Journal of the Korea Academia-Industrial https://doi.org/10.5762/KAIS.2022.23.3.559

cooperation Society ISSN 1975-4701 / eISSN 2288-4688
Vol. 23, No. 3 pp. 559-567, 2022

P35 Hiz7|o dd A=} o]lF AR
o]F ZHiA W49 HojA =&

Q&M Xos? xis'
"SrETiSt ChStR L AIMBEE, CIHSL otEgstnt

B s
s

=
=

Laser Doppler Vibrometer of Heterodyne Interferometer Type with
Simulaneous Utilization of Single Pass and Double Pass in an
Acousto-Optic Modulator

Hyun Seok Oh!, Youn Hong Jeong®, Jae Heung Jo'
'Department of Photonics and Sensors, Graduate School, Hannam University
"Department of Optometry, Kookje University

2 o o ojo) Bo wxvlo] thet B At o)F ARE 247 B AR T 9 W FuEE 2 B
27hot 71#2 A}gstol M T F gXolA MAske AE4E A0 S5k 37 9 )% 1A FAY HolH
£23 ASALDVE AT olafat LDV ol24 wiAS skl 3719 A= The WEFITL W1E Fupart
Az u}—: V10 B % 71EHE A2 AN HHOIRE AT, 3 1 o) A o] Aol £
AEAY B F34T} 40 Wl FLF WEAE W I BANT T A BIE BANY W FueE 24
40 WSt 80 Wpol=, o] GEE ol83tel LDV o2 B3te] 27H9] BA AF4E FAO FAT & Ik ol2A
A% st ERoIAL oleit WEULL ol 4ot B U] 1S Agste] F BANS A8kl A0
5 AQe] AR TE AFFUSE SHY 4 Ak 2 APHoR st of BEe s BA A e
270 o9l ZAAR U A5 Fu4E A1 2asH] 24F & 9t

Abstract We propose a laser Doppler vibrometer (LDV) of three beams heterodyne interferometer type
with a photodetector composed of two object beams having different carrier frequencies. With the single
and double-passes of an acousto-optic modulator (AOM) and a reference beam, the LDV simultaneously
measures two different vibrational frequencies generated at two positions. To build up the theoretical
background, we describe the interference theory using a reference beam and two different object beams
of different carrier frequencies. The carrier frequencies of two object beams passing through the single
and double-passes in the AOM are 40 Mk and 80 Mk, respectively, and the modulation frequency of the
AOM is 40 M. Using these frequency values in the LDV theory, we confirm the theoretical justification
of a laser Doppler vibrometer (LDV) of three beams heterodyne interferometer type. In addition, this
paper confirms, through simulation and experiment, that the LDV can detect two different vibrational
frequencies caused by simultaneous vibrations at two different points. Thus, this method can be utilized

simply and readily to observe more than two different vibrational frequencies of objects.

Keywords : Laser Dopper Vibrometer, Heterodyne Interferometer, Double-Pass Acousto-Optic Modulator,
Vibration Frequency Measurement, Three Beams Interferometer

*Corresponding Author : Jae Heung Jo(Hannam Univ.)

email: jhjo@hnu.kr

Received October 5, 2021 Revised November 8, 2021
Accepted March 4, 2022 Published March 31, 2022

559



2l

Al

2lo]
Kl

ok EA°1A B o Age] =& Fule
o1 EA19] Ae4E o TS HolA =
& ZSAQDV: Doppler Vibrometer)2tal 3}, ©]
19644 Yeh. Y €} Cummins’t E-4l2 o[4S
olgsto] §A £ & SHohe AoE [ AL
LDVE 9 o]8sk= HIPEA ASARA ZA &3
& 7hsst] w2l 714 AA’, AR, ZAsAt 7t
A, EE, A5E 5ol AREE IJ7)17], 248 Hd
7171, Tz 99 4ol A" v 59 A5
=t @ol AR8SHH2]. T3 LDVE HAY]
3, 99 TS ARESL7] ol 2 Ef
Rom, &o] s ALY AFAA E28& IS
sl gk A9 Bk 8 75t
9 5 HE 2= Axo] o3l

AF7HA 9] FE9] LDVE °F
EA9] & A oA WA E]= AETFE
EAote] 1259 A% 4 o
AR oA EAE EF
12 o]-&sto] F7gsk= Zo] YrtHo]
te EA40] g Hlog XARH= LDVOA
12] Altele] W3l o2 RE A5che 249
ggutol] it £t HAE S45lk= 8% Al
QHEl vl QITHG]. E3F LDV AHA|Y] Z5-S HA oo
s 3 FG=E =ol= A A= eH[7,8],
LDVY] 7I1AA, AA714 tdE A3t FAF LDVE &
TFEQCHIL. 181 HTol= dolA &8 AsAE
olgste] +2E EY¥F 410, Fx A% HY A=
(111, A As &312], FHA 155313 59 o
Gt AS B8 Hofol] ARSE L Qlrh 2By tiREES
A= & B9 LDVE of-&sto] gt A3 9] AsE 573
Sk ZolH, A& tE F & AT o= 29 o]
49 FloJA I Bragg A E+=

o ol I

oft
L

N
Y
olt
o

1O
o=

o]
L=

fol %0 o>

o

al,

[o

> 8
o &

p)

&
mOO
i

H
=)

o

% HE7) 5 o8]
2ol SPAAE A HlEo] BREIHA BlAA = &
o] Qlt}. giRES] LDVE 17h9] EAEE ARgsl=
9], 58 383F HZ7|(Acousto-Optic Modulator:
AOM)Y] 12} 31A3golA he= HEFohs 72|11
AAU4,9], = 5% AOMOA Y& 13} 3| E3L
Al Fog AOME AWM stof Fobgrt 280 ®
Z2FLE ZH=tHol.

B =RoJAE 3 o] AOMIRS ARgSla] A2 ThE
AR A DSt e Al S35 AshAl ol

o=

560

AOMo| & A& 9 o]F AR F5TF WX AlaE
(Single-Pass and Double-Pass Acousto-Optic
Modulator System; AP/DPAOMS)S Z-83lo] A=
o2 2709 ¥z FH5E 2= A% (Object Beam)
THE30H, 5 EAN FolAY &N
(Reference Beam)¥}9] o|F ¥ o]&sto] A=
2 F A9 2EE FAlol S45k= olF 1A T
A19] LDVE AQtstarz} 3ttt & oA B, AOM,
T AE71E 4 U9 ARESto] o] 271x] Wz Fxt
FE Aol A F, 47 JAEshe AR OE F
Aol A WhAE EAIRT 7]Eo] A2 IHsk= olF
ZHdAQ) AP/DPAOMS LDVE 45t} Az o =
Ao A Fug PESRA FAo] AEo] FHssh
w2 ahus gk

(e]

= o

2. 3 AS AMEst 0|F ZHaAIel Zhg

[

2.1 0|2

AOMOIA & HAEE A= 14 3d39] 3 54
7t 71899 F o [E2RE AOMY] Bl ¥z
FHR(fR  fop=fpE ¥WXE AR 2%
AP/DPAOMSE AHgste] 134 31E%E oA 52
AOMZ BIANAA F Fu57t fp=2f,,0F W
H olF AR YA 1E FAlol HAAIZITE of 7)o A
o] & ¥z FH4E A2 OE ¥y Fo(Carrier
Frequency)gtal 3tk 18]l o] AOMO| QJ3iA A=

£ FuieR Wz YA 13} 28 £y 9 f,9 A
ZF3k(Signal Frequency)2 F 3072 AEdH= A
2 OE F 79 20A17} 20] JAF T GRARA[AA] 1
N9 F AE712 A0l AT 12| F 7 &
nAZEE whabE EXR1E 29 W71 El3t E27)
71ERY A7 B3 3 HE7)0A slEER] 1A
ghet olu) F AE711A Aol 2l Sh= 3719
< V7t thg3 ol 28T 4 Uk

B ot

o
=

H]
=

ED = E,cosw (2nft)
Bl = E cos2r(f+f,5)t+0,(t)]
E2 = Eycos2n(f+ fo5)t+6,(1)]

o)
@
(3

AN £, B, B 247 728 = 240 1, 29
A7 AZoln] 37h0] Wl wE wo] iy Abget



=

Ao, 6 (1) 6,(t) = M2 e T A9A 13 27
5ol o HAE o WekE uehdth o A7)
(Function Generator)g AR&ote] FEa} Fai4=7) o2
ARl R FHEoke T AmAY HY 5 (1)<} S, (t)
= 5, (t) =A;sin(2nf o) &S, (1) = A,sin(2mf ot ) 2
o1 AuF 9] ZFo] o3t T AuAL 9} Wk
2 6,(1) = 5, (1) 6,(1) = “5,(1) 74 ek, o
71904 A, 3% Ay= T 2371, 29] 5] Higt 4249
Zo|a, f15% fope HE A MHzOlAL & A¥7
AT Fue fg it foe 9 kHz BrolER 7|EH
o] F Fupel fol= fips for far fa < f7F "ok
Az HMEoA A (1) ~ 3oz 2FF 7IEWd + &
ARe] SAlel 33 AE71°1M AEshe Al e A7
Fo AlFol ARE Bt} BARE = vt 214

N

2}

1o

[e] o
e z‘}‘f

3} 3,7} v 9ol A HA
Al n,m=+1, 0, -1 9] Al HlAd <=9 gto] F7]
oqu|7t Q1A U] FE2 FAIT = doH, A
Fo] g A9 At I3EZ AmFo] AES
o2 ZA 5ot 3709 "ol 7HgH Als o] AHEY
oA f1% fop9] STFolA An]A 9] AT 25
et foTt foE F8T S oH, ANAY MEo] &
79U BTty zso] AxA Q17EEH 4] (4)o]4]

ol Fente] EAS oA L AxAd <l
7He g YolA AMERS AEHoldsAY A
Ao ol AR o2 270 AHY A5eE B4k
Al & &= qlch

=

=50+ %{cos(%fwt—f— 4T7TAlsir1(27rf51t)) +cos (2mf ot + 4TWAQsin(wa&t))

+cos(2m(fy— fap)t+ %(Alsin(erﬂt) — Aysin (27 t)))}]

oA7oIA f= t=0s04 19] 1/30] shgehs Az
Zoltk. 4] (oI LF AR Adsia AnAY A5
A=Q) A7 A7 Aobd SV wzse Zo] e 2
oh o] T 4RO AHEHS 4 (4)o] 15 )
Felo] Wato] Asfelx, o ol§le] 4 4)F TH
REESIY W8 g4o) o Wt st 1ejw

BF AEo e F 42719 29 A% 5 (1) & vhet
2ol 4 ()9 BARE 19 Wi AHol Wi,

2.2 NE8ojd 3 2

Fig. 12 AP/DPAOMS LDVE ARR3t FD, El, E2
9] 37] Hofl gt o]F 1Ml AHE YEdE 4 DE
AIAAHOAMHP, 7820022 MATLABOZ AAls}o]
ol For JYTr AXSE  FFT(Fast  Fourier
Transform) A&l 9] Aato|ct, AlEFo]HofA] AL
|3 3P A =532 nmE 1, BEY F= Ho|HAE

(Nyquist) ©]2°] wet 8 < 10°7/1Z stict. 121 ut

s A, S 7 (8)cos (2n(frptnfa)t + Ay 30 (By)cos {2m (fop+mfe))

n=—oc

A A, =2 m=e
AR 2R
A1A2
+T2n:—oo m —— o

o719 . (B,), J,(B,)E 1F n&F D mA} WA
golal, nit mZ Ao, 3,34 g6, E13t
E20]| i3t PM(Phase Modulation) ¥ A48 UE}
e #tolch A B5)ellA A A T fip5 THeE
St Embiol]l nfy 9 AHEo] J ()9 T7|2 BA

2 2] go] BEL A150]1, F A TS fyy

Ll

= 77}

N M T g (B, (By) cos{2n(fip— foptnfa —mfg)}

561

n=—oc

S, (B1),(By) cos {27 (fi 5+ fop+nfq +mfg)}

(5)

F3 f,9 fops 22 80 MHz9F 40 MHZE I
stglom, AnA9 A% Futo] sfgots fo Tt fg
Z¥7} 9 kHz9} 5 kHz= A7gsto] ARl §=2 5o}
ct.

Fig. 1 (@)°A Exol fyz0l thddk= AHERS] 4
717} fi500 sl A"EHo] I7)8eh 28] IH,

30 rlr o op



El
L L

fill‘

AFH71&815] =52 #1234 A3E, 2022

F15% fo5°1 BO1A fq3F [0 AHEHS A9 54
=o] Atk Fig. 1 () (o) Fig. 1 (@A f,5= 80
MHz%} fo5= 40 MHzE ZYZt SHSFIFRE EIL fg=
9 kHz8} fgq= 5 kHz7} Hol= 2 3t o7 An
13} 29] s FuesE 2He AN E19t R2E 7184

Do SRHA7IE 01 M2 HE F A7 s

zulag =)o Ala7HAglo] 248 4 9leg of &
Act. E3] Fig. 1 (b)ollXe= fq= 9 kHz8F fo= 5 kHz
o] AMEHO] f,,= 40 MHz9] F$o B Yehts
o, ol A 594 A WA FollA n=%19] L]

g 2mEHT o WA Fe FoId n=0 @
m=+19] A9 et AMEYS HolF Holc
ToT B, m ] FEE T A1 A ] B

ol F4ER HoR R oo figohe
&c 2 ZolxHA o] otFEtt g1 4] (5)_,] Al
WA G2 HR2FRRTE fip+ fopC1 B2 Z20] SA1Y
9] g Fukph o w2 FutioAgt Te] |
. Fig. 1 (09 2AHERAE fg= 9 kHzS] AHE
Aol f,= 80 MHz9] #eo BF HEEE=T o=
4] (5)9] & WA ko] 7]ofsl7] wiizoltt. 121l Fig.
1 )Y fyz= 40 MHz®} fyp+ fo= 40 MHz+5 kHz
o] ~HEY A71E°] Fig. 1 (9 f,5= 80 MHz8}
fipE fq= 80 MHz+9 kHz9 AHEY A7|EXHT} 2
Hl Ak Ft} o] olfi= fo% fopt fod SHEH Al
7152 4 5)0lA A WA gt vl MR T s A=

of tigt o= YehARk f50 fiz+ g9 AHE
d A7IES o4 F WA 9 sid Agerto] 7[5t
o &o]ct,

AHEHE: &

3. AP/DPAOMS LDVe| 34 U

RERE

ot

Fig. 2&= AP/DPAOMS LDV< Aotk
4 17go] 532 nmell, £¥o] 250 mWeolw, p |
TE goleE Ho|A(II-VI SUWTECT, DPGL-2200)

oA U2 HE& W E&7|(Beam Splitter) (Melles
Griot, 03 BSC 003) BS 104 §ARgH 112 ND EH
(Neutral Density Filter: ND filter) (Melles Griot,
03 FSG 013)2} A&Mirror) 1& AXA A& 2004 vt
Arste] ThAl AL 1, ND "H, BS 1, ofolg|&(Iris) 2,
BS 4, dAZ(lens) 322 (DA9 7|&H

LM

(Reference

562

(a)

b

(©
Computer simulated spectrum results of
interfometric signals of a heterodyne
interferometer with a reference beam and
two different object beams obtained by fast
Fourier transform(FFT) in MATLAB: the FFT
spectrum (a) simultaneously included f,z=
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Fig. 2. Experimental set-up of laser Doppler vibrometer

of 3 beams (object beams 1 and 2, reference
beam) heterodyne interferometer for the
simultaneous measurement of two vibration
frequencies of speakerl and 2.

Fig. 3. Photo of experimental Set-up of LDV with
Double-Pass Acousto-optic Modulator System.
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