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Vacuum leak detection robot target recognition technology research
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Abstract: In the field of vacuum leak detection in fusion devices, the future fusion devices are operated with tritium and the leak
checkers do not have access to the devices for leak checking, which makes this task extremely difficult and time-consuming. In order to
realize the fast and accurate detection of fusion device leakage equipment, and realize the fast and accurate detection of fusion device
leakage equipment, this paper takes the six-degree-of-freedom robotic arm as the research object, and proposes a GV2-YOLOvS vacuum
equipment detection method for vacuum leakage detection robots to identify and locate the vacuum equipment for helium injection. In this
method, the C3GhostV2 module is constructed by combining lightweight GhostNetV2 network, while using lightweight GhostConv to
extract target features, thus reducing the number of model parameters and improving the computational speed. Bottleneck Transformers
and ECA Attention mechanism are added to the feature fusion network to improve the network feature extraction capability and to enhance
the model channel features. The experimental results show that the average accuracy of the improved model is 93. 2% on the homemade
dataset, which is 1.4% higher than YOLOvSs, the amount of model parameters is reduced by 29.5%, and the detection speed is
92 fps, which meets the requirements of real-time and accuracy, and provides a solution for the vision localization technology of vacuum
leak detection robot.

Keywords : fusion device; vacuum leak detection robot; GhostNetV2; GhostConv; attention mechanism

ki H . 2023-05-24  Received Date: 2023-05-24
* FEATH . FF BRI AER 4 (11905254 ,12105322) A8 H AR AL 4 4E 34 (2108085QA38) 1 H ¥t bl



5 8 3]

B KRALAS A B AR B ARG 129 .

0 35l

il

P FE AR R AR K T % s B v [ PRomin iy, R R A OR R
FE A T4 SEFE B SR AR TR ME G M EERD TR R S
il 1) L, SRS e A TR A s oy e 22 A 2 LS Y
IR SR AR F 07 HE i 785 1 30 PR S F DA 3] S e A
FH . X R (0 TR AR RS I T 5, AR N R ) R
FE AT, N 2 N B R S ) it 8 T E K, — BUR
A FES R TR B OJGEEIE AR N S TR, 2552
rH TSR AR HE B L S AT HEA TN A T, A ARSI B [ A
BB MR R I G 2 R R W A ) 3 1T R R EUR A
REEAL OV A2 R ST SR R R 15 4 | 3 A AT
ATk . ARk BEE LS N BRI i, AL as
NTERS P ARGAT 55 AR 2] T 32 R . i, A% Ha i
ARG R RO R A G T Al B s R LA
NAREE N TR A AT AR R BRAIG A 2 i) XU bR st A
AN T A T ) S WA, TER MR ERG Y,
X AR U 2 it I s A DRtk RGN 2 24 1 2R A s o
B A ) 40 ek T H AR LA R R R —

FLAS WA U 5 A LS K T LA R Be AR AE
W EZEAT, BT, & T F iR E &5 B br ks
DEE AR A S FrIE RN BE 1A B, 78 R AR e v R AR
e H S I 4%, A S TR RRAEAH 8155 (] R ) 4%
GEOr R HR I T PR TR B A ) B BRI i R I
Bt 2 BT A 2 B RRE R R DT BE 8 T 4 b 3 1 A
ZRI L ZS A B e R P R, TR 2 2T H AR R
BB H 43 RIS PR B ( two-stage ) A6 0] 1 — oy
E&( One-stage) *ﬁ‘i)ﬂﬂm ° WKJ/I\E& E)ﬁ‘*{ﬁ(wﬁ(ﬁﬁﬂﬂ 2 /l\ﬂa
L SR AT A 2 IX 38 A A G, SR 4325, An R-CNNPY |
Faster RCNN"'"*' 1l Mask RCNN'" 25 4 i 2502 48 1 —
FhElH BT MA-ResNet REfIEFE AR 1Y HARKG I Faster-
RCNN #3208 & 17 22 ROE /N HARKE I RS BE . Ou
AV AR r S A LA AR RE RS, B2 — R 3k T ek
H#t VGG16 11 Faster RCNN H ARG I, 36 T 2051 &
RERE IR FE . DAL SR AR RS B 7 TR e e K2
BTAEG S BR (R SCH R RERSAI, 5 BU A
LU, BB B E oA D B 12 245 ) 7 B Sl R bR, AT 3 o B R
I £ R AR R L 3 R P AR B 2], G SSDTY | Retina-
Net' ™ \YOLO!'™ Z 41 I 4% . BRHA 45T 1o HH il & 45 AL
BRI ) YOLOVS B3k, S8 T U5 A 30 bRy )
FABES RN SR, R S A A XK G A BE K
K, $ H — b 458 i 7Y 4% 5 g K B B bR R I 4% WT-
YOLO, S8 T /K b H AR5 2 A7 AT 55, AR R RS B2
WA, XU R, LR T IR IR METE B 27T A F
SEPRSE ARSI, RIS AR R A BE

PSR AR S 2 Ak D S5 b, 5 A E B A
FLAA LG, T YOLO R 55 i ha ) 3 B2 FAs 2 e
L B T AL N BRSNS e o X
B YOLOV6 ™ il YOLOv7 "™ S 3, 76 Fa i M A0 T S P AR
B YOLOVS —HEZ8id Koo i T R 045 B (R IE, W) 2R
ARG A, BRI AL T R AR AR LA
WIZRAEAA JE SE RO B T a4 T B, BExf LAk
SR 25 A B M g A5S80S TE T DA R 3 AR S T R
AR SCHEIR YOLOVS BB BEAT 2k, $2 1 1 —Fidi ] T 5%
AR F I GV2-YOLOvS H bl 512 .

1) B AL =T /45, R GhostNetV2'> i 45 &
A8 B GhostNetV2 P 2% # [Y GhostNetV2 bottleneck 5 Bk
R £ T 2% 1 Bottleneck & 2 45 f4) ,ﬂ]@ C3GhostV2
R FF5| A GhostConv 533 45 AR, A R /DA 0 2
Ko, BRI RT & BRI RIS AR

2) 5 A E JIHLHE, ¥ Bottleneck Transformers Fl
ECA VER B 730k A 32 190 46 2R s 70 250358 o 246 v |
I B B 42 ey {5 R By AR, S5 5 0 i 3 ) 1) 45
BAH. SR8 ] C3 GhostV2 45 3k 1) 45 A &1 3 3 1] 4 56
PEARE $e s BB BE .

3) PR RERAL (] CloU i Je A At 2% R gk i 341
SRHE T S I, f AR AU B

1 ExiRIRARSR

OH T SIS BOR O SR e L ) s i T U A AT 57

BT LT A P . SRJE , Blas AL 2 20 ik
MIEHRE, fedm, HLAR A0 S5 3E AG T AX 45 &, 5 BRAG T

PRI, AR SCBT T —ANH1 6 1 H BE ALV ZH B 1 L
ZSEGIHLAE N R GE, W 1 R, ARG EEALSE 1AL
HL AL SO A R | SR I R WU 6 /1~
5. HUBUE A 6-DOF Tl MUARE , by AH I 2 ] 52 40 3K
gy s MBI A MU A S , B I 2 i i s 45 1 ) 5]
BAFE ARG (AU RIS B E )
Al T A SR B Rt 1 A S0 LA IR B 2 ) 5
TR AR AR R AEA TR A 5E A7, 2 )5 WS HLBRE
Xt A AT S f ), 48 A AR TR A, 2
37 HH TR 2 F , 57 1R A 2 i e AG

2 BEEH YOLOvS &%

2.1 E{ERLEHELR
RO rase Bl o B E A B A A AR,



- 130 - LSRR R e o

8375

(a) EERIRHS A BT E

(a) Vacuum leak detection robot design
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(b) Vacuum leak detection robot physical drawing
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Fig. 1 Structure diagram of vacuum leak detection robot
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Table 3 Comparison experiments of different algorithms

(=¥7S P R mAP@0.5  SHE/M  FPS
SSD 0.613 0.738 0.737 24. 4 59
YOLOX 0.905 0.886 0. 906 8.05 37
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YOLOv4 0.864 0.884 0. 882 9.12 65
YOLOvSs  0.901 0.916 0.918 7.02 125
YOLOv7 0.915 0.936 0.926 36. 49 57
YOLOvS8 0.908 0.866 0.918 3.16 103
ASCER: 0.937 0.938 0.932 4.95 92
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