F49%E 6 M ¥ # AR NUCLEAR TECHNIQUES Vol.49,No.6
2026 -6 H www.sciengine.com/NT June 2026

T2 25 AR EAST viE5TIKE R ik
H %

AR BER> 4R W BEY (Y F=rev
TCEBE TR VER 2320000
205 G E R LEET 7BE &R 230031
3CMERERL A IRV R BT ebe AL 230031

WE &S FD v RS % E (Experimental Advanced Superconducting Tokamak , EAST) #E47 /7 J1 i
HLIZAT I 2277 AR R X286 y S 4R 2.45 MeV SRAR b TS558 5, TEAS LA 2 7= AR I AR y S 4o D I L 4
B EAST ©A @ . | — 5T [E R RS I R G0, fERLIEAS B PR T —Fh kT DU 2 WL A IR 3
ARSI FR G, PRI S D R G 1 e D R AN R E M . 1 RGEAE R T Unitree Go2 VY2 HLAS A =4EH0T
1% (3D LiDAR) 5 y SIS A SR 15 %, P I TF R T 8RR 5 SR T & R Rt 5 M4 ST R4
SEPL T EAST RJTIER A 08 A - - - 6 W 007 (R — AR A AR b . BN, % R G REFIZ AT R U, 2
PRS2 % 724K 0.996% , - P52 1% 72 4 4.7 em, RGEIEAR 58 EAST KJT — 8l FEI 6 min 28 s, /£ EAST 154135 h
JERER T KT ARy ISR, R 15T VYR NLA AR 7 75 AR5 B 5T 4440 S A 5 I 5 K
KEATS5 Hr A ATV, AR SR R AR B¢ AR ) M A IR Bt T H B AR F BB S % .

KR RASTIREE, BAWEAN, ABESA, R e R

FES5HES TL77,TP24

DOI: 10.3724/1.0253-3219.2026.hjs.49.250430

CSTR: 32193.14.hjs.CN31-1342/TL.2026.49.250430

Development of an EAST y-radiation inspection system based on a quadruped robot
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Abstract  [Background] The Experimental Advanced Superconducting Tokamak (EAST) fusion device generates
radiation including hard X-rays, y rays, and 2.45 MeV fusion neutrons during deuterium-deuterium plasma
operations, and induced y rays during shutdown periods. [Purpoese] This study aims to enhance the radiation
monitoring system at EAST by adding a quadruped-robot mobile inspection system, increasing the coverage and
flexibility. [Methods] A Unitree Go2 quadruped robot equipped with a 3D LiDAR and a y dosimeter servesas the
mobile inspection platform. Based on ROS 2, a Cartographer-based SLAM module and a Navigation2-based
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autonomous navigation module were developed to realize 2D grid mapping, real-time localization, global path
planning and local obstacle avoidance. Meanwhile, a data acquisition program and a local wireless network were
deployed to maintain wireless communication between the robot and the host computer, ensuring the returned y dose-
rate data and robot status information. [Results] Field tests show reliable hardware - software operation: the mapping
error of 0.996%, the average localization error of 4.7 cm, a full inspection loop of the EAST hall of 6 min and 28 s.
The linear and angular velocities of the quadruped-robot mobile inspection system is capped at 1.0 m-s™ and
1.0 rad - s™', respectively. [Conclusions] This study demonstrates the feasibility of the quadruped robot-based

inspection solution for monitoring tasks in the complex radiation environment of fusion devices, providing a novel

technical approach and practical reference for future dynamic radiation field monitoring.
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Fig.1 Snapshot of EAST tokamak and the hall (color online)
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Fig.2 Layout of monitoring points in the EAST hall (color online)
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Fig.3 Block diagram of the radiation field inspection system of fusion device based on quadruped robot (color online)
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Fig.7 Snapshots of EAST hall environment (a) Northwest direction, (b) Southwest direction, (c) Southeast direction

3.1 HEEMHERETEN

RV 1A & 45 77 & A HA1100MED [ #E

PE, AR ATK 5 BAST VA MR8 B 4 10 sh ikl 4

FHZO72 ¥R 33347 7 XF Eb S8t . SEI N AR 4%

PSR 2% B T “Co IR IEF12 0.5 m Yu [ P , f7i3

HFe e I e 3 AR AN BE B A7 B AR IS By 7R &=

LIS WE 8 Fros , FF 44 M X (O THE P A
MR o

DHA - DFHZ o

RE = e 100% 4)

A REMFAXT R 2 ; D, f8E HAT100MED Frill

BB 77 B R AE 5 Dy, 103K FHZ672 BT 2 1) 751 2 %K

o

B8 PRINES RN SR Il R

Fig.8 Photo of detector dose rate comparison experiment site
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Table 3 Comparison of detector measurement results

Hiae) HA1100MED v 7% FHZ672 y 7 &% SR 2
Distance / m HA1100MED vy dose rate / uSv-h™ FHZ672 y dose rate / pSv-h™! Relative error / %
0.10 0.47 0.416 12.98
0.15 0.35 0.305 14.75
0.20 0.28 0.245 14.29
0.25 0.23 0.205 12.20
0.30 0.20 0.183 9.29

0.35 0.18 0.164 9.76

0.40 0.16 0.145 10.34
0.45 0.14 0.131 6.87

0.50 0.13 0.119 9.24

14.75% , “F-2JFAXT R ZE N 11.08%.
3.2 SLAM EfS5ERESLLE

N VF A 2 F Cartographer ] SLAM J7 % 1E
EAST KJT T I IR, RGUAE EAST EHLKIT it
17 7S, 5, ARV NS A X EAST K

JTHEAT 2 % 334, FUH Cartographer 53244
)Ry “EMHS L 2 R A RVIZ HR i i 5 4
P00 P P RS AR PR L R L S Bl A
ATRFEE o ASER XS I A 5 MR BEREAT 1
&, MAE AR m AR 0 BT o AT p AT g
L B A5 RANK 4 o

T4 EERBENELER

Table 4 Mapping accuracy measurement results

(DAL S e xR % AHX R 22
Position Field-measured value / m Map-measured value / m Absolute error / m Relative error / %
m 3.2 3.23 0.03 0.93

n 3.0 2.94 0.06 2

0 2.31 2.29 0.02 0.87

p 5.29 5.31 0.02 0.38

q 2.48 2.46 0.02 0.80

a5 AIC LA NAE SR AR 2, ASE
e AR ] R EL T AVBLC =AM AL
BAENRAE S, LS N2 R 8 BIX R, 0
HOEAL A R, I 5 WAL B AT LU . AR E 1%
RS H,
LE = z,-=1\/(xi - xo) + (yi - YO)

3 ()

X LE R E LR 2 5 (x0.p,) NV UE AL B AL bR 5

(x, ) e B0 B i AL b s BRI R LI 9, 5
PLSEEREE RIS,

FH 3% 4 12 5 AT, Bt 42 Pt DR 5 P Y AR K%

22 90.996% , FELL TR 22N 4.7 em. AT

A b R BRI AT , B8 3 A B K T PN TR 2 A

FRAE, 6 2 7E EAST B 78 B85 R X AT I8 A AF 55 1)
SRS e AR ZE I 2R
3.3 Navigation2 S S5FIERELW

FEAL A R b I J5 , o6f 1A 28 4 1) 3 A P
17 7R SEER VAL Q1R < B S8 F Navigation?2 4
PHRC B SN, IE I R LEE NS RIs s mliE <,
IXEHALEE N A B bR AT 3, 2 Ja il kAL N iR &
17 7E B8 AT, 18 Aar % 4 7T L& 10, 7E Navigation2 ]
DWB Jaj #iz il 25 2 40h , DY @ WL A X 5l 77 [7)
LR R MER ENO0.Om s, I RMEN1.0ms™, Y
BT A oS R BN A TE N 0.0 rad-s™ BROK
FHIEE 1.0 rad-s™o EWE I 30E FE 5386 H bR
R E, DY AL 38 N KA — FEFERT 6 min 28 s.

%5 Cartographer ENISLIGLER
Table 5 Cartographer localization results

B s WILGA & SE 45 B Localization results / m ENLIRTE

Point Original position / m 1 2 3 Localization error / m
A (1.383,18.848) (1.353,18.907) (1.360,18.865) (1.342,18.857) 0.046

B (27.636,21.840) (27.653,21.874) (27.618,21.766) (27.585,21.912) 0.067

C (27.348,0.917) (27.367,0.946) (27.343,0.907) (27.383,0.931) 0.027
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9 EAST KJT 4l i% /5]
Fig.9 2D grid map of the EAST hall

El10 PUEHLES NRA LR

Fig.10 Inspection route for quadruped robot

7E EAST %% B 5050 45 R f5 19 3.5 h, 8K RGK
DR B3 7 AEAFHUF B )y 77 & 48 DA L2 A AE
map 4% JR AL AR R R AL il PC S5 ML A il (5
B AR E , AT RRSC BN AR A i BT IR [E] RS AE B
PLJ y R RIS R, R R LK 6.

4 45iE

ASCHEH T —ER T3 Y L3 A K&
R BRI 7V . %75 DL Go2 Y 2 HLEF AN R
L, 22 i SLAM B7% (Navigation2 S i A B Ly 771 &
&5 B A RN IEAE S OCHEOR, Sl 70 2

*6 yHIBEREKLER

Table 6 I dose value acquisition results

A AAFRME y AR

Points Coordinate values /m I dose values / uSv-h™'
A (27.827,21.877) 0.21
B (18.040, 22.066) 0.23
C (8.306, 20.095) 0.21
D (1.428, 18.339) 0.18
E (1.973, 14.917) 0.19
F (1.347,-0.396) 0.19
G (9.760, 1.143) 0.15
H (18.626, -1.548) 0.19
I (24.111, -1.755) 0.18
J (25.560, 5.309) 0.20

LS NAETRAR S B e -2 -3 . FA-5a 5
FARR o< 3 Rl N A (I AN M o S A S
Cartographer 14 £ (1) EAST S 56 K JT = 4 A 4% th
5 EAST KT HI#E 0 = FE W &, Be AL SR B KT A
1 3 B 45 A 5 L P S8 AR 2 TR AR 22 T 0.996% , - 2
SE LR ZE N 4.7 em, L2 N BBV T ORS8RI AT IF
I it Jr A S, £E I R Is AT I AR P R Sy
SR R S, PR FF S PC AR T 5 . Rk 4h
FREHIE 1 VY 2 WLES AN AE EAST JRAR 4 B N T 2 4 i
Ok BRI ATVE, FEaR 1 DY R HIL A A R S i i 5
F2 38 77 T BT B A R AR I T

[ BT, T [71) A >k 5 A% HE TR o 45 120 1 Ak S 6 e
S #£ Kk & % (Burning plasma Experimental
Superconducting Tokamak , BEST) « [ fr ##% 58 48 siz
% Mt (International Thermonuclear Experimental
Reactor, ITER) . H1 [ 54 T_#% 5255 M (China Fusion
Engineering Test Reactor, CFETR) % 5 5 [ 5 41 3%
A B8 52 2% 1) 30 37 1 M B o) 5 58 G0 A7 1 W — 28 At
(17 RURS: » B = 75 B8 v (1) /7R - BR R, OB Fe T
PERT B H 30 R B R B S AR 0 5 5 B e AR AL B
SRR T 5 0 DU 2 A LA N0 B AR T i 5 2
BN SRR B, 7T RE A7 A2 T R 242 Bl R 55
T G in) @, DY JEHLAS N 2 o 5 LR 2 1T W] R
SR FB R HGIE RS R EIY
BAE B UL LRI R R & FBOCLIEE P,
B R NG I BOK & 7 7 5 o BFXE 3 — 3K in
B —J7TH T R SR B O A RS A
% EH T A% S AT T A R e, A o S v e
Sy 15405 B FEBAT: SR EUAE Y b R S A it 2 AT B
s F—J7 T, A AL N SLAM RESREL 2345
SR RS S kAT B, FR e S RO =
HLAF N S TACAT L B o, K B AT R AR AR S ) A Dy
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SR LR 2 — 0 %58 2 0] B AL A
R AE B AL R B2 B vt , e v/ IR A5 T AT AR
BT & e IR S e R RS G
USRS W0 2 175 B 15 100, ) B £E 3 T SHE I a2 L
i NAE 71 23/ v IRJSG: DX 3 ) 2 B T 5 0o 25 =
i) @, 75 BRI AEA A TR A =N R I8 A ]
FEMERAUE, FFF AR Z BRI ARG TR, &
Navigation2 H Bl &8 N B it 22 4 g, 404 & a
I DX IR B Bl AR S5 | Rl R 2 4 XA

g5 b ARG S TAR G B SRR bR B T
A A R e A I A R TR TR LA
FUG TS T T e, it — iR T ARk R L
P2 N H fE 77, DL A2 DU 2 38 B 2% N 72 B B
EAST Z& 22 3¢ B i PRk & ml S 1 P 31 450 1) i A
EETAR EXAAREMHRERER MR
SR BERE XERE S ERATES I #.
XEF;BRAAREXEMNTE XELK ;BT
EAFTEMGERDE; ARY AR ERBE, XEL
B ETRATRERES XHF.
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