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Tq Zo
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Zd 20
1 1
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1 0 0 0
0 cosa —sina 0
T]_ ==
0 sina cosa O
0 0 0 1
cosae 0 sinf 0
0 1 0 0
T, =
—sinf 0 cosfB 0
0 0 0 1
; (4)
cosy —siny 0 O
T, — siny cosy 0 O
0 0 1 0
0 0 0 1
1 0 0 Ax
01 0 A
T, = Y
0 01 Az
0 0 0 1
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HERRE A — P T SRR BB DO 3%, T DA I AR R 8 ' R A L R O AL, A
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WAk s, [EMESE, UEEHT AR TG, AREENMIRES. RIEDESHTEDL
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. w0 By RERBER O IHARRE, o 207 —4ERTIR AT B ST RRIE 2, n FR FAE A1
M, LD PR o T SOEBERT LA R (R AR
4.4 ERBULAERKEE

T - R AL L G 0, T DA b Y BEE PR — 4 0
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Hrb, Clae, ye) BB OAERNUEZ T F RIS S(z, v) Rl R _ERHEOEE
PR (2, y) Aeb5; f FORMINLEERIMER; D SRR TR,

WA (12) THFARTE 5 CTE A O 7 BAE W B 57 b i) 4R B AR S(xe, ye)o FF
i A S T T AR T AR R R WO 2. MR, RIS REDER ALY 5 K = 4E A bR
S(xe, Yo, ze)r KEHAUNI (3) W FE MK LIk 7N B BT St e,

5 PABAL R St

Nt — 30 AR B S rp UG A PR ARVEAE AT S B SEALRE L, A SO0 BB A B 7 15 K 58 fir
R EEREAT TARRZSEBIR. 2 T B B BLACE 4 BRI BRAL, B ALK
L EAES, A BOC RS . AL Bk 3D & USROG EEA S . AT sk
RS RS EINR 1 PR,

W ZH
TolkAAAL SRR 2560%2160 (500 FifE %)
HK-A5100-GM17 BIER: 6.5%x6.5 um; 1ERIR~F 4/3"
Tk 3k R 12 mm, Bk 1.27
MVL-KF1224M-25MP | 43-##%: 2500 /i, C %6k
BOEMREAL MFEREEE: 1 mm; MEREE: 0.1°
BaFG FeERERE: 10 um; AHEE: BEMBE

SEEGHT, B SR ARNL S Bk T H SRR TR RS RO R R S B ST A
B[, TR G SEOLERHXTZEs), im@d B ar & REmDEZ . okl
PEA R [ A SANL AT OO B, CARf e S AL A i e, i BRAR ML O BT 1 () B
5, BARmE 6 fron. SCIGRT, JooRHEOLES, AN GO B 1 5B SRS
FREOL AT e BE YA A B 05 Bl B 3P 6o e B B — Bt VA BE S AT
. 2ok, BN CORETE M. %5 4 5 TR RAE M BIE 47 db B A5,
AT IREOGEBE RS B 1T T C AR, 31T A5 B ASR 0 ) C B R% B BE 25

A EBE A B 2 il i B 201 6 SCEL,  WOBDE R SERR RS ShE B 2 DA, SERR TR
PSS 55 EUSZ RS B 0 B R AT i 2 (R A5 B0 — S 6 R WA R VA e ARG . I
YIEE LA KR 30 F & R 3 8RG8 R Seie ¥R v 3R 18 K E RS R, I sEi 8 78
PR (BEALAY) 2 BIRIMEAbRHEZE, 450K 2 FioR.

A EERRH, SO MR EE A AL BB R N B AR B g, e AR %
A DA IR R AR AR = P00, FF HLR A 2 (AR IR 3, IR IR T S5
IHER T FIA T R R . Ik AT R a5 R, BATAT LUK L2 MR 1 e iR 22 LA B
% 0.03 pixel (% 0.02 pixel) 7K, X3 BHA ST BG4 BRI AR SR N H RE g R
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F 2 BEEMFROENM

1 ¥l /pixel 21 bRdEZE /pixel | 22 B /pixel 4 2 FRUEZS /pixel
x Yy x Yy x Yy x Yy
[ RS 0.1026 0.0347 | 0.0134 0.0191 | 0.1152 0.0606 | 0.0111  0.0208
—FrELE | 0.0064  0.0242 | 0.0050 0.0121 | 0.0664 0.0092 | 0.0055 0.0081
TFrELE | 0.0231 0.0330 | 0.0080 0.0121 | 0.0687 0.0100 | 0.0045 0.0059
ZFrELE: | 0.0371 0 0.0389 | 0.0084 0.0127 | 0.0843 0.0159 | 0.0058  0.0079
ERRVYZS 0.0200 0.0586 | 0.0062 0.0148 | 0.1157 0.0387 | 0.0148 0.0255
NEEUSTR 0.0096 0.0142 | 0.0093 0.0089 | 0.0477 0.0194 | 0.0153 0.0166

KA

HEM AT E R E S, 4, XS AT DU E, —B BOvEEEE T A7 Z R/ B AR
DENL, JEIE EIREHE T CUE B, RSO A G T ERINEE R, — B E O SR R AT DA
I YEFRE 0.0125 pixel A7,

6 FRBRTIAR 1AL T AR AU 0 B S

N T B8 UEAR SCAR R TR A 0 B 5 AR PR A Rk R S 50 3% 1 IR 1, ARSI A IR
mﬁ&ﬁﬂTﬁ%%@%Iﬁ%ﬁﬂ@ﬁE%ﬁﬁ%T%ﬁ*E’MoﬁF i A ST
SN TS, 2T Matlab X IZBERETEHEAT T EM. fn, A R eHHl i
KA RS A SN R L R AEAT XS L Mﬁﬁﬁﬁ%%%%%%ﬁ%m&§m¥ i 2 i ]
sk, O T IR ZE AT BB A IGIE N B BT, IMOC AR B IR SINGE
(VAP

R BRI G i) B RO A Y 1008 SRS AA AR AG, 360 14 3R ASHE FTIE U
PP REAL— BRI SEGIRT R, FESRI T EAREAFAN A 2075009 45° A1 15° I A R T, ﬁﬁ
JERAILE AR Ja B AR, VRN ESE TR AT Dl BlJE, SR A SO I & 07 vk ik
1T858, PSSR HAT X L. B, TBCERIEAT 4 M sl i8R 2 O, JE mRk A A
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AABR R E A f AR AR AT DS B B OGO CR I BT 1R, JRIRL R AR 1 77 2 R E0s 5 &l
T HIAE miAdhR, WRDGEARR. FRIRET %, W BLRASATE Ja e P i A B A bR, AT 3R A5 1
HROCRAZ &, oK, FIADCH A2 3 B EA TR AL, BISE 3 TR AR MR T AR
FIRNE BB TR A oS H BTG, 5T M iR AG4 RS, 7T LA
RN JG & A AR, IXEEARARRIN A A LS R, e, HIELSRSE
BRTHEIARIE 5 B ARAREAT LU, 13 MASOVARIIN B IR 2. TRAISE REE WK 3 Ak 4.

*= 3 {FIfA 45° RMEHTRAMRER
b=t ks
S & 519 520 615 616
- X | —16.58084588 —17.37749485 —18.23593996 —19.11210009
iigi Y | 127215286 11.609 857 44 13.99141831 12.768 777 41
Z | 5.251740581 5.251 690 669 6.352 309 82 6.352 270 594
X 0.39 0.391 0.503 0.505
KA SR /mm | Y 1.71 1.787 1.629 1.718
A 0.304 0.277 0.269 0.243
X | —16.5808673 —17.37748224 —18.23594944 —19.1120818
ASCMELER /m | Y | 12.72152635 11.609 835 61 13.991 439 28 12.768 780 52
Y | 5.251743866  5.251683756  6.352325076  6.352258 966
X | 214x107% —1.26x107% 948 %107 —1.83x107%
2 /m Y | 2.25x107% 218 x107%  —210x107%  —3.11x 107
Z | —-329%x107%  6.91x107%  —1.53x107%  1.16 x 107%
FEMT /s 1.364 657 981
Fz 4 (FIA 15° MEHTRAMRER
Vit R
& 519 520 615 616
- X | —16.58040933 —17.37721667 —18.23546282 —19.11171886
ii?;;ifil Y | 12.71508709 11.603 515 09 13.984 464 46 12.761 906 58
Z | 5.262280514 5.261890323  6.363400155  6.363126344
X 4.388 4.468 5.191 5.27
KPR/ mm | Y 9.202 9.787 8.62 9.286
A 0.87 0.703 0.502 0.341
X | —16.580420993 —17.37714276 —18.23550228 —19.11163669
ALMELER/m | Y | 12.71508125 11.603502772  13.984475877  12.76192142
Y | 5.262278444 5.261870998  6.363498005  6.363 049 888
X 1.17 x 1079 —7.39%x107%  395x107% 8.22 x 107%
W /m Y | 5.84x107% 1.23x107%° —1.14x107% -1.48 x 107
A 2.07 x 107 1.93x107%  —9.79x107%  7.65x 107
FERT /s 1.548 967 489
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Research on Deformation Reconstruction Technology of

Antenna Panel Based on Laser Mapping Method

YANG De-jin'?, ZHANG Zi-han?, YE Qian?*

(1. Chongging Jiaotong University, School of Civil Engineering, Chongqing 400074, China; 2. Shanghai
Astronomical Observatory, Chinese Academy of Sciences, Shanghai 200030, China; 3. Shanghai Jiao
Tong University, School of Mechanical and Power Engineering, Shanghai 200240, China;, 4. Key
Laboratory of Radio Astronomy, Chinese Academy of Sciences, Nanjing 210008, China)

Abstract: In this paper, a single panel deformation of the main reflector of a large radio
telescope is studied and the six degrees of freedom attitude change of robotics is applied to
the deformation of the reflector panel of a large radio telescope. A characterization method
of panel deformation based on six degrees of freedom deformation of rigid body is proposed.
Based on the six-DOF attitude deformation theory of rigid body, an optical reconstruction
technique of antenna panel deformation is proposed in this paper. This technology can
reconstruct the deformation of the panel quickly and accurately by the spot image presented
by the laser unit consolidated on the panel. In this paper, the mapping relationship between
laser spot and antenna panel deformation is deeply explored, and the spatial deformation
problem of antenna panel is transformed into the laser spot displacement problem in a finite
region. And the light spot image of this scheme is studied, and an effective light spot image
processing algorithm is provided. It integrates the image difference method and Canny edge
detection algorithm, which can effectively solve the problem of traditional Canny algorithm
in dealing with small targets. It also uses the high-precision sub-pixel centroid localization
algorithm, which can locate light spots at sub-pixel level. It provides a new and reliable
image processing method for antenna panel measurement. This study also provides a new

idea and method for improving the accuracy and efficiency of antenna panel measurement.

Key words: large radio telescopes; deformation reconstruction; image processing; subpixel
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