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Development of Plasma Visible Light Imaging Diagnosis
System Based on the HL-2M Device

LI Yixuan, XIA Fan, LIU Liang, YANG Zongyu, MA Rui, PAN Wei, SUN Jiang, ZHU Xiaobo
(Southwestern Institute of Physics, Chengdu 610041, China)

Abstract: As one of the important diagnostic systems of the device, the plasma visible light imaging diagnostic system has the
functions of monitoring the plasma position and shape in real time and observing the condition of the vacuum chamber, which can en-
sure the successful development of the plasma discharge experiment. A set of visible light imaging diagnostic acquisition system is de-
signed and developed by using the HL-2M platform. This system has two sets of imaging diagnostics with the tangential and wide-an-
gle, which can intuitively and accurately analyze the plasma evolution in the discharge process, including the phenomena of plasma
breakdown, sustain, rupture, and plasma interacts with the wall. Two sets of diagnostics of the system are carried out the imaging
and transmission of the plasma visible light radiation through the lens and imaging transmission fiber bundle, and the Lumenera
L.t425C camera is used as the acquisition and control core. The remote server controls the local and transmits to the database as the
control mode. The control software adopts the multi-threading technology of the VC+ + language and the image processing technolo-
gy of the OpenCV software library. which can collect the real-time visible light images and perform image playback after the discharge
ends. At the same time, the system is operated by the color calibration, it can restore the true operating state of the device under
complex conditions. The system has the function of parameter configuration, supports the changing parameters between shots, adapts
to the physical experiments in various situations, and has certain portability. The development of this system can meet the basic oper-
ation requirements of the HL.-2M device during the initial plasma discharge. During the initial plasma discharge of the HL.-2M device,
the frequency of 99 Hz with the resolution of 1 800X 1 800 pixels can clearly diagnose the plasma discharge processes of the break-
down, the flat top, the extinction stage, as well as the position and shape characteristics of the plasma, and the system has good
effect, which provides the solution for the subsequent extension to other devices.

Keywords: plasms diagnosis; Tokamak; digital image process

i A 2021 -12-27; {EEHH#E:2022-04 - 24,

BESHH:ER AR A4 H (11875022) ; H K & S WF &1 %13 H (2018 YFE0302100) ; P4 JI| 45 B4 1 %1 (2020J DRC0125) ,

EE B A 2 EEF (1996 - I 3L TN L 7E B2 801 55 A=+ 32 20 5 55 88 1 OR 5 kil 3R 2 JF & O 1l O F 5%

Sl AR FEE . E L0 L% ST HL-2M B8 0045 B R T UL 6 5 12 W R G n ikl LT . T3 HL I & 5 45 41, 2022, 30(9)
46 - 53.

BB MU www. jsjclykz. com



%9

FEE, 4. T HL-2M 38 0925 &5 70 0Lk iR 12 W 2 5t i BT il < 47 -

0 31§

SR T RIS BT AR 0 S TR B R 7. R
FHARRE B9 7 3 BRI 4 45 B TR S I BL o HOR . %
BRI RS W R e i T RO . 6 5
AR AL AL TR TTIZ N TR RS RS E TR
PRI T RE R R T A R AR B T R LA
L SR 0 R 4 A5 g N R T ] AR R TR 4L F (PE-
Co)™ R8T JE P-4 32 1% 45 2Rt ml LU AT Ot
BAR R AT R AZ . W — S 5k A5 B T MR X (XA
J L A R AR B 5 A — R R B . AR, — 2B
S50 HORC 18] A 0 R RS (ELMD 40 22 Rl il %
i VAL BRE AR, [V T DL A B AT L D't B 52 W & G G
P

BUA R 505 B 7 R R] WO AR 2 T 3R G A 2 3k T4
ROy R E R E R ML I RGE. eSS AT R S
T Ly S AN T SR RN RS A R AR e R
HIHBERGHA 2R EARRNY LR, AH&—E
PEARYE o [ o E S 45 2 . R SR AN BE 8 52 TR L% I A
B, —ERE LR T SRR, TR -ERAR
A R RS HOF B A TR AL 19 55 88 1 T WOk & 12
Wi RS, JFERE DRI IR A b2

HL-2M 28 i i R RFE - Do 3 B Hit 2 4.
SFETHEE N 2.5 MAL BRER N 2.2 T, RERA
178 m. /NHA2 0. 65 m. SR TR LR 5 s,
15 HL-2M %) 43 0 i LA S IR BT I 7 ) 268 8 3 4 T Ot il
BRGNS TR R 8, gEfp e, LAKSE e 71k
— BEANELAE AR AR T BT HL-2M 38 (5L 0
FE B AT A B T AR LR 2 B R G, MOt iR
PRAE T, — DAY AR TR, T —
ASLAR IR B AR A A T R WL A TR B
XEFRPE 5 i 0 s OLTE R B RCR S R £E HL-2M
B R B T R BT TR] AT DL I B, SE R AR AR
YAy 2 T Y S e A6 A v e R A LS . O HIL-
2M WG A B TR R A T R A R A . [l g T
A () ARG B SR AT LAE Y HL-2M ) 46 i 9
REBZ IR .

ARSCHE ZHRII A AT AR GE R R B R L B S B
BB CWIE AR T, B AT R AR
TR, W T RGN ORRER S S R B RE .
SEPUF > 4 T A HL-2M ) 8 25 B - (A0 v i) o 45 5
®aR.

1 REEHEHS

ARG PFALR > B AE 7. bR Bk SRR
JCEF A, ARBL. 1R 5 B AR IR 55 A AR R ALAF . K
s M AR A S S0 T B B DL OB 5 AR S IR
bl s . REEM SR TARBME 1 xR, £ HL-2M %
B S s . g B T2 I E & . A HL-2M

FRENELS L TR (G BOBL R, haks k) %
FABLAHER . P AT B A A7 A% i A AL, R E
CWTECE . T AR I A 2 R A v R T 4 4 0 R
NRGEE.

b= HHL LUGAM

I

K | v ol | AL WER
Lt Ll i P

|

Bl e B
it B

HHE Bt
P Bik

F1 o wr WG IER IS  R G A K]

1.1 ELE5%BETR

VY1) 557 £ 19 AU I2 W A 2 58 A A 96 10 0 48 2% B N 1
BT, TRk, W5 M aRie e E i
B S R RS () A B 2k o ) 1l AR 12 W (T AR Bl 8.5 mm
M4k, AT4RAL 56. TR ML BF I KMok, ZAEHE £4
SEIE R VI S AMU, s 3.5 m KRR R
BAE R F CMOS AL )M BGz Wi T8 M8k,
FEEh 5 mm, s #5 B IK AT E OISR k. Jf
T 6 m K AL AR G AR O HAL 4 31 CMOS A8 4L

NT RALE T IRES (X HLmMmE L My
ALK ARHLA R 0 . RS Wi P T A T R A 4R, L
GOGETH 2 1% e R 20 AR AR SN R e R A R
Borp, BEHM MRS T LUK EBRN R Z R L
R SE ST B L, BRIIE T 2 WE R RE S 1L S AR ML HLAH
BLAB S UL . 20038 2o 4k o 25 3 B 0F A7 IR . I UL 5ok &
FAG A Ak k. R A WU A 0 8 Sk 1 Sl P 4k B 3k
e (NA SR 0.14) FIE 43 B2 07 T #0475 1R 4 19 34
o BLRBCRME 20 1 RILIC R 0y &2 B kg o 2/3",
Hit, TALE P EE AN 11 mm W4 3K 64T 5 %
% CMOS #HLA .

RO g, mE 2 R, YmS5T AR
i G AR IEIE A AR 12 W B 4% B IR BT . AL R IR AT B HE
BrTH0, BN PaEk A, Tl Pk g% B G
2 COMS ML . AT AR R vl W%k s 12 12 W & 40 1 —
AEEL W R .
1.2 HHS5ERE

HEBE TR IS REMMPL (Lumenera Lt425C) FF
NEETFARBC AR R RS, EETRA 180
g U CMOS 12 &4 . AT AL 2 048 X2 048 1Y 4 W 43 HE
5.5 pm MRE RN, REBO N ETFREN 3%, &
SMFAPRT . o LA EIAEE 90 Wiag ek i %, R A
BB XL (ROD AR R G (2X2 5 4X4) HTAT R
P Y i

#E HL-2M ) 45 45 B PR30 S50 7 O T D i Ol 2 4 =X

BB MU www. jsjclykz. com



< 48 - P A 5 45

5 30 &

(Lg%

=

%ﬁ’ﬁﬁi

K2 Rgue sk

(HEAER 11 mm BA XK, FEBESE 2 000 X2 000 K
ROIE R RAEMA . aX4 BER G0 H T2 W58 7
Pt ZE UGS S . REMR — M2 360 Hz, HIHLEA 3
Wi & A2 R A B e A P S AT A R AR A . AR B R
e B A MR S5 25 T, R AR ANl & R T B B k%
FHPLH . HPLRAT R R, 78 55 B T A ) 24
i 1 800 X 1 800 43 HEZ (Wi 99 fps) FI4 I 4> ¥E %
2 048X2 048 (MWK 90 fps) AYWIFIRAER A, HMEMHE TR
IR .

B3 1800 5 2 048 43 H 4 R AL EIMERBOR B X H
(ZEEIH 1 800X 1 800 5 2 048X 2 048)

1.3 KREMIZHN

O T A AR I L S B v R 2 B B S o
FHBE AR 2 B 7 PR i HL o e 1 1 R [0S 7S 7 o R R 5
F b TR A R R AL B M X BRT DL T
() A5 g I 2t o 4 2 G 305 ORI 4 0 15 B AN R
55w ELERHR IR Mo B 55 A% AT R BEOR s B e R I
Ml . Va5 M AL MR EA DK, HiE
R ZE . TEIR I E R G012 WU

Bk BR RN ARG B AREH—A
AR TR Bt B A AT L O 152 W Kl 8 06 2 4 o o o
PRy HL-2M 3 545 8 7 (AO0u i SR 4% . LU ] 2y
DILPESE S = i3 RPN E S 2 N QU A RN )
£k DR (G I o
1.4 HEESESENRE

ARG fih S 2 e T RO 55 4% B kR 9 IR 55
anE A2 EPICS CSRg P HF- ), EPICS iz 55 2 i i

10C #5487 1 Record I3l CA MUk A0 3 [F) — M 45
BN BE W CA & P umiila] g #248 /. (PV, process vari-
able) . T HI PV i ok Bl As A2 5 i ik . A — AN RS
fr BN AN B TR WO BUR 2 K R G TOC, Jf A
MR IER S PV, R 5 W %4 A R R 5 TAEMIE
W FBE TR IOGEBRIZE RS TR E Y PV A nextshot
PV (F—#1%) 5 countdown PV (f#3}0f) WM ES. 24
ARG T 2 nextshot PV AL ARG, TT 45 Wi WT count-
down PV, Y4 WIF 3] countdown PV B{E AL & 0 B ¥k &
G e, A SE Rl & BB

ARG E fh % 9 32 0 J2 COMS M ML, & 3% o U =2
HL-2M e J¥ R G0 & . A8 HL-2M 488 7 40 19 Ry
Ls, FETHPRNFRGEK S5 Vs TP RES EEE
COMS AL, fuh Z FHHL AR, S8 OB 2 T 5 R 5.
KAfR, NRGES TERRE, RAH5R25 8003w
™ nextshot 5 countdown i) PV 5 5 V & 3 fik & {5 5 1,
RGEAFLLER TIE.
BHT
AT L
Sk
BWiR
4810C

|m%&mm%>ﬂ @ﬁwm%:> ﬁgg*

I
RIEHTHLIES

= ; > HIPLAEH
5V iR HL- Al & TH

B4 AR L W R ST TR

F G5 B0 A i B B 3 3 DR X A b R 55 28 4%
EmBHEES ., ES MR R, AHEE NN,
7 it nextshot PV B B RBCY HT M5 9 L5 (5 5
SRAEZE T BRI AS 1 M 55 25 38 3 G £ A & AR SO Al
Fok, DSESBMBMNRESESLm., STHEGHEA % —
BOBRHE A 11, AT DA A Uk S 0 T E 45 TROL RS Y 58 S B 4K
PRI A S, PR KB S, U
8 J5 S22 HR .

? REHEDS

FRGER A EB 3 02 W] O AR 12 B &R G B 4R B B
ZHERAAF S0, BGAm, BRER. BR70E%E
Tige, RGEMAF VIR AL T — A8 Sy IRy B B
A LA S 50 S 1) 30 3K BT — 5 22 i B S S R R 4
SR FIBPE R B R G, W] LA S B 4 AH AL R T
LRI Z i Lo ] WY BT BiTE 0K SN
2.1 BERLEERER

ARG BB AE BB 4 2 2 T Lumenera Cameras Jii 4

BB MU www. jsjclykz. com



%9

FEE, 4. T HL-2M 38 0925 &5 70 0Lk iR 12 W 2 5t i BT il < 49 -

API L) J% OpenCV JEf) EG AL BEFR P 2L W 2. W& T
PR R RS, AR . 83T OpenCV 4] 8 MemDC
RXT 55 MemBitmap {7 X4, BIAXF R A D R84 A 2 4
i B B R S . HL-2M 40 8 % 8 T A0 f 5236w it
2 PSS T RS A5 Z COMS HIHL . BSR4 B0 A B3 5
COMS AHALAR AT 1 SR £ B4 3R 0] 28 2% b IR 45 4% 19 A2 s
3 3 AR P9 K PR A B 9 A R Y B R A MemBitmap 37 B %)
% E AT PR A JF i MemDC Xt 4 947 7L R
I J5 BT 47 8] MemBitmap 75 3 .

P45 Ak A B 1) T A JF 4 14 b 2 2 0 32 B B 1) O 4
55, 24 COMS MIHLE A A #1477 IR 45 % i it it . R SR K
R4 F 80 & 6354 0 sh G A BB B b AT 10, BRI
il R AT 8 8 2 TR B R AT B I A 2 A b Bl 5 4 P9 58 B
AL SR AL HOE . £ Ui 2 4b BRA B () 45 R 45 2. 1% Ak 21
B AT 07 B A 3 PRAE R R AT SR IHR B, U B R —
WERFHRECE S0, RN EHTEHE, FHEMTF
—B RGBT,

2.2 BSHIATINGE

TR S IR A SR R, AR RSl DUR
P AT 2 e FRH BN BRIASE, E 1R, £E
FBESEH ] . S G H R SRR SRR EL W
BE, RELGIM AN E S B0/ RS, 76 M E B
AL A R T, B O AR b IR S5 AR AL B I
S FET BB R EBIAMER. ZIREEZ R
R AR R T R AT RS, TR AR R G 2 Rl R A
LS L5 2 b S 50 15 B0 A R .

£ 1 A WICERRE RGBS R SRR

el EREESEN
BES 0.8~3
| 6~80 ms
P&l 7 4 1 43 9 2R 1 800~2 048
& e 0] 43 R 1 800~2 048
PRA7 I 2 51 JPG .PNG,BMP
BEEI 1~4
FAETREL 40~300
IR 1 4% 0~2 000 us
e K I [R] 0~5 000 ms
- fi ON/OFF

B 1 G B S U B A2 ZE I E) nextshot PV 2Z FifH]
PABERTHEAT 58 B, SR A HEAT S, AR R S
B E—yos S M B AR B . AR TE nextshot PV
ZIEBY, MEBCHBURM T KB F 5 MEERFE. &
BOELE DI RE N B — AR, R HAM KB, 1L
HEATRER BB, R4 R R S b .

FA P B 2 0t g R R S AR B SO B
HEL MR ETEHE ERGE RN, KGR G KR
HORBIRET S BELR, ERMRSSS ZRRKMGX
FHECEFESMEEHME 5 fin, FEY T EF MR A HL-

2M R TT Y SR s R — U T 5 1 B 2 RO R
WAF BRI, EEA LR, ARG T AR ER
HEFSHRESH. AHEANNERS TaSA. #57T
IR RO HERRYE . A RS — UOR B, B
R ARG R AT HL-2M 2 8 1 BOA SR
ERE. JASTEMRARLESHBEG &, 255E N
XF I R G

SARE l
AR A L
S B AU
SR P e | TR
Mgm [ EEME HRS%

L ?&%L—ZKEEE%EJ
Kl 5 SRR E AR R

2.3 WHRGEHMHE

ARRGR WY A ARG Wi AR R,
BEE, 2MERERS LTE -ERME RS, JEms
SRV ALS ) A AHPLE A, B TFE RGBS
PR AT DUAR A W . A R A (R T S B ] DL K
BRGNS, - &0 B, WA DL
KA — AT RERG, UMERR. RN, AT
PRAUE R G0 2R £ 1 B 0] [7) 20 75 2 102 ACAH [ e 1) ) R fik
b R SR o (= R= 15 R RU LY R L B T S NI R U
Wik ES . MERRSHRAARNFENES RS EHE, (HE
s L E A AR B . A R A F . R
BB S5, BN S B0 U 5 T A B R O
BARIZ W R G T & B .
2.4 RETERTE

Z R B TR O L A AT RE B AR S S W 4% T
WA EM, REN TAERBES AIEF N TERRES R
B TAERE, ffESFHKAEERRKMBWEL, AR5
FROR AT LLEAT 8 ' N 5 B8 TR FT OB 2 W 5ok 4, IRIE
SLER A P AT
2.4.1 RAGRIER LIERR

TR RGN REW @R, REMN TIER R
TR :
D MRGEFHIFBITH, REHA—N TR 85 1F
FEEENRESFHFESHMERFS . B W H nextshot
PV 75 2 E B, A RHE B countdown PV
fF5 MRS

2) MU E 1B countdown PV {55 BB, RGITF
Mk AfEITTET . B #] countdown PV HI{E K 0 I 2 S84 4 5k
&, JFRSFFAEImEES .

BB MU www. jsjclykz. com



© 50 - LI i 5 4 %30 %

3) MARGE TTL W HETES, RIS T
WICEREWEREE, IR EGEEE MAIYLE 2 EHLN A,

4) BBRELRZE, REBREINWEG. RIF
B K A G I I8 1T GetNetParentDir e 48 1% & i
At A X o S

5 WHRAZMWMENEZENT. REEHFEAEEFFS
RS, (A LR AR R BRI . RAEIEH TIERE
ANEEWE 6 iR,

6 Hoph s B AR K

2.4.2 RGERETE

ARG 5 LARRNE OU7E S 56 30 18] 5 BB WAl . 1) B2
TC B A Al o % 1 B )l N O SRR B AR SR
HRARE. FARESE: 2 W T EPICS &5 FEME
SRSl A B i B

B RGEHEAMRE 1B, YRGB IHEE
MR — U B P 5 B 3 R G B0 IE B S RO, AR R R i

TN BRI S RO 3R IO 51 5 5y I 0 wm [xam | [summ] [ xx | [wees]

W5 AR g —EASRECE . W UE N HL-2M
) 02 45 8 1 AL DA R 9 S 38 i W oK . RETE B A
SEBEOLT . LRGN ARLE TAE.

i
'

AANEE RS /—L J&3)Time_CCD O:

2.5 ZEHEREAR

HTRIERGE BT IR E . R Z L FRIT
Ko BLFEIFATISAT HAE FIAE ) 0 3t a2 8], Sk 5 R AR o
WA . ARGMA VC+ +HENIF & TR,

E MFC F &, B—Wsr i BE S 7R mEREM L
TELBEMAE . RHEBRA REH G, kLA
USRS S, LELENAHESHE TR

TAE. LRARRIR AL FESE £ A LA B A R G0 A4
JHAe w7 FH P AR L B REWMRIGI . B R S S
BB A LA, 3 A LAEL AR AR 40 5 il 4 72 \] 0 i3
g, X 3 LAELRS G

D B REMERA M, KRR RAFLTE

2) A AT R R

3) RGESHCE A A IS T

RGN T A AR 2 2 AR 5 2 67 (B 6 52 0 i R ) &2 it
TTEAE . HERGR —A 02 R f— T AL & AL
PN R S X R U SR AR G X B T AR SRR R AT I
A

B EZ R 4, F] CreateThread, AfxBeginThread iR %% £
AL R LR, & LA A CEvent #8844 X5 £ 1
RERLAMEBRZ M IEE . ASCRAT 4 4 Cevent £ 1434
GAE AR Z A RE IG5 SR FEZDE I 4 DR

D Time _ CCD, M RFAIFIGR . KRG I AN A
RGN SRS

2) Time _ Grab, 2 X R H M RAN, REIFHIENX
HEAREIBT, REZWEHRE

3) Time _ Put, M LR R AN, RGETTIh& R
AR (I 8] 56 5 TRBOCR R B A3 3R i s B SOR, T
ELUL b T i S 0 o AR vh SF B TR AL R JRE D
1 AT i BUGAR AT 2 A IR 55 25 5 e R IR 55 4% 5

4) Time _ Exit, HUbxf QB L AETT . SR TR
B, RIGHTRAHERE. REEIE.

REHELBR S LM PATIT R 7 iR, X4

BRSO, BN B AR S RR R, REER
A IMEARBENE S, W FR 58I B2 Wi A RE A B2 AT 2
P ORTE - O S 25 R R R BRI A, R

i %M Time_CCD S
RGN RES (

K HTime_Put !

— B Q

ﬁiﬂii&'ﬁlﬁzﬂﬁll ISR e s SRR B S
ES 90 E AL
ARG 5e TAE T o T &S A8 N &
Gei B R, R AR GE S R B AT W] RE 52 U TE

FF R Tios Grab JFJATime_Put j
XM Timg_Grab —

¥|-) 1
M Z B bR "“ﬁﬁu’ﬁmejxit@ i ;

HL-2M S5 B i 1R 258 8 PR A ] LG8 W 5 ok 4R
1 o

FF)JaTime Exit -
' FF)aTime | Ex1t D

7 TF‘)‘&[EH% 2 W P ERAT I 1

BB MU www. jsjclykz. com



%9

FEE, 4. T HL-2M 38 0925 &5 70 0Lk iR 12 W 2 5t i BT il .+ 51

R R R . B A 5 Sk LR T o8 . TERGLIE R 817
MR, RO 3 S50 B LR RELR 5 RJE W ER
IEFRARAF LR, ERBA TAERN AL T4 0 f5 5 R 8
FERT-KETME.
2.6 BEKAERAK

T A 2R P T SR AR 0 AT DO TR R R AT A
R E . BRORESSIA D FEHLE . A Lumen-
era Hf i) WhiteBalanceU 5 WhiteBalanceV B4~ API 347 B
R HELL X, i — R ES B Z 5. X RGB £ A3 4
PEATHEE . AR B A IEF AT DA R B RS HE X AT
DX T 8, REZE R RENMBHH, ROBK
WERORTESS 30 2 PR B 06 T AT 1 HEAR 09 br i, JF 38 5 S5 5
WA LA RAFIE TR S50 h 4 R S B A Y B B
Bl A BT W R A AT Y A AT

A R GEAE S5 P 4y BIAE R R IEAT bR 8 5 HET AR E Z
JE R AT T ZH M. PR R, 7 SE B T A S
e, BEAREREZENRG, R TIRT B 5%5E
TR K B B AR AT LGS M E T B S A R,
7 AR R T By B HL-2M 35 8 N 36 46 5 7 Rl Il
SR . B8 S SF B TR KB Br HL-2M %€ B N 8
FEETART OG2 W EA, 205 M R #EAT @GR R E W
RGB #& (6,4 35 W BRI R 45, 500 400 HEAT 5286 %5 1 F- 4
FRERREZ G P BE R M R G, AT LALEE . ERE N
6 B R AR TR I A%, 2R A A8 36 Y 68 R A 25 T D BT W
[FIFER TN A& Fh A A SC I B, A I o AR EH N
BRAE s BTLA, AR BB S 80— &840 AT KA S
BZHH.

K8 HL-2M 285 1t 205 49 (A£) 500 4y (£)
55 33 ms 28 E N 0] W2 WA

2.7 REABEEERL

ARG BT B R i al B2 AR, n] DL
RGN B AT T 2 BRI DR A7 I TR B0 A B SR
GER AP R A D RE . O 3 A A AT I T 2 8 A
[l B L e NS O . AE 2021 4F HL-2A 4GRS 5 55 1
R HCEs A5 3] K5k . AR RG2S
b ATRLIEHR R 412 Wi e BN 45 5 R ] OB R, il
Ao A8 A AT T DA PR AT T T e A R e R 55 AR
Mz 55 s L

B9 HL-2M %8 T 205 8 (4 50048 (F)
55 55 ms 3¢ B N WLOG2 ]

ARG TT LB EETF Lumenera LT &, A i
APLERE R T, FFE RGBT, S 7e H i &
FHESRETHNSE L,

3 ZWERMOW

LB TIRA IO RUE R A E &7 HL-2M %55 F R W 1h
JHCHR B TR A . L 1 800X 1 800 [ A HEER ., SR Ny
99 Hz RHFf., SREERT DR AL R GG 20 % 3 s BF RS L. &R
SEAT LIRS BI2 T 45 B AR 07 B S PEARERAE . JF HLIRHSR
FEARAR A, T DAME I B S5 B AR R 1 . PTG R K
BRI . RG] LA 0 A SE R IR A TR s &
P 1 TR ) 5 AR AL A, ARV P AT
3.1 YIREBFETRXRGISH RS

& 10 7R T Y ) B2 i 7 45 B 44 5k vl 300 T BT R 4
B EMG . FRGuAE o AR R R & 1 800 X 1 800 1Y 43 BE
R, WENR 99 Hzo BRERIEN L, HAWMBMRES KK
NI

(V) (B) (©)

(D) (E) (F)

©) G (D

B 10 HL-2M %5 726 45 B 1 A i 52 56
YI ) AR L W 114 5 6 235 2

BB MU www. jsjclykz. com



< 52 - P A 5 45

5 30 &

RAERHE A 10 FEl 11 BEHUR JE HL-2M 32845 726 4@
f19 85 1 OO B . B R 55 kAL IR 2 0
80 ms. [ 10y (A) Hl (B) EIR 6 T 55 8 F i
USRS R AR B . X LR 10 P 11, AT LUK A S ik
HAURTES 20 ms i 5. SR TIRAE 97 ms A MRK, TE
Bl 10 (O ZJa» Wl E R Re 05 i 45 8 710 A % ol
PUNAE B TG . TEP 10w, a) LUOWLEE 5585 7 1A i
PRI E. AT L AR AR T R R AT R 0 S 0 G R AL
UnTE 10 P S B 1R — BERI AR &7 R — e in ot A
AT L i B A e Sl 2k el ORIL R R DDA OG . B R
W MCHRE 5~ S A B A8 45 B 1A i S T AT LW A 0
27,

60

IP (1/KA)
3

oo
S

-0.02 0 0.02 0.04 0.06 0.08 0.10 0.12 0.14

t/ms

Bl 11 HL-2M 55 726 3 55 8 7 Moo 5056
FETARER . He S8 HNIERS

D1l T WG B AR 32 W AR G 1 B R L AR B T R I AL
BICARAT 1 SRR BN AR 2 2 T ) A R 16 O
VAL S5 1 1R 5 BE T AR T AR A D O 1 AR DAy 4
M EEZHKYE, 18 HL-2M 9100 % & TR R 2 1 3¢
SRR AE T
3.2 TREBTHATLLRGSH RS

fE HL-2M 858 7O S 00 56 726 M1, REBRE S
BEICAE 1 800X 1 800 73 B4, My 99 Hz, BERAIH
L HORIEAERCE Z 8. ) MR TR e
WA SR AT LUK 8 I B UK TE 2 20 ms B 7 S B4 88 1
PRIETT B 4 B TRTE 97 ms ZE ALK, 1 50~80 ms i fy
LT —APACETBL, ik 11 518 12, S TR E S
FPRK W 4l fE, WA 5 EE2 WS S i e S B
AT LA B[] i (] ) HL-2M 25 B3R 9 SR Y 052 (%
55 5 B T AR A5 M BE TR T S S B

IR AR ZR 58 00 00 R T A T M S i i TE A B 1A
TR A A o A% I i) R R AR AR . SO0 i R R
BEARE (e RS FE LR E S HAA R D . IF -5 Y0 1) § if
A5 @2 W5 5 dE Ay X L. 25 RS M, Wik TR R

DR EREE S I WGP G

12 HL-2M %5 726 4135 & 7 A 8
ST RGN L g g R

4 HFRIE

Zeat HL-2M $6 R 5 50 55 3 B0 5230 19 2 WUE B
SR TR AT DL A FR B8 T DA 4 T U b S I A B T AR )
T AR B, SN e — [ B 20 4 T O I B S
LENMEEEE, eI IR W BRI T L
X R AE R AT 8. LA S nT DL Bl H At 9 B 28 AT X e
SHT. T TTAG R A B X R A SR AT A
FAEG, MRSk m Mt R A EXEENEM, R
ZAGEBESHEFT AT YEE, AT LRIESC8 2, MR
BELENMESRMEZEAG B T 55 7R 80HE
P i

ARG HL-2M #1406 % 3 TR IS T R4 15K
B, FINESHEE HL2A LK E PR T/EEW. A&
G R G 2 R BUHE R vl 38 B 0 4 B IR 2 I 4RIt
iR S E 0 R B R SE A B R RT OO AR
BRGERM T — Bk

S E 3k :

(1] ZHIeE. J-TEXT #£ R 550 b CCD SR & 48 i #5 l S Hon
FARFE D). R ErpRE R, 2019,

[2] CRACIUNESCU T, MURARI A, GELFUSA M, et al. Over-
view of image processing tools to extract physical information
from JET videos [J]. Plasma physics and controlled fusion,
2014, 56 (11): 1-13.

[3] S Ratynskaia, C Castaldo, et al. Diagnostics of mobile dust in

scrape-off layer plasmas [J]. Plasma Physics & Controlled Fu-

BB MU www. jsjclykz. com



59 M FHET, %

AT HL-2M 3 B 005 5 5 W AT 0L sR 12 W & S i it il .« 53 -

sion, 2011, 53 (7). 0740009.
[4] M E Fenstermacher, W H Meyer, R D Wood, et al.
tially viewing visible TV system for the DIII-D divertor []J].
974 -977.

A tangen-

Review of Scientific Instruments. 1997, 68 (1) .
[5] A L Roquemore, T Biewer, D Johnson. NSTX tangential diver-
tor camera [ J]. Review of Scientific Instruments, 2004, 75
(10): 4190 -4192.
[6]J H Yu, J] A Boedo, E M Hollmann, et al. Fast imaging of
edge localized mode structure and dynamics in DII-D []].
Physics of Plasmas. 2008, 15 (3): 614 - 062.

[7] R J Maqueda, G A Wurden, S Zweben, et al. Edge turbulence

L

measurements in NSTX by gas puff imaging []J]. Review of en-
tific Instruments, 2001, 72 (1) 931 -934.

[8] A N Ben, A Kirk, B Dudson. et al. Inter-ELM filaments and
turbulent transport in the Mega-Amp Spherical Tokamak []].
Plasma Physics & Controlled Fusion, 2009, 51 (3): 035016.

[9] M Xia, Z Chen, H Deng, et al. A visible light high-speed ima-
ging system and tomographic reconstruction of plasma emissivity
on the J-TEXT tokamak [J]. Fusion Engineering and Design,
2019, 146 (Sep.): 578 —581.

[1I0]BYFWA, BGSXA, BYLL, etal. Visible imaging

measurement of position and displacement of the last closed
flux surface in EAST tokamak-ScienceDirect [J]. Fusion En-
gineering and Design, 2017, 119 (12). 42 -50.

[11] K Kamiya, K Itami. M Takeuchi, et al. Design study of a

wide-angle infrared thermography and visible observation diag-

nostic on JT-60SA [J]. Fusion Engineering & Design, 2014,

89 (12): 3089 -3094.

[12] L Qiang. The component development status of HL-2M toka-
mak [J]. Fusion Engineering & Design, 2015, 96 - 97
(OCT.). 338 -342.

(13 5 JL. BRBEE. ®ibeE . 5. 558 TG 2 W & 40 wF il
LJ] FFEpLI - 546, 2009, 7 (D). 4.
[14] N Nishino, K Takahashi, H Kawazome, et al. Visible Ima-
ging of Edge Fluctuations in Heliotron [J]. Journal of Plasma

&. Fusion Research, 2004, 80 (3): 179 —180.

[15] L Liang, H X, D Y, et al. Visible wide-angle view imaging
system for the first plasma on the HL-2M tokamak [J]. Ap-
plied optics, 2020, 60 (11): 3211 -3216.

[16] A N James, D Brunner, B Labombard, et al. Imaging of mo-

lybdenum erosion and thermography at visible wavelengths in

Alcator C-Mod ICRH and LHCD discharges []J].

Physics and Controlled Fusion, 2013, 55 (12): 125010.

[17] D Moulin, C Balorin, Y Buravand, et al. The data acquisition

Plasma

and interlock system for Tore Supra infrared imaging [J]. Fu-
sion Engineering & Design, 2003, 66 (1): 925 - 930.

[18] % ZE. HT EPICS YR 48 36 B 4 1 Wi ¥ 48 BUAE 42 % 11 5 0F
g8 [D]. BUAR: A% Tl 74 ja W HE B 5EBe . 2020.

[19] BB A, WA®E MFC [M]. . £ h R K% R
1, 2001.

[20] H Ivor. Visual C++2012 A4 [M]. dbxi. ek
R AL, 2013,

[21] 4 & VCHH+WAFEM (M. deit:
2012.

[22] XURAJ0 . ZERRPH, W 3, . T IREL MR 6 BRSO i
(10, WEHLT RS 3, 2012, 33 (1), 224 -228.

HL T ol AR A

29,239,299,299,299,299,299,299,099,099,299,099,099, 993,239,299, 299,993,999,099, 293,993,099, 299, 993,299,999,099,903,999,099,293,999,999,099,093,299,099,099,203,939,099,090,293,299,099, 093,999,099, 299,993,233

(E#ESE 45 T

[6] 8 M. JETFHLER G0 00 2 S 1A R 3% 1T e A3 7 2 A6 00 0% g 4%
ARBFFE [D]. B ZRrE K%, 2017,

(7] F@sw, £ & G Mmia e Jr ki sg B L1,
R, 2018, 42 (10): 44 -47.

(8] Ak, R 53. 5T e (5 Ak H A i 326 5 B O 0 o 2 % L 0
AW [J]. BRI, 2020, 52 (10): 116 -120

[9] ZHANG C, CHEN S, ZHAO L, et al. FPGA-Based Linear De-

11174 £

tection Algorithm of an Underground Inspection Robot [J]. Al-
gorithms, 2021, 14 (284): 1-16

[10] 7P, BR %k, EBRT. % BRTHESAEHRELEMTT
BRI RS (1] Bk, 2020, 41 (5): 143 - 147.

C11] JHmedl, £ db, SR TE — i 0 B 22 5000 bk o 0 75 45 00
BT X FPGA 3 [1]. W F 515 B4 4. 2021,
43; 1-5,

[12] %1 W, HEH. —FIET Sobel 57 T By #H 4N 2 I Beba 1% 4
Gk (U], B E AR, 2021, 44 (3): 138 -143.

L13] 584K, 3CIH . M K, 5§, 454 Hough 224 5 M ik —
Fe ik AR [T]. PR, 2012, 39 (4): 196 -200.

[14] 8 . K. T2, —FmE SR Ew oy Enikits
IAE [J]. $o¥s R4S, 2021, 36 (2): 384 -390
[15] Z=n] 98, HRI&, Ryt MERERERE PO IES S

FPGA sz 3 [J7]. %o % 4 540 B, 2020, 35 (4). 753
- 761.
[16] B @, ZEME. B 5, % 1T FPGA §iz 3 H b sent ks

DU R Rk R S B R [T, SR, 2020, 46 (2): 32
- 40.

C17] BEL, ThEA, 2 M. S BHR 0 ol ok
FPGA sz #8 [J]. 3F5E vl & 5 #2008 (11): 1672
- 1675.

(18] sk #t, TIHFH . BIEWE. 3T ik Sobel ik 1y 52 it E (% 4
é)"ﬁhwlﬂ/vwxfr V] RBEAR 5L &4, 2018 (2): 101
-104.

(19] x| #%, TR0, X #. —Fh5EF UDP B BOR &
moal SRR A LD, BUARTHSEHL (&l O, 2017,
-7

[20] Z=sk e, BUSCZE. HF LFSR ) CRC K310 7 FPGA I [ 52
BOLT]. 22N 5Q K224, 2015, 34 (6): 91 —94.

S AL
(5): 3

BB MU www. jsjclykz. com





