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Comparison and improvement of correction models for
static pointing of level mounting theodolite
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Abstract: In order to correct the static pointing of the level theodolite which is used to track high orbit
targets without blind areas, this paper analyses and researches usual pointing correction models. Three
kinds of pointing correction models, spherical harmonic function, Strom lo and horizontal models, are
introduced and the last one is modified. Then, MATLAB regression analysis is used to analyze these
static pointing models with measured star data and the inner conformity and the outer conformity
methods are used to contrast the precisions of three kind static pointing models. Finally, a modified
pointing model suitable for an actual level mounting theodolite is obtained. The modified pointing
model is used to correct an actual pointing of the level mounting theodolite. Experimental results indi-
cate that the correction precision of the L-axis is 0. 445 3”,and that of the B-axis is 0. 395 4", Further-
more,the contrast analysis demonstrates that the pointing accuracies corrected by Strom lo and level

models are much better than that by the spherical function mode and the pointing accuracy from the
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Strom lo mode is a little better than that of the level model. Obtained results show that the spherical

function mode is not suitable to correct the static pointing of the level mounting theodolite.

Key words: level mounting theodolite; static pointing ;correct model
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Tab.1 Star data of 51 regressive stars
e HWMEL/C) MBS B,/ (D) LA EE L/ () SEM A B/ () AL/(D AB/()
1 20.970 895 1 11.110 145 0 620.970 893 19 11.110 485 2 —0.007 1. 2244
2 40. 589 297 2 25.172 358 33 40. 588 531 64 25.172 715 8 —2.756 1. 287
3 40. 286 180 6 25.293 536 11 40. 285 490 2 25.293 456 4 —2.485 —0. 287
4 43.683 552 8 17.629 936 11 43.682 855 31 17.629 987 8 —2.511 0.186
S 25.756 455 6 —18.421 152 8 25.756 807 56 —18.421 065 1. 2672 0. 316
6 5.312 330 56 —23.298 513 9 5. 312 288 876 —23.298 576 —0.15 0.224
7 5.306 927 78 —23. 297 825 5.306 819 444 —23.297 828 —0.39 —0.01
8 —0.798 616 7 —19.193 083 3 —0.798 921 25 —19.193 271 —1.096 —0.674
9 —5.180 205 6 —21.960 147 2 —5.180 342 03 —21.960 636 —0.491 —1.76
10 —0.885 161 1 —19.192 611 1 —0. 885 297 22 —19.193 063 —0.49 —1.627
11 4.999 819 44 1.474 572 222 5.000 059 826 1.474 461 11 0. 865 4 —0.4
12 —8.071 319 4 7.960 533 333 —8.070 785 59 7.960 061 11 1.921 9 —1.7
13 —5.497 588 9 —40. 642 955 6 —5.498 184 07 —40. 643 144 —2.143 —0.68
14 —19.548 292 —37.995 947 2 —19.549 655 7 —37.997 052 —4.91 —3.976
15 —2.058 658 3 —16.559 425 —2.059 065 3 —16.559 734 —1.465 —1.113
16 4.587 133 33 —23.210 972 2 4.587 177 675 —23.211 081 0.159 6 —0.39
17 7.982 902 78 —11.938 941 7 7.982 966 646 —11.938 883 0.229 9 0.21
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Tab. 1 (continued)

JF5 BURMEL L,/C)  BURMIE B/ SWME L,/ WA E B,/ (O AL/(") AB/ (")
18 —6.540 352 8 —1.538 269 44 —6.540 353 44 —1.538 683 3 —0.002 —1.49
19 —9.236 861 1 7.855 347 222 —9.236 434 15 7.854 802 78 1.537 —1.96
20 17.640 913 9 11. 886 686 11 17.640 858 33 11.886 762 2 —0.2 0.274
21 25.970 711 1 5. 714 838 889 25.970 588 89 5.7147 861 1 —0.44 —0.19
22 17.392 775 11.939 361 11 17.392 783 94 11.939 453 4 0.032 2 0.332 2
23 25.546 391 7 5.852 166 667 25.546 222 22 5.852 155 56 —0.61 —0.04
24 23.859 038 9 —17.603 580 6 23.859 303 99 —17.603 392 0.954 4 0.68
25 19.405 072 2 —19.816 105 6 19.405 412 26 —19. 815 997 1.224 1 0.39
26 16.409 188 9 —21.336 027 8 16.409 480 8 —21.335 903 1.050 9 0.45
27 33.109 616 7 —10.918 261 1 33.110 019 06 —10.918 147 1.448 6 0.41
28 39. 207 847 2 19. 576 630 56 39. 207 285 66 19.576 756 4 —2.02 2 0.453
29 —20.585 3 —38.594 958 3 —20.586 289 1 —38.596 189 —3.561 —4.43
30 —23.701 272 —25.747 283 3 —23.702 113 3 —25.748 643 —3.028 —4.894
31 —24.285 792 —17.326 655 6 —24. 286 405 5 —17.328 129 —2.21 —295. 304
32 —28.683 239 —44.639 494 4 —28.685 324 1 —44.641 226 —7.507 —6.234
33 —31.908 —34.791 591 7 —31.909 421 6 —34.793 499 —5.118 —6. 865
34 —35.802 986 —17.454 819 4 —35.803 838 5 —17.457 243 —3.069 —8.724
35 —42.991 861 —12.770 052 8 —42.992 671 4 —12.772 692 —2.917 —9.5
36 —24.778 847 —17.518 416 7 —24.779 387 5 —17.519 77 —1.945 —4.873
37 —9.263 166 7 —1.788 236 11 —9.263 269 44 —1.788 816 7 —0.37 —2.09
38 —12.282 972 7.502 744 444 —12. 282 408 5 7.501 927 78 2.029 4 —2.94
39 —13.128 442 21.419 797 22 —13.127 335 7 21.418 902 8 3.981 3 —3.22
40 —18. 466 344 29.080 097 22 —18. 464 560 1 29.078 923 3 6.423 8 —4.226
41 —24.315 319 29.242 627 78 —24.313 206 7 29.241 224 7 7.605 9 —95.051
42 —27.450 919 27.735 472 22 —27.448 915 6 27.733 723 8 7.214 —6.294
43 —30.672 578 17.616 483 33 —30.671 336 6 17.614 565 4 4.468 1 —6.904
44 —43.718 244 37.627 644 44 —43.714 390 4 37.624 755 8 13. 875 —10.4
45 —49. 200 686 28.556 722 22 —49.198 14 28.553 562 2 9.166 1 —11.38
46 5.406 033 33 45.352 830 56 5.407 862 153 45.352 608 3 6.583 8 —0.8
47 15.311 619 4 46.673 116 67 15.313 219 53 46.673 087 8 5.760 3 —0.104
48 —14.962 083 21.177 516 67 —14.960 862 2 21.176 485 4.395 9 —3.714
49 —5.807 619 4 12.948 436 11 —5.807 080 92 12.947 697 2 1.938 7 —2.66
50 —7.265 644 4 6.249 119 444 —7.265 065 84 6.248 552 78 2.083 —2.04
51 —7.600 180 6 3.356 008 333 —7.599 959 19 3.355 511 11 0.796 9 —1.79

x2 SHMEMHEILMIEELRE
Tab. 2 Star data of 8 conformity stars
Fe EUsME L/C) HigME B/C) SHMAE L./C) SHUMAE B,/ O AL/ () AB/()
1 35.895 069 4 —12.341 063 9 35.895 247 67 —12. 340 873 0.641 6 0. 688
2 33.375 802 8 —11.049 236 1 33.376 274 41 —11. 049 147 1.697 9 0.32
3 —19. 448 542 —37.940 613 9 —19. 449 869 3 —37.941 761 —4.779 —4.13
4 —15. 343 208 —7.391 397 22 —15. 343 380 6 —7.392 369 4 —0.62 —3.5
5 —2.250 877 8 6.471 055 556 —2.250 370 99 6.470 711 11 1.824 4 —1.24
6 —39.058 781 3.563 838 889 —39.058 575 8 3.561 194 44 0.737 2 —9.52
7 35.667 394 4 27.019 044 44 35.666 965 88 27.019 136 1 —1.543 0.33
8 4.068 291 67 1.543 769 444 4.068 532 058 1.543 336 11 0. 865 4 —1.56
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Tab. 3 Contrast of regressive and coincident precisions for three kind models )
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BRI R % 0. 366 5 0.403 9 0.931 6 0.612 5 2.381 2 6.756 6

s 0.445 3 0.395 4 0.393 3 0.358 0 0.536 7 0.447 1

K 0.467 2 0.422 7 0.438 3 0.405 4 0.566 4 0.412 1

DL o i 19 3 AL T N AF 5 IR 1 B

VA
15
5
s
£ s
2 i i
g 5 PR T
-ab . ACT R BER
E ) ) I J | R ]
'E 0 M:_:f;{u_:_ug_‘ygmpuuuu)wm_ .?;i;"ﬁ-ﬂi':’,f"-"\'l
‘s 14 7700 13 flo 19 22 25 28 31 34 37 40 43 46 49 32/ =
& + ks e
= L'} 2l
if
1
-10
MNumber of star sequences
K1 3 FEEE NS
Fig. 1 Inner conformity of three kind models

ARl o B i) = Fp A T A0 75 5 I AN 1 2 B

IR
4 —_—— —
s 3
= 7
2 == -
K] - 3 / " /  —
20 ' £ | TR o [
& : £ N AT e
g ., \ ! L
& = v ERFAEIHY
j=] 3 -
e T+ 7
| ki !I
_' W
=6
Number of star sequences
B2 3 BRSNS
Fig. 2 Outer conformity of three kind models
Sk

(1] k4w, om0, KPR S F B Ef
RS AT . 2R K % % 4R ,2004,18(2) . 22-24,

M 3 AL L 3 B R K fE Ik 2 A 1Y
EIERCR . (H AT GO0 B S e T R Ul
G BE 3 G 2R S ER AN 7K P OB 4 1 7K 20k
HL 22 S ASCHE DK B AL T BROE R RO 7Y, S R
LS RS i =W R s RS I BT SRR L i D RSy
R HE#RAR 5 H 35 50 T 17 P9 {H BR i eR AORE A AY
Ze—wi . M2 AR SRR SR RIS (A
AH T G TR BRI R 25 B PTIA
BRI eR BB AN TS S 18 IR K AR S AU 4 1)

AR SO BRI L H AR G ERER T X K 2
L5 AL A 1 8 IE A BE AT T B o A A S 5
FE RT3 MG I AR T G ek S A A R
A3 7 BN 23 A o 9 3 2 5 B UE AT 2 40 R 25
T8« ST 2R BB 1E 7K P 2O L 28 43 (U8R
I g B 1 1S BE i B AR 4 19 18 IEROCR . B i T
BRI ok BB TR S AR TR G T K SF URE R 5 {H
ZRP- AT [ I 75 e B AR K0 HLASAH G L i L
[ )9 28 BT W B S AN R T AL BRI L B
e PR AOBERY . BRI R RO iy 0000 ¥ AN
FAT PR DX B I B R A DGR R R T
25 » PR SR A BR 1 BRBORT T VA1 BIAR 4 1Y ik - A3
BT EAKT-ROC S A8 1R . PR
HAEAIH R T KB IR, 2 L
PBIEHE BE o 0. 467 27, £h%h BB IERTEE N 0. 422
7" 4GB T ARG IR B IERCR

ZHANG Y M, ZHOU L X, SHEN J. Main feature
analysis of photoelectric theodolite of horizon type
[J]. Jowrnal of Suzhou University, 2004,18(2)

22-24. (in Chinese)



56 M XEEE 45 KNS L AUFR S T8 0 & BT 3 5 ik 1379
[2] F—s,.kwe#, 2 A, 65 cm /K2 H T EE S ellite laser ranging theodolite by observing stars[ ] ].

(3]

[4]

[5]

(6]

R[] ]. R L4, 2006,47(2):224-230.
PING Y D, ZHANG X X, LU C L. Static pointing
model of 65 cm level mounting telescope[ J]. Acta
Astronomica Sinica ,» 2006,47(2):224-230. (in Chi-
nese)

A A AV AL 65 em R SCHE I B 4 100 K5 BE 11 48 IE
Mg lJ]. R4 4 ,2005,41(4) :357-363.

HE Q H, LIU L L. Correction of pointing accuracy
of NJU-65cm telescope[ J]. Journal of Nanjing U-
niversity ,2005,41(4) :357-363. (in Chinese)

B8 RAM. ZER ATHOCMEREZHEREN
EEIEL]]. w245, 2006,31(4) ;84-85.

QU F, ZHAO CH M, WEI ZH B. Telescope ori-
entation correction for satellite laser range[ J]. Sci-
ence of Surveying and Mapping » 2006, 31 (4) ; 84-
85. (in Chinese)

BT EM M. ZE 40 m I IR
MRERIE]] R XA R 5 H AK,2007.4(2) 188
194.

GAO G N, WANG M, SH SH B. Pointing calibra-
tion for the 40 m radio telescope in Yunnan observa-
tory[J]. Astronomical Research & Technology ,
2007,4(2) :188-194. (in Chinese)

& . ) FE B AR AR TR O B 28 4 A 4 ) kG
[J]. &4 # % T42,2000,8(3):258-260.

GONG Y. Calibrating the pointing precision of sat-

EE &

XFEE (1973 —) Le H AR AL
BIWFFE 5. 1998 4F 2002 4E T 75 4k T2
5 40 B A 2+ LB 2 43, 2005 4E T
TR B KR G AR LA W B Y
FRARAS T2 7, BT ALY
FRORG AR M R A SY . E-mail

liutingxia2001 @ sohu. com

7]

(8]

9]

Opt. Precision Eng., 2000, 8 (3): 258-260. (in
Chinese)
R G KA B BRI @ iR £ S M5 & [D].

VG %2« V5 %2 B - R4 K2, 2008,

ZHAO Y. Research on modeling analysis and de-
sign of pointing errors for large radio telescope
[D]. Xi’an: Xidian University,2008. (in Chinese)
BRI B O A N B R 2 W S RHE IELT
K H5 % 142,2007,15(6) :846-851.

GAO C, QIAO Y F. Real-time error-correction
method for photoelectrical theodolite[ J]. Opt. Pre-
cision Eng. , 2007,15(6) :846-851. (in Chinese)
AR A, & . 6L I B R ST R Y S 4
FRIELT]. &% #% T42,2007,15(2) :277-281.
LING W, WANG ZH Q. GAO F D. Real time dig-
ital correction for distortion in photo electronical
measuring system[ J ]. Opt. Precision Eng. , 2007,
15(2):277-281. (in chinese)

[10] ReF. 2820 B AR RENSBIEN—F

B[] sk 5ok T 42,2005, 34 (2) ; 244-
247.

ZHAO J Y, WANG D X. New method of dynamic
correction system errors of telescopel J]. Infrared

and laser engineering , 2005,34(2):244-247. (in

Chinese)

EHE 1970 =), J L Ao e AL 1
& BIBESE 51,2002 4F T3 MROR 3RS
il -t 27 43, 2006 4 T AR BE K B OL A
TS Y 5T R AR L
F B O H 2 S RS R R B S
B F 5T . E-mail: wangwei5878 @

sina. com



1380 e 4518 %
&= 974 —), B FH RO FHA (1974 —), B, Ak F AL T
1 L B BEARSE B, 1997 T Ak Tl k2 L B BEBEST B. 2004 AE TR K &

RIS A 2247, 2003 4F F 75 bRk 23k
TRAR - 25 A, 2B PO L A RS
4 o B AR i B 5T

25K 2 HLA S5 W BE A 9 B 3R A5 1
27 BN O F 6 6 SOR 2 s il %
HAE 2 5% . E-mail: zyjth @ sina.

com

EEEA976—), 5 ORI, B
WFEE B, 1998 4F F 35 Ak T2 e 3 15 2
2y, BTN E A G H 7m0

%% . E-mail:lijianhai9628@ sohu. com

(AEBHH . FHRE)

@ THAT &

BEZINAT W AEIEERBI RS

FALAY R AFR L RER W S R
(LT7RA% BEMFSTRER. ML 7] 3152115
LTHEIMNKRAARAE AT 7K 315800)

LT 2 K HE SRS BE (240-280) 1Y 6, X — I B 9 F AR 2E 47 K60 00 AT Ak 4 K O 9
oo AR A RE AL BRI T — R TR 6T U HOE S AN IO ROGIE AL, it TR AL
oy 68 mm FEHLY 180 mm. @ BRI RS B S AME Bk L IF BT 15T TMS320DM642 11
DSP S F i B Ak B B . A B DSP/BIOS S A AN RES HEZL, SCBL T G CR 4 L I R 5 i s LA
i 45 77 R A 55 B9 9 B2 W SR RSP 29 530 3 S B 0 PR Bl 4 o A8 BHDG 3R 20 B R X 90 mo 4k ) R AT 45 4k
MOCTERN S AT T BN MR S50 4RAT T BN 15 W 0 25 SN T DL IR A s AR . A e
Fe T AP Sk



