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Abstract

Focal Length Testing Method of Long Focal Length Laser
Optical System
Duan Yaxuan Chen Yongquan Zhao Jianke

Li Kun Tian Liude

(Xi'an Institute of Optics and Precision Mechanics, Chinese Academy of Sciences, Xi'an, Shaanxi 710119, China)

Zhang Jie
In order to measure the focal length of long focal length laser optical system, a method based on the
principle of autocollimation, using fiber laser, beam splitter, flat mirror, precision angular instrument, charge couple

OCIS codes

device (CCD) and wavefront sensor is proposed. The fiber pinhole is placed at the focal point of laser optical system
angular instrument and the deviation of pinhole image calculated by the centroid algorithm. The long focal length

by testing the transmission wavefront of laser optical system with the Shack-Hartmann wavefront. Then, the CCD is

—

placed at the best image surface by the scanning focus algorithm. The synchronization acquisition of the angular

instrument and CCD is made. The focal length of laser optical system is calculated with the angle got by precision
focal length laser optical system.
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laser optical system of which the focal length is 7171 mm has been tested by this method. The uncertainty of test
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result is 13.48 mm (k=2). The test results show that this method is practical to the focal length testing of long
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Fig. 1 Schematic of the focal length measurement based

on autocollimation principle
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Fig. 2 Measurement accuracy of focal length versus

angle rotation and displacement accuracy
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1: fiber laser; 2: XY stages; 3: beam splitter;

4 five-dimensional regulating mechanism,;

5: test optical system; 6: mirror; 7: rotation stage

8: wavefront system; 9: precision angular instrument
10: computer; 11: CCD; 12: XY stages and rotation stage
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Fig. 3 Schematic of test system
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Fig. 5 Test result of system static wavefront

H i 6 1352 A BERG B O VAl R K AR BR O 2%
RO SR Bk ok, B D oBE B R E
MOLLER 7 =] A il ) 5 K B A 250 4, 3 3007
PRI R O 0. 17, 58 A i R K AR I SO Ol 2
F G0 AR BRI 20KG B2 2K .

CCD FRI 25 1) 18 48 32 2225 P8R 1) /NN A6 7
B BT /N Z50H A2 V- THT S 5 4 A e e 1 SR A A
JEW SUEAGN H A . T S e R
e CCD 40 7% 0 fi A 007 B RN o 0 e 50 v 19
B SR BR g 2 it L 0 CCD R 25 1 &= Ak A7 £508K
kG, CCD 4R g8 Z BT Ry 13 o, BT
K/NH 13,3 mm X 13. 3 mm, gL BCH 16 fii, K
FEBR WO L2 R G0 £ PR BT 75 2 25 R B B AR K
LT RBRAR A 5y =2 25 SRS M T B A & sl
s R SR AE S5 0 R GE il CCD #R I 25 R 46 i U6
TR 5 I A7 3R 56 A B2 ) 26 T 2 ROR R BT 34
AT AT I B3 25 A0 2l T T8 5 A B 52 Bl %o £ B 0 4k
(RS
3.2 XHEHEE
3.2.1 #A#EALE

FIWT R R AL S B AL A RS K
JIE 5 25 0 R0 R R B 9 AR ) Bk
JE PR R S A, AN 52 W RS S SR A Rl e
S AEGOE LB AR S AR NP K R DR 2R R ik R
BOMTE) 4 2 Bk SR R

CCD M &R & THETFE G L VIR ER S, .
PIZBK A4 R E PR R LG = 1.2,

ke sl TR HIDGERBOG A L Hod 2D R R0E T
RMS i F = 1%6(8 h) , S5 U5 B R OK B e KA
M AR R - e AR AR T 7 B Y VP (R 2 4
NG kD M, IR B KAH BB CCD R0 28 167 #
K S =S, +k SRIGLLS, AL RO A N
R b CCD M E8 LA KA e (e << O FHlif% 0. 1155 5
o IRAG T TR J7 [a] 9 MTE, 45 21 DL 4 5 P B8
AR MTE (H e bRyt 4.+ IR R T
T ) Bt ) B (L 0 7 8 B R e AR T e

MTF 49 5 £ 58006 i AR 52 B 78 Oy - e i f
BRI 4w OO/ L T 1 W R
G377 1) W S e R K

Sese(xsy) = I(x,y), (5)

K 2,y ¥R F CCD B R R bR, [(x,y)h
T 1 AR AR B BE S A 5 43 Sl e s IR 18 7K SF- T 1]
S I A0 2 N T I S R s e ) Sy ) B 2
LY R

w

Srse () = ZfPSF(I»y)a (6)
y=1
w

fLSF(y) = EfPSF(I9y)7 7
=1

XF R R eR B AT F S R SR RS E Y JE 43
HEAT PR S B e OB — AL 1R B R RS
1% 3% R AL

erF _ ‘ (Fr(\f LsF — Va | ,
max[ | 7 (frse — o) | ]

| input Sv° and 1 |

get the pinhole image I, from
CCD; i=0,1,2,+++ )k,"*

(8

compute M, |

| 8,=8+ix1 |

]
input 2 and ¢ (t<1)

Y
get the pinhole image IJ from
CCD
Y
compute MTF of meridan j=j+1
direction and sagittal direction

yes

the best postion of image
surface is: S, ~(h-1)/2+j Xt

6 44 e Mk AR I

Fig. 6 Flow chart of scanning foucsing algorithm

0408005-4



B BT 45 -

KAEEHOLEY RGN %

A, 7 RoR AT PO B i AR 4 s max O R oK
KRAEF T onH BIENE FAEIEE . HH#E ER %
) 2R AR I & 6 s .
3.2.2 e H%k

B BE EEA AL B A AR
TCAHSGIE AT WU 1 5 2 R 25 N 75 1Y S
AR EER ., WAR T AH O 2 € AR B AR & (H 3
SRR K 2 08 B 52 B R AN AT 0 5
o TR RIS K B B ORAE R Pl 1) — A X
=R - o TR A W R L= T
%EUU ,EI]

I(x,y) = Ly 7exp[
2n6”

(= a)' (y*yc)z}
o ’
€))
Ao I S (a] T [a) B N 4 53T 2] CCD #R I 28 ' 5
FROEESREEE: (v v BEIBEBREEENE, B
il so e m vk B R, h TREE A R EE P
1€ 30 LAV LA H bR 5 U5 AR K BE f5e KB 55 R ot
EEE O N mXm(m=2X36c+1),i8H m 5, H
b 5 URAR W O AL BN
Dy (I, =)
— —EIU
Zy,‘]‘(I;] *T)
Ve — EIU
A xy My 03RRI G ) 1) 2 Ry J7 1)L B AR
brs Ly MBI GL ) WIKEAE: T i 5t BIME .
3.3 kit FE
BB ARG E T HAERYT & L. H

|ﬁber laser w
—_ 8
_a

X )

s (10)

C bR 1 BT R B 2 GE A5 g O G 2 R G i A
W R T ZE 8 55 BILAL I8 5 06 2F U i S A AL
BB AT Zernike 525 2 B0 10 25 UM B
PRI R B /)N » T DR AIE G £ AU B T 90 Ot Ot
FRGEWMEAAE, REK-FERGEE TG
b B B DR IR R AE CCD R0 g 88 T bty
FAL o3 e A A B B Sh AR R AR L R CCD R
025 1) 2235 o AR IR AR 22 A R0 TR B Sl [m) Y B
PRIUE CCD R #3481 5 ot Rl 1 . CCD 481 &3 &
THECE G b Al T T RS B S 2 i
Ot F RGEMIPOLE S B B A RS . A
i€ RS CCD 000 4% B T B 1 B A AR
AR AL . A O B ) B ) IR IR AR AR R AL
BR Caey ) - TS A 5 JE B — 1 BE L M) 4 A R
£ ZR G0 ORI A1 AR CCD 400 2% 7] 45 R 4 i K
% DN A SRR JBUTE % #f1 BE h o T I 1) D JB 00 58 125 )
PERIRBBR R LR N (s s 20 » CCD I 27 19 500
RGF R L g SOt o't 2 R S8 i fE i
(2, — )"+ (y, — )" XL
tan 2¢ )

(1D

f:

4 KSR A E B A B
L1 iR

B O K L RSB B S =
7171 mm; @ Y6 1 4 D = 155 mm; K A =
1053 nm. i 300 HOE O 2 R 46 MR B K itk
27 DA B BB AE A B O
1 B 6 TR G £ B DL A A 7 R

7 st

Fig. 7 Device of the focal length measurement

ARG AT IR A L B A OOt RGN
Ao H IR R A AR GBI ' e 2 AR G

R B Ot 7 A G038 S AT S £E 08 — 0. 014, K

Sy —0. 07, TE H O M E 2 R 0. 024, 1A
MG ET R T TR O et R G R S
H. B CCD e K 0.5 mm FH5G M, 3H 5 SR

0408005-5



i &

# ot

15 B KK FE AR 90 26 1 5 B AR 1w 0 B B L. 4R
Jg CCD #4K 0.1 mm 4 38 S5 T4
FAR 2 J7 141 () MTF, f & 8 fias .

1.0r —a 20 Ip/mm (meridian direction)
09+ —°— 40 Ip/mm (meridian direction)

: —+— 60 Ip/mm (meridian direction)
0.8 A 20 1p/mm (sagittal direction)
0.7+ o 40 lp/mm (sagittal direction)

. + 60 lp/mm (sagittal direction)

o 0.6 /A/x;aﬁ\
50574
=
04 A
0.3 /Z/
0.2
0.1 ./-P—’\T—I\t\:
0

0 01 02 03 04 05 06 0.7
Scan distance /mm

K8 AR T T4 MINKTT ] MTE
Fig. 8 MTF of meridian direction and sagittal
direction with different scan distances

K 8 G IR AR 1 A8 AR J5 18] 3 i) E 20, 40,
60 Ip/mm ) MTF {5 CCD 434 I 5 i) ¢ & iih
2. TAMINARTT e MTF [a] i H 206 6 1 7 o
#E CCD A 46 07 B 0. 2 mm 4b . sb A B B Ol et
B .

- 1 5 LA s IR e CCD 8 1 i1 25 247 fie 5%
FABEZ 150", it HLEE i 64 %5 I AR CCD
) 20 R A m TR . X I O Ol 2 AR 4 4 B 9K
10 Y, MR A5 R 2 1 s Wl 45 R F 2 (o
7173. 04 mm,

F 1 BRI R
Table 1 Test result of focal length  (unit: mm)

o /(M d /mm f /mm
150. 11 10. 430 7165. 88

Times Average /mm

—

2 149.73 10. 409 7169. 60
3 150. 65 10. 479 7173.74
4 150. 48 10. 465 7172.25
5 150. 82 10. 495 7176.59
6 149. 61 10. 405 7172.60 rirs. 0
7 150. 83 10. 501 7180. 22
8 150. 37 10. 464 7176. 81
9 150. 22 10. 441 7168.18
10 150. 41 10. 463 7174.53

4.2 AWEESTH
HRAE (2 AR do o ST AS K AR R 1 &
TR A B R AT R A

WD)
uC f) \/tan2250+
HA2) X0 LA E E B A E b s %
A AR S B w(d) T T 8 e RS £ BE R

4d* v’ (@)

12
sin' 2¢ (12)

2 B u(e) AL, H At A8 AT 0, P s U AR 7S
SR AN B A A A

D B U0 B S AT EE u(d) T
WeRil R RG BN PAT PV A H0.0764 (A =
1053 nm) , g1 Hobz 2 J 27 55 0 B 9 ot 624 R
38 ) FE AL X AR RS B A g A B AN B
AL Z AT B w(d ) =0,

2) CCD B T 5 fE 5 A & 51 A WA i 2
uld,) SERA G E N 0. 02 mm. 4 F K A 1 34
e RS i Hitf o CCD B T e B4 i ir & 4
SR GRS i 5 A B A 2 B 0T DL Z0E AN 3T, B
u(d,) =0,

3) MR Sh AR it 0 vE F B T I A AN
BE udy) MBSO B 8 RS BE LT 0. 2 pixel s X £
JEFS SR L5 ARARHA E R u(d;) =0.0026 mm,

4) CCD 8 1f 5 )65l ity 8 B 51 AR 0 7 Ji
u(d,) - RN B3 R A 050 B 96 AR IE CCD #E 1
5550 % 1 B R 22 /N T 20, % S AR RS B 4R |
AP EBEH uld,)=0.0064 mm,

DL E A 5 AN B3 43 s S R A OG L A

uld) = Ju’ (d)) + u*(dy) + u* (dy) + > (d).
(13)
PR V- TR B A AR R O A B A A 2 A

1) 238 S 3 AT 18 B 5% 30 g LA A B 0 B w
Copr ) s R TS D0 3 v 82 %) R BBOR R IR 1Y) R
LR AP 1Y HL 2 RO B2 O O 51 A B A1 8
BERT LA ZME AT Blu(gp ) 20,

2) KEE M AT AR AT E FE ue) : HAE %
T £ ASUAS B A I £ K BE B 2 B w () =0. 1",

DA E 85 AN B3 43 s S R A O A
u’ () +u’ (@) a4
HF 52 CCD 8 1 K /Iy BR i, SF 18 5% i€ % FA B o=
150", SIEE B S IR 2 d=10. 43 mm, ¥ (13) =
MAOHKMRA AKX w(f)=6.74 mm, HUE
BT k=2, MERY RAHEE N

UCf) =k u(f) = 13.48 mm. (15)

ule) =

S

Bt T LT o FRE A K AR O
ARSI 7 e T AT R0 R 9 R
GoURE T IGLE I TR OR Y6 R S 5 A
e A 0 AR 0 59 2 RS T CCD
RN 2 S T (80 (S 3 2 B 3

0408005-6



B4

KAEEHOLEY RGN %

BEFIEE . M7 B R AN TR LR BRI T AN
ST R AR OGS RGN SR I,
TR UE T 2 WA S R RE R 7171 mm 19306
I3 R GE AR B AT I O X a4 SR R AT A AT
PR E B 13.48 mm(k=2), MHR%E R F 0
XA R T K RO R R
s

5 F X

1 Lii Baida. Propagation and Control of High-Power Lasers[ M].
Beijing: Defence Industry Press, 1999. 78~109
BHB. mBEOEM S LMD de st BB Tk b A
1999. 78~109

2 Zhang Rongzhu. Studies on High-Accuracy Wavefront Test
Techniques of Optical Components in ICF[D]. Chengdu: Sichuan
University, 2003. 4~7
TR, ICF Z2 G062 U AT = A L I i 4G W 52 A 75 (D). UK «
P kK%, 2003, 4~7

3 He Ling, Chen Bo, Liu Huae al.. Experimental investigation in
far-field test technique for high power laser output[J]. High
Power Laser and Particle Beams, 2003, 15(3) . 245~248
fif . BR W, X AR SE. BOLE S HE R BOR 1) SE BT Y
[J]. &t k58T %, 2003, 15(3): 245~248

4 Su Datu, Shen Hailong, Chen Jinbang et al.. Optical Test and
Image Quality Identification [ M ]. Beijing: Beijing Industry
College Press, 1987. 45~50,173~176
SR, TR, BRIERS 4. B SR E e (M. dbad.
A6 5t Toll 2% e A . 1987, 45~50,173~176

5D. R. Neal, J. Copland, D. A. Neal. Shack-Hartmann
wavefront sensor precision and accuracy [ C]. SPIE, 2002,
4779 . 148~160

6 Julia Sheldakova, Alexis Kudryashov, Valentina Zavalova et al. .
Shack-Hartmann wavefront sensor versus Fizeau interferometer
for laser beam measurements[ C]. SPIE, 2009, 7194: 71940B

7 Zhou Renzhong, Yan Jixiang. Adaptive Optics Theory [ M ].
Beijing: Beijing Institute of Technology Press, 1996. 78~109
JAAZ TR, BERNEFEIR M. dbat: bt TR
Rk, 1996. 78~109

8 Jiang Zhiguo, Han Dongbing, Yuan Tianyun e al.. Study on
auto focusing algorithm for automatic microscope[ J]. Journal of
Image and Graphics, 2004, 9(4): 396~401
ZEEH, BAE, Rz % ATeadiEh s g s RE
FEpl)]. T E BB EL FM/, 2004, 9(4): 396~401

9 Zhu Xianchang, Cao Xuedong, Wu Shibin e al.. Focal length

measurement of microlens by rotation methold based on grating
multislit diffraction [ J]. Acta Optica Sinica, 2011, 31 (5);
0523001
RIRE . WETR, RETW S LT M 2 S AT 5 0 e £ 0 T 6 £
BEAEIEL]]. kM|, 2011, 31(5) . 0523001

10 Liang Minhua, Wu Zhiyong, Chen Tao.
adjustment of theodolites by largest the gradient method[ ] ].
Optics and Precision Engineering » 2009, 17(12) . 3017~3020
R, RAEF. K. RARKKEMREELZAZ4G A
BRI £ %4, 2009, 17(12): 3017~3020

11 Zhuang Songlin, Qian Zhenbang. Optical Transfer Function[ M.
Beijing: Mechanical Industry Press, 1981. 235~237
FEARBR, ERIRHE. St AL ik A LM, bt HLBC T AL,
1981. 235~237

12 Duan Yaxuan, Chen Yongquan, Zhao Jianke et al.. A new

Auto-focusing

adaptive background correction method based on pinhole image
analysis in optical system modulation transfer function
measurement[ J]. Acta Optica Sinica . 2011, 31(8): 0812008
BOWHF » BRKAL, &R . —FIEFH LRI e E R 5
il 42 328 pR B B AY 18O R RO BTk )], R F AR, 2011,
31(8): 0812008

13 Shen Baoliang, Sun Jianfeng, Zhou Yu et al.. Influence of time-
varying atmospheric turbulence to facular orientation deviation in
dynamic process[J]. Chinese J. Lasers, 2011, 38(8): 0805004
WHE R, Ihatidg, 48 55w AR N 3 A g3 e 10K
GRMLT]. P Esk, 2011, 38(8): 0805004

14 Liu Guodong, Liu Bingguo, Chen Fengdong et al.. Study on the
method of the accuracy evaluation of sub-pixel location operators
[J]. Acta Optica Sinica , 2009, 29(12) ; 3446~3451
XUEA XU, PRIRR 55, WAR 3 @ S0 B0 BTN 7 25 i Bt
FE[J]. KR, 2009, 29(12); 3446~3451

15 Pan Bo, Yang Genging, Liu Yong. Study on optimization
threshold of centroid algorithm [ J ]. Optics and Precision
Engineering , 2008, 16(9) . 1788~1792
WO BARPG, X B R SR E R R T R s ],
HF K E A2, 2008, 16(9): 1788~1792

16 Li Chunyan, Xie Hua, Li Huaifeng et al.. Centroiding algorithm
for high-accuracy star tracker[ J]. Opto-Electronic Engineering ,
2006, 33(2): 42~44
A, W AR B SE. ROR B R BUSE B RDBE SO B
[J]. k& x4, 2006, 33(2): 42~44

17 Wang Xiaodong. Study on Wild-Field-of-View and High-
Accuracy Star Sensor Technologies[ D]. Changchun: Changchun
Institute of Optics, Fine Mechanics and Physics, Chinese
Academy of Sciences, 2003. 40~58
TR, KU RUEHHEAMRLD]. K& HEBF
Be K A L 24K LA S5 ) B ST 7 . 2003, 40~58

EERE AT 4

0408005-7



