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Abstract: This paper introduces a polarization-based single-frame wavefront reconstruction method using
a compact and stable shear interferometry structure for real-time measurement of large aberration wave-
fronts. This approach overcomes the need for multiple images in traditional lateral shear interferometry, al-
lowing real-time reconstruction of large aberration samples. The method is theoretically supported by simu-
lations based on an infinite conjugate model, and computational reconstruction of large aberration wave-
front samples confirms the algorithm's feasibility. A dual-plane mirror tunable shear interferometry struc-
ture, combined with polarization devices, is experimentally validated using a resolution target, achieving
real-time fringe separation and wavefront reconstruction. The results show high accuracy with a root mean
square error of 60 nm and improved runtime of 0.11 s. The proposed design and algorithm eliminate the
need for multiple image reconstruction, simplify lateral shear interferometry, improve detection efficiency

of three-dimensional macro and micro samples, and have potential applications in optical quantitative co-
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herent interferometric measurement.
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front measuring system



o515

BN R I BN S WL R e A PN

S I A SE R B A 2327

A5, (D) Fros . Al LUA H 9 30OE B9 fi Pk
AL I Iy Z — B Z 05 L 3 % R 5 T E

L, :EQWP'EH"EMZ'E\/H 'El’us,\

E,=FEqpE - Ew 'EMZ'EPHS,p:

MDY 53 22— U e 2 TET A S I VR R 0
(G 6 S B AN TR], 25 = AR AR IR o SRS, PR
T3] i 415 ' SR B D I A AL 17 T 5 A a2 B 3 422 i
AT JE N7 AR R R 5 R TR Y B G R S
HZ %m0t T W o A SCHT I B AH ALY 2 A< R
BB R R T2 A i RS AR B S AE L AR
HITE DL AR5 2 — 4B T (75
TG N B BEBIR 3E 0 A AS R 0 D B A EE L O R
WM 0°,45°,90° 1 1357, MG R #H A A S 1Y
PR #3018 , LA 45777 18] B 26 M 4R 2% 4 5103, D)
VR SR 1) BT 6 B4 331 A

1/1 1\ 1 (1) . ¢+ 0TV (]
E =+ — pr—==_1°
A vz \1

1(1 1) 1 (l) ef?>+€i(¢v<n/2)(1)’
E,;=+ — U S N S
B 2z 1

(2)

Horr: o) Fil g, 43 AR SR WG 06 1Y A A7 28 38
e, AT RS O R v fE A HL 07, 457, 907 H1 135°
Pt P B 30 b= i 4 R A A, G0
I,=(E,,+TE,,)=1+sin(¢, —¢,)
I,=(E s+E, ;)

. . (3)
I, =(E +FE,,)=1—sin(g, —¢,)
I,=(E ;s +tFE,;;)=1—cos(eg —¢,)

DAL ok, 79 SR (B3] g i 't 7 O 4 AR AL Y 4 458 B
AT LATR] B AR A AR RS 1 Ry /2 ) TV SR B, i —
A U A5 AH RS T P R ) 0] DL s e BORE 57
SRR LB R, T

szarctan(M). (4)
I,— I,

TE f6] BRI PR BE 0T U0 R e b 5] A TR R 3t
Pezs1a), qn a1 5 REBT I, R AR AR |38 B3 %) LA
Ko UG- ThG 3 W] 20 52 A 2R R e, ik o
W B AE 3 R
2.2 BwUEEIEMMRLEZE

AR TS U T W Rg AW«
T3 1) B4 R 1) B Y00 4 i 41 #5 42 O  AE T B

=1+ cos(p, — ¢,)

A2, s W2k o 22— R ) % A8 S 2o T 19 A A%
ﬁ,ﬁﬁp{ﬁ)ﬂﬂ%xjﬂﬁﬁmﬁﬂ%ﬁ'ﬁo

=7l o=l

S0lt=500)
Vo \io 1/\1 NZRY!
Hy T 0 o B 5 2 ST 45 R U B A T AT —
A Cm, ) AR IR 58 50
I(m,n)=1(m,n)+I(m+a,n)t+
2 1(myn)I(m—+a,n) X
cos[kert+o(m+tan)—¢(mmn)l, (5)
Hor:a RoRAEH RIRAAR R, I AOGTE 2 05 1]
AT BT U AL R 3EAT LAAS BVE y 7 ) A X
Y R o FRBX . BT UR HOEY A
T A A A B U w A L =X (4) H By ] Y AR AL
i Aw AR ALY BE AR B, e fZ G E Ay
D7 5 vh s X 2 Fy WA T ) 43 i AR BY DI
El]ﬁ:

 Jw . « .
V‘w—aaszrba j=aS, i+t
bS),.j=P+ Q. (6)

Ry T S IR BRI I A AR SCHE D Bk =X 85 )
iR RS B TR S RN RIS A L AT
PTG 5 AR AL P2 . A% 58 By B AT A 7
3 R3S T G0/ W A U R A R S A, H e Ay
J5 1] 9 5 U] £ 98 75 JC R A AL A DR R BT U) i
TR — B, AT A3 B R T PR A AR L BIR
HEAT AL F, I 0 ORI 72 1 A A I SR FH 2 R
¥ 73k AR AR AN B 2 PIr s o 26 ORI A AR X
iuﬁ(Reglon of Interest, ROD) #4731 Z $2 B, #R 4

TE 22 1 REE &R, R H 28 3 Canny 5T #4729
HGRTI I 51 A R i W, AR 4 R T
P X, BRAR D 3 G 5 4 B REAR 5 TF S
5t B A 8 A AT e B AL B R X (6) oK i H B

JE R I A5 8., O K — 40 R 1 5 A Sy B 1) i ST
e/ MEACH BT R T
o o vec(P) (D,
S=DXW,§= vec(Q) ’D(D})’ (7)

o WOk £ SR EE A U J B, vec (P) Al vec(Q)
RN HEBR MR R B i A ) D e Ay
WA R ERESERE ., sE—E xR (7))



2328 b=

Ry R AT e/ e R i, T LAAS R
W=(D"D) D'S. (8)
P F H 4 5 18 4 ## 3 (Singular Value De-
composition, SVD) T3 W 1 Br Jr 26 5 B LA K
FRAE 17 & R HLBE D 4y figh D=USV", Bl a] 5K
H B 2 B P T 0T

. N é N

B EEP b e
b A A ) S
A

d B
SR LR
-

O )

HEEW
EE M

K fE
H:FSouthwell b

T B /N —
b3zl
ek HA Pfj
Uy

P2 BT A B A

Fig.2 Flow chart of single-frame wavefront reconstruc-
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