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Abstract: Aiming at the problems in the parameter estimation

%

of geodesy, such as the high sensitivity of traditional methods
to initial values, the tendency to fall into local optima, and the
difficulty in effectively handling composite error models, this
paper proposes two improved strategies based on the tornado
optimizer with Coriolis force (TOC) and constructs an im-
proved tornado optimizer with Coriolis force (ITOC). First,
it introduces an adjustment mechanism that automatically
tunes the search step size based on population diversity and it-
eration counts to dynamically balance global exploration and
local exploitation. Second, Leévy flight is adopted to replace
the original random perturbation strategy, enhancing the algo-

rithm’ s escape capability and robustness when dealing with
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complex multi-modal objective functions. To verify the algo-

rithm performance, two types of typical numerical examples
are designed and experiments demonstrate that ITOC boasts
distinct advantages in solution accuracy, convergence stability
and robustness against outliers, offering an efficient and ro-
bust new intelligent optimization approach for parameter esti-
mation of complex geodetic measurement models.

Key words: geodesy; parameter estimation; tornado optimiz-

er with coriolis force; swarm intelligence algorithm
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PEFA, S T i - 22 v &2 2 BE AU 1 S8 T H 4R S T —
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T H s AR e i B Re ik ik .

Wang 4572024 426 B AT TR I A 3 1 2 800 ek
N TR E S AP AL 2% (improved artificial gorilla
troops optimizer with chaotic adaptive parameters,
CAGTO) N T 0 P 3fe P 3R 5 20 1% 22 A 80 1) 2 40
31, % 8 1% th Abdollahzadeh %5 78 2021 4F 42 11 |
RN R G Bk OGS S B = A 3 N R T TE W AR
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i pURIIEIE FAH
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Fig.1 Differences Between Estimated and True Values
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Tab.2 Comparison of the results Obtained by Various Algorithms

Ik AR z) T Az, llAz]] 4 — 1k 22 F A8
HAH 5.420 136 0. 254 362 — - —
R IA Y- 5.394 142 0. 250 246 2.6x10 * 4.1%x10° 2.63x10 * 4.8503x10*°
Lkt e/ — 3 5.422 745 0.255 672 2.6x10° 1.3x10°° 2.9%x10° 5.3801x10 "
WAL 5.420 016 0.257 130 1x10* 2.8%10° 2.8%10° 5.106 310 *
[E XS ED @ R7S 5.423 806 0.255871 3.7x10° 1.5x10* 4x10° 7.3128x10*
BT B 5.422 745 0.255 672 2.6x10° 1.3x10° 2.9%x10° 5.3801x10 "
R A= RS 5.422 067 0.255013 1.9x10° 7X10* 2X10° 3.7553x10 *
Jo 8 AR AL 5T 5.422 377 0. 255 649 2.24X107 1.2x10° 2.5838x10* 4.7617x10*
WU Y e A AR Bk 5.420 092 0.254 472 4x10° 1x10* 1.181x10* 2.177X10 °
s10” PR BICRY S R T S S, AR B TG MR S Y L
45r {EFFHE
ar 2 =56/, + 44f, + 21f, + 30f; + 164f; + 108f; (17)
351
g% 5k 5 Al 2 B0/ R 33X 75 A &R B0 R ) i X =
§2,5- [ 56,44, 21, 30,164,108 ', 7& =5 8] & Bl [ — 90,
&o2r 90] > [ —90, 907 IX I8k P , LA 6] b 4 AT R G5 R AE
L5y B B 46X 46=2 116 > HLIN 4% M5 . 76 I S B
1 -
sl b SR ARAELSE ROV I AT 4% R 25 A B mﬁﬁﬁ@m
0 ZERUIME R ZE ML A G IR 2R
\\‘*\\*%@ @&%& \’\C@ @% f=exX(1+e,)+e, (18)
PO & . , . -
R %*\\“ <\ & X o, e, ~N(0,0.05) £ & F B E
/ @ e.~N(0,0.15°) Fm ML 2% . Besh, ik 5
&

B2 AREENA—UERELR

Fig. 2 Comparison of Normalized Difference

Values Among Different Algorithms
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2.2.1 gLt
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350
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FIEA T3 B B%F 2 34T 28U T VEAG 4R bR A S
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I R EE R A FORR O R R A T IR
REVEMN HE bR . S2EE X TOC MITOC B £ E SR
WE R R RN 20, K EAR B 1005 90 1R
SR Z I DL /NS AR 23 )RR e s S0 oy
KB UWLS 558 Xy o WA IR EMR LT RN
X, =max (0, Xyis — 20) X, = Xwis + 20,

2.2.2 SQEA‘Z*S'E'%X‘“I:%*E
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*Xm/]\gaj{@(wmghted least squares, WLS) i 2% &
iE AL fe
squares, bcWLS) \ TOC Fl ITOC J7 & kAl i+ S %L,
UG R AN E 3K A PR .

T STEAGN Y T F A 7 % S A S 80 HAR Al
THE X HAREZE . RAMGH T & LN LR
B Xt gk

¥ 6 S EU bR 22 41 7 i, ROR A

6 =|o01,0,, 0 04 05,06
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. 7 (bias-corrected weighted least



88 22 3 345 15 2026 4 10 H
R3I BFESHAETER
Tab.3 Parameter Estimation Results of Each Method
B HAE NAEEE S WLS beWLS LS TOC ITOC
w1 " X144 A 55.736 0 55.570 6 55.305 5 56.247 3 55.806 0
7 X1 brifi 2 0.2640 0.429 4 0.694 5 0.247 3 0.194 0
o " X2 Al A 43.7630 43.6914 40.379 5 42.962 6 43.557 5
X2 brif 2 0.2370 0.3086 3.6205 1.037 4 0.442 5
X3fhiHE 22.797 4 22.565 8 29.539 0 20.765 3 21.2328
X3 21 . _
X3 R 1.797 4 1.5658 8.5390 0.2347 0.2328
XAAhiHE 29.5754 29.510 2 28.509 8 31.3959 30.158 5
X4 30 . _
XA bif 2 0.424 6 0.489 8 1.490 2 1.3959 0.1585
e 164 X5 Al 165.8415 165. 394 2 166. 049 2 162.7730 164.678 7
° X5 brifi 2 1.8415 1.394 2 2.049 2 1.2270 0.6787
X611 107.699 7 107.491 1 105. 233 2 108. 335 1 108.187 5
X6 108 e 5
X6 b ifE 22 0.300 3 0.508 9 2.766 8 0.3351 0.187 5
owis=10.2640,0.2370,1.7974,0.4246,1.8415,0.3003]

Grewrs =1 0.4294,0.3086,1.5658,0.4898,1.3942,0.5089 ]
61s=[0.6945,3.6205,8.5390,1.4902,2.049 2, 2. 766 8 |
oroc=10.2473,1.0374,0.2347,1.3959,1.2270,0.3351]
ormoc =10.1940,0.4425,0.2328,0. 1585,0.6787,0.1875]

H 8o AR
p ? ‘ : 10l 10.029
loll= Vo2 + 0.+ 0,2+ 0,2+ 0"+ 05> (19)
THE Bk Mk L, iR 220 BUR A R 4,00 sl
AT A Ak gz R 22 B g T I, il 3 R, ”
%
ITOC 15 2 FAl TH 45 iR 2= B A% . ;ﬁ 8F
oK
£4 TEAFRETHLE ar
Tab.4 Comparison of Error Norms of Different Methods 2.649 2 2.274 6 2.1814
URES WLS  beWLS LS TOC  ITOC T 0899 2
PREWE 2.6492 2.2746  10.0290 2.1814 0.899 2 : : : : ‘
O WLS becWLS LS TOC  ITOC
e, NS BB HERRE A, MER R 3T B3 RERHMILE

“AEHE T — R DLE B, T 2S5 X1, X3,
X4,X5,X6) ,ITOC i1 45 W e 82 B0 (H . FF
) e 7E B ST (E BRI X5(164) A1 X6(108) B % 1,
ITOC WAl 3 O 22 28 /> T o 05 325, e 97 L4k 3t
ANFEHEE SR EM . HELZ T, TOC#E#B 4
S X2, X3) BT B A e 22, R
HEEEARL,

YR, DA TR BE AR e PRSI, b 22 2 A et ik
THEE TR AT SR R e A . TR A AR 2 1]
S L, JEE (o)) AT LAK 3 AORS B AT 5k LU 3K
g5 B8R lowocl| =0.899 2, |lorocl|=2.181 4,
llowisll=2. 649 2, |lowisl|=2. 274 6, |lo1s]|=10. 029 0.
ITOC MpRifE 20N, BAEAS S E0R A A (X,
X3,X4,X6) U5 T /MR bR E 2 X Ul ITOC
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