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Fig. 13 Experimental reconstruction results of three-wavelength illumination””. (A) Diffraction patterns recorded by CCD;

reconstructed (al)-(c1) amplitude and (a2)-(c2) phase of illumination beam at three wavelengths

FIRIA T 58 AR L R AR AT — D A S AR AT AE R AR IR MR . CBS SR B R B 40 ] 14
BEFES, JF R PIE B PEAT b AUl e el o

Weakly cCD
Target Dammann Scattering
sample grating plate

Incident
beam

.. ﬂ —
—

Lo L1 L2

B 14 CBS BUR A -
Fig. 14 Schematic of CBS imaging technology“”

2200001-8



HEBH S 85 2o 19 AR B, B3k = e il o0 il 2 4> 7ol
W, 2 ask oA A 55 T S AR R A A R D T AR A
— AT BERES . Ho A TR 2 R OR TR B AR
R S 7 e = D B e T SO 12 2 SN ]
ok AV~ 7 S B 22 [) 1 B I ) e X O B 1) SR, X
= CBSH AR5 PIEF A FZ X 5,

B FE 5 R EAR T R IRE & 0 3 A S O, 6
MG, 5 GO R A o Q. 55 HUS W AR B 43 A
My, BRI 2510 57 B M A7 50 BE A7 00 FE 206 0 i R
BN Lo, JCH 2 55 5 Pk 22 8] B BB R L, 55 0
PR BRI 2% Z (8 A FE 252 Lo, F IR LW 635 50 4
PF), Hrp pBREMRKE, Fo Fo . Fy F1Fy 5 5 3%
AN = AT TR o0 i AT TR S e R K /R LN IR TR TS
TRE A IE S R BN O(Fo), 58 pREAR T BRI T -

1) et 59 A S

g Fo)=3.[ 0 Fo)], (19)
55 m PO E BT R
¢/e,m(F(;>:Sﬁk(Fr;)'Qmo (20)
2) FH AR T A% i AT R, 55 0T SR B A SO
P (Fy)=3.{¢u.(Fq)} (21)
Xif I ) 375 56801
@inl Fw)=Pi,(Fy)*My. (22)
3) A e T AR ) £ A S B 43 A1 R
Vo (Fo) =3 e (Fw) ], (23)

HEBELX N, (F,)=A,, exp(iwk.m)o
4) 1 CCD ic 3 9 38 B 50 R S 05 4R VI, B
W, (Fr) BIPR R AR PR R ASAS | 5038 o5 A 5 B A & 3R
WA R W (Fo) = V1 exp(iog,).
5V W, (Fy ) 306 1) 42 (0] 3155 #5050 1 i
G Fu) =3[ 2, (F0)], (24)
2 A 55 B AR 1 R ST O 0 T A S
paxin
P (Fy)=P, . (Fy)+
‘MW| Conj(Mw)
|Mw|max ‘MWIZJr/c
2ot € (0, 1, FH A Al 1 75
6 )1 B8 J5 1Y O 3 39 ) A% 1] 2 0 M T 45 21 6 b
11 375 1

[Gn( Fu) = in(Fu) ] (25)

ng.m(FG)::51,,1[p/?,m(Fw):|» (26)
FEBROCAE IR SR A A S 6 Y 43 A
FITS ERGR N LR P
Q.1 Q. +v
‘/’k(F(;)'Qm:|, (27)

Koo €0, 1], FH R 45 BB A K

$43%5 F 22 H/2023 £ 11 B/RZFZFR
7) 0% S M TS S A S8 g FO)FER T — %
Se Ml Gm+1) A5 9 90 46 18, %F 57 149 56 W43 75
Q.10 BENLIR2)~6) , A 4) L CCD il %
(1 8 25 R OF MR 4y X R P AT 5 BE VT, L L B
T 5E A TR B, I 52 A AT AR
8) VI W M1 5 52 R A S 0 T S B 98 R 2 1 1
iR

2

2‘ «/T”’i ‘ Wk,r71(F[))‘
E,=-" o

LB R R 25 R A R A B A RS 1 G r
N S5 52 iR W 6 1) A% T 28 A 00 R T, BP T A5 2 A
i 325 5 O Y 52 I W 4 A
O(Fo)=3.[d(F.)]. (29)
CBS AR A AL AT LAR FH F 5 AR 5 AR 0 R
F A2 iR i 0, T L 0SSR B A B PR T AR g CMIT
AR BEER CBS AR 55 5 P4 H 2 76 3800 25 1m0
IR 59 BE B AR 2R 25 2R3 o i A B, X 3 4
AT I 23 B Ry HAth A0 S B %) e 7S T ' Bl R 55
SR B AR RS B s e e B A R T i . O T i —
AR CBSH AR B PERE , Xu 25 W42 T BSEA (beam
splitting encoding and averaging) % K . BSEA 4% R 1%
IS5 CBS B AR R, H 28 v (% 55 HORFE o
ol KA R RS (100 pm) B g i A, He B 59 R AR 2
R AR 8 B . #E Bk b BSEA HARB N T — 4 &
LT XD, I A T S8 T e i 29 3R A LA AR 5
B S BE . 554, BSEA $5 AR S FE 617 5 BE [ 51
AT 530 0 2 ) FH B A 13 S B B 2 A 2 AR R L 4R
A B
BSEA 7 AR i1 5 £ J5 2 40 5] 15 Fros , oG 2 m
P, ¥ AT Bom A F O F T BG4 A h
P F), o R AR E Fe JF o JFe FEFL 43 508
FESCTAD - YA TR L e A R TED R IE SR TED L 4 1 THT =2 [E) Y R
B0 A LeaLoae P Lipo B 55 85 g A5 M 1) 43 A
B M, WIHR S T 06 1 A6 5 A Ry Py, (F ), BSEA
FOAR B ok 32 AN G i i D I 4
1) S b i 1T 1) 35 355 '
Spk,lfl(FW):P/e,w(FE>'ME’ (30)
T A [R5 AR RE 7 g A5 A 1T A9 A (] o7 5 Ak, B X 7
W CHR AT T FF W IE S 5 T3S O e AR
FRIE
2) ' oA B 0 R N T ) A S B A R
o (Fo) =3 e Fu) ], (31)
HHHOE RN C,,(Fo) = A, exp(io)). HIHIL
B —F 777 S B B 0] A6 G TD L A BT 2% AR A R ol
AT S BEBE HNAE Ry — A B AR A7 B3
3) il CCD ic 5% i 38 3 R F 7 # VT R 8

(28)

2200001-9



&5 43 % % 22 H1/2023 £ 11 B /%3340

g ¢
I & & i
I LN |
i s —
| Ox B
I = - - (Tm /
i S
[ = - |B%—
' - - - . >
L 7 — Y
i
| Focal 'ﬁ:ﬂﬂgc Grating Encoding Detector
I plane plane plane plate plane plane
. (specimen)
Lra L Lep

L5 43 o 25 05 7 350 R T S AR 3 A el R BI85 A FORTR I B 5, o, 3R PR 2% i, A7 L D04 [0 2
10 S AT 5 BE
Fig. 15 Schematic of iterative process for BSEA coherent diffraction imaging™”, #i, f;, fi, and £, represent the focal points of four sub-

beams, d,, represents the translation vector, and the top right illustration is the recorded diffraction spot

W, (Fo ) BHR IR AT R 35 ASAE B8 I A 5 50 19 &2
Wi 4 A Sk
ﬁfkv,,,(FU):ﬁexp(iwk,m)o (32)
4)TH R DAE 5 58 B i s 4 A7 S 5 5 B 2 () A
W%

Ekzw:’I’q’k,m(Fl)”zMo (33)
m=1

5 W, (Fy )3 7] 42 [ 1) 26 B G T
G Fo) =3[ #.(Fy) ], (34)
563 250 A e S S 0 T A O 1 4 A
P, (Fe)=P.,(F:)+

Conj(ME){{ﬁ&,m( Fp)— gp/e,m(FE):|

(35)
max{max[conj(MH)-ME}}
Rppe(0, 1], #REH LK.
64 BT 5 1 D b 1) 4% [l 28 4 T
Ben( Fr) =300 [ Pra(Fo) |, (36)
T £5 T I 24 TR
H&.m(uo, Vo3 Ay b/n):
1, (uo—a,) +(vo—5,) <R
(10— )+ (2= b.) .

0, (uo—a,) +(v—06,) >R
22 (g, v0) R B T 0 A8 BT 5 (a0 b,,) B T BT £
A, ot B PEL 15 o B B A S fs O fr TR I A
963 5 i K
Gin(Fe)=¢u(F)eHy, (1o, v0)o (38)
70 T (1 £ A5 T Y6 0 TE 1] 14 3 -4 1
Prnl Fa) =80, fun( Fr) |, (39)
S 449 AT S 401 1T , — A 06 2 7 T R o HC A L

—

AN TR B T RE SR = R — 2 L 1K 1S TRy ) e d,
Fon T RES I RS B 7 5

|¢,?,,],(FA) |= tran{abs[(/)m( FA)], 67],1}0 (40)
Xt I P R AT R 1

‘(Z/wu(FA> ‘: M "/}k‘m(FA) ”(41)

z sum,,,U Gin( Fa) H

04 TR o 2 SR 4 o
da(F) =D wan || Gunl L) [ |

exp{i-angle[g/xk,m(Ft,\)]}o (42)

8 )W B i axk 1 - 45 1T 4 AT A% i 30 o R B T, T 46
=W EAR

Pls+l‘m(FE):31‘\1,[$Zk,r71(F/\>:|’ (43)

FLENR 22N TR EE 45 AR

BSEA $ AR i 52 56 %6 B W 18 16 iR 4 BB E T
T MRE S RGN 22 18], 45T 76 A A g i A 22 18] . D
WA 3 X 3 B Ik M, 43 AR 0. 57, S At AR L A R
524100 pm X 100 pmo 24 T WAl BSEA £ R B PERE
FHIEL 16 917 19 256 & A6 A7 Tt B 20 513 5 — I AT 4
B2 P o T v I R RV R R A R S B O

E17(a) ((d) . (g) Fr s 430 4% 5 CMIT 4% AR R 4
() A7 S B0 R R YRR S B o R B LT (D) BIToR
CBS & H AR REATHBE, B 17 () frs k- ¥
AR A, 17 (e) L (h) BIE 7R 43 ) ok B AT - 3
AR R BRI 17(D) L (D) TR 43 iR
BSEA $7 A R4 (147 5 550 8 H#E A RE S K %

W XF AT DAE B G R a8 4R m S S AR EE L
PRI A WAL S TSP 35 B33 R 0 1 o e 2 R T

2200001-10



&5 43 % % 22 H1/2023 £ 11 B /%3340

Lsz Lze Loz
—p fle— > —» i
. l=
(%9, ¥) (x.v) (X I}
Specimen Lens Grating Encoding Detector
plate

E 16 BSEA S5t E"
Fig. 16 Schematic of lightpath in the BSEA experimentM

(e)

2" 2 2
7 w i) / )
=\ . = / / o 10 / /
) 0 D
= / = / =
= \/ = / =
= ! = =
®
.
Length/pm Length/um Length/pm

K17 BSEAHAR 55 CMIFORE AR IIX Y. £5 CMIFAE 1Y (a) 17 ST BE | (d) T @AY 53 B3R, LK (@) X 7 1 52 36 43

BEAS 5 (b) CBS USRI 5 9 17 51 BE WM 51 5 46 A TP 2 Bk A 00 T S 09 (e ) 23 A, A B (h) X6 R f14 572 4 73 B 46 5 75
SIS LR (o)X T b A 5 B2 20 A1, LA R () 5 B4 43 3R (1) X 7 ) S5 36 4 9 24

Fig. 17 Reconstruction capability comparison between BSEA and traditional CMI*. (a) Diffraction patterns, (d) reconstructed

resolution plate, and (g) corresponding experimental resolution recorded by traditional CMI; (b) diffraction pattern array

recorded by the CBS imaging technique; (e) resolution plate reconstructed without using the average algorithm and

(h) corresponding experimental resolution; using the averaging algorithm, (c) intensity distribution on the average plane,

() reconstructed resolution plate, and (i) corresponding experimental resolution
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Fig. 18 Application of CDI in phase measurement of large aperture optical elements™ ™. (a) Schematic of measurement methods;

(b) physical picture of CPP; (¢) phase distribution measured by Zygo interferometer; (d) CPP phase distribution design diagram;

(e) CPP phase distribution measured by ePIE; (f) physical image of array lens; (g) phase distribution of array lens measured by

ePIE; (h) phase distribution of a single sublens; (i) intensity distribution of a single sublens at the focal spot
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Fig. 19 Schematic for measuring the effect of alignment stress on the surface profile of optical element, and the effect of preload on the

profile distribution of mirror™’

. (a) Device schematic; (b) amplitude and (c) phase of the transmitted light on the focusing lens

surface without applying preload; (d) amplitude and (e) phase of the transmitted light on the focusing lens surface when preload

is applied
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Fig. 20 Surface profile of mirror under different preload forces measured by CMI method™. (a)-(i) Change in the surface profile of

mirror as the preload increases from 0 to 1 MPa
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Fig. 22 Images of beam pattern under four polarization states™. (a) - (d) Recorded diffraction patterns; (e) - (h) amplitude and

()—(1) phase reconstructed by PIE technique
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Fig. 23 Experimental stress distribution™. (a) Isocline ¢; (b) isometric &4; (¢) isosum &; (d) transverse force o,; (e) longitudinal force

o,; (I) shear force o,,
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Fig. 25 Measurement of wavefront thermal distortion based on CDI" ", (a) Schematic of measuring lightpath; (b)-(d) phase difference

when the amplifier works at repetition frequency of 1, 5, and 7 Hz; (e)-(g) phase distribution after unwrapping
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Fig. 26 Wavefront distribution of high-power laser measured by Fresnel phase inversion method”’. (a) Algorithm flow chart;
(b)-(d) beam intensity distribution and reconstructed phase distribution under different energies, wherein (b) pump energy is
450 mJ and output energy is 42 mJ, (¢) pump energy is 450 mJ and output energy is 2 mJ, (d) pump energy is 210 mJ and
output energy is 2 mJ
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aberration reconstructed by phase inversion algorithm; (¢) comparison of wavefront aberration obtained by two methods
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Fig. 30 Experimental results of an improved sample beam focus prediction™. (a) Focal spot directly recorded by far-field CCD;

(b) initial FSD predicted value (cross-correlation is 0. 71); (¢c) improved FSD predicted value (cross-correlation is 0. 95)
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Fig. 31 Schematic of wavefront measuring system”. (a) Position and (b) structure diagram of wavefront measuring system in the SG-

I ; (¢c) phase distribution of phase plate; (d) position relationship of wavefront measuring system and direct measurement device
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Fig. 32 Focal spot intensity distribution”. (a) Focal spot distribution obtained by geometric optics system; (b) focal spot distribution

obtained by wavefront measurement system; (c) the result of digital saturation of Fig. 32(b)
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Fig. 33 Focal spot distribution at different distances when the laser output energy is 600 J*. (a) Distance to the minimum focal spot
plane is — 1.9 mm; (b) distance to the minimum focal spot plane is — 1. 14 mm; (c¢) distance to the minimum focal spot plane is
—0.38 mm; (d) distance to the minimum focal spot plane is 0.38 mm; (e) distance to the minimum focal spot plane is

1. 14 mm; (f) distance to the minimum focal spot plane is 1.9 mm
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Fig. 34 Diffraction spots at six continuous moments when the air conditioning system was turned on, with an interval of 1 s, the

complex amplitude distribution of six moments was reconstructed , and the phase distribution of six moments was compared""
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Schematic of focal spot diagnosis for high power laser driver. (a) Schematic of NIF terminal optical component™;

(b) schematic of 3w beam measurement”””; (c) diffraction pattern collected by experiment””
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Fig. 36 Reconstruction results of 3w beam"”. (a) Amplitude and (b) phase distributions of phase mark; (c) amplitude and (d) phase

distributions of near-field
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Fig. 37 Comparison of CCD acquired images and reconstruction results, and intensity distribution on different planes near the focal

spot, the number on the top of the image indicates the distance from focal plane””. (a) CCD acquired image; (b) reconstruction

result; (¢) intensity distribution on different planes near the focal spot

Laser source BS1

M: mirror
L: lens
P: polarizer

P PD

PD: photodetector

HW: half-wave plate

AOFS: acousto-optic
frequency shifter

Vi
XXX 4

Oscilloscope

AOFS

38 [ 275 W0y U1 RD R AL 0 SR SE e

Fig. 38 Schematic of self-reference time-domain shear nanosecond phase measurement””’
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Fig. 39 Reconstruction results under different pulse widths™. (a)-(d) Recorded time beat frequency signal; (e)-(h) reconstructed time

phase distribution (red dashed line) and time intensity distribution recorded by oscilloscope (green solid line); (i)=(1) calculated

spectral intensity distribution (blue solid line) and measured spectral intensity distribution (red dashed line)
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Fig. 40 Schematic of measuring the space-time characteristics of femtosecond laser””. (a) Schematic of CMISS; (b) spectral

distribution of the source to be measured; (c) amplitude and (d) phase distribution of the phase mask; (e) recorded diffraction pattern
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Fig. 41 CMISS reconstruction results and spatio-temporal coupling results”™. (al) - (a5) Diffraction patterns of five different
wavelengths, the numbers on the top of the pictures correspond to the wavelengths; reconstructed (b1)-(b5) amplitude and

(c1)-(c5) phase; (d) reconstructed 3D amplitude contour of the spatiotemporal coupling of ultra-short pulses, and the projection

on each side; reconstructed (el)-(e3) amplitudes and (f1)-(f3) phases at different times, the numbers at the bottom of the

pictures correspond to the time; (gl) two-dimensional amplitude distribution of z-7 at y=512 and (g2) two-dimensional

amplitude distribution of y-z at x=>512
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Fig. 42 Experimental lightpath of SUM-CDI ultrafast phase imaging™”

Ot [ i 28 B AT, R I BOE B i B S 3 AR R R Ak AL o T RO R B RBE B W OE N
SR S A EE 4 SRR I F R 0L I O i i s BRI 152. 8 J/em?, ict 3 WY A1 5 BERE 1) 4 P 43 (b) fr 7w , 4 )

2200001-26



B 43 % 20 H9/2023 £ 11 B /K2R

PRI S Ay o IR R AT AR A a0 P 43 (e)  (d) s o W
I A R R B 1 43 () Ry 1-1 8 1-4 J& 7R T 4T HE
Ol TR S B D R 4 R A AR IR o A 5 T 43(d) R g 17

(a) Probe2 &
Probel Pump Probe3 Probed
Single shot 10.2ns 16.8ns 11.5ns
mode =
=
t/ns: -10.2 0 16.8 28.3

Shot 1

Shot 2

[ 43  SUM-CDI I} [a] J3 3] Je & 78 2%

F) 1-8 /R 1T O G B R RE 5 2 J5 L BE b SR IR AR
s W AEAE . Shot 2 F1 Shot 3 42 8] Bf 2 s J5 1Y 1% 42
Frm R .

b

Diffraction
pattern
'

1(x,y) =Y D(x,y)
k=l

Detector
recording

U Ca) TR 5 Ik e 22 T A B TR] OG FR 5 (b)c s 9 A5 5 BE R 81 s SUM-CDI % AR & 4 1Y

(o) U A () AR, b 5 B s I Tl 20 8 2 R R ik
Fig. 43 Time series and reconstructed results of SUM-CDI™. (a) Time relationship between detected light and pulsed light;

(b) recorded diffraction patterns; (c¢) amplitude and (d) phase reconstructed by SUM-CDI, top number represents the time, left

number represents the transmission time
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Fig. 44 Physical diagram of phase uniqueness reconstructed by Ptychography algorithm™’. (a) Schematic of overlapping beam spots;

(b) schematic of conjugate phases; (¢) schematic of phase transformation caused by detecting beam translation, and arrows

indicate the direction of movement; (d) complex space vector corresponding to the true phase; (e) complex space vector

corresponding to the conjugate phase
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Fig. 45 Spectra and complex amplitude of sample reconstructed by GDLM™". (a) Initial complex amplitude and (b) spectral distribution
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of sample; (¢) complex amplitude distribution of the transmitted light on phase mask; reconstructed (d) complex amplitude and

(e) spectral distribution of the sample; (f) difference between the reconstructed and initial samples
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Fig. 46 Comparison of reconstruction effects with different sources™”. (a) Phase mask; (b) pentagonal stop; (¢) rectangular stop;

(d)~(f) reconstruction results of three illumination functions; (g) error convergence curves under different illumination conditions
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Abstract

Significance As an important frontier issue, inertial confinement fusion (ICF) has been concerned by researchers for a
long time. Because of its strategic significance in national defense security and energy security, major countries in the
world have invested a lot of resources to carry out research on ICF, and the most representative high-power laser drivers
include the National Ignition Facility (NIF) in the United States, the Laser MegaJoule (LMJ) in France, and the Shen
Guang series (SG) laser device in China.

In December 2022, NIF provided energy up to 2. 05 MJ in the form of laser pulses to the target, generating a record-
breaking energy output of 3.15 MJ. It was a milestone event in ICF research that for the first time more energy was
produced from the self-sustaining fusion reaction than the energy put into it. A series of experimental data indicate that a
key breakthrough has been made in the ICF research, and the improvement of the output efficiency of the device requires
further improvement in laser energy and irradiation uniformity, which is essentially an improvement in beam quality
(Fig. 1).

Since 2010, our group has paid attention to the influence of beam quality on the output performance of high power
laser drivers. Many factors such as material purity, density uniformity, machining accuracy, installation and calibration
process, thermal distortion, and use environment of optical components will affect beam quality. It was demonstrated that
uneven beam energy distribution would induce nonlinear effects which makes damage to the optical elements and results in
further degradation of the beam quality. Therefore, precise optical measurement methods are needed to timely discover the
beam degradation characteristics and improve the beam quality with appropriate optical compensation means (Fig. 2).

Optical elements are generally measured by interferometers. Zygo interferometer is mature and highly instrumented,
which can accurately measure large aperture optical elements. However, a large aperture interferometer demands large
space and a high price. Moreover, it is difficult to manufacture the optical standard parts of the interferometer when
measuring aspheric optical elements, which affects the measuring accuracy and application range.

Non-interference wavefront measuring instruments represented by Hartmann sensor are generally used to measure
beam quality. Hartmann sensor is composed of a microlens array and CCD, which can record the intensity and phase of the
beam. With a simple structure, small size, fast measurement speed, and good anti-interference effect, Hartmann sensor
has been widely used in NIF. When combined with the deformable mirror, Hartmann sensor can measure and control the

wavefront distribution of the target beam in real time and correct the wavefront distortion (Fig. 5). The measurement

2200001-32


http://www.siom.cas.cn/jgsz/ggljgwlgjsys/xwdt/202112/t20211201_6283205.html
http://www.siom.cas.cn/jgsz/ggljgwlgjsys/xwdt/202112/t20211201_6283205.html
http://www.siom.cas.cn/jgsz/ggljgwlgjsys/xwdt/202112/t20211201_6283205.html

pa & %43 % £ 22 #1/2023 £ 11 B/RFZFR

accuracy of Hartmann sensor is limited by the number of the microlens array and the size of a single measurement unit, and

thus the spatial resolution is low. Moreover, when the phase gradient of the wave front changes greatly, the signal

crosstalk will appear in the focal plane, and the phase offset cannot be accurately judged.

Progress In view of the limitations of traditional measurement methods, researchers have turned their attention to
computational optics. Coherent diffraction imaging (CDI) has made considerable progress. Based on the coherent
diffraction principle, CDI can reconstruct the amplitude and phases of illumination and object to be measured
simultaneously by iterative calculation. Due to the merits of a simple lightpath, low hardware requirements, and high
imaging accuracy, CDI has been applied to the measurement of optical components and beam quality at the same time.
Ptychography iterative engine (PIE) and coherent modulation imaging (CMI) are typical CDI techniques. PIE records a
series of diffraction patterns by scanning multiple positions and then reconstructs the complex amplitude distribution of the
sample and probe beam through iterative calculation. CMI uses the code plate with known distribution to reconstruct the
complex amplitude distribution of the beam to be measured through iterative calculation.

In 2000, Matsuoka ez al. firstly applied CDI to phase measurement of TW-level femtosecond laser pulses with an
accuracy of A/30 (PV) and /200 (RMS), which is higher than the measurement accuracy of phase profilometer (Fig. 26).
In 2012, CDI was successfully applied to the focal spot diagnosis process of OMEGA EP device. By accurately measuring
the phase error of the system, the far-field focal spot similarity was increased from 0. 78 to 0. 94 (Fig. 29).

A lot of optical detection work on SG- Il devices using CDI technique has also been implemented. First, our research
group carried out a lot of theoretical research on CDI. 1) Our research group proposed a single-shot PIE scheme, which
improved the data acquisition speed of PIE and realized single-shot 3D imaging after solving the problem of highly tilted
illumination. 2) By designing a multi-step phase plate and combining a multi-mode algorithm, a multi-mode CMI
algorithm was developed, which could reconstruct the complex amplitude distribution of multiple beams with different
wavelengths to be measured from a single diffraction pattern. 3) Combining the advantages of CMI single exposure and
PIE high precision reconstruction, our research group developed beam splitting coding imaging technology, which greatly
improved the reconstruction accuracy of single exposure imaging technology.

Second, computational imaging technology is applied to the detection of optical components of high power laser
drivers and wavefront of the target beam. Optical element detection mainly includes phase measurement, thermal
distortion measurement, stress measurement, and damage measurement of large aperture optical elements. The detection
of the target beam wavefront mainly includes near-field complex amplitude distribution, focal spot complex amplitude
distribution, time domain waveform distribution, as well as the measurement of the interaction between laser and matter in
the ultrafast event.

Third, the research group also established an analytical model of CDI, which proved the uniqueness of CDI solution

mathematically, laying an important mathematical foundation for the development of CDI as a measuring instrument.

Conclusions and Prospects In general, a theoretical system of computational optical imaging based on coherent
diffractive principle was established in the optical detection of high power laser drivers. A series of related instruments
have been developed for the detection of optical elements and the detection of the wavefront of the target beam, which

provides important technical support for the efficient operation of high power laser drivers.

Key words computational imaging; phase measurement; laser beam characterization; laser amplifiers
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