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Abstract: Aiming at the multi-objective coordination challenges in the layout planning of unmanned
aerial vehicles (UAV) takeoff and landing sites in high-density urban areas, including coverage
efficiency, construction cost, airspace risk, and environmental noise, an optimization model
integrating the multi-dimensional objectives above was proposed. An improved non-dominated
sorting genetic algorithm (NSGA-1 ) was adopted for the solution. Taking Nanshan District,
Shenzhen as an example, a hybrid planning model covering three functions of passenger transport,
freight, and urban governance was constructed. In the algorithm design, a hierarchical chromosome
encoding scheme was proposed, including latitude and longitude coordinates, functional types, and
scale levels. A dynamic constraint handling mechanism was applied to coordinate complex constraints
such as airspace safety, land use compatibility, and noise sensitivity. Specifically, for freight takeoff
and landing sites, a hierarchical connection rule was introduced to ensure the integrity of the urban
logistics network. The analysis of typical schemes shows that, in core business districts, the
passenger-oriented scheme has relatively high service coverage efficiency yet with higher airspace
management pressure; f[reight optimization scheme can significantly improve logistics efficiency in
logistics hubs, but the noise impact range rises by 25% ; the balanced scheme is the most applicable in
mixed-function areas like university towns; minimalist scheme provides feasible pathways for areas with
budget constraints or ecological sensitivity. Meanwhile, further parameter analysis indicates that reducing
the distance between first- and second-level freight hubs from 5 km to 4 km can improve freight efficiency
by 12% but increase airspace conflict risks by 18%. The installation of noise barriers can reduce residential
area noise by 4 dB yet with an additional cost of 100 000 - 200 000 RMB per site. A differentiated layout
strategy is ultimately proposed: business districts such as the technology park adopt passenger-oriented
layouts, and areas such as Mawan Port are equipped with a complete three-level freight network. The areas
surrounding the Shenzhen Bay Nature Reserve are restricted to micro takeofl and landing sites. The multi-
objective optimization framework and improved solution algorithm constructed in this paper provide a
complete and quantifiable decision-support tool for the planning of UAV takeoff and landing sites in high-
density urban areas, from modeling, solving, to scheme comparison.
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Table 1 Classification system of UAVs takeoff and landing sites for high-density urban areas
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Table 6 Comparison of algorithm characteristics
X LA bR NSGA- 1l MOEA/D SPEA2 NSGA-I
o A e AR + P05 R IR B RO 53 i+ 4RI PR AU 43 i+ 4RI P BTS2 500 e R
Pareto 1 {4k 21 JERPES S & S IR 0 o AS T 1] 3 T O 0 o AT 1 i 30 T W TS H e 2 A
TR DS | 55T Pareto S 900 £ B2 BT R 9] B A AL LT 5 A A K T 4 BETF Pareto S I 2 7% 5 Kk
U IR T3 815 b RE /N ¢ ey CRF 180 AV T[] i RGO | o 45 O 38 R 28 R/ N R K fED i (A OB E S % D
Wi Sl g PRORE 3 B SR ARPR CJry P85 2205 SEACEE S TIAPIR PN AR R H bR T Bl
fil S 53 A1 DG B2 R B PRI 43 A1) R CHR A T 17 4 43 17 ) MG O BEAS T PR 43 A D [ R T e
Ak HRE g iR (249 RS TS D Fh A CRE T PR 5if (2 U R it (249 RS TS D
T[] R A PNGRECIEIP e/ A ) PNGRE P PNGRE P
I A it 7 2~54~ H bz 2~34> Hbs 2~44> Hbz =34 Hpr Ga e 3
LA &) hag g AW 275 U
S RE A LS B IR LES
A7 R g Ak B i (TAEES % 1D
BN ror i Pareto ficfLFRiB b it A i B Pareto 5 £ {H 3 18 Pareto it 52 % i

bl 2 %00 T 55 X0, 76 DB AL R 1 58 2l & % iz IR
%5 o AU P R A B = B KRN IR 55 S
FTAEHE M H Dy A U AR 5 2 SRR H B A
HTREZD.

(DBIBRAETT % % RAERGE L E LT
SER = G M (194 5 R Ag s v 5 89.5%)
FE 23 8] 4 A L 5% R8s 11 4 97 el X 6 B 3z AX 41
Chig VS 09V5 ) 7E DI BEAS L L LR 2 Th gk &=
o FHAZ A PSR Al G 2 R W 388 T I ) % 19 5 B
538 E AR AR 5 30T MR S e Y ) B R

(WM 7 58 - % )7 AR B (A5 A 5 g 34
YERE LY OREUT IR A AL E R (124 S & 525
A8, 25 ) A Ry R X 3 18 A O D 5 Al 0 S 7 4 1
H b 18] 53K fe 25 A P M, NGB SR AT — B F5 i 3L
T A ST AR A B o

CAD W B J5 %8« % 7 AR B e B 1 A 3 A T

IR T A S BEURRIXC 78 T RE R S AR g E 2K
5 LR E B BE o R0 B i B 2 A% R
] $5 9% RS 5 BR BTS2 R IR 55 T PR A2 PR B A A A
SRR

Li L PTIR R TR — A T 42K 7
SR AE B B 2 (8] 23 A A 55 D RE A R L 4] B Y
RGNk . ST R A A D5 i A BB B E T
Ko 23 8] AT RE 3540 AL A 1] AL A9 A ) i 25 o
B0, % 3z At Yo Jr 8 B0 Bt Ko R ARG
XA e H %0 Ty BE ok 52 BLAL AR AR 5 T H i) 07 58
) 30 Ao A T KR O R R XA | T 2 RE TEE
BRI A S5 H bR, WA 2 frn . X — Xt ke
I W i 3 W], Pareto fiff 878 B JF A HLAE 40 B — 1
AT R T 5, MRAR AL T — A& 2 Fh n] BE1E Y
Jr ARG . WA R T B X Ok E
(VAN TRCRAP RS EIN & N TR e i e S TAL

i Ay

N ==

AL 64> 450, 7825 8] 43 A b AR 5 ) T B0 A 56 il 15 it (KA T3 5 o
®7T ARAFRITELE R
Table 7 Comparison of calculation results from different schemes
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Table 8 Quantitative assessment of applicability for typical solution zoning %
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Table 9 Sensitivity analysis of investment budget

WAL/ | X/ | .y A HBRR R
Vi Vi AR/ % Afi/AB
—10 000 25 200 81.2 —28.4 0.000 68
—8 000 27 200 82.5 —22.7 0.000 69
—6 000 29 200 83.8 —17.0 0.000 71
—4 000 31200 85.1 —11.4 0.000 73
—2 000 33 200 86.4 —5.7 0.000 75
0 35 200 88.0 0.0 0.000 77

2 000 37 200 89.6 5.7 0.000 74

4 000 39 200 90.3 11.4 0.000 70

6 000 41 200 90.8 17.0 0.000 65

8 000 43 200 91.1 22.7 0.000 60
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Table 10 Sensitivity analysis of airspace safety separation

\ \ o AR | R

B B AR Ak /m | 6% [R]#E /m | o 58 AU E) % %

—200 —200 0.28 —25.3 12.5

— 150 —150 0.24 —19.8 9.8

—100 —100 0.21 —14.2 7.1

—50 —50 0.18 —8.7 4.3

0 0 0.15 0.0 0.0

50 50 0.13 6.5 —3.2

100 100 0.11 12.9 —6.3

150 150 0.09 19.4 —9.5

200 200 0.08 25.8 —12.6

250 250 0.07 32.3 —15.8
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Fig. 6 Sensitivity of airspace safety separation
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Table 11 Sensitivity analysis of noise standards

MEFEIRME/AB | AR SR | ORAE I/ % CIRGR iR
43 12.8 22.1 0.48
44 10.3 16.8 0.62
45 8.9 13.5 0.70
46 7.9 11.5 0.75
47 6.5 7.2 0.82
48 5.4 0.0 0.88
49 4.1 —6.3 0.92
50 3.2 —8.7 0.95
51 2.3 —12.1 0.97
52 1.8 —15.3 0.98
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Fig.7 Sensitivity of noise standards
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Table 12 Sensitivity analysis demand growth
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Fig.8 Sensitivity of demand growth
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Table 14 Sensitivity analysis of passenger volume weight
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