2[RI E A MERY S T AL RIBCE R E R IR B 53

}%]iﬂ:“ihl 3,4’ —?‘;—'—{dfr’f;i'k_‘z, 3, 4, szljg 2,3, 4

(1 AEFRAGE R A IBIs  TRE%be, YLV M5 330013; 2. VLG ©A7%Ft, YLPG REE 330013; 3. VLFEEHE TIK
2 M FRAE B S MR TS0 R, VIVE REE 330013; 4. R E TS MUK (5 EUR AN E A0, TIPS 330088)

THE: AT REHAREDEEZEEAY., LEEBFHR AFA LT REIREL B RE, FHAE5 585 A AR £
AR, RXATELRRTHRE, RS AAWRRERLEARNER, B4, MEOLEFEEFME S NG 0 = F
HHhe Hok, MEIUERBOMAAEA, LR UL R ARSI B#HE LN DR, KAAE GA-SA FE#ITE5500; TE
AL ANMAE AT RE B, Bd =4 A ARG i dgiid, FREREAY, BALRTLLD T TREA X ERZLED
Bl R Al , EL RN 2t 5 T % 4.
KR AR AAN; SRR A, ZfIRBEML,; E500; W EAT AR
hESES: UI21 XHEAARIRED: A

Research on Bi-level Planning Model for Multi-UAYV Collaborative Delivery
Considering Complex Urban Environments
Zhou Zhiyi'***, Guo Junhua®>**, Yan Lixin***

(1. School of Traffic and Transportation Engineering, East China Jiaotong University, Nanchang, Jiangxi, 330013, China; 2. Jiangxi Flight University,
Nanchang, China, 330088; 3. Key Laboratory of Low Altitude Geographic Information and Air Route of Jiangxi Education Institutes; 4. Nanchang Key

Laboratory for Low Altitude Air Route Planning and Information Perception)

Abstract: Urban low-altitude logistics delivery faces constraints such as dense buildings and complex airspace.
Existing studies insufficiently characterize the geographical environment and treat task allocation and trajectory
planning separately. Based on complex urban environments, this paper proposes a bi-level planning model for multi-
UAV collaborative delivery. First, a 3D grid environment incorporating static obstacles and dynamic risk fields is
constructed. Second, a bi-level coupled optimization model is established. The upper-level model aims at total cost
and time satisfaction, employing an improved GA-SA algorithm for task allocation; the lower-level model
introduces grid flight risk and integrates a 3D A¥* algorithm for collision-avoidance trajectory planning.
Experimental results show that the model can effectively generate 3D cooperative obstacle-avoidance trajectories
in complex urban scenarios, balancing timeliness and flight safety.

Key words: Logistics UAV; Bi-level planning model; 3D environment modeling; Task allocation; Collaborative
trajectory planning.
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Fig.1 3D urban environment and UAV obstacle-avoidance path
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Tab. 2 Optimal location and allocation scheme
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