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Fig. 1 Antenna panel structure schematic
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Fig. 3 Three-dimensional coordinate measurement schematic Fig. 4 Faro 3D laser scanner

KRB TR 5 BT 23 1Y 1432 07 PR B (18] 5) o i A8 i A1 3 T AR 6 i T Y9I ™ 4% Ak T
— A LU0 T 4 e AT U S K A B ARE Y Y AR AR SR o AR S T AR R ) 0 AT LA e e
F AN ITE A bk, 2 37 R 28 T 0 0 o A bR 2R 5 R R BCTT A b 2R 2 0] O 0 G R o AR AR BR e 4 O AR K

0612002-3



P

B = A O 18 SO 2 B B I AR AR R R BT A B 2R AR AR Y B 48k

H5 RETOmRLERYERNTE

Fig. 5 Wuging 70 m antenna panel deformation monitoring schematic

PRIST J7 A 5 0 A A A o R T < 3 i 52 Ly 3 IROST AR i TS AT s B L AR S s
AR bR 5 DA% B 0 R B, 37 5 VR T AR X A S A B Dl B AR SR R AR A R ARV AR AR T A i DA T T B AT A
755 A0 T TOUTED g R R, MR AR 0 R R R AT AR DR, A5 B R A TOUS AN 2 s SR P TR R Y B AL R R —
FERIE 2B A T s 2 L IR A5 35 A TR 5 G A 2 B 5 SR T T A A ) BN AR B LA T
TR P TETARE A 308 2ok 22 YR AR, AR A TOUHT i (0~ TR S 480 g HRORH [ 20 R Ak L, 5 ol ke g A/ 3 THT i 2= 830 i SO
S T AR TR A 8 5 KR 4R S A I JRE T T RN A0 3 T B4 A B2 £k, 4R BRI I R A 3R T G B 2R, BOH R e 1 SR 3T T R
FE AL bR o

R UL FD IR e D = A S 5 VR R AR ) AR T S K 2 T AR 1Y) A 2 SO R R T A e A AR £
T, e 26 552 30 S I A 2 5040 AN B A R (X R TRC ME DD R o R TR T M 19 2= SCH S I 0 OB OB TR v RO AR
HARBULFE, 2 LAP3D 70 m R I8 AU A HL .

2 LAP3D ¥ IBEE %

IR 2 THT AR A B A 2 B0 A MR R TR AROE A8 |, 75 8 X5 K 4 1T A s 2= 500 0F 47 008 dplz Ak 381, 0 MRy o
PR R 2k TE Al i 2 BRI 5 O 0 T Al S T R 2 B8 AI R  k Ti Af 3E ve AR B Y T5C o L DA S B S R £k AR Y R
B ) B AR R Y FE B B R 2 AR i TR AR (R L
2.1 HUIERK

ST SR 2 T B A s B A A R T R A s B R R R S B . AR A B AR S SR TR R R
WAL 3R, FRAT 5 BT i R 2k AR A = B -

F SN 5 K 2 T MR S Ao AR v, 2 I R AR TR %) 2 B 5 RO TR I B O, — A R
HROA] e A2 W B AN [R] 4 A3 [0 g 52 539 516 BRI 7 A A W P ol R O i o R o 32 B AR Bl KL TR BE A S e 5 |
R R S PR R S PP AE AN S B . AR R 1Y R S B AR s BN e s s
B R 4 T AR 5 U RN R S SR T S AR Y A s R R T AR A B Y A s Bl o R R R T R A s B R R
L, 885 —# 2k J Statistical Outline Remove 535 X %L 45 2= 0P8 3547 8011 08 0% 5 55 — 4 >R ] Random Sample
Consensus 575 X 25 22 B8 64708 5, 4% R0 T RS DR 10 05 2 5000 0 AT ) 5k, O EL G IR T R AL s B HlE A T
A, BRA = T AL Y R B 5 5 =D X T A B AT e R O RS AR = B 2 LA T R R
B PR AT R D, B 2l DA A A RS B s B A e A D
22 FEHEFRRAMETEIRI

3 2 005 90 0 T v S I SIS R e A A R e A R R B RS T v . B U DAUS Y R s AR 2 e B Y
KL TH R 2 B, 3 I A 2 BSCA A A A S B 4 T SR AT RS B RS I T B B R L AT 6 S
BRAR ARSI m

0612002-4



AR, A5« O 2R SR TR AT 7 DR A ) v UK JE 23 A

R I e AL L& 4 ) 1T Y 6/1\?}%5(,dl-\a’y\dn@,,\@ﬁﬂd/,EEP d.d,.d. 8 0 fAE LA I ) TS AR
X T By 1 TS B D A i, (O, RO A AR B 4R A T A B A 2R A A Tl e Ly BRI A R B AR
feim IR R MCAERE , o 30 mo BLIS 4 1f Jr B AN f A4 4005 4 1o 7 A T 0 il 2Rk
71 Pyt
z= i (2)
—d) +(y—a,)
z:(x ) <y ) +d.+y D, —x, (3)
4(f+d)
KT (7 N
e ~1(1d~”) (4)
a(f+a) Y\ S

B p AR A3 (2,0 3,0 2, ), 5 SIS 25 /() 3o ) ) O T R 22 A, TT LA 255

Azﬁ:z/”_zP:z;_< Zp 761 _761 +d. +yp@ Ip@y_%

BT AR AL U (s ) T8 s A B RS I3 0 A 2 (e, s =)o S BLSEIN A 5
SRR B AR A S FE R 1 L FC A 160 352 9% 1O - AU/ 0

d, (5)

Tu‘ZZAzf (6)
T AH B /N S R RIS Y S22 50 s S 0, [
0Te _ 0T _ 0T _ 0T, _, 0Tu _ T,
ad, ad, ad. B, o, od, (7
Ak 18 vl 45
A,B=H, (8)
A
QEE R S
Ziop Aoy ZI 2” 21 “gr
n l\- s n \2 P _v s
Sy D LeIedy
A”: s 1 s 1 (9)
L "N V5% X
TZy Y& P N
275 X zz EWZ flzf
QECINEE T A N
55 SF o S 20 57
p=[d. d, 4. . &, 4] (10)
H,,=[2<z\.—z_f>xx j(zx—zf)y\. z(z—z’)z 2(2—2’)} (11)
s=1 s=1 s=1 s=1
AT WD RZE AR TR EZNRER T d, TR A,Bp=H, 4N
A'D,A,B=A,D,H, (12)
o
d, 0 0
p—|% & = 0 (13)
0 0 d

WENFI>00i=1,2,,n), HEELH

0612002-5



P/ R 4

ns;r;
d,=
: (14)
i=1
\ . N PP . CLY , .
K SRR s, N I (A RBEE (2 yi2 ) B O R AR TR, = 1 — T SR B T

7 XS B G R, CR R T, R R 1148, £ R FE AT B R AR E 5

T 28 SRt BE 5 V- 88 2 850, 04 S0 T IR 4 1T R A 2 B3 AT R T R i 2 Rk RS RS, S S
I = T A, 2 R R B O R Y () R T A

R FFRG B v S B4 R 2 T S, 2= 5030 |, 45 R 4 A A0 = 4 T R R AT H A, TR N G s R R R
) B Y ASE A 1) B B, R BOR 2k 1 RO AR A .

R 25 T AR 1 B A A O R 2 e B — SR AR A5 DR 2 T A 1) — A B AT O — o O AT ) Bl e A
AR I AR AT R LR T AR R L AR e T L S B B R Y B R b R AR A £ s Sy 1100
TIA A2 = Mg R 2 200 754

RER T HF G 5, 25 K00 2 500 074, B % 2 J5 S A5, 25 50008 R 53 T3 A~ i 2 B0 s AP A7 A8 T B AL 22 .

FEM Ak B R AS B A B R AU AL R R AR AR 5 B B LS = Ot BRI B iR 2
3 AT Ml TR G, 2 I AR O AR D R 2E A IR A . R AT AR R L, AN R — A
7 BE T AR AR R Z S T A R T2 B3 P T AT s B T A B 1 - B E N Z s TR AR i 0
AR vl et i 8 I I e R S R B i W PN - AN R - A A g R A =) i SO B2 B /B U
BUE , YA A5 BE BT R 0.2 m RICR S i o 416 0 40 BT IR A8 S, AT LU A 1 ) B DO o 05R 25 (S . e,
A5 3] g SR 6.4 T7 A, SR EE M 0.2 m,

3 NEBEMUERSN

MR R Z 13t RERAM 48° T8 A8 it e/ PERE I , 70 m K2 AE 52 B i F o, K38 43 BF ] T4 26 ARFATD
FARE 2072 70, PR, AR SCHEH T 207,487 70" =AM AR #E AT R 2R T A8 2= 508 04 3R IBORI 43 17, ) FH 42 3 43 1)
W5 25 S AR AR VAR TR AR R I R GE i Bk 3 . 454 70 m REAE 207 A8°FN 7O R #1 F 14 45 2= TN &
B A3 AT T IR 4 T AR i AR 1 T R R B O N R T AR W 25 A DL R R
3 REUNRGHUEEEDHT
3.1.1 ETAMEAREE

SR BOC I S RS S50 A I T % TRT ARORITRI DU ) AR BRORS B S50

WE 6 ff 7, 76 = 48 BOGH HALRT 7 10,20 .30 m Ab 5 B 2 1816 W 09 T8 AR, FH = 248 800 41 48 40K T A
22U it BCH T AT R — A A5 B A Dy T DN 2 2, SRS o b R A I 1 O 25, T MLAE 10.20.30 m
b AR E 22 BT 0.3 mm (A0 1) o (22 (8 N 1~2 mm, AT BE & 78 I 5o 72 b RS = B s RN B se &
By DA I T AR AN S 58 4 e W B0

B 6 LmOLWESER W7 BERRAR
Fig. 6 Smooth surface panel Fig. 7 Target ball layout

0612002-6



AR, A5« O 2R SR TR AT 7 DR A ) v UK JE 23 A

WE 7 FrRpr BEATE T 6 N HEARER, Horh 15 1 2 5 80 AR BRIE B FH X 10 m, 35 Al 4 5 ¥ AR BRI 25 14
€20 m, 55 F1 6 S AR BRI B 36X 30 mo FH Z4EFOGCH AU AR ERIEAT T 7 Y A, 38 0o X BR i 4 421
A OATEERORNE . £ 2N 4RO RN R 2 Ge i, T WL 6 S ERARER A9 X AR ARARME 2 | Y AR BR AR
22 Z A B PR 228 2 1 mm I 520K5 B, B 2 00 B A oE 22 39 T 0.3 mm.

£1 KFEERSKUSHREDF

Table 1 Deviation analysis of multiple measurements of horizontal panels

d/m Maximum/mm Minimum/mm Average value Standard deviation/mm
10 1.12 0 0.08 0.18
20 2.66 0 0.03 0.22
30 1.15 0 0.01 0.27

R2 FREBLBIRKCENERE DT

Table 2 Analysis of measurement error of target ball position at different distances

X coordinate standard Y coordinate standard Z coordinate standard Distance standard
deviation/mm deviation/mm deviation/mm Deviation/mm
Target ball 1 0.16 0.16 0.12 0.18
Target ball 2 0.20 0.15 0.15 0.13
Target ball 3 0.20 0.15 0.15 0.13
Target ball 4 0.24 0.23 0.13 0.11
Target ball 5 0.25 0.27 0.49 0.18
Target ball 6 0.57 0.34 0.88 0.21

3.1.2 HAFEME LR
Pl SO0 b3 6 A S AR BR A7 B R AT DU B, VR D b v LU o B 4 il SO AR R Leica TS60, f K
BED9 0.57, T H e &t bR o ¢ 308 L= 4B FOGS i A0 2 0 # AR Bk 2 18 A AR G B S 5 e ol (S0 4 A 40 A
R IA)RH Xk B 0 i 2 o A ASC e DN 2 2R A B o 25 /N T 0.60 mm
F3 HMRKENEBNERESN

Table 3 Target ball relative distance measurement error analysis

Distance between

Maximum value/mm Minimum value/mm Average value/mm Standard deviation
target balls
1 and 2 1.64 0.94 1.34 0.25
3and 4 0.93 —0.57 4.3x10°° 0.50
5and 6 0.96 —0.74 —1.4x107" 0.54

Zi b, SSRGS RAE 10,2030 m I 5 % M A4 TH0AORT B AR Bk 0 A I RS T 0.3 mm., =4
T A A SO 4 3 SO A R 00 A5 B X EL S W s, A I e 2 O BR ME 22 E 0.60 mm LAY B 0E T — 4
T AN 2 )G A T SR
32 BAESERBESW

AT AR IT 6 30 AREE R A b, Herp S A S B A bR R A(—2.98,0.58,3.26) VA (—2.53,
1.68,—3.27) \A,(—1.70,2.51,3.27) \A,(—0.62,2.97,3.27) .A,(0.55,2.98,3.27) .A,(3.03,0.02,3.27), #
R 2 2% 5 = BE Ak R, R,(3.03,0.0,3.27) (R, (2.81,1.16,3.27) \R,(2.15,2.14,3.27) \R,(1.18, 2.80,
3.27) \R,(0.04,3.03,3.27) \R,(—2.97,0.60,3.27) o 8 ik 115415 H e 5% 40 B A0S AL B Se B T S0 =
BHE 55 SV AR A C A B 20 TC VRS B2 R 0.23 mm, JiC #E LR i 51 8.

i e ANV B G 4 G R Ry

X x
Y|=R.(a)R(B)Ry)|y|+ T (15)
A4 2

0612002-7



B8 Rz BAEmENR
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N85 m’, JEAE & N 1.74 mm.

A DL DR T MR T 78 BSCHE 04 B /AR 1 22 R AE 487, AR BETH R, R AE AN IR A0 £R 32 e, R 4 1 A 45
) A BT, B0V AR bR E 2528 K IR A RS RO TR AR R K
3.5 MEBMEIEE S

R T 43T LAP3D I i 850% , Ge it T 70 m KR M AUE AR o B 4 A 3895 I g B0 e 1) o b 08 SR 46
IR A 90 s, o 25 B0 BE i 5 min, 15 2 208 9 I 10 min, &5 2 B0k B 4 30 min, L IE S #REL 10 min, B2
FRGE0T 1A /NI LA DY 58 S N SR S AL 3

55 i A IR 2R AR A W Dy A B (I3 4) AR SCHF B T 45 R 05 18 I R AR 508 B Ak B0 N
RO H R R A B R S SR A DK TR S R ] O R v A v AR A L AR Ak B R R R A
PR (i) 55 K 4 T Al T R A LA 00 R R 2 R B KA R Ak AR s ) 0 R R S R T B T AR Y LR AEL . &4
A5 5 ) R A A% S 40.00 min/ 100 m?; 78 37 i B 42 83 B SR AR RO J2 102.04 min/ 100 m*; 48 52 W & J5 v 1Y
RAERCRIE 3.06 min/ 100 m®, 45 52 M i (14 £50 4 b #5032 27.55 min/100 m®, U 5 208 J2& 30.61 min/100 m*;
YRGS BORERCESE 0.04 min/ 100 m?, B AR FEAL 1,43 min/ 100 m?, U & 850% 2 1.56 min/100 m®,
S EFOCHE AR R LB T A AU R 5 A A R ERCREE & T LT A TR
SEOTIRER S TTAS . ARS8 U R AR S L 3 T BT RO A BRI A A BT . = 4RO AR SO X T A S 4
75 ¥k B BN b B R T 194 MR ORI B T 2045 . BT LA, AR SCRT A8 P = 4 SO 1 A R 4R 1 AR
T8 A5 1) 755 R0 3 R it v, SIE 3T e 8038 K 4 T A 72 W I ) T g
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Table 4 Comparison of measurement efficiency of various antenna panel deformation measurement methods

Measurement method Measurement accuracy and efficiency

Antenna area 600 m?, acquisition time 4 hours, measurement efficiency is 40.00 min/100 m?,

Longitudinal method :

accuracy 0.5 mm "

Photogrammetric Miyu 50 m antenna, 1 960 m®, 1 hour date acquisition, 9 hours processing, measurement

measurements efficiency 30.61 minutes/100 m”, accuracy 0.4 mm"”

13.7 m antenna, 147 m” area, 2.5 hours date acquisition, acquisition efficiency 102.04 min/100

Radio holography :

m*, accuracy 0.16 mm"’

70 m antenna, 3 840 m” area, 1 hour of date acquisition and processing, measurement efficiency
3D laser scanner method ) )
1.56 min/100 m*, accuracy better than 0.3 mm.

4 Hie

LAP3D MR 2R A2 2 4030 ab B, 45 1 R P A8 &, BEA8 A8 — > /N F A 58 1, AR 3 e 07 0 B0 ) 4 &
KR A =, SE T RO R L T AU A2 W . = A O A 1 ACH A T S B I R R R T R
JE 9 38 A 4 vl A8 IR B ASORG 2 T RE P, RO A O B R A T AROE S IR B KRS L S T R
JE R T HIEAS M . R TH MR = B A0 A B O R R AT T AR A, MBI SR A B BN Ak S SR A T R
SEELT A SR AR W

R AR SO 1) LAP 3D, BE A AR ML 70 m 1A% R 3 IR 4 T AR IV 228 0K 5 40 19 T8 72 1, 5 4% 4 () 4t J7 ¥ 4R
YRR 2 T AR A2 R L, 7 ORI I RS 2 AN e A0 A 195 0 T, DAl B2 4 i i 28, T LA PR 5 A T R AV £ B2
T A IR £ T B R 0k R 3 A D RE
5% 3tk
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Rapid Inspection Method and Accuracy Analysis of Large Antenna
Panel Deformation

FU Lianbo'*, LIU Jianjun'’, REN Xin'*, YAN Wei"?, KONG Degqing'*, CHEN Wangli',
HUANG Hai'*, GAO Xingye'
(1 National Astronomical Observatories, Key Laboratory of Lunar and Deep Space Exploration, Chinese Academy
of Sciences, Beijing 100101, China)
(2 University of Chinese Academy of Science, Beijing 100049, China)

Abstract: With the rapid development of China's planetary exploration project, the communication
requirements between spacecraft and ground are getting higher and higher, the antenna aperture is getting
bigger and the antenna panel structure is more complex. Large antenna use process, by the temperature,
wind, frost, rain, snow and other natural factors, as well as the role of their own gravity, with the passage
of time, the antenna structure will inevitably deformation. On the other hand, with the change of antenna
pitch angle, the antenna panel will be deformed by gravity. In order to meet the requirements of fast
adjustment of antenna face shape and antenna performance analysis for engineering tasks, it is very
important to obtain antenna shape variables with high efficiency and high accuracy. This paper adopts the
scheme of high precision 3D laser scanner to measure the antenna panel deformation, and constructs a large
antenna panel deformation dynamic detection system. And it was applied to the largest fully movable 70 m
antenna in Asia at Tianjin Wuqing Station, which was constructed by China’s Tianqin—1 Mars Exploration
Project. By measuring, analyzing and processing the antenna panel point cloud data, the 70 m antenna
panel deformation information was obtained. According to the characteristics of the point cloud data of
antenna panel, we adopt the fitting paraboloid specific algorithm for point cloud data alignment to realize
the alignment between the point cloud data of theoretical model and actual measured point cloud data, and
achieve high efficiency and high accuracy alignment after many falls. The statistical algorithm removes the
discrete point cloud data, and the surface fitting algorithm removes the point cloud number data of antenna
structure. Finally, the filtering of antenna panel point cloud data and antenna panel deformation analysis are
realized, which realizes the high—efficiency, high—precision and automated large antenna panel deformation
detection. The data of the theoretical model of the antenna panel is constructed as a grid, and the distance
from the measured data to the theoretical model is calculated to obtain the deformation information of the
antenna panel. The 3D laser scanner deformation measurement method is applied to the data of the antenna
panel at 20, 48 and 70 degrees to obtain the deformation results of different pitch angles and compare and
analyze the effect of gravity on the antenna panel. According to the measurement results, it is shown that
this paper achieves the antenna panel deformation measurement by 3D laser scanner and the accuracy
reaches sub—millimeter. The large antenna panel deformation dynamic monitoring system can be completed
within one hour from data acquisition to data processing to derive antenna deformation variables. The
photogrammetry method, total station method and radio holography method in the process of large antenna
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panel deformation measurement, data acquisition all need one or two hours, as well as the subsequent data
processing also need a long time, 3D laser scanner measurement of antenna panel deformation only need
one hour to complete data acquisition and analysis, to achieve high efficiency of antenna panel deformation
monitoring. The 3D laser scanner has reliable single point measurement accuracy and surface measurement
accuracy, and the reliability of single point accuracy is verified by total station, and the 3D laser scanner
measures antenna panel deformation to sub—millimeter accuracy, which realizes high precision antenna
panel deformation measurement. The processing algorithm of the antenna panel point cloud data has been
integrated, from data acquisition to data processing, with simple operation and automated deformation
monitoring. The LAP3D constructed in this paper can obtain the sub—millimeter scale deformation of large
antenna panel with 70 m aperture. Compared with the traditional measurement methods to obtain the
antenna panel deformation, the measurement efficiency is greatly improved while the measurement
accuracy is not reduced, and the measurement and analysis functions of the antenna panel data under
different pitch angles can be completed quickly.

Key words: Large antenna; Deformation analysis; Rapid detection; Three-dimensional laser scanner;
Point cloud data processing; Accuracy analysis
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