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Abstract Based on the principle of distance measurement of laser frequency modulated continuous wave (FMCW),
a distance measurement system of dual optical path FMCW is set up, which replaces the traditional linear frequency
modulation with sinusoid frequency modulation so as to improve the sweep frequency. The principle of distance
measurement of FMCW under sinusoid frequency modulation is also studied, the resampling formulas of sine sweep
is derived, and the signal synthesis method to increase the sweep bandwidth and the quadrature modulation method
to eliminate the stitching error are put forward. The experimental result shows that after the quadrature modulation
method is used to splice the equal-light frequency resampling correction signal, the frequency resolution reaches to
127 pm, very close to the theoretical resolution. It is no more than 203 pm of the error and less than 194 pm of the
standard deviation compared with the reference interferometer within the range between 3.3 and 4 meters.
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Fig. 1 Schematic of experimental device
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Fig. 2 Schematic of wavelength fine tuning interface

P IR T A B ORI 3 D R L R R e T

1201002-2



th i

L

PZT it 52 HL e A7 R L S50 i A A T v R A PR S

—J7 i O ST

2.1 ETEHRITE R IE MR 4T 4 40 26 R 32
A PR RO f 2 B AE 5% AR S BRI K Y

PO AR LUIE 5208 2048 A BOaT 98 W80 4% & i

s fo NRTIRIIIAS s B N PRI 58 5 £ M IE5X AR AL
MRS s R INFTE] 5 0 O TE SR AR AR B9 R0 AR . Pl 306
W1 24 I [] 722 A F) 2 ik 2T RUAS: 21 0O #H A7 BE I 1)
BRI E STy

¢ B
o (1) :ZTEJ Sr()de =2nf ot — ——cos(2rft + ¢¢) .
0

OB BN 25 0 28 3 5 2f
) ) B . . 2)
@ =forbgsinCrftteo. (Do T B R A O B k2t
B
E . (t)=a, () X COS{ZW':ZTCf()Z‘ — focos(Ztht +§0<)):|+§0L0} s (3)

A a, (O R FIRHEOCE 5 BRI . th T TR0 % 21 38 B8 R 28 X 18 7E LA BOGEF M BiAE a) (1) & —
A BE I T) A2 18 28 S 5 o0 R R BOGAR 5 BUBIARAL . AT IR 0RO & A 19 AR WO AR S A DI S OL K L &
TEOCERIE A% L LA+ ph o e 5 S S 9 D Bk [l a7 A B Il A 5 i Rk

E. (1) =a,() X cos{ZTr{Ztho(z‘, —Tn) — %cos [2rnf(t — ) + @] }+901‘o} ) €Y)
K ca, (0O R AT S B IRIE BT OCL Ko2s G AL s a, (o)t — > BE I ] 22 A0 i 728 5 5 7, RIROE
23 A I B 5 AR B AE IR L JRUER O AR T 15 1A S AR ] R

E.(t)=a(G) XE, () XE,&), (5
B;' m x. 2 - N m 0 n
El(t)cos{errm[ sintafe m“n; mjt ol g >+27rfo}}7 (6)
Tl)\
. B . ) )
E, () cos{er[Zrcfot — 7 fTm *ﬁcos(rcfrm) X cos(2mft —mwfry, +(po)}+¢m} ) D)

A ca (O NI EC AR S BRIE . E. (O B EZBT £ SR £ o0 R 25 2 5933 L 3 R Tt
R TR e B B 2% S A PRI BE 7 4 8 E, (o) iX — TiUAE DGR I 4 P T AN BB iLIE 5Z9E XA i 3, BB il — 2 5

JERYRER (R 5 o WO ZRIN A8 2 DU 2 A9 H005U5 5o

Bsin(nfr,) X sin(2nft — nfr., + ¢o)

I1.() am(t)cos{Zm‘m|:

= +27cf0}} . (8)

A ca, (o) D A AR i 22 00 21 1% 00 D' A LA 5 AR W o ) B ] R O A & H B R O (R 5
AZ GG o P — B i [ 5 K 250 E 5 5 5 — 8% ™ AR AT, FA00HE A LI 48 )5 7 AR 1Y

HLAE 5 Al LR

Bsin(nfz,) X sin@2nft — nfz, + ¢,)

I.(t)=a,() X COS{ZWT{

i —|—27rf0}} , 9)

A ra, () 26 HLER I 5 R D 21 1) 2 2% O B0 (5
SRR s 7, OGS B S AR A AR B,

T 5 2 25 G AR 5 6 1O B {5 5 R A7 A8 Ol
HORAE L IF B G B A5 SR E R T o, Al
T BON TR R B R A E LW 2ra<r . B
IERDCLT AR e, L Tk T S O K
ANEER 100 m, Pr8FH/N T 1.5, B AF 5 iR
KA 1 kHz, 0] A48 3] nfr, <nfr,<<1.57 X
107%, W) sin (nfr,) &~ nfr,. sin (nfr,) =~ nfr,,
sin2nft —nfr,te,) = sin (2nft + ¢, ),
sin2nft —nfr, to)=sin2rft+¢,) ., & ot)=

BrXsin(2nft + @) +2nf o W ALK (8) A (9) 28
o3 ) Rl AR T A
[.(t) =a,(t) Xcos[2nz,e(t)], 10)
I.(t)=a,(t) X cos[2nz,0(2) ], (1)
H 225 50 AR 5 B A (00 I D B 4A
WAF 5 AT S A E R A B Y 20,0 (1) =k m(k =
051,23, =) I, X P O e 4010015 5 04T 8 R AE
BV E R AR S G S R BN
I(k) =a(k) X cos(zn X 2%“ j .aw
K sa G W ERAE GG 5 IR IR s & O R A A

1201002-3



th i

i ot

oo i Q12) 3 URT LA B A 8 E R AR 5 5 5 B
H

Tm

fn=5"0 (13)
AR (13) 3T AT 5545 21 o U0 2 O

R.=fuR.n, (14)
KR, ASHLERNRKE s n NS HCT NI

VIR

FIARPSHE TR T OE s 4 FMCW Il iR
NS WIS CRUR S o s S i sk = k1 E | X2 i S S
PRE B I F R T T RO 7 4 52 A A
4 PR 9 LA PR, L IE X s A AT PR, O T
PSS B FMCW il 4 , 75 22X 2 Bl i {5 = i
FT R4k 1 R 0 58
22 ETEXEHMBERE

Fo PR —MME SN Es — IR E S5
—AME A — A W AT PR XM DR IR &
T R A [ A AR A R AR, i 3 R
R T RPN R 0 R A7 Bk AR n) A SR A 52 1A
0 S X 5 AT I — b 2R,

0.15

0.10
0.05
0
-0.05

Amplitude /arb. units

-0.10

0.498 0.499 0.500 0.501 0.502 0.503
Time /ms

3 A5 5 B B AL Bk A2

Fig. 3 Phase jump in signal synthesis
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