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Fig. 3 Comparison of interference data under ideal and vibration conditions. (a) Phase shift interval; (b) interference light intensity of

white light interference signal
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Fig. 5 Simulate results of step surface restoration. (a) Restoration result of step surface with vibration; (b) result of step surface
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restoration after correction by NUFFT algorithm

o mEuiRsEE Z G EA B AR 43200045 5 M K BE LR 3h /9 5 K IR i sl A0 /4
ik, Ee(a) W HBEMEHFT ARSIV AOETWEMG )5, G0 E RS R ICEM 2 UL E . 5 E kR, BT
& B 2 R A H K 6(b) Al NUFFT 8k ¢ P T 7 B ML AR 2 B KR e N 8 3k A, /8 iR 3 A i
EEEEE U E RS . SRAIRERE NA/S Bl 0~30 Hz i & 0F F B A RIFA SR stk fe , Hit

0412006-6



a4k F 4H1/2024 £ 2 B/REER

L A e
4 g5t

TS IE T R AR 9 A S B W R A R b i M
fE L HEAT TR H S5 K R T e O OF T B O 7E 4R
B 44 IR AR R R 139 nm (9 45 B A, 3% B0 52
5 8 b i BE LR B o 52 I PR B9 A BL 4 B R
b 2048 pixel X 2048 pixel , Wi %24 50 frame/s , % AH HL
T % T SR AR R HLOR S 0P B R AR S . Ok

O 5 1y o B K Sl 545 nm), 95 OG ik 2k s A 5 R
110 nm. F##E R H AW R 5, Koo Kl
545 nm , 6% 2 0 4 98 O 10 nm, R 58 S %O AT
IROE B R B R A R 20 BUE LA N 0.4 A9
M. PZT S S HBHHEIT BN, RIGRET W
B A%, % & A K o 68.1 nm(A,/8) , 474 600
WL G B g 40,86 pm . g B R T U L Ab
3% B 55 B 1 B S B 4 DX IR AT T AR, A5 AR A
7THTR o

K7 FOET L () 588 6T 18 5 (b) 5 B i BT DO 6T 3 1#

Fig. 7 White light interferogram. (a) Complete white light interferogram; (b) white light interferogram of area near step face
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Fig. 8 Quasi-monochromatic light interferogram processing results. (a) Phase shift interval; (b) phase shift interval deviation

FIH NUFFT 8356 %5 (16 T W 15 55 3517 &2 1E &b
MR IERT G FOG Tt ith & an & 9 fros o 181 9(a)
RHRBERTE EYE T ¥ A £, vT LUE B HOE T A
ST — g E AR K 9(h) M AL IE S R T
St Hh 2R, 5 A IE T E 6T s B 26 Lt RS E S
BB AR A,

ST HE 20 R D A 2 S SR AT IR IE AR S5 R
Veeco 1 ¥ I & A & 45 SR AR % L, 78 55 56 o
Veeco W& E TG, B RH S A& 5055

HORA R A5 SR 00 B A B o R NUFFT 809k %1 F 55
A5 B Y 52 bR B8 A 8] B A S T A5 5 AT R IE AL B
IR i b P 45 S AT D 65 B TGO B . A 4 R a0 A
10 fr7s, /1 10(a) iy Veeco T #5042 A% 1 ) 42 2%

[ 10(b) R 8 1E /i & B 1 9T 36 0 A 15 B o 18 10(c)
J R NUFFT 824 1E 5 15 8109 & B i 12 5050 A 15
B E10(d) R Veeco T ¥ M & A A5 500 = 15 2] /4 &
i —4efe . 1K1 10(e) A H NUFFT Bk IE 5
B 5 B T —dE 5 8 . BL A, A B 5T XA G B i

0412006-7



3R it X

445 E 4H/2024 £ 2 B/REEIR

(a)0.16
2015

0.14

0.13

0.12

0.11

Interference light intensi

0.10 . . . . . .
10 20 30 40 50 60 70 80
[ /frame

() 0.40

ty
o
[¥y)
at

0.30
0.25
0.20

0.15

0.10

Interference light intensi

0.05 . é .
0 20 40 60 80
1 /frame

B9 RIERTIE G T #6582k o () B2 IE AT 5 (b) BOE R

Fig. 9 White light interference light intensity curve before and after correction. (a) Before correction; (b) after correction
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Fig. 10 Reference results and NUFFT algorithm correction results. (a) Measurement result of Veeco interferometer; (b) step

morphology calculated before correction; (c) step morphology calculated by NUFFT algorithm after correction ; (d) one-

dimensional contour of step surface obtained by Veeco interferometer; (e) one-dimensional contour of step surface obtained
after NUFFT algorithm correction
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Table 1 Measurement results of front and rear step surfaces

before and after correction

Average Height
Whether to correct  height /Ry, /pm Sy, /pm  deviation /
pm %
Veeco reference 0.1393  0.2544 0.0358 0.21
After correction 0.1419  0.2420 0.0381 2.08
Before correction  0.1546  0.3803 0.1049 11.22

0.1419 pm, 5 &G B HARFR A 0. 1393 pm 22 8] 4 A1 X 5%
Fh2.08% , HE I GBI H JE 5 Veeco T ¥ Il &
BT 1) 2 % R R bR . K IE TR B 6 B Ry,
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Table 2 Measurement results of repeatability experiment on

post-correction step surface

No. Average height /pm Ry, /pm Ss, /pm
1 0.1419 0.2420 0.0381
2 0. 1408 0. 2400 0.0378
3 0.1403 0.2391 0.0377
4 0.1428 0.2434 0. 0385
5 0.1422 0.2425 0.0382
6 0. 1399 0.2385 0.0376
7 0.1416 0.2414 0.0380
8 0.1411 0. 2407 0.0379
9 0. 1401 0.2389 0.0377
10 0.1396 0.2380 0.0375
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Anti-Vibration White Light Interferometry Based on Non-Uniform Fast
Fourier Transform
Xue Liang, Guo Renhui, Liu Yang, Qian Yu, Jiang Jinwei, Li Jianxin
School of Electronic and Optical Engineering, Nanjing University of Science and Technology, Nanjing 210094,
Jiangsu, China
Abstract
Objective  Laser inertial confinement nuclear fusion is significant for explosion simulation, astrophysics, and other

research. Meanwhile, the target pellet as a fuel container in fusion requires extremely high precision in surface
morphology, and since any small morphological defect on its surface may cause asymmetric compression and experimental
failure, the measurement of target surface morphology is essential. However, during the actual measurement of the
surface morphology of the target pellet, the measurement results are susceptible to vibration, such as ambient light changes
and optical platform vibration, which will introduce random errors to cause inaccurate measurement results. Therefore, it
is of practical significance to correct the random errors during the measurement and improve the vibration resistance of the
target shot. The non-uniform fast Fourier transform (NUFFT) algorithm can correct non-uniform interference signals,
which is characterized by high accuracy and low hardware cost. Thus, based on the NUFFT algorithm, we propose an
anti-vibration white light interferometry method. Specifically, the white light interferometry optical path adopts dual
imaging channels and the main channel collects the white light interferogram. The secondary channel collects the quasi-
monochromatic optical interferogram, calculates the phase shift interval of the vibration according to the quasi-
monochromatic light interferogram, and corrects the white light interference signals collected in the vibration environment
according to the obtained phase-shifting interval combined with the NUFFT algorithm to obtain a more accurate white light
interference signal. According to the corrected white light interference signal combined with the seven-step phase-shifting
method, the three-dimensional topography information of the object to be measured is restored. Additionally, the
algorithm can be adopted for correcting non-uniform interference signals with random phase shift interval in random

vibration conditions.

Methods First, the Fourier transform algorithm is employed to extract the phase information of the quasi-monochromatic
light interference signal, and the phase information is expanded into continuous phases by unwrapping to obtain the non-

uniform phase-shifting interval of each pixel position in the interferogram. Meanwhile, the non-uniform phase-shifting
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interval is sorted from small to large, and then the interferogram corresponding to the non-uniform phase-shifting interval is
also sorted accordingly. The sampling interval is normalized and oversampled into uniform grid coordinates, and the
NUFFT algorithm is utilized to convolute the sorted white light interference signal according to the phase-shifting interval
after sorting. The convoluted interference signal is transformed by the Fourier transform, the influence of the Gaussian
kernel function in the spectrum is removed, and the uniform interference signal is obtained by the inverse Fourier
transform. Finally, the topographic distribution of the step surface is acquired by calculating the phase of the uniform

interference signal and the peak position of the modulation system.

Results and Discussions Figure 7 shows that in the vibration environment, the step surface morphology directly restored
by the white light interferogram before correction has a large distortion, and its morphology information cannot be restored
correctly. The average height measured in Table 1 is 0.1419 pm, the relative error between the nominal value of
0. 139 pm and the step plate is 2. 13%, and the restored step surface shape is close to the reference surface shape measured
by the Veeco interferometer. In Table 1, the corrected peak-to-veally (PV) and root-mean-square (RMS) values of the
corrected step surface are 0.2011 pm, which are significantly higher than those of 0.3417 pm and 0.0735 pum before
correction, and are close to the Veeco reference value. The results show that the surface shape of the step measured by

this method is in good agreement with the actual measured surface shape, with high measurement accuracy.

Conclusions A white light interferometry anti-vibration measurement method based on a non-uniform fast Fourier
transform algorithm is studied to solve the problem of white light interferometry in a vibrating environment. We employ a
dual-channel optical path system to calculate the actual phase-shifting interval by adopting the quasi-monochromatic optical
interferogram collected by the secondary channel camera and correcting the white light interferogram collected by the main
channel camera according to the obtained phase-shifting interferogram. The simulation and experimental measurement
results show that the NUFFT algorithm can accurately correct the non-uniform white light interference signal, and the
morphological information of the object to be measured can be well recovered from the corrected uniform white light
interference signal. The results show that our method can restore the surface morphology of the measured object in the

vibration environment.

Key words measurement; topography measurement; white light interferometry; vibration-resistant; non-uniform fast

Fourier transform
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