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A differential confocal comprehensive measurement method of lens geometry
multi-parameters based on reference ring positioning

Liu Jinchen, Liu Yuhan, Ying Ronghui, Qiu Lirong,Zhao Weigian

(School of Optics and Photonics, Beijing Institute of Technology, Betjing 100081, China)

Abstract: The cumulative effect of geometric parameter errors of a single lens has a particularly prominent influence on the overall
imaging quality of the optical system. Among various geometric parameters of the lens, the center thickness, wedge error, and center
deviation have a significant influence on the imaging quality. To address the difficult problems in measuring geometric parameters such as
thickness, center deviation, and wedge error of optical lenses and characterizing the correlation of multi-surface shapes, this article
proposes a differential confocal optical lens geometric multi-parameter comprehensive measurement method based on reference ring-
assisted positioning. This method uses the characteristics of the precise correspondence between the zero point of the laser differential
confocal measurement curve and the focus of the sensor to achieve high-precision fixed-focus measurement of a single surface of the
optical lens. Through the common reference ring-assisted positioning method, the precise positioning of the optical lens during the flip
measurement of the double-sided surface is achieved. Through the reference ring attitude alignment method, the position correlation
alignment and surface reconstruction of the double-sided surface of the optical lens are achieved. Finally, the comprehensive
measurement and evaluation of the optical lens geometric multi-parameters are achieved. By conducting comprehensive measurements of
multiple geometric parameters of the lens, the overall system can be optimized in a targeted manner, reducing repetitive positioning errors
and cumulative errors. This helps improve the system’s accuracy, enhances imaging quality, and ultimately boosts the overall
comprehensive performance of the optical system. Experimental verification shows that the measurement error of the optical lens thickness
is less than 1. 200 pwm, the measurement error of the center deviation is better than 1. 000 wm, and the wedge error is less than 0. 002°.
This method provides a new technical approach for the measurement of optical lens geometric multi-parameters.
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Fig. 1 Ilustration of lens thickness, center

deviation and wedge error
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Fig.2 Fixture with reference ring and single-side profile
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Fig. 3 Tooling drives lens flip measurement process
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Fig.4 Laser differential confocal measurement optical path
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Fig.5 Differential confocal light intensity signal curve

3 1o % SR A 1 7 T B B A R 2 A A )
) I B 0 22 B HLE BT B R
K, Yo T 5 A T 6 i 1) 75 £ B Ay SRR e S
0l 16 43 B e AR | PR AT LA P
SRR B4, 75 IR R AR e e 2 s AR
B AR R 0 T B RS B 4, 4 = 4 1 e
DA Je 52 R
1.2 BEERMNAEN

e i B R R B s AT LA e,
F—ANEABFR R FIITETE W(p,0) , FoFJE o 2302
kN

W@ﬂ)=;%%@ﬂ) (3)

Hrh, Z,.(p,0) Wk TEE L, e, N kI
00 B p b W 4 5 B R 1 AR B, 0 A A
o PRIB S ZIAT S RN (4) BRI, Kb n
FITH,m R AT, R 5 S A B 5 Py B
R,

Zyr(p,0) = V2(n + 1) R!(p)cosmb, m # 0
Zy(p,0) = V2(n + 1) R (p)sinmf, m # 0
Z(p,0)=Vn+1R)(p), m=0

(4)

FEFE A A8 B B A A e s 2 0T E Y
{8, X TEABAR A (p,,0,) JEFE A PRI .

N T AR AL AP JE v R BOERE p , (il e/ 3
G ARG T 5 S PR B B b 2 18] 45222 - 75 1l
f /), 38 A i OE LD BRI SR i e e 2 IR &
I

(A"A)p=A"b (6)

WA TR JE vE R B0 LU T 20 e A e i £
BURAE, B REUNER T — e B e st flik
THIER ERR SR, AT A e il T
B W(p,0)TEp F1 6 J7 1) B k6 BERAG B3k 1) 4, HLAR
[l BB oW/ op FNFA 151 B oW/ 06 e 5 R JR AL bs &
T ORERERE N N

(aW aW)

) _7’1

aw\* Wy’
SR 5]

T PR JE ve Ul A A5 2 A BB By T E O R ORI
H U T B9 32 6] 6
1.3 EREERSHITH

AL IEUE S 25 BR8] A 18] 72 07 B 5 2%, AT LAXT 28 38
XU T 00 ek 45 SR EATRC L X T IR MES B 3R,
TR ¥ 1, k0N -

z=aw tay t+a, (8)

LM EARRI g DR (¢=3) 08 (x,,y,,2,) ,i=0,
1, q=1 X FAUS BOHOE 5 e, AR (9) /9 H AR R AL
/N () PG BN aga, B ay, SKAORS, ELI A
SRR 0, R R BOER T, AAA(8) BT 15 21 275 3
IR B R 7 R AU A R A B RO SE R AT Tk
BBl 9 S T, 23 50K B 64 2 2% 2R A /9 7 THE N

z,=a,.2,=b_,

N =

(7)

S=mini[(aoxi+alyi+a2) -z (9)

B 525 I8 7 B i Z2 Rl I 50 43 301 4% 5 31 e
LA, AT/ B E, B —B TR R
(x=a)*+(y=b)>=R*,% c=R’-a’-b", A5,

X +9y" = 2ax - 2by =¢

(10)
IO At A S0 ) (3 ) B S 4 F T /D 5 S

FIAR R BN -



545

X G fR 5 TS HIMET L SR RNk 85

N

S(a,b,c) = 2[(96? +%2 - 20/.961- - Zbyl - C)Z:I

(11)
R AE (11) #iE RIS H WM RS %
IR B B B 526250508 0, (a, ,a,) (R, Fl
0,.(b,,b,) R, WAL [ A AR &, 225 B S AL
&> AR R K 0,a,,a, ,a.).0,(b b ,b) SR FEEF
Bl T, , 8.
T,=0,-0,=(a, —b,,a, = b, ,a, = b,) (12)
PR REEE SN (p, .0, ,2,)  FHALE RIR
BIRERN Py(x,,y,,2,) K FRIETA LCER T, 44205
BB A5 () Ly, 25) L FERT R AR ABRR R PP ) =, + (a, -
b.),yh=y,+(a,=b,) ,zh=2,+(a,~b,) , FEMRAIR T, BB
JEWAERRAE R (p), 05,25 ) o ARIEAT B A 275 3R 1) fe
PG RLOALE SELE R B , 456 BLA 15 21T DB
TR AT AR 37 B WU 2 T 174 TE S T 5090 A A 7 T, e
HE R, SECHEFR M T, =X (13) Fs, K L
225 PR T T- TR R B

-1 0 0
R,=| 0 1 0

(13)

-L

X T B TR L Py W 403 53 5
FARTAH R R R R AR FR R T A BB R A 45 R P 1Y
N WoR

P, =R, - (P, -T, -T, (14)

D675 5 I T LA 152 2 J2 Hh TP Ol 2 3 T R 0 A
T RGP, PRI 3 5 ) AT 15 255 AR e fi 22 T A AR 4l 3L
) i ) O A 7 Bl 22 Rl i . AnTRT 6 B, i B Y 44
PR RS ¢ AR A (YT B3R B AY TS Y
PR, PIAS AR Z 8] 1 £ B SCRBRIE R 22 o T LM i
% d 8 SCRHBEG L /2 A7 B A A R EDE LS
e 5y m Jo oG, BPSEI & A Ti, 285 DU & B I,
55t B, S8 A TS 2 A0 45 R R A R0
1 DR 3 A LN 5 T AT A [ 1 5 LA A el 22 000

WEARIRE

Ko JtrEiZ B MiREnE

Fig. 6 Illustration of multi-parameter errors of optical lenses
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Table 1 Lens multi-parameter measurement results

MR BBIR%E/(°) PO/ pm HC R/ m
1 0. 020 -2.056 4 984. 909
2 0.017 -2.424 4997.781
3 0.018 -2.077 5 004. 794
4 0. 020 -1.876 5 003. 990
5 0.018 -2.483 5 004. 027
6 0. 020 -1.869 4 990. 995
7 0.018 -2.226 4 999. 888
8 0.019 -2.152 5 000. 252
9 0.018 -2.366 4997.768
10 0.019 -1.902 5 004. 354
A {H 0.019 -2.143 4 998. 876
R 0.001 0.216 6. 500
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