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Abstract; Precision measurement is the basis of precision machining and it's one of the decisive factors of
manufacturing accuracy in the manufacturing industry. It is widely used in the field of contemporary precision
machinery manufacturing. The grating-based precise displacement measurement system play an important role

in the field of precise displacement measurement because of its small environmental requirements and high res-
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olution. The grating-based precise displacement measurement system includes optical measurement, signal re-

ception, electronic subdivision and integral adjustment. In this paper, the optical path of optical measurement

is introduced. Firstly, the principles of classical grating interferometric displacement measurement are intro-

duced. Secondly, the key technologies of the grating-based precise displacement measurement system are sum-

marized. Thirdly, the latest representative measurement techniques are compared and analyzed, and their ad-

vantages and disadvantages are summarized. Finally, prospects are provided for the future of grating-based

precise displacement measurement technology wherein the the development trend of its high precision, high

resolution, high robustness, miniaturization, multi-dimension and multi-technological fusion are revealed.
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Fig.1  Optical structure of classical double grating dis-

placement measurement system
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Fig.2  Optical structure of single grating displacement

measurement system
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Fig.3 Schematic diagram of three-grating displacement

measurement

J7 3 ARH I ROE T3 T HAA O
T P2 A2 PRBE R R S5 SR A NS Y AR
GURBUCR HERS I 2R o I, 4R B Y
I T ) R — BN T R g R st
TF R (0 A S TR 1 7 1 R Je 7

3.2.1 M F A%

M R Tl R 2 R 4 e L A s T AR 5T P
FEFET P FAT O B — i AL oI R ¢, 52
BT MM I ) —HER o R 4 S SR
FEIE AN i oo, R —
AESCHEAN P> — A 52 5 2 SR el P
FRBOE AR R A B9BOEE A GE R — 4
SO L, SR 5 A 1 A R B S 9 A5
VIR AN SE AR Do O 1] 3 T N S 42
SEEHCE L I RIS o BRI RO E T «
LR AHOCHY 4 25T, IR DO 4 745 y fil
PRBMISRRT 4 Z Tl Ol T A AR
ARPEAR AT S B, AT LA EUATT 56 D' 3R B4 AR X A



54 w0 A OCHIPR B AR R BRI LRA 745

B2 2 HE I A 5 B —
s, B SRR —

Jek
| X B

&~ (0,0,0,+1,0)
(-1,0.+1,0,-1)

-1,0) Ceff LD
(0.-1,+1,0,0)
0,001y \ (0,0,0,-1,+1)
0,0.-1,0) (0-1,+1,0,-1)
(0,0,0,-1,0)
(L (0,-1,0,+1,0)
©0-1,+1,0) (0.0,-1,0,+1)
(0-1,0,+1,-1)
(0-1,0,+1)

B4 ZHep e e e A L5
Fig.4 Basic structure of two dimension planar grating

encoder

3.2.2 RSB AL

G T P R R SR T — Rl
i s 1) G A —— e S i, T —
) 4 e O TSI RN, B2 A
BEHEA TS B 1AL S o i Al > o sk A
W1 B — AT AR S D BB 1 — Bl 1~ AR A
W EE—ATHRR m P SUAHIR , B4R IS » 3, B
AT TS — A m JP 8, 55 AT A6 I R8 A0L 1) 45
R, WER—FT T 00, FE S B B ARAT B T —17
ORI AR — A0 20 86 002, SR )5 R P B A6 1A y
o SR M C) fEHE A M B Z [8]E47 57 2
B AR B TR MR — T Y, R
SIS BERLECE B — 4= B — A, SR JE AT — 2

KIS bt i
Fig.5 Coding principle

3.3 ETAMH=HEBNE
=AU 22 DA S TR] G BT Y AR
K A [A)TICE A 2 22— 4 sl — 4Bl , A

P B o3 e Bk 5 B 5 B R AR A T &
AW, e & ARG R . b, EJLE
BRI 2E i IS AL 3 #f B2 5 T — e RS b 3,
X = AR R REEA TR
3.3.1 A TZghmeg=2nE 2%

I AGE AN DR R T R S AT I
T = 2 44 K 37 B AL kA O SEBL T X wyz =
J7 A I i, S s AL 6 Fs

| B 180° 2 !
| PBS3\ £(0°) :
| 1,4(0°)
| 90° 4L 5,0 !
| R 1,(0%) :
:g AT BS |
K g i
1= '
EV |
I PBS2 |
SN—— == -3@E==L
ZM | |
N Jyr+1 | —
5% & THiE = NEBEE
g"ljrr* |_ N
% QwWp2 PBSI S}
z =i
K it
X y st 1 ;:;P.Unﬂ

BRI R

K6 =Zefi el tikial
Fig. 6  Light path of three dimension displacement

measurement

TEZZR G KT 1 A ] 1) 2 1E 5SS A
S, 3301 S D A —AES 2 e
JEHIHE X J5 [ A Y 5 16 B OEHE BE O 0.5 pm,
O e A S SO B0 DY R i POt S B
(PBSL) AT A, BT NS % p WG,
SR 0 s A, 3 1k A A A R ) 2
M ANGIA 4 RSHEOL, 0 AlES % AT 4t
JE IR 8] — AT G B, SEMEAT S A — B ol 2 iy I
FRARIR [0l S5 Rt A SEIDE Y VY FOGE R iR
orotas (PBSL) AEERHL Ao BUit, 28 560
174 PR (QWPL) BRUC, M p LA s O, 2%
DG 9 ARG I (R 2 Bl (PBSL) B, &
B, RIAE , D AGE 1 174 37 (QWP2) 7y
UG, HARACTT iR s G p e BERT, i i (R iR



746 o DA

2%

I e (PBST) Kl % 19 ' o A% i 31 DU i T8 4G
e, 20 T A RA MR S RDLE S, BN
MRALTT AR B . ad 14 307 (QWP2) J5
TR PIAEA5 5 M IR 5 18], sl g 70 068 (BS) |
PBS2 1 PBS3 J& , AL T5 e AN, EA T4 n]
PIAHE 9 AR E B A5 21 7 B4~ 90 A
(i ZERIE 525 T o 1R Al ) 407 B e A A8 Ak
IS, R A T 1) 9 A S0 S A TRV 1 T I
AR, TSN 9 2 S0 AR A T ATHI A
BEe ST MG, HIE ARG HER AT L
IBF] 0. 486 8 nm, {H32 BG5S HIBR I, o
LI B RSBE 3 5 Z BT
3.3.2 A THRFEMGAEG = FLaBNE

IIF/N I FEWNE Do b it d £ S WM et )
PR N R 2 TR R G (DIC) AL i
(OF) A4 i =ZERLARS [R) A ORI %
1 Pl B AT S e BB S 18T P S RS -
SMR% . FIF DIC ) 7 % 25 4 it 14 15 22 [] ) -
T ARG S, 8 o 3 58 3 A D0 1] A A Jg B
AT, T (R A SRR T A 2 TSR Y
YR IE . A T Prn SR, R hE
for (PZT) B2l — DA REAR 5| AL, i i A8 2
i O TR BRI TR B AR A T = e iR (s
SR LR R AE SR AR KT 0. 35 (1 KRR 2=

T 5% .
R

%9 Wil H A% po PZT
5}%@%@1

CCD

5 Pl

K7 =R E
Fig.7 Experimental device of three dimension measur-

ing

3.4 HEAAMMIBNER R

T 2 4 R G AR KR BA Tl AT,
Z2 R0 TR B, X T F AR MU T o A 37
MR RGN, 4w DA S SR

5522 B s A1 22 Tl & 5 0 %07
T R RO AS [R5 P A TR DO SR AT &
T, HIE ) T 905 5 Dy B Ik a] R A2 AL Y
0, F0E T BRI AL 5 AL RS 15 B, ZoAH L A 1]
FORFIRIFRUERI DL RS R B o S22 T3 I & U5 vk
AN AR AR, X T ARG T B RAF Y
il A TR RN

TE R AU R R R R S
&t kG oAb 22 R e 2 SO T 90 6 7 T R
Gio BUBREOGAS ™ A 226U, B 22 SO
I SEH, AT R R GERIH T HERE T, il 1
RSP A 48 mm x 48 mm x 18 mm [y Y6Hlf T ¥
I AETERAIRIE R SERERZEAN £0. 05 nm, REE
I3 PEARGR 0. 41 nm, HW & JEPEANIE] 8 fras. XL
IO G AR IE B2 D 4R Y 2T B A, U
IEARIEZE PBS Jo, p IR GEST, s PRt
SF,p iRt 1/4 Bk Ja 72 h e e ot , 4
ik M2 5 LARRE 2 A A 20 A AR AT i, i —
WATHEJE AR 0] & PBS J5 & A 5T, 4 M4
PEASCET R G A% s [A) BE s A PR 06 Y 1E — AT 4O
JREEIR ]G 28 1/4 3 v PBS M4 J5 i A G EF A
o MHOLLIE G AG I U ASCET &
i, B OGS FEN 15 5, 2L LT A% i = AH AL
o UMK & 5 iz g, S22 AL TR

[ %/, — B 1, i/, 7

K8 AR E AOCHE T AU RS e R 4 s
Fig. 8  Principle of displacement measurement system

for heterodyne Littrow interferometer

ASHES s sh iR 5 87 0 sk,



55 4 4] =

T, 25 ARG AL I AR K R 2R A 747

H ] 5 Y DR R S T LT e A R /0 2 S B
FH I e ok 2 o T R 0
3.5 FHESEMGIENE RS

W5 %o e 8 E 220 R 2R B4R v, AL G %1
R ) X S M XE LRI, T LA 2085 T R — b ikl 4 1
B 2R 5] PSR A G, 2000 4R EPR
KPR Bl [ 5 1 5 5250 3 A 32 AR R B IR
A2 A AR ME A, P T 0 s )T
WAL RS I 4 5 e AL SR AR N AR L ) 7 s
ISR B as AL RS 22 5 4 Ry iz Bl ZR I ) 22
JE AT, SRR AN 9 FR . KR k=%
SO RV E 0 3281027 5 a LT [R]— [ A
YRS S R A AR AR S TR SR LA o, B3
By, il 8" bR — R I A a b B, ST IR
IR 20 3 50 R T, A0 Ty o 385 I et ik i i 221 7, 11
Ty, Z 18] B 18] 22 Bl H I A o 5275 000
Z I A LR i a, n=A(8)

x =v (T, - T,) =vAT, (8)

AP AT S'8 @ WA I 225 10 b FIN AR, @
ROEFE]22,i=1,2,3. ...

SHfEZE R (k)

S'iBEh 5% &

B9 AU A% 0 o i P
Fig.9  Principle of time grating displacement measure-

ment

PR iU i e A PU ST E O
Rl b S AT o FEAT A, A5 2 PE R 22
AT, T ST BRI R AL AL o TS [8] 25 1] L
Fil e At Bl K i ROk 5L B, BRIV Al A g A ik
B SN RO — A IR . 2004 4, i E Kk
SE VA RE ML —— " I H AR BT 5 B oA [
LA M L B0 G RE e ko, R B 23 B R
£0.8", 0.5 wm; 43 #1050 0.17.0. 1 um,
FI AT A BRAs i HE IR B + 0. 5" HRTEE K- o

AT Hy R ) — b P T B N K R i
S5 B T B R L A R Y A
JEELANTE] 10 fros, d 1] 10 ] 00, HOR SR T s At g
Bk A DA s v 3 o AR B2 Bl 2 A 5 T
TR BB Z E] i A AU E U S 2R A
HUAE AL 5 AR AR Al i, 2R i 3y
Hr, HAFEE Al 3K 200 nm

P10 I i) e A% i Jt ]

Fig. 10 Time grating sensor schematic

3.6 StEFih(FBG) (s fe ez

g 2R ZOEME LA =S BE L i o0 9 0 A K
A RGN FEAR S C & M T T
b, SR, AR S AR el T A B
PRSI BR ], 2 52 8 b R B2 S5 5, 1978 4R,
K. 0. Hill %5 N E YO BB H#OLLT h DLIE S
FEAESEMEI RN o A AT 488 nm S T OB TE
JCEF R RE R T W AR A, AT T R i
[ JE R PE R, H 8 T 5 B 5 — ARz
o HIll et fOLLRett. T HEVE 7O =
R RBUN HUBE AR, RS L AR
TUAL i A, DRI G A 07 P A0F 5 T e A e e
R B e B AR RSB B

g ; £ ;
2y WA @ (bt
= z

- :

Q -

0 =0

Wavelength 4/nm

b 2 NI Eﬁf«(«(()‘%g() """"
[T

Wavelength 4/nm
- :

ity 7/dBm

Intensi

|
|| FBG

Wavelength 4/nm

Bl 11 Seeratits s
Fig. 11 Schematic diagram of fiber grating



748 o DA

2%

/W= R B N e R U 57 S e Pl e
BAL IR, JELF el (FBG) e g iy il 2t J5 2 i
B 1L e H—El SE ot ettt , A —
2 L B OR (8, 2% [ (Y — 7 B 1O
VEABCHAR S  FROAAHIAR B o
Ay =2n4A 9)

A A R AT RSB o A% 2 B S R AR
A AR A AR R R

PRI B n M A 2 B T SE RN A 1 B
A A=A AZ A

BN R 756 A W P o TR A2 e i Y — ol
B BA ORI FER DA A B AR O CH A2 1%
JEAS . ARG B2 R R EROLL T Bl
TR RIE BRI R A B 28, WA 12
A BTRL ARy B B OGET , K G2 W i R 7 AL T
HEZR b, T R G2 oy i) TOE 1T -5 68 DIL 2 1 o
R R SE I IR I R . S SR

KARWAE R A, JE S T TR RIE iU el
Hey (K137 A% A DA it o 7 2T 4 v L Y 3
183l LR Al AR L G EF G P B i 7
RIS SOk IR e
i, FBG S rh O i A2 15 B A2 A2 AL 11 56 2 )
FRA(10) ((11)

A\
0= (1-p)ae, (10)
2 2
Ag:vl%t”—l, (11)

o, AN FRIGER S O B AR AR, A R )
LR M S S O B, p ARFO B R AR R AL,
Ae REACLF XA U IRAS 1 10 A8 1 B, o 2 fil
VLS, y T L LA R A I 3 Hr
ARG 1.0 ~2.0 mm N EA 0.48 pum Y& 47
HERA 2 086. 27 pm/mm 115 RIE

3

SIAT S

Bl 12 SEEf A hits (8% 2 s

Fig. 12 Fiber Bragg displacement sensor

LR LR, BT A M R R T 2
G2 11 325 5 TR0 UM £ 52 3% T 3 i ) i (57 7%
ZHEIE S, RN AR T 2 R0 LOSHT 5o

LA R O A% I i AR 4, AR OB LR AUk
PERDEHIN R RS TR R,

F1 ETAMICBNERZARRITRR

Tab.1 The advantages and disadvantages of grating-based precision displacement measurement

ARG WFsEERpL s A,
oLt T AL FE G EICE RERR T REASMBIRETE 10 nm RZESHCE =G 20
Tk ReE AN I F) R 37 2 360 B, X6F BE A3 i 3 i
TR AT B ) S T
SETWAEATCM Y IR/REE Dl R O AT W e R, ehiE R R 2% bR A X
“HARBIE RS RS TR ST B A HOCHCE R EX T R R E PR E 2R

WHR S BOALRE AT I ], £ 25
(CECE R

AR 2 B 7E S o S
T



N
=)

Gl

%4 4

T, 25 ARG AL I AR K R 2R A

749

T IR ST O E
ZHEPRAL S A R
UG 0 22 M e % X
T AL B I AR
5

IRSSHPNS

EREPNE R SR e £
PR E AR A
2 A B g ] b U
R R

TR TR A AL G I £
ARGV TREB L

— Bl T | A
KNG JBE 1) 37 F ) 4 )
IS ) YA 2 e

LT et (FBG) A%
el

AN K 27 56 [ 24 ) s o
LA BE

DO

22

N2 0 PR A, W0 K 3 3 4N
KRG, ) 3 A AR, S T BB
PRSIz gy, A1 I ] =
T4 BE

UG T 40 PO o, W]
[FIF 52 BT 57 7% 5 38 B 1) f

il

BT =GR G o 5%

BiE BRI SEREIR2E /)N

L TE AL R, SR
7% A TR B
R BN R Ol s 45 4 11 PR
il

THE % ik 7 3% ) 3£ 52 3k 5
2y, I AR 0 T 45 22 o )
R BE R ALK o 3 B 2 0
Gy WAL

MRS BEHBAR, N T T 24K
IR (LIPS RS

4 LA T H R LA

F RN A2 A 0 H AR BT BN e (1)
A 202 B A BR BRI T B R S
R L (2) e o R OB 20 2 IR X, T 2042 2%,
HPEPR SRR R 5 (3) Sl 282 I 4 28 48 22 %
PRI, W05 T A7 [R] A 7 515 22 o 1 4 88 532 Wi
FEEL; (4) T 22 R i BR ), D0 i B v %0 2k
1305 PR R B e M N R X L S B 5 (5) kT OB 9
— ARSI R R B, 2 HE I AT A A S I
Ho

Lk LTl AERR K R DM S I B R
e ZAELL R ILAN D5 T R IR «

(D) R ECHHRIEE AR o B0 el 2 2 35 5%
ZRAFEOR S, w204 B R XE A BUR D't
IR SR BB, LA o 20 4R R i A
AT S LA

(2) BB R Gt BT LA S
Fo ik 22 58 22 o FHO B OB, it 07 B R 22 X
RS A s SR RO B Y Rl k=T eE
A HAEAIT, BRI S IR G o

(3) Bl & Z JU AR, JT 408 RDEH ST AT
It AR BR T A2 GE M oT i, T A 46 45
oGP, SR ROEME, 2% 45 B R DB b2t
WH ARSI BB AR KSR TT M 2 — o

(4) B2 A MEE A . A AL

PR R A AR Ml SRR (H 2
2 22 A 3 23 A B BE, T A PR B2 %
IIHEITBINGOL T, LB Bh 25 5 AF T 19 22 4R A
Ho

(S)RZEHIE M. HAethh R iR 22 &R
GRS R 25 FABEIRIE T A IR 22T, h A R
PRIRZE ™ A 5 T B, e AL i 0 B LF S A
PR,

(6) BB A 315 Z AL 45
Ay, BRI ) TRT ST 25 2 B 53 T T 2 40
ISR SR B N IR B 4R L 8Nk
22, T AL BB R 2514

+:
4

5 #RiE

JEHIME A B AR BT S AL T AR B
SRR AR S AL RS AR T T, AN SCAE B
BT R T 0 (5 8% I i SOk S, oF Ee T B
A ST RS R G AR R B E
Zen] LUK BN G, 22 4ECHEN SR BAA
C R (HEOR WA, RARHEBA Tl
A, ELGHIMAEAS I S £ AR ) 52 2 S S5 A0 2 Ty
TEIRRE . DR, Rk BE e B ) e R A
Py B AL 2 4L 2 BOR B AR R ROk K
JEITI) o Z8ad 224 1 A BT OB A2 B8 T
RGO LT T R 1R, B BR 22 BRI
AR SN B AN N TE 3



0 P si2s

S 3K

[1] &%, FXR, eFHAk,F LTSO8 MR R 5e )], + B k5 ,2017,10(1) :39-50.

LV Q,LI W H,BAYANHESHIG, et al.. Interferometric precision displacement measurement system based on diffraction
grating[ J]. Chinese Optics,2017,10(1) :39-50. (in Chinese)

(2] & mRE AT DO T WAL A A s MOCHEEORBEZE D . AL : B IE Tk K% ,2012.

SHANG P. Study on the key technology of high-resolution diffraction grating interferometric transducer of linear displace-
ments[ D]. Hefei:Hefei University of Technology,2012. (in Chinese)

[3] =gk, M AR ARIRRES OB A BUR S R et % [J]. a s K5 & )R ,2013,32(6) :76-80, 101.

LIU Y,WANG Y. Present status and trend of technical development of displacement sensor[ J]. Techniques of Automation
& Applications ,2013,32(6) :76-80,101. (in Chinese)

(4] = &4, K4 —4EE RO ]. & 541 ,2017,38(2) :177-181
JIANG X W, WU H. Research of 1D sub-wavelength grating anti-reflection[ J]. Chinese Journal of Luminescence ,2017 ,38
(2) :177-181. (in Chinese)

[S] A4, Wi, b %5, 5. 5% Sm, O, (1 0] S ARV & TEB3OA Setli i St Rt mi s [1]. & dh 5 27 ,2018,33(10)
851-856.

LIU G X, LIN H,PANG W X, et al.. Diffraction characteristics of nematic liquid crystal TEB30A grating doped with
Sm,0,[ J]. Chinese Journal of Liquid Crystals and Displays,2018,33(10) ;:851-856. (in Chinese)

(6] FXR, X84, 20,5 PRINEBUSHIAC 2R 5 B2 AL b KOl 73 HRRE s M [T ] A 5 4k ,2015,36(9)
1094-1099.

LI W H,JIANG Y X, WU N,et al.. Analysis for groove density and spectral resolution of varied-line-space gratings in
EUV spectrum[ J]. Chinese Journal of Luminescence,2015,36(9) :1094-1099. (in Chinese)

(7] sk, R, 54, 5. BOC AL B BEHERBUND 2 KGR T]. + B 55 ,2018,11(6) :1001-1010.
ZHANG SH,ZHU W Q,LI J,et al.. Design of micro-optical system for laser displacement sensor sensing probe[ J|. Chi-
nese Optics,2018,11(6) :1001-1010. (in Chinese)

[8] A, ek, RAC, . Fud A7 < S UM S AU B HOAR [ T] . & 56 54,2017 ,38(8) :1090-1096.

LI Q SH,XIANG D,CHEN CH,et al.. Transmission mode measurement technique of long period grating based on a single
end face[ J]. Chinese Journal of Luminescence ,2017,38(8) :1090-1096. (in Chinese)

(9] 7, Bk, 5. WIS 9 ALY 5 - S MR- D't L RN s B AR BETH [T ] &0k 5248 ,2018,39(3)
363-368.

QIAO J,XIE SH,MAO L H,et al.. Optimum design of silicon-based metal-semiconductor-metal photodetector with sub-
wavelength metal grating[ J]. Chinese Journal of Luminescence ,2018,39(3) ;363-368. (in Chinese)

[10] @&, H#4E,&HEF,F il T AN EER K EEGALT]. #OLH K ,2010,34(5) :661-664,716.

WANG G CH,YAN SH H,GAO L, et al. . Development of displacement measurement technologies based on grating inter-
ferometry[ J]. Laser Technology,2010,34(5) :661-664,716. (in Chinese)

[11] Zsh SETORMMT SHOE T BRI BORBTE[ D] KA - b ERL A B KB S ML W BRI 52 7, 2010.
LI L. Displacement measuring technology based on diffractive light of grating interference[ D]. Changchun; Changchun
Institute of Optics, Fine Mechanics and Physics, Chinese Academy of Sciences,2010. (in Chinese)

[12] 2204 GOROEHET P AL I R OCHEBR BIFFE [ D ] Kvb : EB R BOR K5+, 2005,

CHU X CH. Research on key technologies of nanometer displacement measurement by grating interferometry[ D ]. Chan-
gsha: National University of Defense Technology,2005. (in Chinese)

[13] WEI CH H,YAN SH H,LIN C B,et al.. Compact grating displacement measurement system with a 3 x3 coupler[ J ].
Chinese Optics Letters ,2015,13(5) :051301.

[14] HSU C C,CHEN H,TSENG H Y ,et al.. High displacement resolution encoder by using triple grating combination inter-

ferometer[ J]. Optics & Laser Technology,2018,105:221-228.



54 w0 A OCHIPR B AR R BRI LRA 751

[15]

[16]

[17]

(18]

[19]

[20]

[21]

(22]

(23]

[24]

(25]

[26]

[27]

[28]

[29]

[30]

[31]

(32]

[33]

AR, 8 & LT RGP 2GR R sk [J]. £05h 5 ok 42,2008, 7(S1) :84-86.

SU D F,XU ZH J. Metal grating encoder based on three-grating reflection optical system[ J]. Infrared and Laser Engi-
neering ,2008 ,37 (S1) :84-86. (iin Chinese)

HSIEH H L,PAN S W. Development of a grating-based interferometer for six-degree-of-freedom displacement and angle
measurements| J]. Optics Express,2015,23(3) :2451-2465.

B A R B e DA B R G SO RBE S D] AL A IE Tl R, 2006.

XIA H J. Research on precise 2-D plane grating measurement system and key technology[ D]. Hefei:Hefei University of
Technology,2006. (in Chinese)

HSU C C,KAO M CH,HUANG K C,et al.. Reflection type displacement sensor with volume hologram for in-plane dis-
placement measurement| C ]. Proceedings of 2012 International Conference on Measurement, Information and Control ,
IEEE, 2012 :13-16.

LIN J,GUAN J,WEN F et al.. High-resolution and wide range displacement measurement based on planar grating[ J].
Optics Communications,2017 ,404 .132-138.

WEI P P,LU X,QIAO D CH, et al.. Two-dimensional displacement measurement based on two parallel gratings[ J]. Re-
view of Scientific Instruments 2018 ,89(6) :065105.

LEE J Y, JIANG G A. Displacement measurement using a wavelength-phase-shifting grating interferometer[ J ]. Optics
Express 2013 ,21(21) :25553-25564.

GUO D M,YU Y G,KONG L W et al.. Self-mixing grating interferometer with dual laser diodes for sensing of 2-D dy-
namic displacement[ J]. [EEE Journal of Quantum Electronics,2018,54(4) :7500106.

LI H,ZHOU CH H,WANG SH Q,et al.. Two-dimensional gold matrix method for encoding two-dimensional optical arbi-
trary positions[ J|. Optics Express,2018,26(10) :12742-12754.

HSIEH H L,PAN S W. Three-degree-of-freedom displacement measurement using grating-based heterodyne interferome-
try[ J]. Applied Optics,2013,52(27) :6840-6848.

AR, REE R 5 ST A LG =R R oR [ ]. ka5 27 ,2010,25(6) :919-924.

KONG L SH,WANG T C,CAI SH,et al. . Flat-panel 3D display based on 2D square hole barrier[ J ]. Chinese Journal of
Liquid Crystals and Displays ,2010,25(6) :919-924. (in Chinese)

LIU B SH,YUAN Y B,YIN ZH H. Research and design on orthogonal diffraction grating-based 3D nanometer displace-
ment sensor| J ]. Proceedings of SPIE ,2017,10458:1045818.

XIAO F,ZHAO R,SUN P. Three-dimensional displacement measurement based on the combination of digital image cor-
relation and optical flow[ J]. Applied Optics,2016,55(29) :8207-8212.

EER, KRG, R, FOBIEEINEARRS SO T WAL B R GE[T]. o5 M & £42,2017,25(12) :2975-
2985.

WANG L J,ZHANG M,ZHU Y ,et al. . A displacement measurement system for ultra-precision heterodyne Littrow grating
interferometer[ J]. Opt. Precision Eng. ,2017,25(12) :2975-2985. (in Chinese)

WAL S0 25 OGP A0S T i R SR EZE[ D . I RS : G /R I Lol K% ,2017.

CHEN H. Research on heterodyne grating displacement measurement system with high/low displacement resolution[ D] .
Harbin ; Harbin Institute of Technology,2017. (in Chinese)

AR, X R, T A K. I A AR AR B S I MO A AR AR DF I [T ] LB AUR £ 4R,2000,21(4) :338-342.
PENG D L,LIU CH K,TAN W M. Study on the theory of time-space coordinate transformation and the time grating dis-
placement sensor[ J]. Chinese Journal of Scientific Instrument ,2000,21(4) :338-342. (in Chinese)

HSU C C,CHEN H,CHIANG C W et al. . Dual displacement resolution encoder by integrating single holographic grating
sensor and heterodyne interferometry[ J]. Optics Express,2017,25(24) :30189-30202.

HSIEH H L,CHEN W. Heterodyne Wollaston laser encoder for measurement of in-plane displacement[ J]. Optics Ex-
press ,2016,24(8) :8693-8707.

LEE J Y,LU M P,LIN K Y,et al. . Measurement of in-plane displacement by wavelength-modulated heterodyne speckle



12 o o
interferometry[ J]. Applied Optics,2012,51(8) :1095-1100.

[34] A AT, IR, F. SR A ISR 0PSB TS M AR R AT [ ] ALk 42 548, 2018,54(10) :36-
42.

PENG D L,FU M,CHEN X H,et al.. Classification study on typical displacement sensors and analysis on the character-
istics of time grating sensors[ J]. Journal of Mechanical Engineering,2018,54(10) :36-42. (in Chinese)

[35] CHEN ZR,PUH J,LIU X K,et al.. A time-grating sensor for displacement measurement with long range and nanometer
accuracy| J|. IEEE Transactions on Instrumentation and Measurement ,2015,64(11) :3105-3115.

[36] o, Tibm, % B, 5. BHRE2E ShZE M H BT L 9N K A S # AL et [ T ] AL UK 4R ,2017,38(3) :734-740.
PENG K, YU ZH CH, LIU X K, et al.. Novel nanometer time-grating displacement sensor with single row differential
structure[ J |. Chinese Journal of Scientific Instrument 2017 ,38(3) :734-740. (in Chinese)

[37] LIM W,GENG H,WU Q N,et al.. Application of double metal/dielectric gratings in optical displacement detection[ J ].
Applied Optics ,2018,57(13) ;3438-3443.

[38] PUHJ,LIUHZH,LIU X K,et al.. A novel capacitive absolute positioning sensor based on time grating with nanometer
resolution[ J]. Mechanical Systems and Signal Processing,2018,104.705-715.

[39] HILL K O,FUJIT Y,JOHNSON D C,et al.. Photosensitivity in optical fiber waveguides: application to reflection filter
fabrication[ J]. Applied Physics Letters 1978 ,32(10) :647-649.

[40]  ZFm. SCLPOCMML AL IR GERHEEAR BT D] Kt KH %, 2007.

LI L. Study on key techniques of fiber Bragg grating displacement sensoring[ D ]. Tianjin; Tianjin University,2007. (in
Chinese)

[41] LITL,SHI CH Y,REN H L. A novel fiber Bragg grating displacement sensor with a sub-micrometer resolution[ J ].
IEEE Photonics Technology Letters ,2017,29(14) :1199-1202.

[(42] %R, R T, 50 E, F. mE S RDCLOUHH B RER (1], 5 #% £42,2018,26(3) :556-564.
TANY G,CHEN Y J,LI R Y,et al.. High-precision bow-shaped fiber Bragg grating micro-displacement sensors[ J].
Opt. Precision Eng. ,2018,26(3) :556-564. (in Chinese)

[43] &Rt — B BDGL R A AL A /DR I i R g B [T ] 2% £ 242 548 ,2017,39(7) :1330-1335.

X43D SH. New fiber Bragg grating sensor-based local displacement transducer for small strain measurements of soil spec-
imens[ J]. Chinese Journal of Geotechnical Engineering ,2007,39(7) :1330-1335. (in Chinese)

&' :

o B(1987—) Lo, BB LR KN, T
AT, P, 2009 43 AR 3R
132507, 2014 AR T ERLEBEK B
JGERE B ALK 5 W BEBIE 5 BT R A
AL, BN RS LA T RR
FIOE HL AL AR 75 A9 WF 58 E-mail;
2a0x19870513@ 163. com

ZERHAL(1995—) 2, HMRKHE N, 1
WFFEE 2018 4E FRABFE T RS 3R15 %
A, MO R & R I e b
AR J5 1H BB 5%, E-mail: 306746976 @

. qq. com




