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Error analysis and Performance test of the Volumetric interferometer
for Absolute distance measurement

H. G.. Rhee(Mechanical Eng. Dept. KAIST), J. Y. Chu’, S. W. Kim

ABSTRACT

In this paper, we accomplish uncertainty evaluation and performance test of the volumetric interferometer using two
spherical wavefronts emitted from the ends of two single mode fibers. We verify that the volumetric interferometer has the
volume uncertainty of 690 nm through the error analysis and it has the resolution of 0.1 pm for x axis which is the same order

of repeatability for x axis. Also, we obtain the systematic error of 1 um for 60 x 60 x 20 mm® working volume using self-

calibration with an artifact plate.

Key Words : Volumetric interferometer(**¥ 343 7)), Phase shifting($1-°3%°]), Uncertainty evaluation(& 58X A1),

Self-calibration(A} 7} 5. 4)

1. M8

A3+ FUANA 2n-EEAQn-ambiguity)2] Al
okg WA gm AdA, £& AARE FH
e dhlel sl at & 77t o|FoiA%
o HEAAE ol8% WHEeE ZAMEANGrazing
incidence) 7+43 AW, 2 3} (Two-wavelength) 7 Al
R WG QAP ol Qloh sAT o] A
EL @A AGAAA 2782 de FY mm F
A 1 pm olEte] AREER &332 F7}
21th. ©}F 32 (Multiple-wavelength) 7HE AN A
2 71 BEHE A5 S 2Bolu AT, ofF o
12 Q) ]Eﬂiﬁ}od(Heterodyne) A 2= A
Ao v)x Fatxm Aok E ke wEe=, 3
AAHE AF EF A= FAR 7aey =24
& o] & Zé‘ﬂﬂa]a Axtsts dElHEEH 1A
(multilateration) ® @A AFF o]t}

A FWoA HdAHE FHse BHLe
2, 23 M4 Al(Volumetric interferometer)?t | FHE
QJtHS o] ¥ A= Fig. 1 & Zol I (x,
¥ 20T (%o ¥z, 2) FHEo| HAF T gdE=
FARE ol&8iM FustE LAY, FHE
7] ) & (Photo-detector array)] A &3 F FH I

o HRATHRRE AW 2nPFE B3 ¥
A¥E FEh o] AN ARAe F THIY
AR (X1, Y1, 21)3"]' (x2, Y2, Zz)°“ e BRI £
Hol Qlemz, vHyg HH3 WiEE T ¥
4ol AEZ TE 5 Ao

, ofy

Two spherical
wavefronts

Photo-detector

X1.y1.24) ) array

(X2,y2,22)

Fig. 1 Coordinates relationship of the volumetric

interferometer
E =RdAe dd ZE AL A At F
9 ZHdAlY e E EMItY BT E AAtst
3, 457 A8 7€ 54 YHET wjuHd
He FYPstgon, A71H A (Self-calibration)®! & %
g Aakel FEelA AN #Fe ATLLA

- 387 -



(Systematic error) & FZ gt}
2. Fa ZH4Alel |z 3 AEHER

FAgozie A{FFUeE M= T
= H)F Zol EEE 5 A A)lH U &
HHhe] H7|(source strength), A= T, ¢= Z7|
A%, re AFdozRE AYE 9 e

2
u=Lexpl—j(Zr+4)] M
r A

Fig. 13} #o] &7 g FHE 9¥ez 3
T 7Hde ZAd HEAE oy, B84 19 &
D x, v, z2)F FHF 29 G (x, v2, )04
EEA FAE WG Z23E kA Fa (xK Y
2] =93 FH9 FaEne 3L @)% #ol
28T 4 Ut

I* =lu, +u,|” =TI +T* cos(@* +Ag)

Ut u? 20U
k k
where T1 =———/(‘2 +—k22 , Th=—"122, @
r| r nn

o =3}<rf—r;‘), AB=(4,~4,)

9 AolN #4 ok He)m 2ol § Fes F4l
o HE (%, ¥, 2)F (%2 2, 22) 670 VI AF 9] F4<
2 o+ o

2
o =-l£[nk -7 3)

=2l =5+ (=) (2 =20
~[0x =2 )+, ="+ (2, - 271
49 BT fRHo] AnTE 4
3 oMapE HAY F AT, g FAEY) M
o BE sHacld BUHEZ, B4 abE AR
7l 913 Fig. 1 9 HEA 4FE o) &AM H@)9
@ol A2 Hojan.

N = 2@ + 84~ (@ + AP = [0 — 0] (a
2r 2z

A @E 6 N PAF (x, yi, 20T (%, ¥2, 22)°
el vldolmz A (5)9} Zo) EXFGFE FA
i, o] EXNYTFE FHaFgste wMdd Hys
(Nonlinear optimization)E ©o]-&-8j4 vlA|+& Ad

F AT A9l A 5 A9 4R SRl

A =
E= A k_d)o _ ky2
;[2”(4) )-A] (5)

Photo-detector

Fig. 2€ 79 A9 24E HAE) Fig 2
A AE HolAE EUH 632.8 nm HF F
2 9YEE FARFE B33 AZe(couplenE ¢
At IALE AZE Yool 5050 o 33
E2 A g 280 FHERE S 10m 8
ol FHY AizakpzT)el A Utk §z2e
A4dHolE A% Aojnm BE F&2L FUF o)
€ %57 A% tvl(dummy) ¥& P} GFE2
e YFAGl we FH ouwA Pfoz wia
TZE& 3t olo vlHAA AR 7 FA
o dolx HFH £5& o AFHoI} A%
28 gt} ¥ Z7)(Single photo detector)= 5 %
Af BollA ALl EEoleE 4% st o
A&l Ao S BAL F Ao F FAS
FE2 FAA el AsE 125 um b HEZ Ao
(Jig2 At FHZ7] WE2E 640x480 CCD
g Apg3oh

Photo-detector

Array (CCD) PZT B
- %\//u \;,COUPIEL JoT
- Target N 7 ‘
Sabilized
laser

Fig. 2 System configuration of the volumetric interferometer
3. AN U ST A4

23 AR AF A AUHE (5, v, 2)
(k2 y2 2)E TEHE BRI BE o450 XY
g 28 oxtd9on U9 BT Fus
A4, FAR DR eEg Y u, 371248
W3} A%, GAade) wAgy, $4E7] e
AP, 27159 xol2 Sol Yok 2n 1)
TAANM SR TUAES AFetn BEEAE
sMs ez Pws)

=¥ BB MG 4 Has
1

I o fo

o L Mg o >

A
-
AALAE J&FSE Eoh oldo Fa oA
2

€ oz A SHFAY F2 JFS FE=
of el &35 A4S A= Table 13 o)
B 7t 23¢9 EFREE YEde 4 48 ¢
51 o = H

Addee] HHY HEF BEE o, o viAE 9F
& 2odEoh of dAlvie #Hokol A $-(Worst case)
g MHsn g e oAU sd o8 H
FF&A YeE e FHNEEEREE 120 mm AR
A FAENM xFHOE 416 nm, y, z 202 77}
550 nm, 9.7 nm 7} V&tt}h. whabA 3 29 g 7hel o
3+ E¥ X (volume uncertainty)= 690 nm 7} “}gtch,
2E A4 A& 150 9o Aawyio) wal SeE

- 388 -




AT,

o] WE HE 24 oA Folv] AN F
Rt Alole) 1AL JMER Zojof & & WA
o $7E7) WL L Aesdo} Bt

Classifi . Evaluation
~cation Error sources Uncertainty results
Laser intensity <
stability ug £ 0.07% of IT 107 am
uy is neglectable,
High frequency because it only
vibration affects the fringe Neglectable
visibility.
Temperature
] variation in the ur <0.01K 127 nm
Fringe fiber
error Low frequency
Nx pressure variation up £ 8x10* rad. 0.756 nm
in the fiber
Nonlinearity of
fiber elongation uy<0.15rad. 136 nm
&PZT
Electrical noise ug £ 0.7% of TT 75.6 nm
Detector
nonlinearity up £ 0.8% of I1 348 nm
Sphericity of the | 110 rad. 0.300 nm
spherical wave
Modet | Laser feauency WSIMHz | 975%10%am
stability
error
Air refractive index " 3
L™ variation Un 510 4.75%10% am
Detector position upp < 100 nm 6.00 am
error
Combined standard uncertainty, uy; 416 nm

Table 1. Uncertainty evaluation result and individual

influences of error sources
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Fig. 3 Photographic view of the two-dimensional stage
with the interferometer
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Fig. 4 Self-calibration method for extracting the
systematic error from the interferometer

2749 oy FPLA} 5L wAE Ko
AA ] AZ 2 2H(Systematic erron)E T8t7] 930
EEANHE o838t 27FH A (Self-calibration)2 5
FAHE. FEAHo2E NEX FHLZ TE 10
mm A9 7x7 AAE AT AMRA L Fig
4 & Zol ANHE AR AANE AHS I FF, A

- 389 -



HE 90° FHAA £4, & = dgoz WAANA
EZRFoZA NHOA} SHAN2HY AFLAE
eldth 2 A3 60 mmx 60 mm G ol A FaA
2ALE 1.5 pm 0|3}, #3 ZAAAE 1 pm o] 39
ATLAE dArh

3 A FWAANA B AL Hse AEst
7] $181 Fig. 3 oA Bl y & W FolE B
A o] Al (Block gage)Z 10 mm & Fo|HA 3 Ho
Ha RS F83c. 2 A3 60 mm x 60 mm
x 20 mm Bl A F8A 2] AFoaE 2.1
pm °}8}, £33 4 AE 1um o]EE AUt

Fig. 5 © & UM EHE 449 AL
2t AHLAE RAEY ()9 AlHA oA Vel

€ S e dFo]l vy A AZF2A ] A
v @48 arE A vehdth g PEo]
ME FYE diol St oA dgFe AlHe
27 A7t dnEg AXNEA LA 22
Aol ® Zoz v, HAF R1 ALY £
F& AZate oA FI 1 ym Bt ¢ FE
Aoty ooz ANBAYLS AHeAS) A
SAE GHSA AT AA SHAE dAd
(Random)Q.27} ¥ 8582 FA3A 2els) &
it 247 & PHolAe T3 A|JHLAE HE
3 B xF0F 046 um, y O Z 037 um 9 o]
7t YBRZ S ofA o] A= WPt &
AEE {538 & U

x_max
x_min : 738 nm
x_sigma: 362 nm

2_min : -824 nm
2_sigma: 316 nm

x_sigma : 322 nm 2_sigma : 259 nm

(a) The artifact error of the
interferometer at y =-1.12 mm

(b) The systematic error of the
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Fig. 5 Comparison of the artifact error and the systematic

error of the interferometer
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