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Measurement of Angular Displacements of Aerospace Joint End Faces Using
Dual-Beam Digital Speckle Pattern Interferometry

HAFl : | PERIZE: SARE
FB14ID : [ SST-2025-0454.R3
BiE=E . 18X
{EEIR3CHER : | 2026-03-03

Eive], REH, EiGE, MR, BINE, =8, ¥
S5FEFR |, =B, BE, X, F85, FCx, 58T, =
= KISE, (T8

| BRI, RS, AT, (R,
R (ot BERRR

v ST
ZRIGTE, - [ FEEFETE
T

http://techen. scichina. com



hERHE . AR

Page 1 of 12

FRERIE: ARF & (FERZ) it

SCIENCE CHINA PRESS

SCIENTIA SINICA Technologica tech.scichina.com

O©CoOoO~NOOOTA~,WNPE

it X

FF X6 RT3 B R 5 5 3 11 AR LS

) &

IR, REST O ETERL BHRAES, BONES EED FFED B0 A
F3XNEK2 FEG, B! BT, AERL KMWE 4 HLiELS

JEHUE BRI AAE R 5oa i LR 2B, Jbat 100192

[ A (A B R BT AL b b EESE) HIRAE], b5 100094
oh [ 2 () B R BT AL B b BRI TR AT, b5 100094
E-mail: swu@bistu.edu.cn

1
2
3
4
*

X HRRHE RS (G5 52075045) 85 B

o [ 23 I AR FE B AL 522 ) RAT 38 BRI, JEsT 100094

WE  HEHRIEENIE TAUR LT 5 E A AR E — B2 H 0N F B, FRAES IR
AEH. AXRLT —HETEFRETHHANAMAR RN 0NE =LA ACENE 7%, BETHW. FE
FRERACENNERE, &E5HMMBERAE A REE, 78R AT X X 5n @ AT E LR, AN
ETMAATRAMGENHOA. REAFREAWESEN, ZRERHAFRMX T B R ALY SR
EEMEAMMERRKRR. ERET, BHENRMFREACHENELFA A 1.5 prad, REALHNE S
BN A A0 prad, BAET W ERLHAKYE. AFRAMART ERET THEHFETERET HRNEFE,

MATHERITISEMENERERSENE

XA

Brwmu Ty, MANRE, MAXT, 2R, ALY, BREAE

1 5%

UL AU A ) 3 P VT 1 B, BE R TR
AR5 AE IR 55 55 R B BOR 1K kg i H 2
. Rk, BRI SR SO RN URE R SRR
JEE 7 BT FE IR ABIE T, FLA B TR R HAME. L
BB AF I WURAR S5 H O HAT LR, R SRR
OGP AR 55 N, T L S AR D LA 1) A
AT BB, AR R AR R PR 05 ) i o 28 A E T
IR, il BE A T RE 3 BOC T i i 7 AR AN AT

© 2025 (FERIZE) FEHE

WS BRI XT F AL A, 7 5 LR R i R R
DAL, b T e R X6 v S TGS 514 S ] AR X £
PE RS (RS I 5, X VP Ak AR BT e AT 0L 45 A Bt
TSR HEE .

LR, WHIHEERRNE RS it i23)
PR 55 2 11 &8y T IO B 2 gk U, SR, AE T
W iy A0 T 5 73 55 A e LAY, 549 s 1D 41 52 4% FA) G
T N2 A7) A7 A S 2 RO, A A IR G 75 1 1 A 0,
W6, R BBl AR A 51N ISR 3 L il A ¥
25 51 6 1) i T 45 R AR TR A RO, TR T O

www.scichina.com

http://techen. scichina. com



O©CoOoO~NOOOTA~,WNPE

hERHE . AR

WETTER T EETE SHEE. dbAk, Mok 017 I 5 2ok
FAALHE W B 53 W 7098 B AR G, 33X 6 & AR St 0l
BB IRE iR T R K.

LR DR 1R A0 i AT AVD 4 s 428 A1 BV P
2R T 2 MW EE0E, RT3 R & 7k
3G 2 HR kB S i g AL U8 A5 ) &0k
- HOkRREEE S ROk, Kb, Z2 B
W G EL R S BRI Bk S R B R A, R
B, o ik a2 O i 1A AP 0 I B TR SR O
BV I R O R B A SO B, R SOk
FE AL B U BRI 25 b IR O B A A% B S B A T
ZHAR RS EEE . PR E SR, I
65 Z RN B LI 2 3 B . SR, &
3 v O B ) O 2 S S T, M DA B4R P T R RS B
IR, HZAESR SRS T2 BoeT
VUV R S I AN K G A 4 oK G 2R A S I B 4 #E D,
#0543 J7 28 T S A K KV B, aE e A
5T AL BN A R 2 A S RO . Hi%T7
EWAAAE R IR, BRE RIS R A AL, BB %%
RHRMERMMRREIRE, FORUEH 5 5 I
i 14 2 T DRI E PR 0 R 22, IR DR = IR IR A B R
FasE ke, E— BTt 7N A g 16

A v IR 58 A P T R R S 71 i 1 A 67 2
wI, WOt A EESERBOET IR
Ber) O BT, ARAE R RRE. —J7 i, 32 A
BRI 2, A I R AR R SORHE S A
X fE 3 IR B 22 36 RO () =) 8 A AL R4S B TR
IR i 0 E v (IR TR PR 52 R 2 R AL g 7 AR AR Y ) A
R 5 AR T, B B0 e DL S i s [ 82 A4 A s
R p A FAd,  HL G = 4t 00 s S, AE DL ST
Ui [ % s F — AR TR SCICAE A, T vk 52 3 v
Wil #1 o #% 55 22 T 31 AR T8 () 6 RS, 5 B0 &
25 RS RMATE W TR 2, A REHER R ALY
SPRIEEARAS. H—J7 T, ERRIAEE N A
FE R AR AE, R BRI B A2 A 2% 3 SO B 5 O 719 o
MRAED =B IIKA 48, & FEERE 2R s, &
A7 it 22 BN & AN K%, [A) B v I UL 348 T R 52 e A B
ARG R E T, REHZRATEGI K RE
DHEEARE W ELS R, PCEZm R, AL
JELIR IR e A JEE A S R A I 1) 75 3K

o7 BB T W H R (digital speckle pattern
interferometry, DSP)!'V i T H 4237 A0 0L K&

0

REEERVRSPE, T2 M FAURATE . B S: . TEdi
L N RS 2 ) 18 4 % SO . A% G B WO T R
T B T A (AR T AN A I B0, DO R B E
TAZAARRT T A Az B I U R BRATT A
T B3 1 5 O T I SRR B £ 38 30 ) B AL
i, Al B T TR RO T IR A IR T
TR EATA DR A R D), DL = A A
H [ B 00 52 7 95 200, it DU 396 1) R P = 4 o A3 7 0
R, R 7T BOE T EOR R R HE AR
FEVFRE T ik, REA RCPPAli I B U Bk L 271,

FERAVERH RS, SR B RmESeBl 74T
U 0 =4 2 R R BT O T EOR, A=
2 A7 LR 1 R I I 4R (4 1 PR A 5 R AT PRI IE.
(HAZEA T EE T i R PR 58 R 95 X0 i T £
R SCPr I &, 731 i % 22 BLSEPRAR: b J5a 5
I AR DS, D AL R 9 KRS S T 0
BFOR; MRS AL E R EUD, R T 65
) REAT B, M DUORAIE = SREOE DU FR A BENI 28
S T, 5 0 1 00 5 R AT PO AR 2 A% (19 45 T AL 2
FE R RIRIABE T, 51 b 1] AL T A7 AE FRAE T A AN NI 1A
FRAE, T ERECE I IR TR 7 X PR IZ 5.
DRI, 75 O JE I (0 B HORE T30 = 4 A A (R I
Jiik, WAL, IR AT A SRR L B ik
ThRE.

AT T — R AT 0O RO O TP 5%
i T =24 A A% D Ty . A A T T P
BOLEK, SEBL=ZE MR RIS &, R OREFF 15
R INEAL 7. 8 AR 555 W 1 20 9 A BB, fie
A BB B L e S T ik, SR T R RIE AT
R 0 TR AERS REAT A id 8 A AT A A 0 i 00
TR RR R 1 B VA 5 4 H it SR O T e
(ISR 5 BOR S,

2 5% v I A LRSI i

S T 20y BOR T 20 0 B0 5G4 i A 52 42 ) B
Jerg IR B 1. Botas AR B A B
17 AP, Ferh G 1 2 4 o [ A £ e il 5 7
T T G, o —WOG Gk S iE 1 B A M 2 TR Rk
RPN, 2306 R 2 R 3, Herbotil 3 5o
W1 RS AR, PIHOGERIRIT 1A 2 Ry,

http://techen. scichina. com

Page 2 of 12



O©CoOoO~NOOOTA~,WNPE

hERHE . AR

EBE BORERE 2026 4 R SR

HITIFEA 3 1, AR EEH 1 R AT I AL
BWAE T, TERIREE MR L:, S5 TLR 2 i,
ZOLRY A G WA E BB b, P ENE R A2
HAREE AN, SOEH 1 RN B
T, RN A 5 e FE A e . tn] DUE L
3 52 RV 93 52 45 BOR SR S B RO ) [ I e 3%
(4281 BLI JE OGO e, PR TR S AT R D

B 1 (ME R ) T 55T i i A AL R B DSPI
%

Figure 1 (Color online) DSPI Optical Setup for Joint End Face
Angular Displacement Measurement
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Figure 2 (Color online) Schematic Diagram of Angular Motions: (a)
Pitch; (b)Yaw; (c) Roll
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Figure 3 Preprocessing Flow of Joint End Surface Phase Map: (a)
Raw Phase Difference Map; (b) Filtered Phase Difference Map; (c)
Unwrapped Phase Difference Map of the Region of Interest
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Figure 4 (Color online) Fitting Process of Out-of-Plane Phase

Difference Map: (a) 3D Visualization of Raw Phase Difference Map;
(b) Least Squares Fitting Results
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Figure 5 (Color online) Angular Displacement Measurement System for Dual Joint End Faces
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Figure 8 (Color online) Transformation Relationship of the Dual
End Faces Pose
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Figure 9 (Color online) Measurement Resolution Testing: (a)

Pitch/Yaw Angles, and (b) Roll Angle, Compared With the Reference
Values.
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Figure 12 Phase Difference Maps of Joint End Faces for Pitch/Yaw Angles at Four Temperature Points: (a) 27.5-28 °C; (b) 41.5-42 °C; (c)

42.5-42 °C; (d) 28.5-28 °C
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Measurement of Angular Displacements of Aerospace Joint End Faces
Using Dual-Beam Digital Speckle Pattern Interferometry

WANG YaKe!, WU SiJin! , WANG HaoWei?, YANG FengLong®, TANG XiaoJun®, LI Hao!, YAN
Yang!, LI WeiXian', ZHOU Yong?®, LIU Dong? NIU HaiSha!, LI RenHao', SI JuanNing!, SU
XinChen!, Zhang PengSong?, Ren HaiLong®
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2 Beijing Institute of Spacecraft System Engineering, China Academy of Space Technology, Beijing 100094, China
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The precise measurement of relative angular displacements of aerospace joint end-faces under ground-based high-low temperature
simulation environments has long lacked effective solutions, adversely impacting the success of aecrospace missions. In this article, a
three-dimensional relative angular displacement measurement method for aerospace joint end-faces based on digital speckle pattern
interferometry is proposed. By establishing measurement models for pitch, yaw, and roll angular displacements, and incorporating
parameter decoupling and angle synthesis algorithms, experiments were conducted on joint end-faces under varying temperature
conditions. The method accurately measured the relative variations of pitch, yaw, and roll angles between the two end-faces of the
joint. Experimental results indicate a positive correlation between the synthesized tri-angular displacements of the joint end-faces and
temperature changes. Precision evaluation demonstrated that the proposed method achieves resolutions of 1.5 prad for pitch and yaw
angular displacements and 4.0 urad for roll angular displacement, validating the effectiveness and reliability of the measurement
system. This study provides an effective approach for evaluating the motion characteristics of aerospace joints under thermal loads,
offering valuable insights for joint performance verification and structural optimization.

digital speckle pattern interferometry, space robotic arm, aerospace joint, pose detection, augular displacement, high-low
temperature testing
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