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Detection method of sidelobe peaks parameter for far-field

measurement based on the diffraction inversion of sidelobe beam

Wang Zhengzhou', Duan Yaxuan'’, Wang Li', Li Gang', Guo Jiafu'?

(1. Xi’an Institute of Optics and Precision Mechanics, Chinese Academy of Sciences, Xi’an 710119, China;

2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: In order to solve the problem that high power laser far-field measurement can not effectively identify
the parameters of each sidelobe peak in any direction of sidelobe beam, a detection method of sidelobe peak
parameters of far-field measurement based on sidelobe beam diffraction inversion is proposed in this paper. The
main idea is to quantify the sidelobe beam image according to a specific angle sampling interval, and convert the
two-dimensional sidelobe beam image into a set of one-dimensional sidelobe beam curves in all directions by
angle transformation, then detect the parameters of each sidelobe peak of one-dimensional sidelobe beam curve at

each angle, so as to obtain the parameters of each sidelobe peak in any direction of sidelobe beam. The main
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optimization measures are as follows: (1) Convert the two-dimensional sidelobe beam image into a set of one-
dimensional sidelobe beam curves in all directions by angle transformation; (2) Detect the parameters of each
sidelobe peak of one-dimensional sidelobe beam curve at each angle, count each sidelobe peak in all directions,
and generate the maximum rings of each sidelobe peak; (3) Count the gray mean values of the maximum rings of
each sidelobe peak, compare the gray mean values of the maximum rings of each sidelobe peak with the
background noise, and select the minimum peak mean value greater than 1.5 times the background noise as the
minimum measurable sidelobe peak signal of the whole sidelobe beam. The experimental results show that this
method can effectively detect the parameters of each sidelobe peak in any direction of the sidelobe beam. The
error between the mean value of gray maximum value and the theoretical value of gray maximum value in any
direction is 0.477, and the error between the mean value of the maximum ring radius and the radius of the
theoretical value of 5 sidelobe peaks is less than 1 pixel. This method improves the experimental accuracy and
reliability of far-field measurement of high power laser based on the diffraction inversion of sidelobe beam, and it

will lay a foundation for the accurate measurement of the far field of the high power laser in the large scientific
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facility in the future.
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Fig.1 Optical design for far field measurement of focus spot using schlieren method based on diffraction inversion of sidelobe beam
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v

TESF MR AT I RS 251 T, ASFROC AT
SR 2 MR (AN AL 3(a) BT 7R ) FH25 G RATHHE
58 25 R RR AR A (i 3(b) Bon), A5 (2)

Phase de-noise image of
sidelobe laser beam

(a) SR CHRAT AR L IR
(a) Phase image of sidelobe
beam with random noise

_______ _—

Obtain the diffraction inversion
image of sidelobe beam

!

Determine angle
sampling interval

!

Determine the value range of

1-D curve of sidelobe beam
* Angle
transformation

Image acquisition

|Extract right half curve|

Extract
1-D curve | Extract left half curve |
of sidelobe
beam in any

direction | Constructing the angle
transformed image

|Extract all angle curves|

Read the 1-D beam curve data
with the angle of degree

The angle degree is
less than 360°
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Detect the maximum
value of each wave peak

Detecte the side lobe

peak parameters of 1-D

beam curve in any
direction

|Detect each trough position |

| Segment each wave peak region |

Calculate the parameters such as rising
edge, falling edge and pulse width

v

Generate each peak | —=====—==——--
maximum curve rings

Obtain the minimum Statistice of characteristic

; ; parameters of sidelobe peak
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End )
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Fig.2 Flow chart of data processing

Denoise of sidelobe laser
beam diffraction (z=200 mm)
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(b) Diffraction image of sidelobe
beam with random noise
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Inverse of sidelobe laser
beam diffraction (z=200 mm)

600
400
200

A

(c) M CHATI 52 1 — 4 PR
(c) 2D image of sidelobe beam
diffraction inversion

(d) FHIC AT A o 8 — 2 [R5
(d) 3D image of sidelobe beam
diffraction inversion

3 FHOLAATE R R

Fig.3 Image of sidelobe beam diffraction inversion
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TR AEIEMR, AN 3(c) A (d) B . SO SRR S5
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32 AETHR

18 15 J5E 1 55 9 0% A a0 R (xouvo), 55 R R
CCD RAEEMGH f(x,y), 1T EAMAE e, WAL= 51 -
(1 55 G o — 2 R BOE TR AN T
32,1 R F MR — Yty R IBUETE

T 55 6 o0 A1 S R RT hy 512x512 1 —
HEVEMR, AR TR B 10 55 R o — 2 2 o ol oz 1 it
LA IR, MAE R 0 508 90°mT, —ZE M4y

WUEAE N [0 512]; A1 15 4500, — 4 fh 2 A9 UE
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{ . (13)
RealY =y, + rxsin(angle)
A (g, vo) TR SR EMG T AR AR - R BE B s
ABFR (xo, vo) HIBE B, 0=<r<<256; RealX, ReaY F75 M1 E
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A2 30— 425 Mt e A
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B, AT 2 A B s e ol — 4 it 8 Xy 7 1) AR, FHZS
HLFRN:
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5
RealY =y, + rxsin(angle + 180)
e SUR TS S /N W
g(256 —r) = f(RealX,RealY) (16)
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256) it i () fiRealX,RealY) JK FEAE BEATIRAE . 254 LA
R AR R DT ) b SR — 2 i 2 AR U
HLFRN:
g(x) = GetPBCurve(f,angle) 17

s IR 2S5 OGS4 R AL angle RoR AL,
HUETL L [0 360°]; g Fe/n AT 38 A B A — 4 57 o iih
2R, R [0 512].

(3) $& I A J7 1] 55 O R — Ak il £k, 4 A A
R AR

TEAFAHAE 7 ) b 0955 MO R — 4 th 405, sin]
IR A 3)~(12) Frm I B AT & 07 ) L4561~ 5%
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TR B S IREOGH BTA 5 1] 45 AN A S 1 43
AR, X 2 55 R TR S AN [R] 10 R B2 6] B (0.5°)
TEFTA ] - (0~360°) BEATRAE, AT LAFRAS 720 2555
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ZVSR
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G(2,:) = GetPBCurve(f,1x0.5)

G(720,:) = GetPBCurve(f,(720—1) x0.5)
Kb G HITA I 10 5 MR — e 2R 45
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4 AR

Fig.4 Angle transformation image
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Original curve of sidelobe laser beam (Angle=30°)

Peaks of sidelobe laser beam (4ngle=30°)
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400 400
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0 100 200 300 400 500 0 100 200 300 400 500

(a) Original one-dimensional sidelobe curve (4ngle=30°)

600

(a) JEIR— 45N ZR (Angle=30°)

Peaks and troughs of sidelobe laser beam (Angle=30°)

(b) 25 5 R VAR K ARSI S5 SR (Angle=30°)
(b) Detected maximum value of each
sidelobe peak (4ngle=30°)

Peaks and troughs of sidelobe laser beam (Angle=30°)
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400 400
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200
200 f 13
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16
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(c) # 5 B L EATIES R (Angle=30°)
(c) Detected position of each sidelobe
trough (4ngle=30°)

(d) 2 5 HEP I DX BRI FIZE A (Angle=30°)
(d) Segmented result of each sidelobe
peak area (4Angle=30°)

Rises and falls of sidelobe laser beam (4ngle=30°)

600
1
500
400 | Risel—»| j«— Falll Risel —»| l«— Falll
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Fall2
300
Rise2 Fall2
200 | Rise3 Fall
\ Rise,
0
8
A 13 14 15
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200 300 Peakl 400 500

Peak3 Peak5

(e) LTHE. TRER . PRSI HIZ5 R (Angle=30°)
¢) Segmented results of rising edge, falling edge and pulse width region (4ngle=30°
gl g edg g edg P g g

P s AT T —4E S il £k S 2 s

Fig.5 Parameter detection of sidelobe peak of one-dimensional beam curve in any direction
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P(1,:) = SearchPeaks(G(1,:))
P(2,:) = SearchPeaks(G(2,:))

P(SampleNum,:) = SearchPeaks(G(SampleNum,:))
(19)

SearchPeaks % W48 Z sREL, 1R ME hy HA Ik 1
PLE, G P A 170 Ak — A 3 A B R A T A9 A
T W 7, U B — U KT N Y DR UG IR B L R
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G(No,P(No,5)), No 4 f1 £ 4 5, BUE {5 [ 2 0<No<
720, WA £ A A IR AR IO 1) XY A AR T A SR
NA:

{ X(No,:) = xy+ P(No,:) X cgs(No x0.5)

Y(No, :) =y, + P(No,:)xsin(No x 0.5)
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JIT A — 4 it 2 ) 5 — Il e W AR AR 720 AR K
(B, B BT A 10 A5 A G IO 17 A b Ao 8 FH il 26 47 3%
Fz, WA B — A5 — U W AR A il 4R 385 [ 3, 38—
BF =L DU 0 [ T LAARAS: 720 AWK AE, ¥ —
P VA1 720 A HRARAELX I 11 A b o7 i P il 4 3% 42, W1
VIR REER . 58 = 55 DU el KB 2 i . ik ik
W ity 2 2R, R 23 A s A W AR AN [8] T[] B9 93 A 1
{90, TR I8 VR T 7 1) W AW AL pH 4% B i 5
REUE, 350 BH 1% 10t 08 B A AR AR /N, Dl B o A AR
22 10 WA T ) 2 WA AW A o S B T 3, 56 P D 0
e AR AL AR K, S5 O R BT S B 25

W B A B X g ) — A S5 R it 2 1 2 — I e £
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6 B SHIRRIEAR AR (E Hh 2 2R

Fig.6 Maximum curve rings of each sidelobe peak
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TEMRFE IR, P 55— W PR (0 P R o 55 R A
/N AT 25 R W 1

4 SEWERS

41 XN FEMARZWBESRNERS

N TR S S AR SR I 5 ik A o, S
S SN IS ST S AT i SO
Xt HE SR 5 (Y=256) MR 25 SR an el 7 Fige 1 i
No MWRIAT LI, 2Lk I 3 A5 5 5, X
AT S5 R W R A5G, 55 R F) e R AN 1) A
HIRFFAIT, 435102 573.59. 278.61, 156.61, 96.31, 63.55.,
TRV 1 ok s K BRI 56, 056 F 27, A
(R TR JBE B 4343 I 7209.5. 3666.9., 2055.2, 1266.2,
834.9. R T7E i FLA PRGN, S5 10 B0 DA [n) 2
MRURIRAR, 43512 573.59. 278.61 ., 156.61, 9631, 63.55,

B P 0 K BE AR 430 ) 2 7209.5. 3666.9, 2055.2,
1266.2, 834.9, ME 7 F1F 1 vhal LLE 1, 55— 0%
KRR ek, 5 IR 2, 58 = NI IR 2 .

Peak and trough of sidelobe laser beam (¥Y=256)
S 6

600
500 r
400 r
300
200 r

100 1

o Uk h

0 100 200 300 400 500

B 7 T 55 e e SR ) 36— 425 I 4R (Y = 256)
Fig.7 Theoretical one-dimensional curve to detect the parameters of

sidelobe peak (¥ = 256)

R 1 ERIE— LS i A SR IE SR R (Y = 256)

Tab.1 Detected parameters of sidelobe peak of theoretical one-dimensional curve (Y=256)

Side lobe Peak PosX/ Peak value Rise/fall/ Pulse width/ Energy integral Peak PosX/ Peak value Rise/fall/ Fulse width/ Energy integral

No. No. pixel (gray) pixel pixel (gray) No. pixel (gray) pixel pixel (gray)
Left Right

1 5 160 573.59 15/8 24 7209.5 6 354 573.59 8/15 24 7209.5

2 4 133 278.61 15/13 28 3666.9 7 381 278.61 13/15 28 3666.9

3 3 107 156.61 15/12 27 2055.2 8 407 156.61 12/15 27 2055.2

4 2 81 96.31 15/12 27 1266.2 9 433 96.31 12/15 27 1266.2

5 1 54. 63.55 14/13 27 834.9 10 460 63.55 13/14 27 834.9

FE FLSE 1) 55 UG R AR T, 25 CCD RAE 1 A
GO AL R 1 BME, i 55 Mk CCD R RIMG R
T ¥ 200 10 By 55 G, o S e KAE N
45.77, BAS SHIHE 5 e RAE hy 573.59, M i K (H 5
HR G T i KA Z Hoh 45.77/573.59=0.0798., 1
IR, MR (RS B R 5 A5 TR (H Y 7.98%.

Xof W A5 T I 5 R X R 55 1 5 ARG T % SR 4
& 8 Ak 2 PR o

MIEL 8 HR] LA Y, MR 6 55 R X8 55 5 5
DA — 7 5E 0, BB 85 WA A 27—~ I 06, i 0
fLE il TN LT e bros, A7 2Bl 5 11~15 iR, 22
VNG 6~2 s . ANk (95 16) 584
VRV AER TS T, ZE S S 7SR I (G5 1) WA B AE g
FaTh . RERIRTE F X (A] [177-340], oAl 4 J L%
RABLAL, 3X S H FE AL 75 i Ji i), ARAE Je e i, &2

e X IR B B 0, PRI, 75 208 T2 X I A K
RS o T PP BRI ) T A U ) A AL LA,
A I ) e AR A P R AR, G S R B

Peak and trough of sidelobe laser beam (¥Y=256)
600

6 1

500

400

300

200

100

0

0 100 200 300 400 500

8 MEFE S T I — S MM 2 B AN A K (Y = 256)
Fig.8 Detected peak and trough position of one-dimensional sidelobe

noise curve (Y =256)
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R 2 BEFHETH—4ESME LM RNIESHRNER (Y=256)

Tab.2 Detected parameters of each sidelobe peak of one-dimensional noise curve (Y=256)

Sidelobe Peak PosX/ Peak value Rise/fall/ Fulse width/

Gray integral Peak PosX/

Peak value Rise/fall/ Fulse width/ Gray integral

No. No. pixel (gray) pixel pixel (gray) No. pixel (gray) pixel pixel (gray)
Left Right
1 6 159 556.51 13/19 32 7523.9 11 354 543.42 14/17 31 7515.5
2 5 132 293.17 14/15 29 3768.9 12 381 290.45 11/15 26 3749.9
3 4 106 168.14 17/13 30 2214.8 13 407 162.31 12/16 28 2002.7
4 3 84 91.01 19/6 25 1294.4 14 431 121.49 9/26 35 1580.4
5 2 56 81.59 20/10 30 1092.7 15 459 82.87 3/22 25 697.2
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