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Abstract

As an alternative to linear engineering control networks such as bridges, the strip-shaped CORS
network can provide all-weather high-precision dynamic location services for construction along
the line. During a geomagnetic storm, the ionosphere is abnormally active, and coupled with the
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narrow and elongated configuration of the strip CORS network, the positioning accuracy is more
prone to decay compared to conventional CORS networks. This article uses the observation data of
a bridge strip CORS network in Southwest China during the geomagnetic storm period on December
1, 2025, to analyze the impact of geomagnetic storms on the double difference ionospheric delay,
the accuracy of three ionospheric interpolation models, and the positioning performance of stations
inside and outside the network. The results indicate that geomagnetic storms cause abnormally ac-
tive double difference ionospheric delay, which can lead to baseline calculation failure in severe
cases. Among the three interpolation models, the DIM model has the worst accuracy, with a double
difference ionospheric interpolation deviation of less than 1 cm accounting for only 38.52%. The
LIM and LSC models are relatively better. After the occurrence of a geomagnetic storm, the positioning
accuracy of both in-network and out-of-network stations decreased significantly, with the accuracy
of out-of-network stations declining more significantly, with a plane accuracy of over 3 cm and an
elevation accuracy of about 4.6 cm. The research results can provide reference for error control and
time selection of high-precision measurement operations in bridge engineering under geomagnetic
storm environments.
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2. BEERR LB EENHRE
2.1. RERE

W4 RTK 2 57572 0 0 B LR 5 0, P P OO WL DA R A T AR o 6 e 2 e B P U
FALAIAE AT LR G5 M BRORSIEIR 5 S B ] 8 B . L2 b=} T2 39T R Si(beidou naviga-
tion satellite system, BDS)Yj GPS & & A ], HW Wil 7 724 :

AVP? = AVp+8AVT® +6AVIS +AVer,
AVL? = AVp+SAVT® —AVI? + A°AVNS + AV &;
AVP? =AVp+SAVT® +5AVI] +AVe,,
AVL} = AVp+SAVT? —6AVIF + 2°AVN] + AV,

)

AR()H AV FRIEFINE, BDS 15 GPS M 147 B, G A9IF0R, Fhii MBI, p ForubabE, T X
MRRIER, [ ARBRER, 2 NEK, o« o, ZRI SR GO, N R . % -
AL T T LR

L=BX+¢ 2)
ARQ B AMMRRGELE, LIRUIME R, 1= RMPRA R, YRS, hsiRs
SEFBORIRE RO, BEHUBUL A 1 AR

BN T S E R SRS i, MR R
V=BX-1,0 3)

ARQ@) I=L-¢, QNITEMITERME, KR/ ZFFEM: VPV =min, RS TTTERN:
X=(B"0"B) B'O
0=(8"0"B)
FIFH B /N Ffeidiok R ASORA FE VT U 2 J5 I R SR 5 ] 8 22 U LAMBDA 5709231 e 84 JE
TR L
22. BEERNEER

HL R PO SRR SR S 2 il () () PR 28 R AR KA 3 B T A i s it R UL B 2l Ak i
JEIEIR (SR SA 7] HoA% L FB AR RN ] FL R RSB AR A 2 (R _E (A DG, RV 8 U PRyl e ) L SR S
BEA —E WA H R A A SRR B 2P NI BB ORIk PN AR DA S 3 T a /D SR i s
ZWEE, L BERIEAON:

“4)

V.=aVi+aV,++al, Q)
AREG) V, WENSEHA BB RKIERE, V NS ERIER, o WEHAK. #1555
HRZHuAHT 1 T
Vu,A :blVl,A +b2V2,A +"'+ann,A (6)
ARG ¥, NI M B R IERBOER, 1, NG O B R AEIR, b AREEN R . 1
AN R = W — RO AR
Vu,A = blVl,A +b2V2,A (7)

1) &V N6 (Linear Interpolation Model, LIM)
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LIM AR v L B SR SR AE = A W P R A AL, IEH TS50k 0 A 50 . B K R 1 X 3
HA TR R AR, ERE R RI R . SR S H IR L =T, W
R AR ARV 22 o 24 L S SR AR AR B 25 AR RV E DL (Ui B U1 8)) B 5wl ) A AN 20, 2 st 2k
R AR R E R . LIM BEHE = A W rh 8 5 0an F

AVV p =aAE ; +a,AN ®
AVV, e =aAE - +a,AN ;.
ARG, A NZRIANESL, B, C A, RIAEARIIF:
AE ,, AN ,. —AE , AN AE ,,AN ,, —AE ,, AN
AVYV,, :( arBY 4o AC AV)AVVAB+ ( 48BN 4y AV AV)AVVAC ©)

(AEABANAC _AEACANAB) (AEABANAC _AEACANAB)

LIM R A =AML NG 77755 CORS M = M35, TR A .

2) BE A £k 1 PN 472 (distance based linear interpolation model, DIM)

DIM B 5 NILZR K EEAE AR T, YO B AR 5l s R P B R UG &R o 0T VAR IR T
T H 2 AR B B B SR ER R . S TSR CORS R4, LIRS H iR 2 RECRHITE
o EHREBZRIZIPNIANE, PEEg SRR 2 B B¢ R T RE AR, SECNFEREEE NIE: Ibah, BAX 2
b JUF UK, HSFEILE S MAY), S HIEEATE . DIM BEMSE R REAKE 5B E =
FEIR 2 R IR G, P9 2R 25 R s 2 TRDoo ] — T P 8 2 2l IR o IR LA, R3kia K
LIR

B:{ﬂiih} (10)
ARAOs=F s, s=Vd,, e T,

AVI,, =B AVI , + 3 AV, (11)
N S

ARADF 54, « 5o WIHREL, AVI,, 5 AVI, NELXZEHEZIER .,

3) /N "3k (Least Squares Constant, LSC)

LSC BAYFET-Gi vt S g, Il I M g W 7 22 BR HCRi i v B9 2 SR () 25 TR AE OGE, TE TR AT
LM B AR 1 INE R A ROREIR SO, Rea N R B RS G T SRR
SE AT A S, JCHAERE RS Wom = WK B AR — . IWHEERES, TEHIE
BRI 22 RABUSE AL HZOTVEAFAEX a0 1 07 22 SH ML EDR, & S8 TEAUER, 5 3 BUG(E W
ZEEE R, LSC AR FINH T HE N6, 78 =AM — R ERIEAN:

-1

Cia Cup Cuc 0
U=[cm <, CVC:|' Cps Czp Cpe | | Vi (12)
Cca S Ccc Vie

ARADHC, e ¢, RMMRREMATERBI TN, ¢ =1, -1,
JRSEREIIER, ¥, 5V, A0 BRI

2.3. FIBAIBRIES XEBESH
NRIEMRE LS RS STEU:, ASCEdE AR AH GAMIT/GLOBK 10.8 5 RTKLIB 2.4.3

1, W 2 1% ) — T2 P
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A R S . FRER ARG 50 2 3 2 AE IR SR U F GAMIT, WX P /A0 ks 5 A7 i 57 % R 4005 2% i 2B R
{#f RTKLIB. FESHHEINZE 1 Fiw.

Table 1. Key parameters for data processing

1. BURLIEXREH

ZHRM SR/
SRR [6] B 5s
PEBIREA 15°
MMME A& BUTH W B R AL (LO) BT B R AR, MW 41L& %H B & Bk
LE IR 77 2 FEMER, o =op-(1+1/sin*(0)), 0 N LEFES
BEAL R JE F A A
JABRIN 5B 5 GF-MW &AM, TurboEdit 7% EH
TSR FEE 1] 5 S LAMBDA J53%, [ B 16 0.99
XTI A RE IR B IR Saastamoinen B8 + 73 BUH HflvH(RFE 2 /i —4)
H B R AL B X WZE HU B R AR IR A SR A S 08 T 7o A THGAMIT)
ZEHEYE ITRF2020

3. BRI AT
3.1. KA R

ot Fus AR R CORS W2 @ ALt e, 32 S A VG R 0 X MR 42 2025 4 12 H 1 H CORS M %%
MR EAT I AT, BER 0 B ~11 BEAR R AW, B JZ AT F# I, 11 I~24 I R AERRILR,
LB 2 A0 TR R B o B0 R FERIRE S s, RER K 24 h, #UbL& M 15°. PN STA01~04 A5,
MXO01 9 s, MXO02 AN, MX02 Ik 5 8 il FEAR PR B 7E 2 km A A7 . SEIR T RUWIT:

1) &+ STA01 5 STA03 ZHAKIFEER, RS H IR 2025 4F 11 H 30 HE 2025 /F 12 H 1 H. #EHL
GEO T2 fift 545 FLoxt bb 43 v b 8 e B X0 25 o B8 J2 A 3R AR Ak

2) 4rHIFE MX01 5 MX02 T A SERL S %0k, FEIE DIML LIM fl LSC = Ff HL B )2 P 4l i ALk
FE, MXO01 5 MX02 4bH 55 J2 48 1R FUSAR I iR A5 32 255 3l 55 P il 2 R) B 2R 3145

3) il DA =R e 2 A SRR AR B RS RS MXO01. MX02 BT CARRREE R, 8t N
A7) E (RTINS U (B2 A ha iz, FHd MX01. MX02 A4 4r 22 {E CL A .

3.2. WERBENTHES

GEO T REMNMILERMAA. A BASRE, KUILAETs R b S e i 852 2R R =4 . 15 1
92025 4E 11 H 30 HEDHLE E #1162 GEO P A W2 LB E iR &, MWE G A LA s 2
YEIRAE UTC B[R] 4 BF~16 BHHRONTEER, H AR R BGE AL TP EoRES s X ol 2 W 5 i ST R H g 2 R
WRTULE H, BRI Z IR — e ARG, Wbk Col PR MU M B SR A IR AR A Y T B —0.3
m~0.2 m 25 °A—0.2 m~0.6 m, 7E UTC I} [a] 16 if~24 i H 28 2 FEIR X LT — R B H G L, C02. Co4 i
DURIILG: HF HAE UTC BFIR] 11 BF~15 BB [A] Y i 5 5 | S RS 23 S5 WV R, AT e 5| TP B i 42
Bk, FEENFLE R, (A3 1A B Y SRR S R, AT TE A AR SRS HL S SR AE SR
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Figure 1. Time series of double-difference ionospheric delay for BeiDou GEO satellites on November 30, 2025
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Figure 2. Time series of double-difference ionospheric delay for BeiDou GEO satellites on December 1, 2025

2.2025 4 12 B 01 Bit3} GEO P EWEHR B R EIRATEFEFI

3.3. EEERAEERE S

NHEBE— Bt =R AR TURS I, R 2 Geih =PRI W R A O 22 B X A I DL

MFE 1T VE AR R ARG BE N LIM 5 LSC AR A i 22 260 B /N T 1 em 2974 80%, HiRZELE 1
em oAy, ERAWREE LIM SRS LSC B WZ/NT 1 em A & 55%7c 47, DIM B8k 2 /N T 1 em X
N 38.52%, HHRZEN 4.47 cm; =M NAERAE KT 2 om S LLECE B EIE R, H DIM KT 2 em L
Ak F] 39.52%. A LLE HER R AR B, LIM 5 LSC Wi ARE i im, DIM B %=, fiR
BN =P RORS FEH tH ILACR IR BE N %, DIM AR AURS FE D AR R IR 2% .

Table 2. Statistics of the absolute value distribution of interpolation deviations in the MX01 dual-difference ionosphere

2. MX01 WERBEANHEREN AT ES B IERLSIT

I B e} <1 cm 1~2 cm >2 ¢cm HHiR Z/em
DIM 68.12% 12.19% 19.71% 1.56
0~11 B LIM 82.64% 11.69% 5.67% 0.97
LSC 81.98% 12.43% 5.59% 1.11
DIM 38.52% 21.96% 39.52% 4.47
11~24 B LIM 55.34% 19.64% 25.02% 3.61
LSC 53.94% 19.72% 25.34% 3.55
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% 3 [EFEGETE T N AMINGE MX02 #EF TG =M NSRS BRI, XFEL2e 2 W LAE R R AR 5
I I &0 PRSP AR T R PR IR 22, LIM R 5 LSC BEAUKS AR 1.5 em /247, DIM AR B4 25
BRSO 1.89 cme MEE 3 FF ] DU HURAERERRJS . Ah A0 MX02 =i A S B RS J5 1 B s i &, 3
t LIM #5578 5 LSC BN T 1 em & H2 59 36.69%F1 36.29%, FiRZEIILE 6.5 ecm 47, DIM RS
AR, N Lem HEHFBEE 33.47%, FiRZEHN 6.97 cm.

M= Fh SR (ML 2 SR, DIM AR 7 fid 2 301 DR P A 22 11 32 32 i DR T LB FL 8 J 2 4B IR
5 20 S5 AT BE S R A R LU OR R, TG SR T3 TEC 23 [IBA R 208 4k, B3R 13X — W34 & [RII DIM %f
S T B = B UK, 7EHTIR CORS B KA AT, BERSAUE G D BREL 35, MmEfke s
o MIZ R, LIM B BEONZRMER S, (B R LR 21 R R e Ml U T ey s LSC AR A U3 i by
T ERB RS R R, BRI IE N R . U, TERERMEET, LIM 5 LSC %Y
PRI E R T DIM B,

Table 3. Statistics of the absolute value distribution of interpolation bias for MX02 dual-difference ionosphere

3. MX02 WERBREABEREN B ES R BRI

NEY it <l cm 1~2 cm >2 cm HFiR Z/em
DIM 69.52% 4.43% 26.05% 1.89
0~11 I LIM 78.84% 7.92% 13.24% 1.48
LSC 79.84% 6.92% 12.24% 1.45
DIM 33.47% 21.36% 45.17% 6.97
11~24 B LIM 36.69% 21.93% 41.38% 6.56
LSC 36.29% 21.60% 42.11% 6.53

3.4. BAUBE S

1) PP e BRS FE o Ar

B 4 GEvh = P B AR B A S 2 il A S P DS MXO1 (1 AL Ml ZE 6F (8] PP SRS FE e i,
4 iR SRS R I, R ERL S LIM M LSC MBS AL 1 om 24, mifeks LT 1.5 cm,
DIM A2, “FHEFEEHRT 1em, EFERSEE 1.5em AT, WERAEE, =RoR RS0 5 #8 HB
KUREE TR, “PHEKEEAIE 3 cm UL, SFEREEEARTE 4.6 om LA L, b DIM B8O R 2, P
FEREEH 2.16 om NF%2%E 3.28 cm, mifRAE A 1.43 cm R % 4.86 cm.

Table 4. Statistics of accuracy in N, E, and U directions before and after MX01 magnetic storm
4. MX01 HFHIFE N, E. UGEREEST

e W RN Filem
N E U
DIM 1.89 1.05 1.43
0 Bf~11 MXO01 LIM 0.76 0.79 1.15
LSC 0.78 0.95 1.05
DIM 2.41 2.23 4.86
11 iF~24 B} MXO01 LIM 2.22 2.11 4.62
LSC 2.17 2.15 4.66
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2) M4 E LRG0 Mt

T 5 Guvk = A AR IR A Y REAUL 228 il AR B 0 AU MIX 02 BRI BRI ZE I 18] SRS EE, - I 5 48
TH X 400 3 4 2 T J A S (R L, 0T IR P 3t MXO1, SR R AE T % LIM AT LSC A AL THIHS B 5 9 A
DEREEEAA Y, PR EEAE 1em Zody, AFEREZOLT 1.5 cm, DIM BEARYHHELT Rl MXO01, A5 REA
ZPTHR IR T 1 om, MREREEEAE 1.5 om iy WERKAEG, = PR By iR S0k L 40t DL KIE FE T
B, P HDRS FEARECT WA IS MXOT, REEERILEZE, N. E J7R#BAE 3 cm LA b, mFEASEEHRAE 4.8 cm
P E.

Table 5. Statistics of accuracy in N, E, and U directions before and after MX02 magnetic storm
5. MX02 #RAIE N, E. U SEREESIT

WFFE KB /em
A Bt T3k SEG oL
E U
DIM 1.56 1.21 1.95
0 Hf~11 I MX02 LIM 0.75 0.74 1.74
LSC 0.77 0.73 1.77
DIM 3.22 3.48 4.88
11 Bf~24 B MX02 LIM 3.14 3.13 4.82
LSC 3.12 3.17 4.86

4. Z5RIE

AR SCEF X WG TR IR B P AR AR CORS 48 (e S RETF 2 T RGEWE 7T, I F 17t B X AR 27 1R
CORS M %% 2025 4 12 A 1 H LR SUIEHE, MOWZE B R AE IR AR RFIE . H 20 2 AR AR R i DA
S A ANt 5 A i R = AN TRUEAT T b BEAUAE R R BERIHIRI B 2 R B iR R, BN E
LB Z AEIR GO, PR AT 5]k TR S R 2 R R R, HE AR CORS W 1 5 fa
EVE. TE =Pl B 2 RIS AY h, DIM A E R B8 A 5 G R I 2, A& Ttk CORS M 4%
MBS JZ IR Al 1 LIM 5 LSC AR B ARG FE A BT NI, (FAEXTER T DIM BEAY . @ Aok BE 43 i
R, WA S W P 5 A 5 ARG FE R BIORE R B, I Hp IR ANt b P S J R S B, P TE
FEIFE 3em DL b, mfEREERAT Som.  RIRGE SR, WERIAIRGAT IR LR SR, e hr g ]
BE LR HR AR, RS 38 e e s P DU e VB R HOURE S PR A TR R i o 5 SR 5 AT — 2B R0 I o
DS G P s ol 55 B 2R PE B AR G, R ARAE ] T RER A B 2 R ZE AR AL, DA T A IR
CORS WZ&AEZS [ RSN T IR S5 P Sk

SE 3k
(11 &%, WYUK, WEA, & WE&M4TFET ROTI 81 GNSS M 7 [1]. SHUE LR, 2025, 13(6): 68-78.

[2] RAEEL, BN, &5, S5 DURPIREZ W& 5 A e B JE M5 0 TEC SR XS Lh A (0], 2 IR 243K, 2025,
45(5): 1230-1242.

[3] k% BRI E KRR - 5 GNSS PSRBT 7T [D]: [l L2278 50]. B Rl B atfs B TR K, 2025
[4] #hZAe. HEZ A RS E TEC TRk 5 7% # DTEC $LaHFE 2 HT[D]: [l LA 5], BEAR: HEAREE T K%, 2025.

[5] ZEBeE. HEZE TEC REE S TR M K bl Z 3 sh S5 AR A 72 [D]: [l 2447 18 30]. AR HEMREE TR
2 2025.:
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[6] M, #ArE, BE&, 5. HIEE N GNSS &AL A S8R BRI /i [0]. Jbatill 4z, 2025, 39(8): 1218-1224.

[7]1 AEXUE. M F R S 2 N RS GPS PPP §2M 40 AT K =45 Wh R M 5 500 78 [D]: [ A0 3], 41 R
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