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PR I AR LM oA, TR H A B AR 4 (fast
Fourier transform, FFT) 5% 3K 78 I #0834
SIRAE, T LIRS 2 Bits ZXDGIEE il T B R
FEALIRE, ARG S0 TSRS @2 ) —Jrm,
BR T AEZ M SRR R AN, 2508 SR Z [A]
FrHTTHE S, ST Z [ pg @A T
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LEIVE ST HFUSIAES R ﬁﬁiﬁ*ﬂ%ﬁ'ﬁﬁﬂ%%%ﬁﬁﬁﬁﬁ%
JCRE TR, MMM A HRUKRIC. Marks 45 28
BT A IR IR RO 2ok R EX%M%?&%U_
T EHCRME . XTI E TR R MR B R
RS, 5 iR AN, Rivet Fl Bradu 45 29-31
PR E AT (complex master slave, CMS) 55
20 TC 75 7% P IR T 5 AR S5 1R R T SR A [R]
1 H, EEXEAB BOR I PR e (750K, CMS &
DA P A F A 2 DL R, R
R AR A B AR 3 (2K
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B TR R N, 1O TR IR T SRR
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N
Z kzaZO kzaZO) (1>

Forfr, ki AR ST A, T (Ky, 20) 9 B — LT
(i 2o PR ETWARS, g (ki) N SIRREY
i, @ (ki z0) IR REHDCTEIAR L34, L sRAREIS)
WA Fei TR BE IS 20 b 1 52 BB N

M* (ki, 20) = g(k;) e i¢lkoo), (2)

XA ORI i fil 12 53 skt 1 2R R 23 o0 A
9 FET, mlIH TR p R feikis 5, H Z000E
FEXFAAL A9 73 A 150 0 (i, 20), BV ATRAG A ZOHNE
BREA A, BETTE A R a3, 1531 20 Ab A TR JEE SR
TSR IR T Y 20 RRETRAT AT LA R
R S ) FRUAR DX S RO A A, S B
BT Jey ol PR A

CMS H3k 00 ERr B A BB, BBy H
P tb GRS A, E T BOS TR o iR
W, —fefdi FOCRE 2239000 21 = nlAz + 61 Fl 22 =
mAz + 6y Y H—FLE T ORI TR, H Az
RRPEBCRFE IR, 0170 62 A PN IEERAE FIAL Y
WARZE 22, Hom >n, IREBERFEE nAz
m Az A R HCRFE I p Az A3 I A TE AR 7

Qo(ki, pAZ)

= ¢ (ki nAz) + —n

[gp (kiymAz + 63)

— ¢ (ki,nAz+6)]. (3)

(3) SAE O AR AL A FTIRAE A 5 AL
SRR IR BB, S AR S
2. Mo Ml A2 A K, SRR (R 5 2 T i

FOE AR FREYON R R 2 . TR AR AR
X B — P 20, CMS-OCT RIS IF, AT RAE I 1R p 198 (R R A 18 S R R X
SRR R I, DT AR FS0 55 HORS 7 AR (57 AR
|
M* (Zl,kj) M~ (21,]412) M~ (Z17ka)
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Fig. 1. Flow chart of CMS algorithm.

FF B HUE B AR e (discrete Fourier trans-
form, DFT) ) CMS 5% 5 FFT 5k i) 52 22
FE R O(n?), O(nlogn), H

O(nlogn) < O(n?). (6)

CMS Hik BARTERT B B 42 B B R T FFT 5
125, H R Ry 3/ N L 1) S5 B B TR AN 6 B TG G i
Iz SR, AN BT AT DR EE DI, TR b S )
AL HOR, Bl R AR SE UG, R R L
FICIEHR S RO RSB, SE— 220800 TR 7
HAz A TR R, ZER ] s s .

2.2 KR CMS #EHRME T %
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TR RS ) B — BT R B SR 5 v R A
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e L SR A AL AL X S B 07 20 )R 2R i 22
zo — O MBS A (ECRAE S8, AR T B IR
SRR o (20 — O) FFAE N R HYFHALALZE, Xf T ixX Fif

AL 2, T LABE A AR 37 @ (ko) AT SR A,
e Ay oL R VR B A AR AL 4 (20 — 6)
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W (20 — 0) = 2ked = p(ke) — 2ke(20 — 0).  (7)
KT (7) 3R o (ke) BRI, 7T LA
FHE/ N = T A HE AR A AR L4045 , S04 73 5
(1 1 24 3 R PR 22 (AT AR =, HE T 15 20 e
153
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SRAFVRBERAG AR ALIT | FH XA X A1 437 F
i T LA B R R B g ot A
Y (20 — 6) = w (20 — 9)
D=0 —du(z=8)] O
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TERS BRI R4 XA B2 0, 7T AT FLIe 1 5
B AT AR 2 R 2 6
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SRAGUEAE S AL ) AR 2R AW 22 5, CMS Bk ] LIS
B IE AR 2R i 2 AR :
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X (3) X, T LA H g S AR AL AR AT LA
SRS LA F A, DA 3 SRR 1 S O 7
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RIE B BOE FRE 585 15 B R TR BE 5 5 /Y

WARZE 22, AT LA CMS A A5 B #E4T H A
B EE AL (1) PR TFEOEIEE S T (ki 20)
AR N

I (kl, ZQ) = 2S [g (ki) — kc] vV RRRseiW(ki’zU), (12)
Hor, Slg (ki) — ke] OCIEIIRGE; Re Ml Rs 70531 /2
225 LI FRE i B B R R (12) SUARA
(1) A Hn] 15
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214202-3


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y] 32 2 3R Acta Phys. Sin. Vol. 71, No. 21 (2022) 214202

(13) b, 3B BAHAL o(ki, 20) = 29 (ki) 20 + o (ki)
o(kiyz0 — 6) = 29 (ki) (2y — 6) + h(k;), h(ks) N Wi
TV Z [ UK . B AR AR A (13) 28
&G g (k) =g (ki) — k) AT LA 5):

N
Iems(kiy z0) = 2/ RrRs Z Slg(k:) — ke

X [g(ks) — k) ef2lo (ki) —held gi2ked (14)
Hor, Z:[:l S g (ki) — ke [g (ki) — ke ei2loka)=hedd
ﬁuﬁf/ﬁﬁlﬁﬁs [g (kz) — kc] [g (kz) . kc]/ i DFT,

W (14) AL
ICMS(ki7 ZQ) == 2\/ RRRsDFT{ [Sg(kz) - kc]
< [glhke) — kel }e?50. (15)

M (15) XFTRAE 1, CMS IR EEIE 5 A S Ak
(R B AR A R
Yems (20 — ) = 2k0. (16)
CMS HIIREEISAE 5 Ioms (K, z0) AH 24 F X5 AL
P15 A6 Wi T OIS E S 370 DFT, A
TRA:
Tews (kys z0) = DET™H{1""M® [g (), 20] ), (17)

Horpr, promebiv (g (k) , 20) B4 20 o0 A ) T BT
WOtIEE S, th (17) ATHL, X CMS MR E
S HEA TN L AR g ] AR B R R4 50 O3 A i
BT WOGEE S, FEXIZAE S AT AR AR, AT L
B HAEO 47 B
powus [g (ki)] = arg {DFT {Icws [I( ki, 20)]}} . (18)
M CMS 155 H AR IBOHR B2 358 FE AR 5 ik
FHOIAE BJE, PTLARYE (7) :—(10) LRI IEE N7
BALWAL R W2E 6, F45 66 2E (optical path
difference, OPD) FiAzLOPD = 2z = 2(z90— 0 + 6)
1 EKEEE OPD:

¥ (20 — 6)

ke '
HI el LA, Fe0FH CMS 155 5978 B 38Uk 7
FRESARAL, FT DA% B 3 i A (57 A 2 () AL 15
FEAEHAY OPD K fifsh

OPD =2 |z — 6+ (19)

3 EBER5HITH

LK ARG W 2, EE A B OCT
ARG A B SO T et B E SRR K
FeiEaHT 56 24 200 nm FY AT WLAR T, 4 2 f59”

Y WG, AT AT Z 6 R 101 B Ras I
(BS, Thorlabs), BE5HEAFM2E 30 mm iEHHR £
ST TE B L, RO 6 ER 43 D) a4 R
(GVS012, Thorlabs) 4, £ 422354 (30 mm,
Edmund optics) RN I &2, R [FDE
FRILE, &Y. 50 pm /INMLIER G A 2B 5
et B (600 ¢ /mm, Wasatch Photonics), JE %
eI, B AR E B 2048 F74 250 kHz 4%
e H A 4 IR A AL AR AL (CMOS, OCTOP
LUS, Teledyne E2v) R4, LI T i 250 fps A
PR (6 TR ] 1000 A4S SR BE U8k) BBl g
1%. RZGBE R LR 3.9 pm, Fll[a] %2
1.6 pm, WEFEEZH 687.82 pm.

SIS

FBHE &

=i 50 L
it Ik

————————

————————————

71 K,

Bl 2 ik OCT &4
Fig. 2. Spectral domain OCT system.

3.1  HEERLIE

N T B AL AR X T A SR A B, %)
CMS Sk AT TR, BB DGR A i A,
HP K AE L 2l 500—850 nm, St 1% AR AE A A
2048, F W Bt T A E LA 0 T 3 06 15 X R Y
OPD 43 3| 4 100 um F1 120 um . A B BEAE 4L — A
OPD 3200 pm BY-F#EIEE S, T BBy A-
line {55 E . i FHZ 5 CMS 5.1 5 et i (1)
CMS 5.3k LU S 8 R 22 5 1 (phase calibration
with dispersion compensation, PCDC) &k #9 &
LR NE 3 Frs. ATLUE H, PCDC 8k 5 ok
BEMR 1Y CMS-OCT 5532 It 48 45 1Y W 1 s o7 ¥ 4
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H 165, 1548 CMS T353R AT I 5 07 B R 166,
WAz = NLM = 0.6068 pum , o Az g TR I
SRFEMIRG, NONYGTEREE AL, Ak NIEiE RAE ]
bR, k3 PCDC vk Ak kA 1 CMS Sk 1
OPD: OPDpcpe = OPDjeys = 2 X 165 x 0.6068 =
200.244 pm; K HES CMS B 452 OPD N
OPDcys = 2 X 166 x 0.6068 = 201.4576 pm. & 4% |
PCDC H.3: 5 AR () CMS 53 ) 7 i 45
B — B0, HOE 3R T 8 200 pm 1 1% 58
CMS Bk H B TR R O iR 25

1.5
—— CMS method
—— Improved-CMS method
-~ PCDC method
z T !
% 1.0 ! '
E 1.05F R R
& P2 x: 165 / J
g Y1 j
N 1.00 . i
E i
£ 05 095} i i
5 s ‘
I I 1 I I i
155 160 165 170 175 |
i
i
I
0 e

0 50 100 150 200 250

Sampling axis/index

3 PCDC #1645 CMS 5 ik Mt iy CMS $ik iy
E 45 R

Fig. 3. Positioning results of PCDC algorithm, traditional
CMS algorithm and improved CMS algorithm.

3.2 MREELR

g E CMS B TE UG B F s, 3
i B P BB 2 4351128 1001 pm AT 1009 wm 1
AN 4 e A TR A A, 3 S S B AR RN
M 100—2048 B BUR L, JF 5 FFTHRIEMN A
WREEUEAT Fe A, A5 SR N 4 fos. rTLAE Y, M H
P G DX 3R B AN RS B A — /NS A3 B, SR
CMS Hik HA B &M%, H PCDC k4 FFT
Z AT BT ERAE | KOS — RIIEAE, &
PRI

3.3 A CMS #EiREZELERITLL

AT S il B R A A A AR AR R T s A
BT L% CMS Wik 7E B — FLim @ A7 E e #,
T B BEAS FHIEE 43924 1001 pm A1 1009 pm F
4 B FUR AL B AR AR S TH R A% 25 22 5 A

M, FE BT BORH IR EE 435 1250 pm AT 1350 pm
1 4 JE L AT B — BT e 6, HLEE SR
K 5. PCDC B E At ) CMS Sk i 15
FI) %) T 1 F U (5 28 RAERI B M neepe = nuems =
27 — (—122) = 149, 4 Az = NLM = 0.6717 um,
A SRAFSZPREFE 22 OPDpepe = OPDjems = 2 X 149x
Az =200.1666 um , & 45 CMS . 32 15 2] {1 P 1=
1Y) UG (4% 2R SR FE TR B news = 27 — (—123) =
150, FHXJ N (4 S F2 2% 8 OPDews = 2x 150 x Az =
201.51 pm , SZ56G H G 4 1 B JE B 2258 100 pm,
HXER B OPD 24 200 pm. AR, Bty CMS
M Z A% 58 CMS F b 7E 5 T 7 A 5 T HA B
PR

22

20 | — FFT
—— CMS

18+
16
14 +
12

Time consuming/ms

N O
T T

0 500 1000 1500 2000 2500
Depth domain sampling points/index
Bl 4 CMS 553 A FET 5332 55k ) (Y b e
Fig. 4. Comparison of the operation time between CMS
algorithm and FFT algorithm.

1.5
—— CMS method
—— Improved-CMS method
—— PCDC method
: - o
g 1.0r ! | ! i
g 1 L4
: N\ \
3 :
N B
= Lo . 1.01
g 1.00 X: 27
g 05F 0-99 0.99 Yl
z 0.98 0.98
T —T 372126 25 30 32
| S |

0 .
—200 —150 -—100 —50 0 50 100 150

Sampling axis/index

Bl 5 PCDCH . 54 CMS Bk MBH ) OMS & gk x
JELJE 4353 1250 pm AT 1350 pm (14 43 A B I 28 1 45 5

Fig. 5. Positioning results of metal gauges with a thickness
of 1250 pm and 1350 pm obtained from the PCDC al-

gorithm, the traditional CMS algorithm and the improved
CMS algorithm.
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3.4 EMEEMHIN

R T SEBR UL TR O AR TR 5 CMS B
DA — S e A B PRI WU 4y
54 1250 um Al 1350 wm (194 I8 B RAE AR i
3 5fE ] PCDC 53k A5 48 CMS B8 (R G
BAEFIH T 2.3 344149 CMS ML) FiAs scek
) CMS ByEE R OPD A4 500 YR &
ZE AN 6(a) TR, PCDC A %45 5] OPD
¥IME R 200.0653 pm, 48 CMS FL15 21/ OPD
SEHIME R 200.3724 pm, BHER CMS 245 21 1
OPD F¥J{Ek 200.0749 pm. & 6(b)—(d) 4> H%
HTH PCDC 8k &4 CMS Bkt CMS
FHOREL OPD M4 A i il A% 48 CMS HikK
B OPD fkRifE2: Ky 74.8 pm, il PCDCHE %
Fe it () CMS SR EUY OPD IdRIEZE 4510
21.3 pm 1 37.3 pm. A WLekikf) CMS Bk HA
AP, B RS PCDC Bk A
A e B — Bk

200.8
(a) o PCDC
200.7 o CMS

o Improved-CMS

200.6

5
2005
200.4 522

OPD/pm

200.3
200.2 |
200.1 &

200.0 B

199.9

0 50 100 150 200 250 300 350 400 450 500
Time/index

30

(c) STD = 74.8 pm

Proportion

0
-0.3 —-0.2 -0.1 0 0.1 0.2
OPD distribution

3.5 AFERBHSTEER

R T B UEAR SCRTH 1 O I A 2 3 R B 1
S E N B PE A, I I8 B SR R G AR R
i, Lhasgi AR R 5o MaE g LR R
n HEAT I, AR SR B E AR 7 R oo
PCDC ik 545 CMS Bk (R A AR (A F)
T 2.3 A4 CMS ML) A SCeieift i) CMS
SR = AERMGEUE, BT R B T K i LA
JF- i 375 e - 3 T Y BT G A 45 SR Al 8 TR
Kl 8(b)—(d) ar#IFE/R T PCDC Bk | 5548 CMS
SR Kt ) OMS Bk =4 s IR, T
OPD zh#5 75 Bl AKMELIE B OPD =4EE{% 2
25, K 8(b)—(d) RXTRL K 8(b)—(d) H &
A Pt F PR, DA R ZAE B TR B rha] LA
F AR B S PODC Bk BA mE—
ok, WifEg CMS Rk HA X KR, ik
— UL E AR 22 mW 2= 5, L PCDC 5k
AL RN IAE, T EAL S CMS Bk Ak

35
(b) STD = 21.3 pm
30
25+
g
= 201
!
5]
2,
S 15t
a9}
10
5
0 I I | I I
-0.3 —-0.2 -0.1 0 0.1 0.2
OPD distribution
30
(d) STD = 37.3 pm

Proportion

0
-0.3 —-0.2 -0.1 0 0.1 0.2
OPD distribution

K 6 (a) JIPCDCH ik (LL60). 55 CMS 51k (85 1) L K el i) OMS 3k (8 £5) SR B OPD; (b) il PCDC 5 3R BL A
OPD 41t ; (c) HfE5E CMS SR IUY OPD 43 A f& il (d) A Btk ) CMS S K L) OPD 437 1% it

Fig. 6. (a) OPD obtained by PCDC algorithm (red), traditional CMS algorithm (blue) and improved CMS algorithm (green);
(b) OPD distribution obtained by PCDC algorithm; (¢) OPD distribution obtained by traditional CMS algorithm; (d) OPD distri-

bution obtained by improved CMS algorithm.
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Fig. 8. Positioning results of optical lens discrete interface: (a) Positioning results of PCDC algorithm; (b) positioning results of tra-
ditional CMS algorithm; (c) positioning results of improved CMS algorithm; (d)—(f) axial section at the black line in panel (a)—(c),

respectively.
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A method of fast locating discrete interface based on
phase information of complex master-slave
optical coherence tomography”
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Abstract

Spectral-domain optical coherence tomography (SD-OCT) system has the advantages of non-invasive, non-
contact, fast imaging and low cost. It has important applications in the measurement of discrete interface of
optical lens. However, the interference spectrum collected by spectral domain OCT system inevitably encounters
some problems such as the unequal interval spectrum sampling and chromatic dispersion between two
interference arms. In order to ensure that the axial resolution and sensitivity of the system are not reduced,
subsequent data processing steps such as spectrum resampling and dispersion compensation need adding, which
greatly reduces the real-time performance of measurement. In addition, in the actual measurement process, the
required imaging area is often only a small part of the whole imaging area, the calculation of the whole imaging
area brings a certain waste of computing power and resources. Moreover, in the positioning of discrete interface,
the existence of sub-pixel deviation under limited axial resolution limits the measurement accuracy of interface.
To solve the above problems, in this work proposed is a method of fast locating discrete interfaces based on
complex master slave (CMS) OCT phase information. By combining the phase information of spectral domain
and depth domain, the reconstruction template of CMS-OCT is solved accurately, and the phase information of
CMS-OCT is used to achieve high-precision optical path difference detection and discrete interface location.
Finally, experiments with precise optical gauge and discrete interface of optical lens verify that the proposed

method can maintain high resolution and stability while fast locating is implemented.

Keywords: spectral domain optical coherence tomography, complex master-slave algorithm, subpixel

deviation, optical path difference detection
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