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‘ T b
Sk e RN (S) B K (km) R RN L (S) B K (km)
E2QRSA 0.847 42.3 163.8 0.762 138.5 394.4
SEWOA 0.812 58.7 162.5 0.723 187.3 391.2
IVCSA 0.805 54.2 164.1 0.716 176.8 395.7
ATLA 0.793 61.4 167.3 0.698 195.6 472.3
QRO 0.778 52.8 169.7 0.685 171.4 467.8
PSO 0.731 35.6 171.2 0.624 112.3 418.3
F 2 CEC2017TM R MM U AR (IELIREE)
R E2QRSA SEWOA IVCSA ATLA QRO PSO
F1 3.67e—06+7.2e—07 2.13e—064-4.8e-07 5.48e¢-064+9.1e-07 1.27e-054+2.3e-06 8.94e-0541.5e-05 4.32e—054-8.6e—06
F2 1.24e—044-2.8e—05 3.56e-044+6.1e-05 2.87e-0449.0e-05 5.13e-044+8.7e-05 7.82¢-044+1.3e-04 6.95¢-04+1.1e-04
F3 68.4+12.3 57.3+9.8 52.7+8.4 74.6+13.7 89.2415.8 96.54+17.2
F4 23.864-4.52 31.92+5.84 38.75+6.93 45.28+8.16 52.64+9.43 67.83+11.25
F5 8.74+1.95 7.2341.62 9.86+2.14 12.4742.78 15.3843.21 18.924-3.87
F6 0.3184-0.074 0.46240.091 0.524+0.108 0.687+0.142 0.819+0.165 1.02540.198
F11 287.44-32.6 342.5+38.9 386.7+44.2 425.3+49.8 478.6+55.4 532.84+61.7
F15 1326.74+87.4 1284.34-79.8 1412.54+93.6 1523.44+102.7 1687.2+113.5 1825.6+124.8
F21 423.8+18.7 467.2+22.4 492.6+25.8 518.4428.9 564.7+32.3 612.3+35.6
F28 1823.54+67.8 1756.44+58.9 1698.74+52.3 1942.64+74.2 2087.3+81.5 2234.8489.7




1714 B 7 5

f&

48 %

2 %

BENTIE IS, BlE UL AR X IR 20 B, iME
B FHZ0.4K4, RN $]5.8, 5K
MTHRREG R WSURE 20150
T, MEREEYERES. 208 /ME, BiREETE
TSR

NERSTE RS BRESERI R, 1
HTWEBhE (R 200) NI R . 3T
N, EENERTARRE, dH/dt 5AF 2R
FHK (r=-0.76), BT PR, 5T
o X Fh U S AE JE HIRES (r=-0.32), NI
AR OB i A, Sudk A R .
4.3.3 ETHEME S

T G S RS AN AR R R A S
o BRI T ML ot FEIE AT FE A AL,
PAK SR 2 PR AR R R

L gEEE 0153 220.77, ZHRMBIIE. AT
iRl gided 2 FedE, o MM 2 g e 2h 0t B 26 R 4%

* 3 RUAHHRMSIBRER (KHIEAR)
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Entropy-Enhanced Quantum Ripple Synergy Planning Method for
Emergency Path of Unmanned Aerial Vehicles Driven
by Survival Probability
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Abstract:

Objective Natural disaster emergency rescue places stringent requirements on the timeliness and safety of
Unmanned Aerial Vehicle (UAV) path planning. Conventional optimization objectives, such as minimizing total
distance, often fail to reflect the critical time-sensitive priority of maximizing the survival probability of trapped
victims. Moreover, existing algorithms struggle with the complex constraints of disaster environments, including
no-fly zones, caution zones, and dynamic obstacles. To address these challenges, this paper proposes an
Entropy-Enhanced Quantum Ripple Synergy Algorithm (E?’QRSA). The primary goals are to establish a
survival probability maximization model that incorporates time decay characteristics and to design a robust
optimization algorithm capable of efficiently handling complex spatiotemporal constraints in dynamic disaster
scenarios.

Methods E?QRSA enhances the Quantum Ripple Optimization framework through four key innovations: (1)
information entropy-based quantum state initialization, which guides population generation toward high-
entropy regions; (2) multi-ripple collaborative interference, which promotes beneficial feature propagation
through constructive superposition; (3) entropy-driven parameter control, which dynamically adjusts ripple
propagation according to search entropy rates; and (4) quantum entanglement, which enables information
sharing among elite individuals. The model employs a survival probability objective function that accounts for
time-sensitive decay, base conditions, and mission success probability, subject to constraints including no-fly
zones, warning zones, and dynamic obstacles.

Results and Discussions Simulation experiments are conducted in medium- and large-scale typhoon disaster
scenarios. The proposed E2QRSA achieves the highest survival probabilities of 0.847 and 0.762, respectively
(Table 1), exceeding comparison algorithms such as SEWOA and PSO by 4.2~16.0%. Although the paths
generated by E2QRSA are not the shortest, they are the most effective in maximizing survival chances. The
ablation study (Table 3) confirms the contribution of each component, with the removal of multi-ripple
interference causing the largest performance decrease (9.97%). The dynamic coupling between search entropy
and ripple parameters (Fig. 2) is validated, demonstrating the effectiveness of the adaptive control mechanism.
The entanglement effect (Fig. 4) is shown to maintain population diversity. In terms of constraint satisfaction,
E2QRSA-planned paths consume only 85.2% of the total available energy (Table 5), ensuring a safe return, and
all static and dynamic obstacles are successfully avoided, as visually verified in the 3D path plots (Figs. 6 and 7).
Conclusions E?QRSA effectively addresses the challenge of UAV path planning for disaster relief by
integrating adaptive entropy control with quantum-inspired mechanisms. The survival probability objective
captures the essential requirements of disaster scenarios more accurately than conventional distance
minimization. Experimental validation demonstrates that E?QRSA achieves superior solution quality and faster
convergence, providing a robust technical basis for strengthening emergency response capabilities.

Key words: Disaster relief; UAV path planning; Quantum ripple optimization; Information entropy; Survival

probability



