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ABSTRACT Path planning for the complete coverage of nuclear radiation fields is necessary to ensure the
radiation safety of regional operators in radiation environments. Based on a bio-inspired neural network algorithm, a
complete coverage path-planning algorithm for the optimal control of the radiation dose is proposed. First, part of
the terrain of the Fukushima nuclear power plant and the Monte Carlo particle transport program were used to
construct the obstacle distribution and radiation dose field in a simulated nuclear radiation field. Subsequently, the
Python programming language was used to conduct algorithm simulation experiments. Each grid of the simulated
nuclear radiation field was defined as a neuron, and a bio-inspired neural network was established. The grid dose rate
and neuronal activity were combined to achieve optimal control of radiation dose in path planning, and single, four,
and eight mobile units were used for simulation experiments. The results showed that the planning path of a single
mobile unit can achieve 100% coverage and a 4% coverage repetition rate and can first cover the low-dose area and
delay the coverage of the high-dose area to achieve optimal control of the process and cumulative doses. The
algorithm is improved via a multiunit collaborative search to increase the time efficiency of complete coverage and
decrease the cumulative dose of monomers. The coverage repetition rates of four-unit and eight-unit simulations
were 5.72% and 6.29%, respectively. The complete coverage times of the one-unit, four-unit, and eight-unit
simulations were 30, 9, and 4 min, respectively, and the time efficiency was doubled. The maximum cumulative
doses of the monomers for the one-unit, four-unit, and eight-unit simulations were 4.11x107, 1.28x107, and 0.85x
10~ mSy, respectively, which also decreased significantly. The proposed algorithm can achieve complete coverage
path planning of optimal control of the process dose and cumulative dose. Moreover, the algorithm can coordinate
multiunit path planning and significantly decrease the cumulative dose of monomers, which is critical for radiation
protection during regional operations in a radiation environment.

KEYWORDS Bio-inspired neural network, Nuclear radiation field, Complete coverage path planning, Multi-unit

collaboration, Dose control
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Fig.1 Map of obstacles to a hypothetical nuclear accident
site: (a) reference terrain of the Fukushima Nuclear Power
Plant; (b) simulated raster map (color online)

1.2 HEZESIIXFIES

K 295 R 2R T s B A RRAR SN
MCNP 4C) KA AUAZ 45 I X B i f) &, Horp
By X JUAAT AR 10 mx10 mx1 m f JLAT 25 78], &
I3 18 20%20 WS, bR 124N 0.5 m, 37 X B s R
Nlme MEH-RIE T, OGS IE 78 &+

010601-3



WS R S T2 R 2024,42:010601

MokE, AR 7 SR, R R 7T
FUHRUR 1 FR. BEHRR B2 a8y H 2k
MR, YA AEARRR N (9, 13) AT (14, 7) A M Hp 0
frE, HySERaeREa g2 s, BEEEiT1
TR IR R S R W 2, oA S
IR y B R H — 05 BB R AE,  Bars P iis
PRic A b L EE KB, Bitbric R,

R1 HEOTRAR

Table 1 Material element composition

TCER 5 4=
Chemical element Mass ratio
Rkt H 0.65
Concrete (6] 49.83
Na 1.71
Mg 0.24
Al 4.54
Si 31.50
S 0.12
K 1.92
Ca 8.25
Fe 1.22
TR N 0.76
Air (0] 0.23
Ar 0.01

R2 TRy ST RERALR

Table 2 Radioactive source gamma ray energy

composition

it / MeV JH—LJE )
Energy el 741 / %

Normalized proportional

distribution
0.049 72 7.2593
0.228 17 42.5880
0.284 30 1.082 6
0.328 76 0.103 8
0.364 48 14.505 7
0.487 02 02326
0.636 98 1.296 9
0.652 92 3.6697
0.662 00 24160
0.749 81 10.871 6
0.81577 0.1190
1.024 61 15.3670
1.596 20 0.487 7

Normalizaed dose rate
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R LI 258 O
Fig.2 Normalized radiation dose field calculated by
Monte Carlo simulation (color online)
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Fig.5 Flow chart of unit decomposition method
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Fig.13 Real-time dose metrics variation chart of 4 units simulation: (a) real-time dose rate variation chart;
(b) real-time cumulative dose variation chart (color online)
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Table 4 Comparison of simulation test results

TEMAE BB IR /s

Complete the full ~ Time

coverage steps

HEHR % IRER T ip =ik FA B K R AR R / mSy

Repetition rate ~ / mSv Monomer maximum

Total dose for all units cumulative dose

1 e B 364 1 820
1 cell simulation

45 TCl B 370 540

4 cells simulation

SHILI A 372 240

8 cells simulation

4.00

5.71

6.29

0.004 11 0.004 11
0.004 34 0.0012 77
0.004 24 0.0008 45
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