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Minimum PV-based Z-axis positioning method for aspheric measurement
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Abstract ; In aspheric surface detection based on the Zygo interferometer, the precision of the aspheric surface’s location along the optical
axis (Z-axis) direction has direct effect on the accuracy of the measurement results. This article proposes a Z-axis positioning method for
aspheric measurements based on the minimum PV value. The theoretical model of aspheric and reference spherical waves is evaluated,
and the appropriate reference spherical wave radius, vertex deviation, and theoretical measurement location are developed. The
positioning procedure along the Z-axis direction is completed within 0. 001 mm precision. The proposed method can precisely identify the
theoretical measurement location and efficiently decrease the measurement error introduced by the positioning error. It can also precisely
determine the reference spherical wave radius, which is essential for the point cloud reconstruction and stitching method based on the
Zygo interferometer. The positioning of an aspherical mirror with a diameter of 108 mm is evaluated experimentally, and the positioning
results are close to the calculated resulis of the point cloud data of the best reference spherical wave, demonstrating the method’s
correctness. The PV residuals are 0.047 N and the RMS residuals are 0.019 N compared to the null testing results, which further
demonstrates the positioning method’s accuracy.
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Fig. 2  Schematic of Z-axis positioning for aspheric

measurement

HRAE BRI AR A ) HE T 25 5%, v] A4S B e/ PV (E X

o7 Y e RS BRI I 2 A2 | T O 25 4 DA S B 0 4 37

o GG VT EN Tk, TSN Z B [ 0. 001 mm

JEE VG P 3k AR o R B I S 2 Bk Dl AR T
FE A 2 P TN EA E



32 % # N R ¥ W

43

WRAE# Sl B X Zygo T WALPIERAE T 4 815
Ma i & , LA 0. 01 mm 28 5 /NG RS Bl i 2 %o HE 3 245
BB B | SR BRBEEA AR L) 0. 05 mm Y
o Bl B X A 2% SO RGBS , AR T ik 5 DA
0.05 mm REAE N ShEE B H 2 1T A 8 90805 0 1
RO—BINLE  fEdE— g/ NP IR O T R R AR
WHATIT G 20 Z AAEALE, Y5l 0. 01 mm JUEAE A #53h
PR B /N PV (B A B, R — 2P AR/ RUEE,
L 0.001 mm RUEEAE S 7% gl i 88 40 21 B & 1 fe /s PV {H

XTRAV

FARM TR

1) #Hg T

MRYEIEBRE S HO T2 5 /N PV (E X 0 i fE S 2 Bk
A8 R, A AR S 25 2R i T0 S 0w 25 /2 Ac, T 153

He/N PV (BT R A EE I R B S=R +Ac,

2) A IR A E A

i align 0T il A 4R IEE & ARS8, B0 )S
R ahlEakin , ARl S S [l A A0 5 5 R e -
LN, RSB T/ MO B, B R g

3) B sh EHE S B A BEE I R B

oA akin 2 #2582 A FIE I AL E S, Il R
WA B RO 7R 28 A4 M T AR 80 & S
SBPE— B, —3 W EHEk R B 4) K S) s A5 A —
B, M gkLl LT AR,

4) Lk 0. 05 mm KR T 50 H ARG B B

2L 0.05 mm MR shAEER 1A, BLEI R 2] T3 & 4L
B 505 BASHRE— BN E  iC R I E RO
WRERIE

5) L 0. 01 mm 2548 F-5e/ N PV ARG B 4407

PL0. 01 mm AR SR BR T AR Zygo T
NG R S R N A = DO DA N R VA= R Taed 2 4
A E TOUHHR R &8 (8, I ORIE T ¥ 428U 44 5 05 L
FRBPE 3L,

6) L4 0.001 mm A5 B FHi5 /s PV (B A9 037

L 0. 001 mm 2 i #5548k i, AR Al Zygo T
VA 2 T A R, R B RN PV EXE R R A0 il sk
BEAV B R M R 28 A, 15 2 B/ PV X R A4 5
A7 E BT AR N R, B2 % Bk i 1
TSI S, Dl 5 A A IR A R S B A AR A Y
ZEENA= ]S -S|,

AR DAL 5 , R v s il 0 9 ok v o 2 3L
OE AR A T R 25 5 I R 25, )
A TP A i BR T AT ST B S Bk
PW— 2, 38 L B INER T 7 RN Zygo T H5 AN A I 2k 1 Y
TRZE TR A A R v R A S s B R T

3 SRIGTENIE

DU e E A 77 VA B AT AT PR ME B R 5 T T
Zygo TWAXHY AR BRI &7 &, X — D E AR N 108 mm
PIAR R BEEAT 1 St & T Zygo TALAYIERR
TP 3 9 T B AR AL PR IR E 5 Zgyo T
TLAERE R R R RS RO R A FERAARO G i A1
k3 R,

Tl A
= oAk
AR — N

7YGO 30490

FHi
BBk

mRAER

K3 T ZYGO T Ay ER - 5
Fig.3  Aspherical measurement platform based on
ZYGO interferometer

SO, 7 i RE A ER 4 % AY & Renishaw 2\ ]
QUANTIC™ Z 7 1y T £ % Mt B i %5 3k, O 4 ¢ %
0.1 wm, ERTRT- 6 LRI TR E e, o
POREEEREIAE] 0. 5 wm DL, BE & FLZERS 2 DR B8 48 ) mT vk
JEAREN T EEAE 0. 001 mm JEFEIEEEITK . Zygo T
I FL SR GPT™MXP/D, CDD 12 E R 5Tk 640x480 , I K
4 632. 8 nm, 422K 4 g RS EE PV<M100, X
P ERS EE PV < A/300 RMS < \/10000, £ F/3.3 #lI
SFRHERR T Lk , T A S50 rh AR 3k w9 o

SCE PR T — N 4R D =108 mm, T A i R 242
R,=348. 6 mm, —YRI R %L K=-0.266 039 A [ i Hf 5k
T, A2 TIAARESE Sk BRI, R 7 ok Gl 33K 1 0 o5t B 114
SR A ARSI BUZAE BRI ) 90% 1H AR Ay il
BT,

1) 39S T 5 AR 4l 2R 8T R 4 = 5, A5 B )
PV {E X1 B i AE S H BRI FE 4R R, = 349. 157 mm, Ti
Al B A =0.001 7 mm, VA& BRSO A BN
S=349. 159 mm,

2) SEHR AT E AL 7E Align A0 | i i L 4B P 3 &5
RS 25 05 B0, W5 A sh AR BRI, I E 0 S 55 Il ALY
55 T [ O e R 3R B A5 /N Y
HC,E 4(e) i, BECMR BoRds .

3) B sh B A5 2N A BEIE IU B0 E . 3LT MATLAB
(i F3AR AR BRI 5 B (5 2% Bkl & A T3, 7 AR i B4R
TWARBNE 5(a) FR ; B ah AR Bk 2 4 45 2 1 2 e



% 6 1

AR AR L THR/DN PV AR AR BRI 4 7 b s )5 vk 33

() BLEA
(a) Position A

(b) Bz EB
(b) Position B

(c) PLEC
(c) Position C

(d) Bz ED
(d) Position D

(e) AL EE
(e) Position E

Bl 4 Align #2CFAGHR A B 400 2 A7 1 7

Fig. 4 Initial positioning process of the cat’s eye position in Align mode

5% 40 20 0 20 40 60
(a) i FL A BLAE T B 5L (b) 349.159 mm AL B f1F ¥ % 4L

(a) Ideal interference frings by simulation (b) Interference frings at 349.159 mm

IR i A 8 At

Fig.5 Simulation and actual interferogram of initial position

WAL S =349. 159 mm, ffi H] Zygo T¥HALMI &, HA-3
ZRBUNE 5(b) i, FTUAE 300 8 H ST K 2
BS B RARKES UL BAE Z #E i -
B2, T Z TR0 2,

4) L1 0. 05 mm P R 55 05 B AR LU — B
B LA 349. 159 mm A FEAEF 0. 05 mm N A B RS B A Bk
I, AUl Zygo T¥5 0N, Fo T35 480 6 FiR,
WA B 90K (a) 349. 109 mm ., (b) 349. 159 mm ()
349.209 mm ., (d) 349.259 mm. (e) 349.309 mm. (f)
349.359 mm . (g) 349.409 mm . (h) 349.459 mm, T LIFE
HLZEE 6 (g), Bl 349.409 mm b T ¥ BB S
MATLAB 15 B A FRAR T3 4808 5 (a) — 2L,

(e) 349.309 mm () 349.359 mm  (g) 349409 mm  (h) 349.459 mm

6 FEFIIANLELL 0. 05mm AR A S0 35
Fig. 6 Measured interferogram within 0. 05mm step length

of the initial position

5) L4 0.01 mm J25 BE4E T/ PV (X W 147
L) 349. 409 mm SHIEAEFT 0. 01 mm AR R sh ARk, B
S35 AE 349.399 349, 409, 349. 419, 349. 429 349, 439 |
349. 449 349. 459 mm {7 & AKIKEH Zygo T AT
B S5 EORTE 349. 399 349, 459 mm BT S 8L 98k
B R 5105 5480 —5, 7F 349. 409 mm 4k PV
e /N, 25 R % 1 FE 7 B,

&1 1L0.01mm 70 0.001mm A REE I E
M 25 R xfte
Table 1 Comparison of search position measurement

results on a scale of 0. 01lmm and 0. 001mm

W37 (LA WA # (L

0.01 mm N AHH) 0.001 mm 258 ) PV
349. 399 2. 479 349. 408 2.597
349. 409 2. 662

349. 419 2.705
349. 429 2.920 349. 411 2.574
349. 439 3.019 349. 412 2.578
349. 449 3.091 349. 413 2.590
349. 459 3.306 349. 414 2.616
349. 415 2. 644
349. 416 2.671
) ) 349. 417 2.684
349. 418 2. 695

1 PRI R IR T SR B i AR SO —
B IKIFIRBLAL PV B/, BUEI 2551 T 5 LA
349. 409 mm NEEVE, LL 0. 001 mm AL EE AT S TAE,

6) L 0. 001 mm 25 FE4H S5/ PV (XS R 97
L) 349. 409 mm JgFEHEF 0. 001 mm g FE AL AR Bk,
S35 AE 349. 408 . 349. 409, 349. 410, 349. 411 ,349. 412,
349. 413 349. 414  349. 415  349. 416, 349. 417 . 349. 418
mm {75 KRR Zygo TG T, 255 BoR, bR
349. 408 mm o7 & 1 TP SR BCR B H R AR BT A
BT WA SR 505 B A4 80— 3, IF HAE 349. 410



34

43

34

32 pd

THELS- /
I OMETURER—
$ 2
Pogl e
/,@/
26 N
~ Min(PV)
24 ‘ ‘ ‘ ‘ ‘ ‘ \
349.390 349.400 349.410 349.420 349.430349.440 349.450 349.460
AL B /mm

K7 LLO.01 mm RSB Y Zygo T #4525
Fig.7 Zygo interferometer measurements in the step

length of 0. 01 mm

mm 2 PV {H /I, HC 45 3 s 8 T, B,
349. 410 mm RN/ PV ﬁ)ﬁﬁﬂﬁ@ﬁi@bﬂﬂi&ﬁo

M T Zygo T VB A i 25 2 v d, 5 7 10 R 95R 22 %
T8 22 DL SR B 1 22 0 W 0 T 1% 2 U B 5% 22 R AT
OB, AT B UEAR T IR B RO S L2 R e, B
TR T 400 46 67 8 349. 159 mm 5 £ 58 o7 B9 7
' 349. 410 mm WYTEIEEE R, I3 3 H5 T 2 B DA i
25 R BRI B 1% 25 5 1 I 43 {H ( peak to valley, PV) Fll
5 #2435 ( root mean square, RMS) , W3 2 MK 9 fr
. AT R G 349, 150 mm #9245 o 4 47

349412  349.414 349.418

v E/mm

E8 LL0.001 mm #HHER ST Zygo T #5345 5
Fig. 8 Zygo interferometer measurements in the step

length of 0. 001 mm

2.50
349.408  349.410 349.416

BRMAEIR 2, EEE R T8I A 2 HAR
W7, 5 1A B 0 3K T U S N 23 R 4 2R 1
KL , B & E AL E 349. 410 mm 45 5084 1%
PR/ EERIERTIRZE M RHIREZ G, R
S PV=0. 245N, RMS=0. 034\, Al b FH0 85 07 B 1 25 -
54 BEAG

R T BUEAR T T AR R 7 B R e R, DL
B B /N PV (E R AY B A S % R D ok 12
R=349. 157 mm ¥ j 0 BR 18 %, B i R 4R Zygo i,
PR 2 A 2K 1 A, DA B s s IR S R, ik 2 By

—200F —200[ 010 _00f -0.05
-100F 1000 005 oo 0.1
e 2 o 2
£ of £ o £ o -0.15
=~ BN -0.05 =~
1007 100[ 2 100f 02
2000 200 010 500k -0.25
200 ~100 100 200 300 1000100 200 200 100 0 100 200
x/plxel x/pixel x/pixel
PV=2.922). RMS=0.780 A PV=0251% RMS=0.0312% PV=0262) RMS=0.043
() ZR BRI BE (FIHALE349.150 mm) (b) B 3 i 0 3 10 22 () ZMBHIME (BZA 349410 mm)

(a) Removal of wavefront deviation
(Initial position 349.159 mm)

(FIHHALE 349,159 mm)

(b) Removal of wavefront deviation and
adjustment error

(Initial position 349.159 mm)

(c) Removal of wavefront deviation
(Final position 349.410 mm)

[ Raw Data Map
=200
0.05
=100
- 0
N
£ -0.05
100 [
-0.10
200
1 L L L 1 W-015 oV 23.801 __mm
-200 -100 0 100 200 — e
x/pixel ]
PV=0.245% RMS=0.034 PV=0.198% RMS=0.015%r PV=0.038 %  RMS=0.006 »
(d %E%&“Mﬁ%*ﬂﬁ%ﬁ% (c) BALPUELR ) TSR E
(B2 A1 E349.410 mm) () Null testing result (f) Error of Standard lens surface
(d) Removal of wavefront deviation and
adjustment error
(Final position 349.410 mm)
I TEERE SR e

Fig. 9 Comparison of error maps



% 6 1

AR AR L THR/DN PV AR AR BRI 4 7 b s )5 vk 35

xR2 MBNE RAMEMBMAQNERITLE
Table 2 Comparison of the results of initial position, final

position and zero position detection

JR G Zygo pieiEil] . R
EERIEHE R
W43 ./ mm LbFLE AU

PV/N RMS/N PV/N RMS/A

i i 2 2,922 0.780 2.916 0.779

(b) Zygo B AR SATH AR 2
(b) Original surface error of Zygo

TNe X T W R, R e &8
349. 410 mm [P 55 2= Ab 3 FR R0 i 25 SR AR 1E] 10 e
o WUEH, A BuEgERIE 10(d) 55 IR Zygo EuilE
AEFRZE R 10 (e) FEF HEUT , B0 UE T A% SCHE 18 JAS AN
7 R IR

TR B S5 i AR BRI A A I 2
fE g, BRI D A2 i o /INMLTE R B, = & e 45
X R 2 fron, AR IEE R A PV =0.198 \,
RMS=0.015 \, 40 & 9 JF /., ¥ e & % i v &
349. 410 mm 455 5 H 4T HL#R, PV (H 5% 250 0. 047\,
RMS 55254 0. 019 N, SEHH BT Zygo T AL AR AESE

ST IR2E 8 PV =0. 038 \,RMS=0. 006 A,k 2ZEH 5
FRUEEE L T IR 240 F IRl — 7K, E— e T Ar i
5 B TE R

(c) B W AEERTH

(c) Measured aspheric surface

B 0.05
#o0 0
o H -0.05
-0.2 -0.10
200

0 .y
PPie, 200" 200 ‘?\,@\ Bl

(e) MALRE (FEBAALE349.410 mm I Zygo T X
JE ST 2R 2= AR BRAE SR)
(e) Surface error(result of processing the original surface
error of Zygo interferometer at the final
position 349.410 mm)

& 10 349. 410 mm {7 B B 15 2 Ab PR R R 0 238 SR 6 L

Fig. 10 Point cloud processing process and comparison of measurement results at 349. 410 mm

RV, AT O PR T R O DR 25 T A I R 2 5 W AR

3199 AR i A 0.251  0.031 0.264 0.048
PR ' ' ' '
FER AT 22 0.262  0.043 0.261 0.044
349. 410 JeBR Uk A 2 A
. - 0.245 0.034 0.248 0.035
PR RE 2
TP EER PV=0.198 X RMS=0.015 A
s
| g 2
£] | —
P
| 100 0
2. =10 0 100
7) -
| “Xey B00-200 -100 dpixel
(a) 27 BRI P 1 B
| (a) Reference spherical wavefront
; 0.05
0
—O 1 h -0.05
—02 -0.10
200
' -0.15
«Oq.e/ —200 —200 4 p‘,@\
(d) AR ZE (FERAALE349.410 mm H = RIES )
(d) Surface error(point cloud verification result at final
position 349.410 mm)
4 & iR

ARSCHE T —Fp A T a5/ PV E A ARBRTEI & Z il
FEREDTIE S T Z BT 1A 0. 001 mm A JEE A A 2
{37 AT RO AR 1 by T 5 37 1R 22 T 3 B I B R 22, S
Har b T ARER S 225 BRI A B R A  HE  T iR
/N PV BRI B9 i A 2 7% BRI~ A28 TOL i 25 4 A B
PG R e MEERE B SERL T Y Z 1) 0. 001 mm
K BEE RN B RE (L A, 17570 AT AR 2 o 22 BRI

BB H RIS B T HT Zygo T 1 A
M EAPHE RS N A R L, K
IS5 IRFI B0 JE 45 R 5 e S 2 BRITDE 19 A = 4K
PR GE AT b, 45 A IR T Ay TR Y IR A
P I 5 B IEE AT, PV {EF 224 0.047 N, RMS
Be2274 0. 019 N, ik — 20 W 32 8 57 7 i O VER M,
AN BT KPR BE LMK S R 14 Z Sl A, T FH I A
FLR A N100 B = 1 95 b FLAR T AR 4 S R Y
W2 5 SR A A I T A T4 R 5 1



36 LG O 43 %
2 Lk method [ J |]. Journal of Electronic Measurement and
[ 1] Wi, BIE, KA, . AERREDEE T Instrumentation, 2015,29(10) ; 1550-1356.

(9] ZRI%, XIWE, HEBEWE, %. 3B TALAPHER I

(2]

[3]

[4]

(5]

(6]

(7]

[8]

MEARLI]. HEDES, 2014, 7(1) :26-46.
SHIT, YANG Y Y, ZHANG L

et al. Surface testing

methods of aspheric optical element[ J].
2014, 7(1) ; 26-46.

FET, iR, RIRAR, . M TELA I K5
TGRS T W RG] AR R, 2020,
41(2) :78-84.

FU X Y, WANG D D, WU ZH D,

Chinese Optics,

et al. Compat
transient interferometric measurement system used for
online testing [ J ]. Chinese Journal of Scientific
Instrument, 2020,41(2) .78-84.

AREZKI Y, NOUIRA H, ANWER N, et al. A novel
hybrid trust region minimax fitting algorithm for accurate

shapes [ J ].

Journal of the International Measurement

dimensional metrology of aspherical
Measurement ;
Confederation, 2018 ,127.134-140.

FENG Y, CHENG H, TAM H. Mapping error correction
of large off-axis aspheric surface in null test[ J]. Optik
(Stuttgart) , 2015,126(24) .5825-5829.

FERE, XA, AR, . BT AERR A A XL
PO B AU BB [J] . ISR, 2019,
40(6) :96-103.

DUK, LIUCHY, XIEY Q, et al. Lens design of micro
star sensor with large aperture based on aspheric
surface[ J].
2019,40(6) :96-103.

YAN F, FAN B, HOU X,

Chinese Journal of Scientific Instrument,
et al. Measurement of large
convex hyperbolic mirrors using hindle and stitching
methods|[ J].
51(7) :856-860.

LR, sy, BT, . ARRRE R A A
BRI e A 2 2% BRI B i i sE (1], T EDE %,
2012,5(3) :263-269.

MO W D, FAN Q,JIA J CH,

Optics and Lasers in Engineering, 2013,

et al. Determination of

optimum positions of incident spherical wave and

reference spherical wave in testing aspheric surface [ J].

Chinese Optics, 2012,5(3) :263-269.

a0, EER I 6 B 34 MR A S B £ HL ek Im B
NALT]. BF g5 2% W, 2015,29(10);

1550- 1556.
LI J F. Calculation and application of the best-fit sphere

in root mean square of the gradient of the asphericity

[10]

[(11]

[12]

[13]

[14]

[15]

[16]

DMRBIRZEFMELT]. JeT2#4R, 2016,45(9) :93-98.
LI B, LIU X, KANG X 0Q,

et al. Compensation for

center offset error in annular subaperture stitching

interferometry[ J]. Acta Photonica Sinica, 2016,45(9) :
93-98.

T, FE, NG, & ARRRIE AR08 10 5T U1 T
WA SRR )], 90OKEOR 5R% TR, 2013,
11(3) :261-270.

WANG Q W, DONG SH, SUN T, et al. Non-null lateral
shearing interferometric testing of aspheric surface and
wavefront reconstruction [ J ].  Nanotechnology and
Precision Engineering, 2013,11(3) :261-270.

YI L., ZHANG X, HU H, et al. Equivalent thin-plate
method for stressed mirror polishing of an off-axis
aspheric silicon carbide lightweight mirror [ J].

Express, 2020,28(24) .36413-36431.
TP KT AR ™ AR BR R GBS R

Optics

AR[I]. PEYE, 2016,9(1) :130-136.

WANG X K. Measurement of large off-axis convex
asphere by systemic stitching testing method[ J]. Chinese
Optics, 2016,9(1) :130-136.

CHEFFOT A L, VIGAN A, LEVEQUE S, et al.

Measuring the cophasing state of a segmented mirror with
a wavelength sweep and a Zernike phase contrast
sensor[ J]. Opt Express, 2020,28(9) ;12566-12587.

MACMARTIN D G, THOMPSON P M, COLAVITA M
M Dynamic analysis of the actively-controlled
IEEE
2014,

, et al.
segmented mirror of the thirty meter telescope[ J ].
Transactions on Control Systems Technology,
22(1) . 58-68.

FEE, X%, T,
RS M R et [T ].
2015,29(5) :766-774.

LI'Y X, LIU CH H, WANG J L, et al. Design of large

8. REIVRI G F LA
HL 0 A R

telescope primary mirror position resolving and monitoring
system [ J ]. Journal of Electronic Measurement and
Instrumentation, 2015,29(5) .766-774.

P, SERAS, BRIRAE. 23 [A) K P BRI BT JH AR LA
MBS [ ], AR, 2021,42(6) :1-8.
SHAN B W, XIN H W, CHEN CH ZH, et al. Design

and analysis for focusing mechanism of space solar



% 6 1

AR AR L THR/DN PV AR AR BRI 4 7 b s )5 vk 37

telescope[ J ]. Chinese Journal of Scientific Instrument,
2021,42(6) :1-8.

[17] BpfEse, B, EBE, % BOGRESUGIR A&

eskm 7 BB [T]. WG AE, 2021,42(2);:
299-303.
CHEN ] Y, WANG C, HUO T F, et al. Research on
detection method of large-aperture aspheric surface by
laser tracker [ J]. Journal of Applied Optics, 2021,
42(2) :299-303.

(18]  EZFih. WOLRERAUR KA BRI mIE B9 77k 1], Ot
FeE4R, 2012,41(4) :379-383.

WANG X K. Measurement of aspherical surface by laser
tracker [ J]. Acta Photonica Sinica, 2012, 41 (4):
379-383.

[19]  EZm. FIHT = A FRill A HAS I R F A= AR BR 1 T
B[], AN SHOE TR, 2014,43(10) :3410-3415.
WANG X K. Measurement of large aspheric surface by
stitching and coordinate measuring machine[ J ]. Infrared
and Laser Engineering, 2014,43(10) :3410-3415.

[20] CHEN W, CHEN S, ZHAI D. Coordinate stitching
measurement of highly steep freeform surfaces [ J ].
Measurement science & technology, 2020,32(2).

EEE T

ZBHE 2014 F TR RS2 R IG
2R, 2017 AF TP LSS R AE AR AR o7
17,2017 HE—2020 4E T A Tl AT TALI,
2020 24 V4 LA KA RS AT,
>4 EBWIFETT 0 RS AR RS 2 2
FI RN AE
E-mail ; 1an15837568334@ stu. xjtu. edu. cn

Lan Menghui received his B.Sc. degree from Huazhong
Agricultural University in 2014, and received his M. Sc. degree
from Xi’ an Jiaotong University in 2017. He worked as an
engineer at AVIC from 2017 to 2020, and has been a Ph. D.
student at Xi’ an Jiaotong University since 2020. His main
research interests include precision testing technology, large-size
complex surface inspection, etc.

FL&, S l4E 1988 4F 1991 4F I 2004
N UE S S THPNE 2R b o e o AN U e 1A
FIE AL, By PG 22 58 38 R~ 4% 1+
~ A, SR B ST TT 1) Dk A A AR T
B v .

E-mail :1b@ xjtu. edu. cn

Li Bing received his B. Sc., M. Sc. , and Ph. D. degrees all
from Xi’' an Jiaotong University in 1988, 1991, and 2004,
respectively. He is currently a professor and a Ph. D. advisor at
Xi’an Jiaotong University. His main research interests include
precision test technology, nondestructive testing and large scale
complex surface inspection, etc.

B CHAGIER ), 2012 45T DU )il k%
RAREE A7, 2018 A T4 LA K27 AR A
T 247, 2018 254y P 2 S Ry B B
B, FEWFETT ) R KA RS
SRR A
E-mail ; hill_wx@ xjtu. edu. cn

Wei Xiang ( Corresponding author) received his B. Sc. degree
from Sichuan University in 2012, and received his Ph. D. degree
from Xi’an Jiaotong University in 2018. He has been an assistant
professor at Xi’ an Jiaotong University since 2018. His main
research interests in precision testing technology and large-size

complex surface inspection etc.



