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Abstract: In order to solve the problem that the schlieren method cannot accurately measure the weak sig-
nal region of the sidelobe beam in large laser devices of the national large scientific facility, a new schlieren
method based on the diffraction inversion of the sidelobe beam is proposed to measure the far-field focal
spot for high-power laser. The key point of this method is that an indirect measurement approach is used
based on reverse deduction, while deducting along the reverse direction of the optical path propagation.
The diffraction intensity image and phase image of the sidelobe beam are the inputs to calculate the far-field
focal spot distribution of the front sidelobe beam, which is not shielded. Compared with the traditional far-
field focal spot measurement based on the schlieren method, the improvements and optimizations proposed

in this paper are as follows. First, the mathematical model of far-field focal spot measurement using the
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schlieren method is improved to reveal the rationality of the model, theoretically based on the principle of
diffraction inversion of the sidelobe beam and the indirect measurement approach. Then, the feasibility of
this method is verified by simulating the whole experimental process of high power laser far-field focal spot
measurement, which consists of sidelobe beam diffraction, denoising, sidelobe beam diffraction inversion,
and focal spot reconstruction. Finally, the improved DnCNN algorithm is used to remove the noise of dif-
ferent levels (0-75 dB) of 12 bit scientific CCD images in the mainlobe and sidelobe beams, and the recon-
struction accuracy of far-field focal spot is improved. The experimental results show that this method not
only eliminates the influence of the schlieren sphere on the diffraction of the sidelobe beam but also obtains
the real intensity distribution of the sidelobe beam in the weak signal region, including the important param-
eters of far-field focal spot measurement, such as the amplitude and position of each peak of the side lobe
beam, the dynamic range ratio, the amplitude and position of each peak of the sidelobe beam, and the ratio
of dynamic range. The error between the reconstructed and theoretical focal spots of the dynamic range ra-

tio is 3. 20%. It is significant to improve the reliability and experimental accuracy of the far-field focal spot

of high-power laser measurement using the schlieren method.
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Fig. 1 Optical design for far-field focal spot measurement
using schlieren method based on diffraction inver-

sion of sidelobe beam
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Fig.3 Flow chart of data processing

Bl ) e KA A 3 583. 6. 24 y=256 i}, 55 4 il £&
B — BB U B DU U 0 BT A e 4 i
214,187 .160,133, JK FE A 43 5l 0 62. 69, 14. 88,
5.73.2.62. MEE/NERERKT 0B R, &
SR IX I KK JEE M 5. 74,39 M 0. 54, N

F SI2  HICHE 55 0 X3 K B (R O~15 Z (R 1Y)
TEEBL, X 5 12 6 BE 2 CCD B JK B Y R (0~
4 095) ANFF o K B 4(a) 1Y 0 4 52 58 B0 i K 200
¥, BB LR LA (1) 557 e o B 5k 5 40 A
PG 1 K B AR HE 12 457 Bh 22 9% CCD Ry 4R i 17 [X.
6] 2 P9 (0~4 095) 5 (2) 38 33 XF ) 4 52 56 54 146 4 7
TR Kb B 55 IR SRR B 8 R 40 A R AR — 5B
T G D I R R g A B RO R

PR TG DU I 0 ) R B A R R THE S A
F5 B 2 25 30 1Bl AR 0 R 5 (3) A R T A
IS L T 55 O ST S R T Y R O 2 i R
B0 2 S 56 o AR 2 M b B 55 O RO R
GEBELRE,

B P 4(b) BT 7 89 = 4k 2 i A4t 3 52 56 15
1B U 7 b 5 18] K 200 4%, 15 21 56 T 55 O
ST S8 5 T8 8 RO 32 S £ BN R 1 SR L% L A
K5 B, Hodh e KAB R 716 730, 55 G A AR — |
OB S SR DU A 43 i ol 12 321.2 978.5,
1148.2.557. 2, Horh i 5 L 58 sl A 1 e =
AE /55 DU i iﬁﬁﬁﬁ@%%zﬂ@ﬁimthﬁz
716 730/557. 221 286. 3. 1E [# 3 % 4 b 3R AR



388 b=

K TR

%030 %

P v Tt T AR A D B A 7 5 S 8 O R Y i A

(a) Lk — H e B BESTE0 K0

(a) 2D generated experimental data of far field focal spot

K.

Initial simulation data

4000
3000
2000
1000

(b) AR =4 FE B SRR B
(b) 3D generated experimental data of far field focal spot

P4 R 7 2 B A i J2 3 £ B S 0 B o
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Tab.1 Simulated experimental parameters of far-field focal spot to obtain intensity distribution
No. Parameter Name Value Unit
1 Imda Wavelength 6.350 00X 107" mm
2 a Radius of the sphere 0.5 mm
3 f Focal length of telecentric lens 100 mm
4 Am Magnification 1 mm
5 pixel Pixel size 0.005 6 mm
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Fig. 6 Preprocessing result of mainlobe and sidelobe beam of focal spot image
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Fig. 11 Intensity distribution reconstructed result of far-field focal spot
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Fig. 12 Simulated data processing flow of sidelobe beam diffraction inversion
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Tab. 2 Error statistics of sidelobe beam diffraction inversion experiment

Error name Unit Symbol Theoretical value Error value
Transmission distance error mm z 200 2
Average phase error of sidelobe beam degree ¢ 0 10
Noise mean square error o 0 25
Radius error of schlieren sphere mm d 0. 4480 0.056
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Fig. 13 Sidelobe beam diffraction inversion results in simulated error environment
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Fig. 15 Analysis the influence of phase error on diffraction inversion of sidelobe beam
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Fig. 16 Effect of phase measurement error on diffraction inversion of sidelobe beam



396 e K TR

%030 %

2 X A3 25 AN 55 D U 1) 3 A RRAE 5 (3) 24 55 I
O SRR, I 55 S Y B, 7 R T2 2R 0 05 /N R
P4 DI R SR AEAEAR R 0915 5, 31X 5 AR IS AT 11
FEH AR 5 AN O A EIR A AR AT, K 52 i 5
IS — Z 58 AR y O 0 A U S
WM, U T W R 2 A2 R A SR B B L S 1Y 55 A
BAG S, A B 38 Ao 55 ' RATT 5 2 i 32 BRI L
1E A 55 IO SR 55 45 5 B T 2
4.3 DnCNNEBEWEZMARITHRELERD

50 43 4

155 CCD SR 48 31 (1 EHR B0d 2 465 2
S /NERIE RS A7 5 Y G L5 CCD SR 4R 11
AT RS A T CCDMPLIIME S . S T
B A A5 R JBE P4 LURT Y 55 6 40 A, R 2 LA
CCD R 4 21| (1 55 6 o EIZ Sk i A (Chn &1 17
(a)), Bt KM (e 17(c)) , 5 &l ) iis
SR AT L IE ARAT S LAB 55 M6 o o3 A R
4.3.1 A5 9%k RATH B 1% DnCNN X = 2t R
2T

I 0 e 3 e X 5 I 3 o't R R s R
(AR M AR 55 M G i AT R M b 3. iR4E =%
SCHR[16 ]8T % DnCNN B8k 19 SR it an < (1)
XF12Fb2 CCD AT FUAL B, 6 12 457 £ 4l Hi 1 ok
0~1 Z ] double 25 5 5 (2)# DnCNN 5 % v i 43
2 J0 BOHE 25 B 6 Ak K double s (3) K 25 M kb 3
S B AR D 2 A I MR 5 (4) K 2 M Ak B dou-
ble 0 # 3 47 JK BE 55 958 J5, $i b 2= 0~4 095
ZIa]

#£ DnCNN 2 M 53 s 56 4iF 52 46 o, 55 7 &
18 J5c KR A R 754, 38 i ¥ 05 22 Sk 25 1 Bt BL
WL 5% OG TR AT A P R 2 W b B dn 8] 17
TR o

55 9 IR 28 35k SO /N BRI Y S B 80 /N Bk
AT BTG 0 R RN BRI A S T Y
JEIR A B A TR . SO /NERE P X, B
55 M A bt KU B — > W1 52 6 B 5 TE vk 4R 3
HH I 11 55 IR DB R 15 5, DR 5 I O 06 8 8 Sy U A
SIS B AT Gt BRAR 3 A o FE T S A 6 IR LA
RRAE, HRE AR 6 3 AT S DR A S

(@) FIATEDLR  (b) FIATHEREE (o) FMTFDEHRE
JRIREI & 7 g I

(a) Original image
of sidelobe dif-

(b) Add noise image (c) Sidelobe diffract-
of sidelobe difft- ion beam denoisi-

fraction beam action beam ng image
FI17 Bk DnCNN BT i 25 Bk 55 M Ot AT 3 1] 45 04 7 2%

R
Fig. 17 Denoise effect of improve DnCNN algorithm on

sidelobe diffraction beam addnoise image

MR R R AT R D g, 55
IR SR I 25 M PG i s TR AE B0 ) 0 O
RTS8 M IAT T IR LR R 3
220 25 WY BEMLME A5 FH 20 DnCNN B £ B
55 IR AT S R R 75 IS 55 AT S DR e PR R
S5 IREATT S 2% 1 PR 22 18] 14 #H 56 R B0k 0. 998 83,
25 M I 0 55 AT S A P DX ISR B R R
55 T AT S 25 M A% R R U PR B K (1 22 1]
TRBE 2245 78. 91,1 25 8 7. 94 %, 3% Ut W ek
DnCNN 83 5% 2 B 55 o6 AT 5 1811538 7 22
S 25 [ B AL 75 1 25 R

55 AT S AR 2 M AR R L (y=256) fil £k
WE 18 7, B 18(a) Al (b) 5 €4y JF f il 28,
LA A R i 2 AT o e . X 55
6 AT G D U PELAG  in 349 J5 2 Oy 25 B Bl AL I
J& LA y=256 [ K Pl £ b, T A PG  n  K
B R 133. 5, H B 55 M O o it e it 2 F 25 W 5 it
LI R I F . B TR 2 Y
AW R AR OC R B R 0.996 9, 1R 22 /N T
4.83% . HEEH A ML B IR R B X B,
IR EEAB R 22 /N T 2.5, 76 BEAS AT 45 30 BT 16 1) 16
PEE K EM R 2T 260 okl W, %t 55 9
7 9 W Rl ok UL ki DnCONN 25 M B0 3k 7 4
ST TR [ DX 2 M sk SR L AR T
T ) D L DX 2 o A SR o 2 R gl 48 5% R X
Sl TR 43 R i 2R 55 0 DX SR BB AR Ay 1Y 1
4 0.951 6.



43

TARUN , A < BT 55 MEOE ARATT S S 38 B0 55 O s 7 s BN 7 ik 397

Original, addnoise, denoise curve of sidelobe diffraction image (y=256)
1200 : : : "

— Original
Addnoise|

1000 — Denoise

800+
600+

400+

2OZWM/M V

-200

0 100 200 300 400 500 600
(2) FHEATHTEARIGIA « IR R KR EE R (6=25)

(a) Comparison of original, add noise and denoising curves of
sidelobe diffraction beam (6=25)

i 566 Original, denoise curve of sidelobe diffraction image (y=256)
‘ ‘ ‘ ‘ ‘ —Original
—Denoise

800
600 -

400

Yol

—2000

T vy

ldO 260 360 460 560 600
(b) FFHRATHTE HR LA 25 Bh 2 bL s (0=25)
(b) Comparison of original and denoising curves of sidelobe
diffraction beam (0=25)
18 55 AT 5 1A 45 2 MR R X Hb it 2k (y=256)
Fig. 18 Comparison of sidelobe diffraction image of de-

noising effect (y=256)

4.3.2 DnCNN & =%
o H

R T U B 2 M kb 3G S5 % AT S R T
%%%%ﬂ%ﬂ]ﬁ%ﬁ%%@m%%%%m%
PRI A5 FT 25 W 1 5 ' AR AT 5 IR 4 AR SR i A
G v 55 AT S LA T K 0 1 e ATL R R 38 25 Ok
25, 1 2 20 (15) #4777 9 Je 32 55, 4 # 2%
nE 19 fr s

ML 19 fe] DU Y, 55 6 HROR AT 3 i 4k 5
55 I D' SRR S 2 W RN R 2 MR R Tl R 2 fR) L IR
SRR AR REAR A o R INAE S AL I, 4k
M4k Z [ TR B 3 o8 a4y — 30, U2
TE 55 9 U U P A R B B A 25 K. TE 33
P — AP (= 160) , A& 2= Mt 2 3 #h 48 55 oK
T 5l 2k 22 ) A% 25 o 28, 4, £ M s il 2k 5 ok

R TR BIRER YR

Comparison between no diffraction curve and denoise and addnoise
600 mverse curve of sidelobe laser beam dlffractlon (y—256)

i A 7Nol dlffracuou
I It Addnoise
500 —Denoise

400+
300+

200

=3

100+ /\

4'*}\‘ / \
0 q\:mn”ﬁ"‘f";j \ | w. A ww ! m” u) WM
0 100 200 300 400 500 600

P19 55 M sROR AT S 1M 28 5 55 M O AR ATT 569 R 25 M N 25
MR iz g M 2 45 2R L g (0=25)

Fig. 19 Comparison between no diffraction and denoise

and addnoise inverse curve of sidelobe diffraction

laser beam (0=25)

AT 5 il 2R 22 TR A0 22 Ok — 14 7 S5 RO RS — A
P W (= 133) , A 2 M i il 2 5 oK A 23 il 4%
Z B R 225 28, 1, 2 Ml 2k 5 R AT 5 i 4k
Z ] R 25 O — 2. 85 7F 55 O R AR = A I I
(x=107) , A& 3 M i it il 2k 5 R A7 55 il £ 2 []
18 25y 14,5, J3 W B i il 48 5 R A 5 il 4 22 1]
B 250 —0. 7, i i nT DUE A L o5
TR AT S A 2 W Kb 3T O e L 28 ek A MR A B S
55 ' AT S I v R 55 A OIG SRR AT S i
Z IR PAE SR 2N . AR bk = A il £
T HEE, 5 IR G AR AT 5 il 26 5 25 6 AT 59 oK
Fo M R 2R S 2 A O Rk 0,988 5, 5%
O WA AT 5 2k 5 5% A O6 A ATT I 25 MR S I T
il 28 2 18] B AH 56 R 80h 0,992 1. 3 1t BH 78 A7 5t
S5 T B S R 2% R G AT S AR AT 2 M Ak 3
BT EN . 5 A, AR BRI BRGE BY IX
176 << << 236, 55 MG HAT I A 25 Wk 2 73l il £ F1
55 WG TRATT S 2 W S R T it £k a3 0l 5 05 Ol OR
RATH M2 Z R 25 K2k 12,9, IR 8 de 4
ME%#&*:;?Emm;%ﬁﬁiwva
185 e, X6 die 24 £ BiF 7 A0 25 R I A R i, 3
[ f) % 25 1T DA 2200 A3

T 1 B Y MRS R [R] B, DnCNN 2% I 5k
Xof - 55 AT S O BB T 45 SR 5 AN [ 34 7
25 W TR I BT Y 55 AT GO AR 2 2 W S R T 1Y
b3 ZE JEHEAT LA, 45 R & 20 P o

M Rl DU 2 22 W R N T 25 B
283 DnCNN B3k 2 M J5 114 55 3 't AT 569 e v i



398 b=

K TR

030 %

Inverse curve of denoise sidelobe difraction laser beam
when noise MSE in different (y=256)

600 "
; « No noise
i f MSE=5
500 it it MSE=10
i - i MSE=25
400 MSE=100
300
200 1
A FH A
100 41'.‘ '”n
MUY ,:‘Stgg’ <
| Iyf bt oo toH oW b A
NLEAYATR AR B AN st 4 VN
0 100 200 300 400 500 600

P20 20 P A ) I 55 AT ST O R 25 e LR A5 2R (y=
256)
Fig. 20 Inverse curve of denoise sidelobe diffraction
beam when noise MSE is different (y=256)

255 TC MR R 1Y) 55 IR SROAT S S Tl AR AL
F U LS B AR AR5 AT . 2 38 07 220 75 R T 100
i, 28 38 DnCNN B33 25 M J5 14 55 1 O AT 5 I
T8l 22 5 0 M RS Y 2% RO AT SRR T it 4 AR AL
BEAR, JC FLBCR B AR I Tk B A AL B0
JINER A SHE T 08 AR AT 5 08 55 e T a3 A R o

Wt DA, i AR RS R Y
M 75 A5 /N (3595 2% o /N T 25) B, 22358 DnCNN %4
2 MRS I 55 ' SRV S v 4 SR R S AT A
FA S0 2 U, X T S5 IR AT SO AR A i, AT
PEAGAE W L A B 22 CCD b A7 R4, A ik S i
Ji G 1) 25 B TR 43 A LS, DT Ry e 28 3R AS K 1
1) 1 301 285 Vi L 3 45 B 0 A R A UL PR e

: x103 Original curve and merge curve (y=256)
Orignal
—Merge
7 F 4
6
5t
4
3 |5
2 |
1h
0: N = o L L
0 100 200 300 400 500 600
(a) [fih 5 EAGEhER =256)
(a) Original and merge curve (y=256)
21

Fig. 21

14 000

12 000F

10 000F

4.4 FWHARITHRENEBE RO 5 H

S5 IR R ATT S5 I T 1 RTEORS BB R e R e T
Xt 55 I TR 55 15 5 X 38 0 T B KS BEE  HT S5
HOE U R AL k=1 HL 55 M A LE D 6 ' TR L
Bl ZE p=0.5. UL, 7E 55 X Il e & A I
FE B 1Y) B ' 5 2 55 O SR ATT S I T IR D i
(149 2 %, 55 T 6 SRR S8 I T8 10 0 B L S e T I
2T A4 318 3 BRE S5 I DX SR RS

AR A5 L 0 e PR A% R R = BB E A 200
mm , {5 B 52 5 v 545 i B B 2 1% 25 9 2 mm s 80
INER A% R 25 R 0. 056 mm, 32 6 HOAH A7 14
PR 25 R 10 B, 24 32 9 RAGORT 55 9 P49 38 i B 1L
e 7 18 )y 25 O 25 B 38 3 i B o A T A 2 SR
wmE 21 fr s .

i ey LA 1 e AL L 5 I ' o 5ES Dl g e £
B 716 730,557, 2, d5 HE A 5 DU 25 R Dk A
S 1 286. 345 F A ER B OR(E  SF O AR
DU 35 U 1 43 1) SR 704 855.530. 9, F K 2 45 Y
SR WSS 0920 1 328. 745 . ML AT L, 7E B
f A% B A T AR e 55 0 D 0 £ 5 4 L O
HOE W15 SR N R T 28 R R TR R R R
A PR A5 55 I DX 3 v % A 55 O 06 ) B2 AR TR R
SRR S, R IR B AT 3kt S 8 DX s A7 ik
KR, BT £ 10 25 M 55 15 5 X S an &1 21 (a)
3 R T A T 7, 55 9 55 1 55 X Jd 38 il K 45 S
W 21(b) P o

Original curve and merge curve in sidelobe area (y=256)

Orignal
—Merge

8 000"
6 000r
4000r

2 000
1133
¥i5572

0 POUA I | L
0 100 200 300 400 500 600

(b) X SRR 5 E iR LL (=256)
(b) Original and merge curve in sidelobe area (y=256)

1T 7 5 B T MR E 2 A

Reconstructed accuracy analysis of far-field focal spot



43

TARUN , A < BT 55 MEOE ARATT S S 38 B0 55 O s 7 s BN 7 ik 399

M 2% SCHR[ 16 ], 3 3 £ B 3 A5 9 1] Lo A
S T AL £ BE G R 4 A1 S A 5 D 5 O D 0 A
SR A . G, St DnCNN 25 e 5 2 %
1 F5 MR (14 3 R O SRR 55 3 O o SR 4 R 14 5
Ak B A3 S ) 3 25 90 P B (RS O N R
Z—s

43 B B DnCNN 2 M 530 0 X F 32 ol ol
SR S R 1 2 M B e R DR U TR R A T
% y=256 B} 1y 7K P il 2 an &1 21 (a) i, 2 o=
256 B, 32 J5 4 FEA% R 5 I 25 M TR A5 1Y K BE
A3 M 3 583. 63 F1 3 524. 31, BN JK JEE A =22 1] 4
R 25 R 59. 32, X PR O 32 1) M b BRSR 1Y B
M o FE A YRS 56 T, 32 I R e R ORI 4 O H
i) 3 B ak, = 0.005, MR 5 A X (9) , X a=256, y
=256 M, T B4 A BE K RE (B RN 6 S OR B 2
] ) 1% 22 K 59.32/ (ak,) = 11 864, T 4 £z BE K
JE A R 5 TR AR OR B3 A 22 TR AE AR B R IR 25 1) &
B A Ry 2 (1) 25 M B0k 0 3 0 TR A% A9 15 25 A
TEASHRE B, R i 058 22 K, 0 328 7 4 B A
R 25 1K 5 (2) 24 32 M o 28 3 O R R UL R
JBK 200 75 5 , M 5 25 B K 200 fiF . 1T
IR A3 O L RN R A R R U R B i
(9, BT LA R I G 37 45 BT o R 22 10 B RO vk
SR B O AR MRS . A,
I TR e P N o3 O L ) o T BE B RE DR R B A,
(ak<10) , th A F] F 4 & i by 45 BE G 58 43 A 1
RS B

X R A B 1 55 D U4 Ok UG, L)y = 256
IRV 1A 1], 7 55 0 55— AR A i 0 DXl M
O AR BE R I R 25 R R, Rl 21(b) F1 3 3 BT
IR TEES — AR A U S R I 0 T Y iR
2557000 4 3141452 .11.26, E WS LI, A
Uy il 2 R E A 2 DU A 25 R IR 0 2 TR Y R 2, A
BF — U 0 B 55 U A 0 15 25 AR VR /L 7 A DU IR
U X ) [ 120, 172 ] iify 6 K B {8 /9 3% 22 /N T 30,
X DA PRI SFe 108, e R 55 T ' R 55 DU ) 0 (.
S350 716 730,557, 25 Xif H K S Ok 1, fe KA
1 55 S O't B 465 IO 6 W AF 43 Sl ol 704 855.530. 9.
PRI, 322 375 8 B0 S 5 43 A 1 J5E 0 AR D 4 LA

1 3l 250 [ LGB 43 5 29 1 286.3 Fil 1 327.7,
L 7 £ B T AL S 50 ) 25 90 B EE AR  R 2E ORS
43 A 42,55 F196.80% o LA Xt HL 4 M B EH
W B DnCNN Bk I T L BR 5 M55 15 5 IX.
B CCD M5 | B85 47 A4 = I b 45 BE 5 4y 51
58 23 25 0 1R L 0 0 G

HY T A B 5 B ) A e K H o 704 855,
i A8 AR BE 55 G SRR I 4 A 3 TR AL T 0~4 314
Z0) . ZEFE 21 (b)), B8R R B A2 X%k )y
0 DX I HE AT K R R AR i ] rp A A B A
FE D5 JE 43 A e R AEAE B OR B A
18 8% i 7 T R AR BE RO A3 A B K L U A 55
I I 0 B A T EL RE 6% 28 1R 55 I IX B 45 A
55 M W R AR B IR B L AR SCE R Bls B
PR U0 1 7% 0 T A4 £ BE RN R4 45 BE R 4 A K
it 2k (y=256) (1 B FE AR, 19 il 2 19 A8 5 25 R 0 L
WA 22 7R o 5 AL £ BE AT R 4 £ B e A B KA
O A 55 R J5 WA R 20 25 R BE fER L R 3
FIER o X B2 B oA B 1 A8 e I R G A BE R A
FEBEK Tt 2k (y=256) e KA 53 3 C, M,
B, S KU(E 43 ) 4 5. 855 4 1 5. 848 1, JE U
FEBEK - i 2 (y=256) 5 — 4 DU 55 1 I 0 45
S FS AR X R BCE 4 51 R 40091 A
2. 746, T MY HE BEK - £k (y=256) 45 — 45 DU 35
IR e 25 ML R M B 3R, 0 R A 23 30 A
3.904 12,725,

Orignal
— Maerge -

N = O = N W kR N
<

: ‘4_§
5%5

(=)
—_
(=3
(=

200 300 400 500 600

P22 J b 5 5 R0 T A 8 BRE 5832 0 Al K T il 22 (y=256)
DR JBE AL B e 45 SR L

Fig.22 Comparison of logarithm transform result of in-

tensity distribution between original and recon-

structed horizontal curve (y=256) of far-field fo-

cal spot



400 e K TR

030 %

X s A H R b AR B R R R AR BE K T
Mk (y=256) e KIH 5 — 55 — 55 = S 0 5%
e W 22 [) 0 R 22 43 i D —0..007 3.0. 187,
0.290.,0. 004 F1 0. 021, X 1o B B B 15 22 43 ) Ay
11875.4 314.1452.11.26, Al W, %t Hris &
75 e T i A B = Il R 22 A /N

R4 2 2 Sk 2h 245 0 L B e S A

FEBE () 2h A5 0 6 E A R R 22 5 5 — A R EE 5%
e U U 1 158 25 TG OGN 5 M A B 5 BE 3 AT A
TR AEL RS DU 22 A D 0 1 D RE VR G o R B R R
G A JE U PR AR 0 25 90 BB L B = (107 S ) 1
1286.47: 1, H M £ B KL oh S0 H L H =
(10" M) 1a01 327.70: 1, WA~ 3 45 3 Bl 1
HZ R iR 22290 3. 20% .

®3 EMEHRMEGRERNSERALERERR

Tab.3 Comparison of dynamic range ratio errors between original and reconstructed far-field focal spot

Error of Dynamic range
Org. Max Merge Max Error of
Beam gray Org. Merge
(y=256) (y=256) log10 curve Used Error
curve Image Image
Mainlobe Conx=5.8554 M, =5.8481 —0.0073 11875 Yes
Peak 1 Shaw=4.091 M, .=3.904 0. 1870 4314 No
Side- Peak 2 S: . =3.474 M., =3.184 0.2900 1452 No 1286.3 1328.9 3.22%
lobe  peak3  S2,=3.06 M},=3.056  0.0040 11 No
Peak 4 Shw=2.746 M =2.725 0.0210 26 Yes
WA RO TR MR 5 2 3%

SO I 5 FE BRI B SL 0 AR e T AN SR
AR RN T B X S5 O R 85 05 S X B0
S8 A R B I T R 15 T 1 55 R SRR A
T 25 B 1% A0 TR AR 5 A AT R DR B0 /N Bk 1Y
7 AR R T 55 O R B Ay A R e . A,
it 55 M O AT S A A7 R 55 RO R AT 5
58 PRI AR 08 2 F 119 DnCNIN 55 vk 47 25 e b 3
ARCEBR T B Sy 55 M 6 oA A7 A 5 SR B
I, 43 51 28 0 e 0 R 2 R 25 I CCD AR AL AP (1 i
HLME P 76 S YRR BOE 22 3 48 B I 4 ) B 50 56
e, TR A B R R G AR BE TR A SE RBCR T
0. 998, 5 F4 £5 BE F 5 4 £ BE P A 20 24558 1 LG
ZIA R 22/ T 4% . b B, T 5 O i
A7 S 52 T 11 SR 9 O T g B N A TR AN AR %
$i v 55 I ' 55 15 45 DX S8 5 43 A DN SRS A
117 FLRE % MR AR JE 300 b 42 T 3 3 £ 568 O 58 43 A
55 B B OG5 43 A1 Y AR B RE R EE R RS BE L O
T i — 25 B T 3% 07 B AR B b 4 2 M N S
Ul VNI TR

B X R TR O e A R B0 7R T A SR O
78 7 F6 B AF-AE TC A il U 55 7 X B 55 15 5 6 o DU
A PR, 4R TR T SR O AT R 1 B
R OB I b £ B i vk o SR R 1) A v )
FE 00 B 0 B 5E 5 i U O B A 3 ) ) A R
L 55 IR SR S 5 P RURE 7 RS A Ry B A
3 o AR A A Y 55 IROG R 5 R B A
T HE B B O e S M AR R A
B AE LR =AY Oy AT ke AR AR - e B Y
T, 4 g2 35 1 55 G RN S 52 8 1) B0 vk R O
TE 37 FE B 2 B A AL RIS AR B 4R R K B
TR R 55 R O RTS8 i I A B S AR S
J7 T, 5 5 A A S RS 50 ) LR 45 A E BH T
B R B AT 5 cE DnCNN 25 B gk wf 2
4 AS [ e 75 2% 1 (0~75 dB) 12 v Bl 2 CCD [
B DU T R B A ) SIS . M,
AR SCRe FH 55 ' ST S BT 14 O ik R AT RO
78 by £ BRSNS ) AT T, R 2 R R o5 RO R 5
15 5 DX Sl o A 0 19 [, 6 48 s R O O A 4
BE 43 A I i (E 5 e Z ) ) R B



43

TARUN , A < BT 55 MEOE ARATT S S 38 B0 55 O s 7 s BN 7 ik 401

SC R SR R 2 O B Y 98 O 8 7 45 B Y

S E WK

[1]

[4]

[5]

[7]

[9]

ANgE, HFFE, KB%E, F. HOL-IIROLRE B
BORE R R RI]. BB A, 2014, 35(6) -
30-36.

LIU W B, ZHENG W G, ZHU Q H, et al. The
system integration and exploration of SG-III high
power lasers facility[ J]. National Defense Science &
Technology, 2014, 35(6): 30-36. (in Chinese)
BEH, TEE, 24% . HOL- 30tk A i
HAZGUITI]. 2ALF, 2007, 28(2): 177-180.
ZHAT X F, WANG G F, DA Z S. Design of SG-
I 3w laser beam auto-collimation system[J]. Jour-
nal of Applied Optics, 2007, 28(2) : 177-180. (in
Chinese)

HAYNAM C A, WEGNER P J, AUERBACH J
M, et al. National Ignition Facility laser perfor-
mance status [J]. Applied Optics, 2007, 46 (16) :
3276-3303.

LUKE J R, THOMAS D, LEWIS J, et al. Evalu-
ation of materials for on-board laser diagnostics[ C].
High-Power Laser Ablation VII", "SPIE Proceed-
ings. Taos, NM. SPIE, 2008.

BROMAGE J, BAHK S W, IRWIN D, et al. A
focal-spot diagnostic for on-shot characterization of
high-energy petawatt lasers [J].
2008, 16(21): 16561-16572.
KRUSCHWITZ B E, BAHK S W, BROMAGE

J, et al. Accurate target-plane focal-spot character-

Optics Express,

ization in high-energy laser systems using phase re-
trieval[J]. Optics Express, 2012, 20(19) : 20874.
ZHANG H D, FIORITO R B, SHKVARUNETS
A G, et al. Beam halo imaging with a digital optical
mask[J]. Physical Review Special Topics — Accel-
erators and Beams, 2012, 15(7): 072803.

B, AR, WOk, & B8 T b 4R BE S
BWFIEI]. sk 5k F R, 2006, 18(4) :
612-614.

CHENG J, QIN X W, CHEN B, et al. Experi-
mental investigation on focal spot measurement by
schlieren method [J]. High Power Laser and Parti-
cle Beams, 2006, 18(4): 612-614. (in Chinese)
s, FHrm . LT A el I 57 48 B R
k1. R E#E, 2012, 39(2): 0208001.

HE Y X, LI X Y. Far-field focal spot measurement

K R B T A

[10]

[11]

[12]

[13]

[14]

based on diffraction grating[J]. Chinese Journal of
Lasers, 2012, 39(2): 0208001. (in Chinese)
Ak, FHa . IECBEOLIT 37 M 560 & 7
WO sk 54T R, 2012, 24(11) : 2543-
2548.
HE Y X, LI X Y. Far-field focal spot measure-
ment method based on orthogonal wedges [J].
High Power Laser and Particle Beams, 2012, 24
(11): 2543-2548. (in Chinese)
Pl gk, E R . T AR (0 2 25 RN
BT[] # AL R AR, 2013, 30(9)
2858-2860, 2864.
ZHOU J Q, WANG Q. Camera array-based HDR
image synthesis method [J]. Applacation Research
of Computers, 2013, 30(9) : 2858-2860, 2864.
(in Chinese)
F4. AT AN ZHEHALY R F
[D]. PG . tpEB B R (b B B2 B 78 40
AR LA T T, 2018.
LI M. Far-field focal spot measurement based on
plenoptic cameral D]. Xi'an: Xi'an Institute of Op-
tics and Precision Mechanics, Chinese Academy of
Sciences, 2018. (in Chinese)
EaM, 24, EF L. sl A0 B A 5E
HHCABRIBE S [T]. R T F R, 2014, 43(10) -
1010002.
WANG Z 7Z, WANG W, XIA Y W. Mathemati-
cal model for the measurement of high dynamic
range laser focal spot[J]. Acta Photonica Sinica,
2014, 43(10): 1010002. (in Chinese)
EaM, AZL, Fuok, F. TERIOKE
£ B2 W [J]. & F %R, 2016, 45(8) :
0812001.
WANG ZZ, XIAY W, LIH G, et al. Far-field
focal spot measurement of 10kJ-level laser facility
[J]. 2016, 45 (8) :
0812001. (in Chinese)
WANG Z Z, HU B L, YIN Q Y. An improved

schlieren method for measurement and automatic

Acta Photonica Sinica,

reconstruction of the far-field focal spot[J]. PL0oS
One, 2017, 12(2): e0171415.

EaM, £, W, F I TIm AR R R
R B 3 1 CNN £ By = fF9e [T]. a7 53R,
2020, 49(12): 1212001.



402

e

K TR

030 %

[18]

WANG Z Z, WANG L, TAN M, et al. Re-
search on CNN denoising algorithm based on an im-
proved mathematical model for the measurement of
far-field focal spot [J]. Acta Photonica Sinica,
2020, 49(12): 1212001. (in Chinese)

ZHANG Y M, LU Q N, GE B Z. Elimination of
zero-order diffraction in digital off-axis holography
[J]. Optics Communications, 2004, 240(4/5/6) :
261-267.

K&, BB, Bas, F . FRITHNYEE
WroElT]. #k % &, 2007, 28(1): 53-54.
ZHANG L, QIAN X F, BIJ H, et al. Study on
inverse calculation of Fresnel diffraction[J]. Laser
Jowrnal, 2007, 28(1): 53-54. (in Chinese)

EER T

M (1976— ), 5 i+ EIHF5 5,
Wit A S0, FENFES S56E 84
B OGS B0 B #F5E . E-mail

azhou china@126. com

[19]

[20]

4 EE, IS . T A RO OGO
A [T]. 2R #k, 2011, 31(3): 200-203.
NIU Z F, GUO J Z. Effect of the near field intensi-
ty distribution on the quality of the laser beam [J].
Applied Laser, 2011, 31(3) : 200-203. (in Chi-
nese)

R, P— AR, F L BT R S
HE Yy A G R LT]. sk 5 4 F &, 2011,
23(6): 1449-1453.

GAO XY, SUY, YEY D, et al. Relation be-

tween second-order moment radius of focal spot
and near field distribution of laser beam [J]. High
Power Laser and Particle Beams, 2011, 23(6)



