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Error modeling and correction of a small-angle measurement
device based on F-P standard etalon

Li Zelin,Shen Xiaoyan,Li Lei, Liu Chang, Yang Haoze

(College of Metrology Measurement and Instrument, China Jiliang University, Hangzhou 310018, China)

Abstract ; In angle-measurement instruments , the mirror and rotary stage inevitably influence and often determine measurement accuracy.
To clarify the systematic deviations introduced in the F-P etalon-based angle-measurement system, this article formulates a mathematical
model describing micro-angle measurement errors caused by the mirror and the rotary stage, followed by a comprehensive analysis and
correction. The model incorporates mirror pitch-angle error, initial zero-position angle error, eccentricity error, rotary-stage installation
error, and rotation-axis eccentricity error. Through matrix operations and three-dimensional coordinate transformations, the displacement
of the interference-ring center on the imaging plane under various errors is derived, forming a complete error-propagation framework.
MATLAB is used to quantify the influence of each error source, examining cases with and without coupling. Results show that without
coupling, the mirror eccentricity error dominates, whereas with coupling, principal component analysis (PCA) indicates that the mirror
eccentricity error and initial zero-position angle error jointly exert the greatest impact. Based on this analysis, a targeted correction for
mirror eccentricity is implemented. Within a measurement range of 1 800", accuracy improves from +1. 93% FS to +0. 22% FS reducing
micro-angle measurement error by 91. 9% . The effectiveness of the model and correction strategy is evaluated.
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Fig. 1 Diagram of the principle of small-angle measurement
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Fig.2 Diagram of mirror error modeling
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Fig.3 Diagram of turntable and mirror modeling errors
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R T I ) o v 0 AR R 15 0 R o AR B ABCZE , T
LIS T o0 B s R B2 RS Ax,, (0) \Ay, (0), I4%

H(27) BIFHES .
Ax, (0)=e(0) —e, =

(e,cos B —esinf) —e,
e(cosf - 1) —esind
Ay, (0)=e(8) —e, =

(e,;sin@ +ecos ) —e,

(28)

e.sin 6 + e),( cosf —1)
T e, =ecos ¢, e, =esin @ WA (28), A4 C =
ecos @,S =esin @, MIT[ 5 fy .,
Ax,,(0)=C(cosf - 1) — Ssin 6
{Aym,(ﬁ) =S(cos@ - 1) + Csin
25650(26) 5(29) , RIVAT A5 278 A7 4 D O O 16 0,
(5] A6 s 5 T 2 £ BE I DG R R GR 0
x(0)=A +B6O + C(cosf —1) —Ssin6
{y(e) =D+ EO +S(cosf —1) + Csin 0
AR (30) , REL TRk TWRIFRE R, b T
A HER R B/ -3 A 1, A KA S50 A,

(29)

(30)
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ORARAT

e(cosgo —singo) (0050—1) (31)

sing  cos¢@ sin 6
TEIZ YRR 0 5853 A, (0) HIAT LRSS
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¥, AT AR (31) H, B30k 25 9% 900, AT 4% 3 25 B
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E
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2w
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r.,(0)=r(0) —Ar,(0)= (D) + ( )0 (32)

) - (r., - [A,ZD]T>2- [B,E]" (33)
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3.2 XRERSHH

RIS I & I, Y A B e A Ak 2 0007, 23t B
(] PR AN (B PRAN T T 55 B 5, X B/ B T o
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Fig. 8 Typical interference ring pattern( angle is 0")

POV BRSO AN 35 2 JT 7, A o B 5 Toe e R 1) £
JE 0, JFARIESCHRL 10 ] Hr g EEREBEA T IR A B ((6)
y(0)) RIS, H BLOARAR B W RER (pixel ) o

®2 BEAEDLER

Table 2 Center coordinates used for fitting

FFEME 6/ (") .0 A A/ pixel
0 (3 709.916,2 339. 340)
-400 (3 606. 426,2 337.507)
400 (3 824.108,2 335.788)
-800 (3 497.587,2 338.597)
800 (3 933.556,2 335.357)
-1 200 (3 383.427,2 340. 361)
1 200 (4 037.160,2 336.322)
-1 600 (3 274.538,2 340.773)
1 600 (4 145. 436,2 336. 094)
-2 000 (3 165.787,2 341.597)
2 000 (4 254.036,2 334.765)

WA 2 HHlm AT LA R A% =X (30) H A S S 4L
A EI AL = (34) B
x(0)=3710.15 + 74 777.560 +
(4 131.15) (cos — 1) — 18 642. 6sin6
y(0) =2 338.97 — 4 466.240 +
(18 642.6) (cosf® — 1) + 4 131. 15sinf
25450(30) , nT LA RO 0 A S R 53. 4 mm,
o 77,510, R T B8 Ml o0 ot Bl /0N £ 2 00 4 5
], 45 2 i R B e e — o M BE B, ITFIA IS BE
Tl/INFR B 1) LA, SR o0 2k F 3R (30) 5 (33) #E A7t
B S RN AR LB O A S 25 R B, LA K2 B O 52 i 11
A5 B, , RIS 3 53] 58 R A D0 0 25 2R ol XoF 0 1149 468 %of
B2 AB, AB,, MHXREERINZE 3 iR,

(34)

x3 RUNBENELHERITLE
Table 3 Comparison of experimental results for

small-angle measurement

FREARRRIE R EBRMC AXIRE BERMOE g IRE

B/("y  WESB /() AR/ JREA B/ (") AB/(")
200. 000 194.19 -5.81 197.95 -2.05
400. 000 392.45 -7.55 400. 05 0.05
600. 000 584. 65 -15.35 595.95 -4.05
800. 000 783. 61 -16.39 798.75 -1.25

1 000. 000 981. 67 -18.33 1 000. 62 0. 62
1 400. 000 1372.63 -27.37 1.399.09 -0.91
1 .800. 000 1765.19 -34.81 1799.19 -0.81
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