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Table 4 Results of 10 J-function closed-loop simulation evaluations

Fe J a B Y - P

1 3.1925 1.20 3.56 0.64 3.92 7.86

2 3.1839 2.63 4.81 0.30 3.83 6.53

3 3.1886 1.32 4.94 0.97 2.97 7.20

4 3.2023 1.28 3.8 0.93 3.58 7.84

5 3.2086 2.31 3.07 0.88 3.87 6.71

6 3.193 1  2.52 4.49 0.51  3.31 4. 68

7 3.1984 2.41 3.06 0.42 2.09 4.39

8 3.2118 2.65 4.39 0.45 3.90 4. 14
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Table 5 Path data for 10 sets of look-ahead steps
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Fig. 6 Path trajectories obtained using 10 sets

of look-ahead step values
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Table 6 Weight parameter settings for 5 algorithms
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Fig.7 Path trajectory in an environment with 10 dynamic obstacles
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Table 7 Comparison of path performance in an environment

with block static and 10 dynamic obstacles
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Fig. 8 Path trajectory in an environment with 20 dynamic obstacles
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Table 8 Comparison of path performance in an environment
with block static and 20 dynamic obstacles
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Fig. 9 Path trajectories of 5 algorithms in a point static
environment with 10 dynamic obstacles
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Table 9 Comparison of path performance in an environment

with point static and 10 dynamic obstacles
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Sk RBE/m L5 WhE] /s Bk A7 AU BOER/
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IA-G-IDWA 64.18 264 39.60 0 642 0.02 0 0
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Fig. 10 Path trajectories of 5 algorithms in a point static

environment with 20 dynamic obstacles



80 KEFFE TR

5540 &5 5 W

F10 mRBE20MHEEBYFEEEMREX
Table 10 Comparison of path performance in an environment

with point static and 20 dynamic obstacles
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Improved A° and Dynamic Window Algorithm-Based

Dynamic Path Planning under Nuclear Radiation Environment

WANG Yunfeng' ,ZHANG Shihua®, WANG Xiaolong’" ,ZHOU Xiaoqing', LIU Wei'
(1. Institute of NBC Defense, Beijing 102205, China;
2. A Certain Unit, Beijing 102205, China;
3. Changchun Noncommissioned Office school of PLA Army Services University, Changchun 130117, China)

ABSTRACT: To address path insecurity and low planning efficiency in the path planning of nuclear facility inspec-
tion robots operating in complex radioactive environments, an improved A" -guided dynamic window algorithm (TA-
G-IDWA) incorporating radiation dose constraints was proposed. The proposed algorithm constructed a collabora-
tive global-local planning architecture. At the global planning level, a normalized radiation dose cost function and a
dynamic-weight heuristic function were developed to guide the improved A" algorithm in generating a low-dose ref-
erence path that accounts for both path length and radiation safety. At the local planning level, a multi-objective
evaluation function incorporating a radiation penalty term was developed to establish a radiation-aware enhanced
DWA algorithm. A local target-point selection strategy based on look-ahead steps was implemented to guide the
improved DWA in achieving smooth, collision-free, real-time obstacle avoidance while following the global path.
The optimal weight combination and look-ahead step values were identified through parameter sensitivity analysis,
followed by simulation experiments involving 10 and 20 dynamic obstacles in block and point obstacle scenarios,
respectively. The results show that the IA-G-IDWA algorithm can generate trajectories with zero inflection points
or collision events. In a block-obstacle scenario involving 20 dynamic obstacles, the proposed algorithm achieves a
5.87% reduction in path length compared with the improved A” algorithm and a 72, 50% decrease in cumulative
radiation dose relative to the traditional DWA. In a point-like discrete-obstacle scenario, the movement time is
reduced by 23.10% compared with the improved DWA, while the cumulative radiation dose is reduced to 18. 75 %
of that associated with the traditional A" algorithm. These findings demonstrate that IA-G-IDWA reduces the
robot’s cumulative radiation dose while ensuring path-planning efficiency and real-time obstacle avoidance
performance.
KEYWORDS: path planning; A" algorithm; dynamic window algorithm; nuclear radiation; look-ahead steps
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