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Abstract: In the laser driven inertial confinement fusion experiments, there are always many diagnostic equipments
assembled in multiple view angles, around the tiny target in the center of the giant target chamber. It is very important to
develop an automatic target pointing technique in a high precision for the diagnostic instruments. An automatic aiming
technique is proposed in this work, which includes the automatic image recognition, the target and the feedback control
of the diagnostic instrument manipulator. The off-line calibration of the relation between the target position shift and the
image mark shift was also implemented, in which the target movement is controlled off-line by the micro level translation
platform to simulate the relative movement of the target and the diagnostic equipment. In the automatic aiming technique
in this work, firstly the center of the target is determined so as to find the pixel deviations. Secondly the spatial deviation
of the target from the original position is automatically calculated according to the funtion fitting. And thirdly the feedback
control of the diagnostic instrument manipulator is executed according to the movement control algorithm. After several
iterations, the diagnostic instrument is able to pointing the target center in a high precision. By the feedback control
technique in this work, it is found that 6 iterations can provide a pointing precision of less than 50 pm. For the instruments
with a relatively large tolerance, twice feedback control can meet the aiming requirements. The aiming efficiency of the
diagnostic instruments is improved much.

Key words: diagnostic equipment; automatic aiming; image recognition; function fitting; feedback control

Citation: LI Yingjie, CHEN Ming, CHEN Li, et al. A feedback control aiming technique of the diagnostic equipments
in the inertial confinement fusion experiments. Control Theory & Applications, 2020, 37(10): 2147 — 2154

1 55§ 7 EipsEns, 2 HHET um B um X, BFEL Fh
WA R B FEMH 212K R g0 WERIOE XS 8+ B P rEERRE. 6
TR R AT N A RIS W A IR RO U RGN A (] 43 A SRR A B A 2 s .
ks H H: 2019—12—31; A HIY: 2020—08—03.
T3@{Z{E3% . E-mail: zhangxingjerry @sina.cn; Tel.: +86 13881195637.
A THTIRZE: TS

EZK B RBIFEATIE (11705178) .
Supported by the National Natural Science Foundation of China (11705178).




2148 B owo#H w5 N

37 %

RECEY. 7 RO E, Bl 2 Mzl 25007 e
VPR SLEG S50 2. TR E BOR O E b, 12
T M FE BB A5 3~6 mP)HE 2= M N =, 123 3
P B HE 5200 mmZE A5 AL B, B RT3 5 E F um B
i, TR E, X R RS0 pm. T #E 12
T T % 10 i R K PR AR S A RO O IR AR S e
JEH EERE 2.

3 [E KA 0 35 B (national ignition facility, NIF)
HRIEAN [FI RV 75 SRR T AN R RO R 777 0 o
SHfE R 511301 (opposed port alignment system, OPAS)
RSB A AT PR R R AT R AR, A E 20
20 pum/pix, {ERGHERCRAR, RIE e AR KB A R
5 BN/ DL M i & Y I A R 4L (chamber
interior viewing system, CIVS) #H fifi 7] i& % 1.28 ~
3.34 mm/pix, i 7] 3% £1)0.30~0.42 mm/pix ] i G
P 5% FH B0 BR B & Si(advanced tracking laser ali-
gnment system, ATLAS) 1] $i¢ =7 B 8 1 R 15 PR RCR,
¥ £ 7E500 pm DA 1, 32 5 JK 42 B 2% B (laser mega-
joule, LMJ)K FH XU ATV 2 4t i3k 47 Wi 14, A 3k 3]
25~250 um fIFE R

FRE FRAHOGRE B2 Wris % IR HER F O it
FiR, AT A HADE AL, B RS RS
A AERS FE. th T2 Wi & B 5 A 28 I HE DI Be,
7 EAE R I H 12 Wi B 3P & (diagnostic instrument
manipulator, DIM)_E 3k 47 [ R Hif o 72 7T 9 A3
o BELRICSE | TELRINE . S W g 4T B 128,
Horb, FEZRIE I 2 75 BN T4 A R s, i AR
AN SR PG b 2 i s AT R s 22, N T
S| R, AS ki IE e TR e E.
FH T3 N AR O 5 2 W i & s AT I
FERF A BENLMEBOR, AR T2 W R 5 TR,
CRITT E Shi AR B 2 W R 48 TR @
FHAEEEEME X

A SCHR H— P T MG 2 W ik #& S iz il
Al AE R, AT DUSEHLAE B T, f7 1m0 T
23 um, 2R 50 wm RS HEAS FE. SR F EUE R Bl
AR, AL TR A SR R L A B A
BT NIRRT R iy 1 RS BE AR 2. R4 R
H RO A B E R B 22, FEd A oA
HH A R )7 B 2 . AR A5 81 1) 25 TR A B s 22 425 )
DIM RN | AT LA AR [ 438 3y, AR T 24 A
HETTE R R BAR T IBARREL, $ 0 1 ISR,

2 HENZSWTSCR R T VAT A

FREFO G2 o 5 AR S5 fd HI DIMA 2 Wr i &
ENFLE, AR, @ s H i R g DIMIr i
B RS0 A STES WA £ 1) ek FE R A

X BV 2 4060, 45 i v M VL R G R B A O Y R

ZR0) i v M L R G A AR DY & H e R S T A
(charge coupled device, CCD), HAF I 7& % H XU H A2
DR BAE RS EOT 6 LA H B ZIC AL L v
ARG AR AETT LRI, AR R
RIS ML SR RO AR B Sk (A7 B AT T S5 [
XH e R G e a1 s,

X H HlifE 32 4%

BRI

F&(DIM)

R

K1 2B A AR
Fig. 1 Schematic diagram of diagnostic equipment aiming at

the target online
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Fig. 4 The image and recognition result of the target ball
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1 2 3 4 5 6
1 3000 21 8 10 5 9 4
2 5000 12 24 28 27 20 11
3 5000 27 8 1 2 11 10
4 —1000 25 20 7 10 2 19
5  —1000 49 —43 —26 -25 10 -9
6 3500 —-30 -23 0 9 59 -—19
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8 1000 —44 —48 —11 —71 —61 12
9 2000 52 -9 —13 38 34 -4
10 —-500 -2 33 —464 30 24 0

%2 Y@ K6X B EE (um)
Table 2 Deviation after 6 iterations in Y direction
(pm)
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1 2 3 4 5 6

M

2000 8 18 20 24 14 8
3000 20 27 32 33 27 22

0 9 0 1 6 10 12
—-1000 —47 -6 10 2 -1 4
500 29 -33 —42 -35 -29 -16
—-1000 -50 —42 -25 —18 —19 —19
—-1000 =74 6 17 5 —4 =2
=500 —-51 456 70 —-13 —-20 —18
—1500 —41 32 56 57 41 =51
10 —1500 -70 —16 —43 -8 —16 20
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