58 8 2009 8 Vol.58 No.8 August 2009
1000-3290/2009/58 08 /5473-06 ACTA PHYSICA SINICA (©2009 Chin. Phys. Soc.

150001
2008 11 30 2008 12 15

Matlab
0.3%

PACC 4285F 0760L 4225K 0630

FFT

11—13

2.1.

BS1

PZT

BSI  BS2

* 60577032
+ E-mail yel. hit1982 @ yahoo. com. cn



5474 58

2nh
t—1lc 8
t—1/c-2nhlc BS2
ks S
N\
A 4 R 7 B
. . BSI s - Y
| I\ DS — RPN 4 " —— -;;1-;g
PR
A/D — DSP

PIN AR 2%

AERORE
1
1
I, :JL—JJ\E(t)Ez (1) + E; (DE, (1) | ds
"2 Z J FFT
%%& a,ﬁEocos[ dwoknd/c® ¢
k nh *
+ cuo( 5 /¢ - 2nh)/c] : I 5,
e VA
n D h
Y n 2
d wy a
a; B
ATERRA
PINCEERII
DSP
ok et
[ D AN

E x (1) = k(*12)
(1) = Eexp(iwot) . 0y v(t) =kt



8 5475
= wo(1+ kt/c) W k RRSES
y [d:hv7212 aq;, Eicos Q p t + @ p
c . t—1lc p=1lj=
m-1
—ZEEEZZCOS 0 ()
= 0 pt+ P
E.t =za, Eyjexpiwy 1+ Ek(t-1/c)lct hv 2770 =,
2 it
v g k(e = 1) Je 2 y ( > a]_am) .

E, t =a,Ejexpiwy 1l+k t-1c
- 2ndcosO/c /¢ &
+wy k(t = lle = 2ndcosO/c)?/2
+ 2ndcosO /c

]
E,t =a,Ejexpiwy 1 +k t-1lc
-2 m -1 ndcosO/c /c t
+wy k(t = 1l/lec =2 m =1 ndcosO/c)*/2
+2 m -1 ndcosl /c 3
a, =B

_ _ /7
ay, =T a, = r

E(t) = E()+ E,(t)+ +E,(1). 4

=!K%ﬂ% E (1) + E (1)

+ + E, () E (1) + E, (1)
+  + E, (1) “ds

| PEA

m-1 m-p

+ > >0 E(DE;, (1)

p =1 =1

+ E; (WE;

J+p

(1) ]ds. 5

2 3 5 /¢

m-1 m-p

- ijz E(DE, (1)

+ E;(DE;, (1) ds

J+ P

m-1 m-p

_}w ZZ]Z a/a/erEO
D = 1] =
x cos 4wokn pdcosd /¢* t
+ wy kn® pdcosd /¢’

— 2npdcosl /¢ . 6

=1

Q p =4wykn pdcosl /¢’
D p =w, 2kn’® pdcosl */c*
- 2npdcosf /¢

FFT
f, = Kd. 8

K, = 4wokn pcosl /¢’ 9
K g n 0

FFT

Matlab
x(t) =
ECi*/2) k= 4x10m/s" 1€ 00.5
0.001. 1.5—1.85
n =1.52
c=3.0x10° m/s
A = 2050 nm
D=1 mm.

wy = 2mel/A



5476 58
d 0.001 3
0.0015 0.002 0.005 m
0.3 0.3
(b)
E E
= =
< <
~ ~
= =
] ~
80 100
0.3 0.3
i © | ()
£ o2t £ 02t
g 5
O el
E] 3 El L
~ ~
= =
01 =01t
0.0 L /\ | L AN 0.0 A 1 A . A 1
0 40 60 80 100 0 40 80 120 160 200
f/Hz f/Hz
. FFT a 1mm b 1.5 mm 2mm d 5 mm
3
/mm /mm /mm /mm
1.000000 1.003095 9.000000 8.998673
3.000000 2.998624 11.000000 10.997922
f,=Kd. K, 5.000000 4.998455 13.000000 12.997464
7.000000 6.998982 15.000000 14.997073
3 3
0.3 %
FFT
2 mm
¢ = cosf. 10
10
cosfy 2 mm
[<p
costy /mm coslg /mm
0.2 2.035155 0.6 2.000801
_ o
(90 =36 0.3 1.999965 0.7 1.999947
1 0.4 2.006864 0.8 1.998867
0.5 1.999491 0.9 1.999503



Absent Image
File: 0


5477

1(k)/arb.units

2 cosf, = 0.2
0.3%

1 . 84°
cosl, =0.2

0. 08

0.04

0. 00

1(k)/arb.units

cosl,
PZT
0.3% 4 b
0.16
L (b)
0.12 |
0.08 |
0.04 |
0. 00 I I J\M
0 10 20 30
f/Hz
84° k = 4x10" b 84° k=1x10°

Zhao W Q Feng Z D Qiu L R 2007 Chin. Phys. 16 1624
Chen Z Q Cheng NP Shi Z G 2004 Chin. Phys. 13 1549
LiaoNM LiW JiangYD Kuang Y] QiKC LiSB WuZ

M 2008 Acta Phys. Sin. 57 1542 in Chinese
2008 57
1542
Chen X W Ji X L. Tang M Y 2008 Acta Phys. Sin. 57 2607 in
Chinese O 2008 57 2607
Fu W'Y Man SY 2008 Acta Phys. Sin. 57 1271 in Chinese
2008 57 1271

Guo R Huang C F Liu S M 2007 Acta Phys. Sin. 56 908 in
Chinese 2007 56 908
Wang Y T Yang N Wen X C 2008 Microcomput . Inform. 9 309

in Chinese 2008 9
309
Wang W Wang Z B 2006 Instrum. Techn. Sensor 2 44 in
Chinese 2006 244

Chen Z C 2008 Opt. Instrum. 30 20 in Chinese 2008

30 20

10

12

13
14

16

Yang G 2001 M. S. Dissentation Xi’an Xi’an Jiaotong University

p386 in Chinese 2001
586
Song C Li C GuoQ Hu Y R 2008 Acta Photon. Sin. 37 1635
in Chinese 2008

37 1635

Shukla R P Udupa D V. Das N C Mantravadi M V 2006 Opt .
Laser Technol . 38 552

Wahl K J Chromk R R Lee G'Y 2008 Wear 264 731

Maruyama H Inoue S Mitsuyama T Ohmi M Haruna M 2002
Appl. Opt. 71315

Bing H Cabestaing ' Postaire ] G Ruodan Z 2005 /EEE Trans .
Instrum . Measur. 1222

Liu S Xiao FJ Zhang P Zhao J 1.2008 Acta Phys. Sin. 57 2529

in Chinese 2008
57 2529
Hou J Jiang Z F Xiao R 2008 Acta Phys. Sin. 57 853 in
Chinese 2008 57 853


Absent
Image
File: 0


5478 58

18  PuJ X Wang T 2007 Acta Phys. Sin. 56 6754 in Chinese Yang H 2003 Acta Phys. Sin. 52864 in Chinese
2007 56 6754 2003
19 GulJF FuW]J LuM LuZW MaCY Zhang QY 2007 Acta 52 864
Phys. Sin. 56 5979 in Chinese 23 GanCL NieZQ LiL ShenL] ZhangYP SongJP LiYY
2007 56 5979 Zhang X C Lu K Q 2007 Chin. Phys. 16 3407
20 CaoL Wang CM Chen Y Q Yang X H 2006 Acta Phys. Sin. 24 KeJH LinZQ Wang X H2003 Chin. Phys. 12 443
556354 in Chinese O 2006 25  Shi S X Zhang H X Liu J S 2003 Physical Optics and Applied
55 6354 Optics Xi’an Xidian University Press p67 in Chinese
21 JiIX L Li BD Xiao X 2004 Acta Phys. Sin. 53 3996 in 2003
Chinese 2004 53 3996 67

22 GongQH JiangHJ LiuTT LuWX Sun Q Wang D W

The method for multi-beam laser heterodyne high-precision
measurement of the glass thickness *

Li Yan-Chao' Zhang Liang Yang Yan-Ling Gao Long Xu Bo Wang Chun-Hui
National Key Laboratory of Tunable Laser Technology —Harbin Institute of Technology ~Harbin 150001  China
Received 30 November 2008  revised manuscript received 15 December 2008

Abstract
Multi-beam laser heterodyne measurement of glass thiclcness is based on laser heterodyne measurement technology and laser
Doppler technology. We deduced the harmonic expression of photodetector output current discussed the feasibility and theory of
the method which make use of the non-contact multi-beam laser heterodyne to increase the precision of the glass thickness
measurement and made simulation in different situation with Matlab. The results showed that the maximum error is 0.3% at
different incidence angles in flat glass thickness measurement which has an obvious advantage in accuracy over the other

methods .
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