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Figure 1 The overview of our proposed framework.
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Figure 2 Schematic diagram of avoidance zone placement based on
waypoint mirroring offset and shortest-distance radius (approach 1).
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Figure 3 (Color online) Schematic diagram of avoidance zone
placement based on line intersection calculation and random perturba-
tion (approach 2).
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Figure 4 (Color online) Rendering of the optimal path generated by
A*.
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Figure 5 Prompt template for the task description.
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Figure 6 Prompt template for the scene description (after injection).
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Figure 7 Standardized output format.
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Figure 8 (Color online) Supervise fine-tuning of data format
templates.
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Figure 9 Loss curve during training.
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Figure 10 Loss curve during training (log scale). When the model
reaches the 50th step of training, the training loss significantly
decreases, approaching 0.01 on a log scale.
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Table 2 Format score: raw models struggle with JSON format; training stabilizes formatting

cnt\step 0 20 40 60 80 100 120

160 180 200 220 240 260 280 300

1 0.50 0.705 1 1 1 1 1
2 0.505  0.68 0.99 1 1 1 1
3 0.505 0.71 0.96 1 1 1 1

F 3RS RIER): N0 G HERRRE 1A BTt IIZR80 I #a T-Fa &

Table 3 Acc score (strategic level): reasoning improves after 40 steps; stabilizes by 80 steps

cnt\step 0 20 40 60 80 100 120

160 180 200 220 240 260 280 300

1 0 0.25 0.93 098 096 096 0.97
2 0.01  0.01 0.57 0.62 0.66 0.63 0.58
3 0 0.04 0.44 069 0.73 0.70 0.70

0.96 0.96 0.97 0.97 0.97 0.98 097 098
0.62 0.60 0.61 0.62 0.63 0.63 0.63 0.62
0.71 0.74 0.73 0.68 0.66 0.73 0.68 0.68

F 4 MG S GON): I ARRE S A RE LA B A R

Table 4 Acc score (waypoint level): accuracy measured by label-to-output length ratio

cnt\step 0 20 40 60 80 100 120 160 180 200 220 240 260 280 300
1 0 0.15 0.90 099 099 099 0.99 0.99 0.99 0.99 0.99 0.99 0.99 099 099
2 0 0.05 0.54 0.82 090 091 0.93 0.93 0.94 0.94 0.94 0.95 0.95 095 096
3 0 0.03 0.60 0.84 091 0091 0.91 0.91 0.91 0.93 0.91 0.90 0.90 0.90 0.89
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Table 5 Average response schedule

FIE X H o\ g A* RRT*  Dijkstra Ours
1 0.96 11.46 3.14 2.84
2 1.20 11.83 426 3.86
3 1.28 11.82 5.34 5.13

Fo PHMEKER
Table 6 Table of average path length

FHL B X B\ Ty A* RRT*  Dijkstra Ours
1 108.53 11099  109.10  108.20
2 107.34 11029  107.96  108.38
3 105.56 10933 107.46  107.43

R BREEHER

Table 7 Maximum path curvature table

R X H B\ g i A* RRT*  Dijkstra Ours
1 0.2202  0.1575  0.1824 0.0953
2 0.2361 02085  0.1833 0.1051
3 02623 02545  0.2049 0.1022
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Figure 11 (Color online) Rendering of test case scene.
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Figure 12 (Color online) The performance of the test case on an untrained model. The output format is not standardized, and the thinking content is
also incorrect.
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Figure 13 (Color online) The performance of the test case on the trained model. The output format and thinking content are both correct.
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Fine-tuning of large language models for obstacle circumvention in
path planning via chain-of-thought reasoning

WANG RuiTao', LI BoYan’, SHI XiaoRong’, WEN YongMing’, CHENG Rong', YU Yue’,
ZHANG NingNing’, TANG HongYao', ZHENG Yan' & HAO JianYe'

! College of Intelligence and Computing, Tianjin University, Tianjin 300354, China
? Science and Technology on Information Systems Engineering Laboratory, Beijing Institute of Control and Electronics Technology, Beijing 100038,
China

Autonomous path planning for aerial vehicles in complex environments is essential for flight safety and mission success. Practical
systems must achieve both real-time obstacle avoidance and long-range navigation. However, existing methods show limited
robustness, weak generalization, and low computational efficiency when facing dynamic obstacles, environmental uncertainty, and
physical constraints. In this paper, we propose a two-stage path planning framework driven by a large language model (LLM). The
framework exploits the spatial reasoning and generalization capability of LLMs. In the first stage, the model generates feasible detour
paths directly from structured environment descriptions and task prompts. This process does not rely on traditional mapping or search
modules. In the second stage, we construct high-quality chain-of-thought reasoning samples for obstacle circumvention. We perform
supervised fine-tuning to improve spatial understanding and to stabilize path generation. This stage enables a smooth transition from a
general-purpose model to a task-specific planner. Experimental results show clear performance gains in highly complex scenarios.
The proposed method significantly improves obstacle circumvention success rate, path rationality, and adaptability to unknown
environments. These results demonstrate the feasibility of using LLMs for structured spatial planning tasks. The method also provides
a practical solution for intelligent aerial navigation under real-world constraints.

obstacle-circumvention, large language model, supervised fine-tuning, path planning
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