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Calculated Methods of High Power Laser Near Field Parameters

Liu Hua Xu Longbo Wang Chao

(Research Center of Laser Fusion, China Academy of Engineering Physics » Mianyang. Sichuan 621900, China)

Zhao Junpu

Abstract In order to scientifically evaluate the near field parameters involving the modulation and contrast ratio in
space region for high power solid-state laser facility, the grey threshold of image segmentation in image processing is
used to separate the noise and signal for the image of near field picked by CCD. The maximum square difference
value is taken as the main criterion for noise threshold. The grey background can be obtained from the grey value of
the most probability in the noise region. The oddity spot in laser near field can be judged based on whether the
intensity is greater than I, (1-+5¢) or not. The image smoothness technique of eight neighbor regions is adopted to
process the oddity spots of pixel. Two evaluated methods for modulation are analyzed and compared with many

experimental data. It is shown that two calculation results of modulation are identical, and present evaluated
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methods of high power laser near field parameters are much more normative.

Key words laser technique; beam quality; near field; modulation; contrast ratio

1 50 5

9 U AR BOG A B RS 18 R B2 T T AR B
JCZHORT 512 W LI 14 25 28 . 2 802 W Rl 4
FEOGRE &L VDA T 37 L I A 8 FK BE . DL b £
FEASMPLHTHIIML . 3R A — b2 B HLI 3
BRI AR X TR R FOLA LR HA e 42
FRT B, i TR R 24 TSR A SR AR sy G
i T4 B B ORI R | I A A% i v 9 Al 2 4 0
1S 18 6 27 T0 A RS IR IXUISE Dk A A3 5 5 S R D6 AR
il SR AT 5 G A g S T e M 2 A . X I R
WO R GE AR ARV A5 3 5 ) BEAR 53 1) 9 1 A
A% 5 LI R AR e 22 DU F — AL AR 3 3 6 B 3R
JRUISE: E AR SRR R Al T e e i 1) 97 2 g

W fs HE:2007-08-30; W zlf& s HHEE.2007-11-20

AT Y2 AR AE 2 PR A T 225 i 5 BE A 1 4
SOV H R 2RO I 2 O 32 BRI L
JiE RV T BE AN S8 o BRI Ol SR R )
A O 122 2R S AH R T A IR S B SO I
YAy i (14 9 1 XE B PEIOE T 0 T O AR
RERMS LW ARG B RTEME . BN
SO 1% i A2 R Ol R R D T R T R T
PR TESRBOGH AR G, s M
DI A LU BE A5 R A 43 O 2 02 W A0
KT PR O I BT R — 88 1 T B AR RS
RBOFH 7 1 MR R S ILE A 28015071 e gl 5
JEAGH LW H R 1K JE

EHER AN B (1965—) . &, Hlt A, BIWF T 51 35 2 A 622K 0 7 i i 58 . E-mail: sunzh01@163. com



411 VB % BYREOLIE Y E BT R T %k 545

2 R WOCIE Y BT E ik

1o D1 2O 28 WA S BER TR L BE C
JE T BE M PSS 80 U8 R R4 T 3 1 1 T DXl 0
ESRPE L 5 VYR L, 2.2 K

M = L/ L (D

A ] S W ) R T 7 R AR R AR L SE BRI S M
= 1M /N BRI A, @ RO R R
M < 1.5,

XF b B A T 71 THUHBORE X3l Py 5 32 e K 1 05
— A3 7 HECRMS) R, T T 7 2 4 3 i 5 3 O R
et it B /N RS B SR ARG A e AR B 9
JE. X TSR C = 0, @I R HOLK E A&
Rt H B C <1020 X L BE R K

N
S —Ly)?
=, (2)

A L Al Sy U DI P 585 @ 5 3% % i 1y 88 B2 1, N
MR B IR SR R ARG I
“By7 ol o AR B R G 4R R R #) CCD B R B
CCD R4 193 377 [ 15 AT 45 3 56 2 58 3170 A1 » B BE
FOTE TS R K BE LI BRI R B A AR
Hh A R EE AL A9 A8 R AN B O BE th B3O . 7
2T TEMR R A A I G A G R B i BB T
W AR AR R AR 3R IS ) D AR B 3 s X
WK BEF A B R R AR 1R R N PG = nom;
NG RBE i IR R

R BE L7 VK PR 0 98 B S8 PEER 0« W
AR X B S AT R 28 0 H R R P R
HHRR) AT S T R T o A I SR R B O B kA
BT K B L7 1 A 1 {EL R B
2.1 EFUEFRERERES

2R FRTASE 2R Hh 5 2K fi) T 22 1 U 5 50 14
B AR TTBR A O 0 M P (L A 2 . LR
JEAER AR R AT R 23 5 R 3 A B B £ S A
Wi 7 2 TA] (9 A 5 8 3 e KO W E i i T TR . 1]
J7 28 AR A K HEE (Otsw)

WEG B EECh
N = ;len,», (3)
25 TR BE BB ME 2R
p: = n;/N, (4)

BWELAIKEE £ TR B B4 5 AB AN IX
W XN KE R T~k R EFIKE e +1 ~L 1Y
R E R IX I A PR R o), MX L A F1 B

PR R

L
wp = :2 pi=1—wlk), (5)

i=k+1
XA A F0 B WK EE A
_Lipa
m=2 Tk
L ipe
J .:;71 | 1—w(k)’ )

A = Sip 8 U R K B (e —

Sip, SEEN kBRI T EI 74 R R
BRI 1

4= wrpn + onus. (7
A KR 9 77 2%
" (k) =wn(un — 1% + wn Gy — p)* =

g0l —p (D7
oW1 —w®]

8

TR I T 2 FR A 8 R 3 1 eR A B R 3
A R BE BT A3 AT R S R A R B TR R AR
PR J5 26 02 IR BE o3 AT 4 53 Ve — Bh B 6L 7 22 (E 80K
Wt WA AR 1 79 3 43 22 S0l R S 3 4 H bR
N RS RS A B AR R 2 S BOP R A 22 )
SN Fi BB R 28 R) T 22 A HEN] L N 1 ~ L 2Z () k38
R Ad S 18] 7 22 B K A B R X380 40 1) 1 e 4 1] BR
CEIED « 2R18) 7 22 d5c KA 73 1 8 R 55 0 R dse

ErEE T R T E RS KENRES
T R B K201 5 22 58 A AR 4 B 5 [8 4R S 4] 1 1t
A Y AR I R AR H A R TR A
FEIRIE 50 A 16 D0 REE i ORISR Uy 26 1 00 B 45
TN P S M S XAt . )RR R N A
s 6T SR (R 2 (] 55T 45 IR BE B A3 B L 44
WP X, A RO B G T o3 A DX R Y e R 28 MR] 22
Ba oy B E .
2.2 EERXREEARE

i 19 {H 25 5L 5 S M R A A5 BIAE 5 X, ply R S
DX KM 25 1 K AL AE Ry A5 I K B2 3 3 TR A5 R 1k
IR B AR
2.3 ARR/HAMIMEGESLIE

M R e LR M AR TR X
B — A HAIR KN, RE S %
CCD BEMLME S | 25 S0 0 s 50T 37 A 5 1 70 & 35 57
RS, B TR C BAT Gt R B po e

WA W (/113 T HA )?



546 H b B4 35 %
mﬁ%uTF BRI RIS TR, M8 g<x,y) =
R AR B 99. 7% LA b E S 30 TR A (s ,
B, RE VR 5 St B R E LB M, = 14 30, 0 F fmyn) others
(10)

SR AR IEZS S At R
L n] LR

Ao VAT BE SN PRI U M, = 1+ 40, X
& A7 E A7 5 L 4l

5t a5 5B R AR SP 23k L B 57 a5 Ak 9 K
JEE L o T B DX 38 P 2% K BE 1) 1 3 (R o il o
IO A 35 B o [RGOF Al Ak B R AT A8 B
.

P15 F- 3 A B H 208 3o BB i >R - 8408 3 1] 1%
FHTAL . BT ECAY 3 pixel X3 pixel X ANIE] 1, LA
(o) Jefols s RS BE B (972 £ 242 U 7E (s
V) AR AR AR A LA G R (e TN

S={(x,y+ D, (x.y—D.(xz+1,y),
(x—1,p,(x—1,y+ D, (x+1,y+1),
(x—1,y—D,(xz+1.y—1}, €))

a—lay+ 1] zoyt1 |atloyt1
x—1,y xsy x+ 1,y
x—1,.y—1| =z, y—1 x+1l.y—1

Bl 1 3 pixel X3 pixel X5
Fig.1 3 pixel X3 pixel regions
I H A () A s e R R AR Y AT S R
JEAE g (s y) SR AR IALER 307 2 3 B & Bl A
R I R - X5 (L 41 3]

near field

AH fOn,n) HEENIKEME.

HT T 2 38 2o ) 4 48 A A BT A AR R SR (R
TH R A i H ik 2 S e iR 3R U] B R R i
AP S 0E 21— 28 i K A 5 RO P B Y
ZE A L E A 1 (LI AT R B FCJSOR (L AR
-1 PG B A0 2 i A T 4R 58 4P S Ak T BRT R
BOH

3 IEEUR KR

WOt B o3 A s B e AE CCD SR Ay J5 A ]
& B 2) 45 K B o3 A B3 L SR D 3 58 % 4 T
oy A B 2SI J5 22 DA S K 3 I T 22 4 Dy 4 Wi W 7 [
(ELAS) T 2 4 B 2 4901 5 A 15 245 5 X0
THEE T SR 3 AT S MR . oy 7 SR R A X B
119 5 AL 3K L A S AS IR K B 3 3 T A o A i
FZMEARIRZ G A5 X EG —EH k. (R
{EL R T R 1 7 22 9 e 75 0 L TR 52 2 80040 1Y
DX ATy 305 5 0 3 B s PR BE TS S o A
) BEAEL » -4 A7 5 0 R 2 S R 3RO B BEE D
BRI BE W33 . O 1 2R 47 3 3 ) 9 6 1) EE
B et AT A — Ak, B Y o A

-30
-20
-10

Grey

100
200
300
400

100 200 300 400 500 0
(e)

Bl 2 3 5 s s o

0 4000 8000

100200 300 400 500

1.0
8000 140 0.8
6000 209 0.6
4000 300 0.4
2000 400 0.2
500 .

(f)

M Fixf e C BT,

1200 o 1.0
Q
1000 508
800 5
2 0.6
600 3
400 p 04
<
200 202
@ 0

0 0.
0 1000 2000 3000 4000 8000
Grey (©) Grey (d)
10 fluence distribution
8 H ! H
g
]
3 .027
(=]
0 4
= 2
o~
0
0.0 05 10 15 20 2.5
F/Fave (2
(a) JFhs B ; (b) IR oA B

(o HRHEE (D O RERIE; (o EANRGEME; (D (KGR (o) RERFESIT L

Fig. 2 Calculation of modulation and contrast radio of near field. (a) original image of near field; (b) histogram of grey

distribution; (c) histogram of background; (d) evaluate function; (e) image of subtracting background; (f) binary

image; (g) statistic curve of energy density
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Table 1 Modulation M and contrast radio C of near field

Oddity spot is not eliminated

Oddity spot is eliminated

Number
M 1+3C 1+4C C M C
1 2.22 1.23 1. 30 0.076=+0. 054 1. 34 0.08
2 1.43 1.17 1. 24 0.05740.023 1. 29 0. 06
3 1.42 1.17 1. 24 0.058+0.023 1. 29 0. 06
4 1.33 1. 26 1. 34 0.086=+0. 060 1.33 0.09
S 1. 47 1.27 1. 36 0.090=£0. 110 1. 36 0.09
6 1. 31 1.19 1. 26 0.064+0.030 1. 25 0. 06
7 1.27 1. 18 1. 24 0.060+0.015 1.24 0. 06
8 1. 47 1. 15 1.19 0.049£0. 029 1.19 0. 05
9 1.95 1.23 1. 30 0.076+0. 058 1. 30 0.08
10 1. 96 1. 20 1. 27 0.068+0.032 1.33 0.07
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