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can measure radial angular displacement and longitudinal linear displacement simultaneously. First, the
working principle of displacement measurement is described according to the joint phase modulation of cir-
cular polarized light by a cascade metasurface. Secondly, the displacement information carried by the phase
delay is analyzed using the Jones transport matrix, and the angular and linear displacements are mathematic-
ally characterized. Then, the design objective is used as a constraint to optimize unit structure parameters and
create metasurface models. Finally, the finite-difference time-domain method is used to simulate the metasur-
face structures, validate the method's feasibility, and evaluate the device's measurement performance. The
results show that the angular displacement sensitivity is 0.9716 with a theoretical resolution of 34.27 prad,
and the linear displacement sensitivity is 0.0041 with a theoretical resolution of 8.12 nm at the working
wavelength of 633 nm. The measurement freedom of metasurface displacement measurement technology is
improved by this method. It is hoped to be further expanded to six dimensions so that the measured target's

entire attitude can be determined.

Key words: metasurface; angular displacement; linear displacement; displacement measurement; multiple

physical quantities

1 3 =

D I 7 1 ARG B vy L ARk P
SRR, R TG | BT SR
Tl TS AR SRR A I S
HA A — A E I A 3 57, i R A B ] —
UGy R AR I AR o 40, SR
FR G Bl R A L DR AT AR RIVR A F R
R iz BRSO i 8 Y T B A
P A IR i BEATORG 1R 2 6, 0 T it A VTR
T GE (4 f (2 A% TN 48 J7 S A e LSO A B
A, o S e O PRI SR SR
FRLIN AL, MIBAE AR FA LR s fE T8
AT i S B, S i T SR SO R TR A
PERBAEL . TIZ LR I 5 ISR o T30
JEAIE IR0, O T AGE i o3I R 7 A i
2 BAN L T T, RS e e 22 A2k
EIN R RGeS EE g iR IR EZIE R VNP
T 220 AL I B, T G SR A AR 6 25 8 Al S
LRSI

UTBEAER, WFFEN GARARXT LA B HAR T Beist
Frefist . Chen 55 Al HI RAEMHOCAIAT S5 LA
ARG S O MBS BE, RIS R
AT ME T S RO ATE R, SEBL T 70 B33k 1.08 £
P00 4% A B2 s Zhou 45 AKs —AE M &
FHER S, BL B L 2 BRI (OFC) 7 A TUAATT

I, A A AT AR A 3 S B I RS 2 A 0.088 £ AD
B BE I 02, Zhang 55 A T2 5 T R4 T 2L
b, AT 4 B B AR 22 ol AR i A LA
KR SF R R JC 56 10 4 e, vl 8 40 9
FKEBEMZ A BRI ) Zhou
PR T —FLn) Littrow SOGHET B 245,
T HE R E AN A BCE L X 7 1] 2 nm A PER
IR E, A L AR GO TP IR R4, 1R 2505
fIKT 30%, /- HEREE T 50%01, k1M, Bikr g
W HA Z A0, SIS R e MR T AR &
BRI R Je OB SR B 22 i oo
e FooasF, W8 R G ARFR, Tk /i
o 7ERISAUR AL B filiE R gerh, K AR Z A
PR AE— A, B 2hill i RGNS Ao A
BEL, X fEAHE S i S 2m A R I i T B A A SR B A

B AN FR AL AT A RS B R IE 2544, BB 6S
KO IR . ARG . IRIFSEE B, g1z 0
FHF A5 B -4 5t 2 1] B AR B A FH A 0121, oy
IR MR R G/ N 1 v h B A R T B 1
TR R R W . BN, Yue 55 AF) FH B ALY 2 1
FNER AR 7™ Az 25 1) 58 B 2 4 bR 43 A R 6 R
T8 o PR R AE I B OAE S R R R B, 78 180070 &
SR P SR R AR g 0.01° ) A 7 A2 ) Zhang
NI TR R Gt B A8 R 1, B OB RUR A
()35 ) SR B AN [ B4 B 38 1, 3207 1A XS
R EAAR B i A 1 EAYCY; Zang 5 NETHT
AT T ) A5 A% 00 S 1) i P 2 e 1 A R T, g



1018 R EDEE (FRgEso)

#18 %

) R TET PR 1) 47 A% 38 o T LA A 57 A 381 s S 56 Y
P Ty AR A b, AR S B B s A R . %
BB YUK 73 HE3, B E BEAE 100 B2 oK
W, Cao AV T — P TR HIO 1R
SR I, 38 Ak D A R B DGR L R AR
b, SEILT YA A A e, (2 A2 AR TR BRI, I
BT A BRE R RS A 2 1 S
T X AR B 1 B i, (B AEF 2
T, T2 HARB A AL FNZA RS 27 7[RI

Rt bR ), AR SCHE A 2 B A
F M UEAT IR, SEBUXIAR 18] A 7 B AR i) 20 F%
4 TR B 0 TR JEL B R T O Al O A T S,
YEH 3 MR . A — RN A GBS
kPR SR 41 785 A L DE 32 1 Ol o, (i L 2t —
A5 2 58 4 AR R Y MRS R 1T, A A O S LR
R A LR A RS (5 B T 2D A
PEFEIR T, 55 = AN R TR R R RS
JEAEAS (] 488 . RIS AG 2 T2 [A] A A2 1) f)
PEFS NN ) £ A0 % ] LIARHI 6 AOAH s ()i
JEARALRHRE o 3T LA b SO ST B AR, I
JRA75 FL, BRI 7 ¥ 1 £ 60 B RNk A5 B I
REJ1. X T AN, W& R R 0.9716, it
Gy HERA 34.27 prad; XML, WS R BE R
0.004 1, BEIE/MHER Ny 8.12 nm, 1% 4R T
P T B DN 7 VA I i A, O YR

He-Ne laser

2 P i
2 AsAmEE E ek R R

2.1 UBMNEEEHNZIT

BN R B I RS 1L ke B R BRI 1 T
7, 2 A B GRS A S
BRI 3 48643 . Hor, SGIRBIH T
TAEW K K 633 nm i He-Ne 0% 2% & H 06,
IR E A E A OGS, B 5 X
JefH R 45U R R AR A IR AR AR [1,1]" B4R
P4, SR 18 4R 73 b 455 (PBS) 437K -F-
P4 A5 328 5 6 1,007 N B4R A [0,1]7 A J
S, WHOGRRE R 5. B S P HROGA  4ead
PSR 28 (AOM), 7 6 il 25 B2 5l
U, AR s i SRR 5 1 e
PG ES PR BB A, VR R R, LA
S PR 2 i I 56 N T L D 1R D' 0 S8 R S
£ AOM J THI U ) — R 73 b 5 51t — B g
I3 Z— W O IR AIR A, 25— LR
FRATIF BT, 7K S i ' b -9k e 4 o A g 1)
PRdRt; 2505 A IR G g T IF i, 3 E 2k i
St IR A R A TR IR . AT AT ) 4%
il AN TR 1) %) B i I YA ki AN, I HRG 2]
J L) B AR R THIV B8 1 AR

Power meter

/

B R RN T A

Fig. 1 Schematic diagram of the metasurface displacement sensing device
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