.org/10.1016/j.tre.2022.102868
https://doi.org/10.1016/j.tre.2022.102868
https://doi.org/10.1016/j.tra.2022.01.006
https://doi.org/10.1016/j.tra.2022.01.006
https://doi.org/10.3969/j.issn.1007-7375.240388
https://doi.org/10.3969/j.issn.1007-7375.240388
https://doi.org/10.1016/j.jairtraman.2024.102612
https://doi.org/10.1109/TCC.2013.9
https://doi.org/10.1109/TCC.2013.9
https://doi.org/10.1016/j.trb.2014.03.005
https://doi.org/10.1016/j.trb.2014.03.005
https://doi.org/10.1016/j.tre.2024.103842
https://doi.org/10.1016/j.tre.2024.103842
https://doi.org/10.1016/j.tre.2024.103453
https://doi.org/10.1016/j.tre.2024.103453
https://doi.org/10.1016/j.apenergy.2024.124638
https://doi.org/10.1016/j.ijpe.2024.109430
https://doi.org/10.1016/j.trb.2020.03.005
https://doi.org/10.1287/mnsc.49.11.1529.20588
https://doi.org/10.1287/mnsc.49.11.1529.20588

	1 研究背景
	2 文献综述
	2.1 城市空中交通
	2.2 拍卖与机制设计

	3 问题描述与模型构建
	3.1 问题描述
	3.2 模型
	3.3 拍卖机制设计
	3.3.1 一次性组合拍卖机制
	3.3.2 分区域序贯拍卖机制
	3.3.3 拍卖机制性质


	4 算例与结果分析
	4.1 实验设置与流程
	4.2 估值模型与投标集构建
	4.3 实验结果及分析
	4.3.1 起降场数量与运营商偏好对拍卖机制的影响分析
	4.3.2 投标数量与运营商偏好对拍卖机制的影响
	4.3.3 拍卖机制与固定定价机制在不同区域划分下的比较分析


	5 结论
	参考文献

