%26 % o6 e G TR Vol. 26 No.6
2018 4F 6 H Optics and Precision Engineering Jun. 2018

XEHS 1004-924X(2018)06-1306-08

Wollaston #% 5= i % 3E IE 35 X4 =2 [§]
8 & 519 22

EEE" I
(B ks BFIEFR LR FRAZ,BEHE B#L 710121)

FEE O T — VR 3 il P 52 0 25 a0 £ 28 48 A 00 et D3 68, % — 8 A BT 67 £ O IR 25 Wollaston 8 4 )5 51
A ) S SR 00 Ot 40 Sl T B8 B R T R 1 R G AR R 25 R AT TR SY . ESE L T R AR AR RBLEL R GBI,
FE A FH A AR AR AR Y 7 2 ST R A ST A1 0 N Wollaston B8 A0 R A8 I 3 k47 T HISHE S . & W mIRIEIER
5GBSR TR RGN AR AT T Matlab {5 B . {5 B45 R R W, BE 25 w12 38 11 58 K& =5 8] 7 07 £ 19 AR
K, RGN 2278 K, H Wollaston 58 4% f 41 Al 1538 % 28 G0 I #5085 B A2 i K s M O (i fa ok 3° Im R IR 1IE &2k 107,
A2 R 30", a3 43 BT w 4R 4R 1 28 i 7= AR BRI L B0 T JRA IR R G0 L B0 T m AR A 15 S8 X R eI RS B
S L J/IN T I AR 22 . AR SCIBE S R X Ak RS IR it — 4R W RS RE B A — @ s 5 X

X # A RENE ;AN E B IE E R ; Wollaston 4% 4%

FE 43S :0436.3; TBI6 SERARIRAD ; A doi: 10. 3788/OPE. 20182606. 1306

Influence of polarization non-orthogonality of Wollaston prism in
rapid space angle measuring system

LI Chun-yan™ , QIAO Lin

(Department of Optoelectronic Technology, School of Electronics Engineering ,
Xian University of Posts and Telecommunications, Xi’an 710121, China)

% Corresponding author, E-mail: yanerlcy@163. com

Abstract;: To realize the measurement function of a rapid space angle measuring system in a certain
range of translation, the polarization non-orthogonality of the two outgoing beams and the angle-
measurement error, which is caused by the beam passing through a Wollaston prism in a certain range
of the azimuth and incident angle, were studied. First, the coordinate model of the system was estab-
lished, a ray tracing method was used, and the polarization non-orthogonality of the Wollaston prism
at any incident and azimuth angle was theoretically derived by means of coordinate variation. Next,
the relationship between the polarization non-orthogonality, the incident angle, and its influence on
the angle-measurement accuracy were simulated using Matlab. According to the simulation results,
the system-measurement error increases with the increase of the polarization non-orthogonality and the

azimuth angle, and the former has a great influence on the angle-measurement accuracy. When the az-

Wi B :2017-11-23;1&81T H#1 :2018-01-02.
HEETH: U E AR FELS®IT A (No. 2016]Q1026) ; B2 74 4 # & )T & W A #F 3+ % % 8h 5 @ (No.
15JK1659) ; & H SR Bl 5 4 ¥ B i H (No. 11604263)



5 6 0]

2 FH L 55 . Wollaston #% 52 i I= AF 1E 38 %t 25

[a] 0 £ 28 B2 1) 52 I 1307

imuth angle is 3°, and the non-orthogonal polarization is 10", the angle-measurement error is 30". Fi-

nally, by analyzing the causes of the polarization non-orthogonality, the original light source beam ex-

pander system was improved, the influence of polarization non-orthogonality on the system’s angle-

measurement accuracy was also improved, and the angle-measurement error was reduced. The results

of this work have some guiding significance for optimizing the system structure, and will further im-

prove the performance of the system.

Key words: polarization measurement; azimuth measurement; polarization non-orthogonality; Wollas-

ton prism
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1310 e KE® TR

5 26 &

Jr e 0~180° 7 i f BTG I . X Wollaston 1% 5%
4R 28 5 AGHOGHESE — R A S AR LR
#E4T Matlab fff 5, H A4 Xy 650 nm, W46 A
S n,=1. 655 67, n.=1. 485 15, & 7209
GEE ny N 154, A0 BN ES M S Sy 457, 15
HZER R 3 s,

o & 3 A9 i B 45 3 AT AT, Wollaston #4253 i
P AE 1E 2 Bl A S A 0BG R BS KL E A ST R
+3°0F L AR AE 52 200 107,

4 Wollaston #x 4% 1 #k 3F 1E 2 &
R YRR AL

1R Wollaston 2 55 i . 38 BE 1Y o
JeWE S e e Im IRy M B AR E . A LS
D5 B85 BT, Y o DL & BB AT 2 Pl 5
V) 0 71 2 45 0 2 W T I R A R TR A B &
3 Wollaston 4 58 565 14 1 5RO i 41 75 10 114 92
R 90°, B IR IE 1558, A5 A o0 + 370 f B
FEIEAE 2520 10", Wollaston e 55 i 41 lFE 1F 58 1) 77
T B 3 52 WA PRS2 [R) I /1 2R G0 1) DO G

Pl 4 Shy B A3 [] DU A B B A 45 A R AR A G
#. PHEWIFELE ML E, E 558 Wollas-

Angle measurement error/(%)
AP

. P B
Orthogonality deviation &4 -5~ -1 Space azimuth (%)

E s ‘

ot n}\

B

g 5]

Ef 0]

=

z 0 -10

|

2 Y : /2 -15
Oﬂhﬂ“ﬂnalil\ dt‘\latlnn & -J Space azimuth f®)

4 WARG & MEREIM R LR
Fig. 4 Vector relations of angle models in measuring

system

ton B 55 Y B~ AR G35 1] . o 9 Wollaston #
B dd R G Bl I 25 £ 45° (1 L M. % Wollaston
e 5 L 5 T RO Y i IR 5 1] e Sl 90° —e  H
LG 25 A A G B 0GR T e AR 450 —e/2, T
MG SCHRC12, 14 J7T LLAS 2 .

K— L—1,_ _sin(Zate +sin(Za—e)
I.+1, 24+sin(2at+e)—sin(2a—e)"
22)
P T 5 i i JE 1E 22 5 Ak A 0 A 152 25 0
AZ%arcsin(K)— a. (23)
BRI —10"<<e<<10", W 4 A 1F 38 51 1) %€
BRI ER 2 AnE 5 PR .
0 _
-2 8 =
v P 2
5 /16 E
_'5" g N __/”U foz“
Orthogol nahl\ deviation :.i = "pau. azimuth a°)
_ 30
E 304 l 20
£ 3“‘5\\ & o
5 104 )
5 o 2
% —I(I-E ’,—-o' 46
e = -20
W =302 < /0/2
E 10 3 _U__ -3 —3{3
Crthogonality deviation r.{’} IU Space azimuth a ')

PS4l 1E 5 5 | Ao A 8 22

Fig.5 Angle error caused by non-orthogonal polarization

MR A 5 /9 05 BLA5 2R, 20 Ml KB i I JE
1A e Keas (6] J5 A o 09728 K, 25 [ 0 £ 2 Y

MRz AWELZ R, M ol 3% MIRIEIESR €
S 10'IF L BIE E 4Tl AR 307 R AR 2, Ik,



£ 6 0]

B, 55 - Wollaston BB I 41k 35 1E 52 % 23 18] I /1 28 52 1 5% R 1311

Wollaston 1 58 i9 I 9% I 1F 5 X 2 480 £ 0K B2 Y
SEMAR K. SR, T Wollaston #2 5% 19 I F IF
TE A KN 2 B A G 6 B A5 £ 7 0 ff A= 28 Ak
() BT LAFR E AR R AN B0y . A S R R0 7 57 £
(R BB L BR 2 5 2R Gt 0 {0 L, Ay okt o 2500
B a5 i3 Wollaston # 5a fir 41 IE 1 38 X5 £ 48 M £
R EE B 520, DL R RGE S I

HRAE 3 Kl 21) B B AL B4 B, 15 %0
TE— 78 1Y H 56 I L, AT AR R B ) i 4 2 AR
R EEHRE, Hk3E Wollaston ¥ 52 #% 1k 1E
SR G AN T Y S AR SCEE X IR R B
PEAT T GHE B B A S . (D OGRS )
BE AT o AR TIE G R R RS i 4% | %O B w1
FEFE A LAk B0 2% 06 19 T8 15 (2) 7 T 2 B i B
TR B IE OO T L OGS & DL — 8 W/
NS 28 B e 4 5 (3) £ L IO RS = DA 14577
(R I F B A IB 2 A i 4

J SR R B, B Gk TGRS G IR R
B e TAEBES N 380 mm ., 5% 20 mm i, % 17
MG AT o 37, I FCIR SR & 48 iy I £ RS B2
H 30"# & 117, AR 3 . S IR AR B Y
D7 BN HE T bR Wollaston 9 0 5% i 4% A 1F 22
EAE — o AR b 5 el /N O o A SR A 3 T s/
P 4 A TE 22 1 /N S PRt [) 557 B S L 2R F L 7R

S E k-

(1] Fwesm. &R, v E, 5. FUTROLTRE G 7

PR B[], & F % 4, 2001,30(11): 1389-
1391.
DONG X N, GAO L M, SHEN X J, et al.. Pass-
ing azimuth vertically with the technic of magne-
tooptic modulation [ J]. Acta Photonica Sinica,
2001, 30(11): 1389-1391. (in Chinese)

(2] W2, B, Fwedm, —Fp JCHLAE Y Jr 6z T
R RG] AT % 4,,2001,30(7): 892-896.
SHEN X J, MA C W, DONG X N. A kind of dis-
connected mechanically azimuth measuring and syn-
chronizing system [J]. Acta Photonica Sinica,
2001, 30(7): 892-896. (in Chinese)

(3] ZHW. By 1ad AR KA E[D]. 1%,
PG 22 2K HUBURRE 98 7 . 2009.

—ETEE RS T RGN

S SCAR Hfa PR o 5 18] 00 £ 28 e 1 — 7 19 A B
BT AR SRR U A E O N B A
— B RESC B f D RE L RO K B BT R A A
G — RE Y AT S L DR R W R TR Y
P ARG R BA —E AN A LI RE
(A% O DI REFR A4 Wollaston #5523 51 A f #= JF 1E
B2 A PRAR IE S B A7 AR 22 51 R GT I f R R 2%
AR S 3 BE 5T T AT S A A AT AR
THOLT Wollaston B8 5T o Y5 e G MY
i 9% 7 110 B %ok o7 #1931 I TE 52 B9 RN I 3 O AR
FEIE S5 A A 1 5 28 KBNS 2R G0 I A0 R JEE B 5
Wi 4T T Matlab {5 50, BE K 0y L5 SR AT,
i [ N e [ I A L e N L R
e LI I 4 R 22 B AE 2 K Wollaston 12 B2 1 f
PRARIE S XF R G A RS B2 W R Ak . Jd o o
P PR A 1E 52 A9 7= A SN AT R0 G 0k 1 s R e AR
FEIESSRAEIE R ST, A SCH i ik A L IR TR
G T i Ik AR 1 52 X5 R G I A RS R A 5 0
XHEAL 2R G4 M I it — D4R R G e AT —
UECEC -9

WU Y M. Research on High-precision Vertical
Transmission Technology[ D]. Xian: Xian Institute
of Optics and Precision Mechanics, 2009. (in Chi-
nese)

(4] ZH9,.& K, MR &, ST MR AR M B

AR B AR L], 4o oh 5ok T 42, 2008,37(3)
525-529.
WU Y M, GAO L M, CHEN L Y. Precision meas-
urement and transmission of azimuthal information
based on polarization modulated light [J]. Infrared
and Laser Engineering, 2008, 37 (3): 525-529.
(in Chinese)

(5] #&EF . HA#H, BB A, F. Jr BROGTH D & 7
TCHUB T H2 (¥ B w8 5 A% s h i RE LT ). b 5 5
#,2012.32(12) : 184-190.

YANG ZH Y, HUANG X X, ZHOU ZH F, et

al.. Application of square wave magneto-optic mod-



1312

% TR

5 26 &

[6]

[7]

(8]

(9]

[10]

[11]

ulation to transmitting the azimuth between equip-
ments without mechanical connection[ J]. Acta Op-
tica Sinica, 2012, 32(12): 184-190. (in Chinese)
& B R AR SR AR BT = I G OG0 =S )
T B R [T, & F 4R, 2015, 35(a01)
178-183.

YANG ZH Y, CAIW, WU F CH. Azimuth meas-
urement system based on triangle wave magneto-op-
tical modulation[J]. Acta Optica Sinica, 2015, 35
(a01): 178-183. (in Chinese)

EF L FHAH,ABAF RMREG LR
L2 () 5 57 25 9 AR v RS R AR B B Tk L) ). &
##.2012, 32(1): 132-138.

YANG ZH Y, HUANG X X, ZHOU ZH F, et

=%

al.. New high-precision transmission method of
spatial azimuth with original light intensity signal
[J]. Acta Optica Sinica, 2012, 32(1): 132-138.
(in Chinese)

m & TSR, B B A F BT R X RGO

1977 B0 2% I FORT iR I VR (). R F R, 2012,
32(10): 111-115.
YANG ZH Y, HUANG X X, ZHOU ZH F, et al..
An accurate method of measuring azimuth based on sine
wave magneto-optic modulation[ J]. Acta Optica Sini-
cas 2012, 32(10): 111-115. (in Chinese)

WmEF BB AR EA, T IE 5% 8GR H 2
) J7 B0 e A F AL BB B R B k[T ). k& A s A2,
2012,20(4): 692-698.

YANG ZH Y, ZHOU ZH F, ZHANG ZH L. Im-
provement of transmitting spatial azimuth based on
sine wave magneto-optic modulation[J]. Opt. Pre-
cision Eng. , 2012, 20(4): 692-698. (in Chinese)
MEG KA RAB A F. BT IEL LR IRG
I RGBT R B 7k [T A T - ok, 2017,
28(1):
YANG ZH Y, CAI W, ZHOU ZH F, et al..

65-72.

An
accurate azimuth measurement method based on
orthogonal linearly polarized light[J]. Jouwrnal of
Optoelectronics * Lasers 2017, 28(1) . (in
Chinese)

MEFAB A REA. WFER RER I X 25 (8]

IR MR IR 2Z A ] 2 A k. 2012,

65-72.

(12]

[13]

[14]

[1

]

[16]

[17]

33(3):
YANG ZH Y, ZHOU ZH F, ZHANG ZH L.

461-465.

In-
fluence of Bessel functions expansions on spatial
azimuth measurement error[J]. Jowrnal of Ap-
(in Chi-

plied Optics, 2012, 33(3): 461-465.

nese)
BE L E G & R R IROE S8 B A
Jrz PR (] R
(3): 539-545.

LUW G, WU Y M, GAO L

[i2]
M T A42,2013, 21
M. et al.. Rapid
measurement of spatial azimuth by using polarized
light[ ] ].
539-

Opt. Precision Eng., 2013, 21(3):

545. (in Chinese)

HEE,.X 50, &K, F. T EEHNER Wollas-
ton B G ARE 2 Pk FBOW 23 [ AR g L], 4o sh
Lk T42,2014, 43(7): 2198-2203.

LUWG, WU Y M, GAO L M, et al..

J=0A
W

Square
wave modulation to eliminate the influence of Wol-
laston prism nonlinear coefficients on spatial angle
measurement[ ] ]. Infrared and Laser Engineer-
ing, 2014, 43(7): 2198-2203. (in Chinese)
BIE., Ry IlaEAAEERRAR[D] B,
V222N B HLARE 72 0T . 2013,

LU W G. Research on Fast Orientation Vertical
Transmission Technology[D]. Xian: Xian Institu-
te of Optics and Precision Mechanics, 2013. (in

Chinese)

I E, F A4, T k. Wollaston #2554 Sl (19
TR 2E XA WA A ()], %ok & &,

2011, 32(5): 89

HAO ZH R, WU F Q, QI X. Influence of optical
axis vertical divergence on beam splitting property
in Wollaston prism[]J]. Laser Journal, 2011, 32

(5): 8-9. (in Chinese)

BEAR . R 48 4, 5 3k, Wollaston 12 85 %) & 80Ot K
Ay FREPE AT LD ). k3 R 2011, 35(6) : 833-
836.

XUE L, WU F Q. JIANG L L. Effect of Wollas-
ton prism on splitting properties of divergent beam
[J]. Laser Technology, 2011, 35(6): 833-836.
(in Chinese)

WRBRIA L BROT AR &AL BE RS Wollaston M8 81T



£ 6 0]

B, 55 - Wollaston BB I 41k 35 1E 52 % 23 18] I /1 28 52 1 5% R

1313

[18]

[19]

[20]

[J]. &% #% 42,2001, 9(2): 131-134.

XU Y X, CAI X, ZHANG ZH L. Design of modi-
fied Wollaston prisms[J]. Opt. Precision Eng. ,
2001, 9(2): 131-134. (in Chinese)

X RFR ARF,F. WA Wollaston 12 52
R 22 MO R 2 M [T ], 4 2 5 4. 2009, 58
(3): 1642-1647.

WU H Y, ZHANG CH M, ZHAO B CH, et al..
Calculation and analysis of the optical path differ-
ence of modified Wollaston prism[J]. Acta Physi-
ca Sinica, 2009, 58(3): 1642-1647. (in Chinese)
B A, A B Wollaston 4 %t = £ A % 6 R 69 5F
D] & B R, 2016,

QIAN B J. Generation of Full-vector Beams with
a Wollaston Prism[D]. Nanjing: Nanjing Univer-
sity, 2016, (in Chinese)

RACR, RIEA, Z A8 4, 5 FIH A FR AL R Wol-
laston B BEI 4 A A L], #k K, 2003, 27(4):
362-364.

ZHU H F,SONG L K, WU F Q, etal.. Calcula-
tion of the splitting angle of Wollaston prism by
means of coordinate conversion [ J]. Laser Tech-

nology, 2003, 27(4): 362-364. (in Chinese)

EERN

Z=EHH 1987 —), L R A T
L YR, 2009 4 TP AL Tolk K24 3145
b2 n, 2014 AR T [ B A B oK A
PAF M0, F 8GR ARG E B AL
B KN FH 7 TR AFSY . E-mail: yanerl-
cy@163. com

[21]

(22]

[23]

KA, FAG A AT A4, Wollaston # 88 1E & [ 4
S A B oy R B FRPELT ] o K L2012, 36
(5): 636-638.

ZHU ] K, WU F Q, REN SH F. Forward and
backward splitting angles of Wollaston prisms and
their symmetry [J]. Laser Technology, 2012, 36
(5): 636-638. (in Chinese)

KALR, 23 5, 3 L 4F, &, Wollaston RO 4748
FmOCR B RO F AT (], 2T %], 2013,
42(9): 1118-1122.

ZHU HF, HAN R F, GUO W T, etal.. Analy-
sis of optical properties of Wollaston-type parallel-
splitting prism[J 7. Acta Photonica Sinica, 2013,
42(9): 1118-1122. (in Chinese)

7 B JE AR S OB p oy BETE SN A 1A
FH G TS B AR AL AR L) ] BT 3R, 2010,
39(8): 1481-1486.

WAN L Y, GU W, BAN W H, et al.. Phase
characteristics of p-polarized light reflecting and
refracting at the uniaxial crystal surfaces[J]. Acta

Photonica Sinica, 2010, 39(8): 1481-1486. (in

Chinese)

T WA983 ). &AL RON WL
5,207 45 T K 46 5 T 5 4548 2%
AL 2010 4 T 1Y % ol TR 3
RIS YE P S
B 9500 5 U 0 BF 5. Eemails qia-

olin@xupt. edu. cn



