0254-6124/2026/46(3)-0628-11 Chin. J. Space Sci.  ZIAHF 3R

CHEN Qingyan, JI Yuanfa, SUN Xiyan, LIANG Wenbin, GHAZALI Kamarul Hawari Bin. Prediction of the lonospheric Irregularities Based on

Residual Compensation WHO-RF Model (in Chinese). Chinese Journal of Space Science, 2026, 46(3): 628-638. CSTR:32142.14.¢jss.2025-0117.
DOI:10.11728/¢jss2026.03.2025-0117

EF % =E4M2 WHO-RF 28
R 55 = A 300 U fak Fo sl

F/iﬁ‘]%%g@ 1,2,4 éajﬁjil: 1,2,3 5‘4\%}@ 12,34
%j{jﬁh b2 GHAZALI Kamarul Hawari Bin 3

T(RERRIL TR ) TR B SRR S U R S0 % bk 541004)
2(FEMkHE TR R AEESEEFEE Bk 541004)

S(HFE MBI = fF R R B SS EPR A EIR G s AR 541004)
A(F TREFL I TRHEBIEBE AT IRA R BT 530031)

o OZE AT B AR R A T R AT B — BE LR AR (RIF) AR TR0 P77 K5 3 AR w85 LS B0 4 R 9 45 )
B, FE45 A B D4k (Wild Horse Optimizer, WHO) H.35 Y 3EAE b iE475% 2% 4M2 (Residual Compensation, RC),
F# RO-WHO-RF HL & 2 SR, FIF 2020 45 3 H 1 HZE 2024 4F 6 A 30 H & HKWS 35 £ 00
Bl THE R R S T B RIAMER: (ROTI) DA — 2R3 5 ARMUNMAKE S 1Y 75 5 28 E S8 i
NFHESEA TSI 00T . 4530, ROTT. A H 28 (b PR R % 136 S H5OT Hh i 2 AN 0 DU A% Py 19 0 25 O T 2
RC-WHO-RF #EEI T 424 7 A% 25 /N T 0.1 TECU-min ', %58 &V 5 10 B A D0 S e 17 B 7 g
¥ EE; RC-WHO-RF B AEBEFT 30 min (90 1 TR o F-HIAE X B35 90.67%, Lk WHO-RF $27 8.16%, L —
RF BEEF 11.2%, A G HR R TR 2L B AL T 5— RE B85 WHO-RF AR,

KRR BRSPS, BEHLARARELAY B IO A, FRE kM

FESLES P352

Prediction of the Ionospheric Irregularities Based on
Residual Compensation WHO-RF Model

CHEN Qingyan'*'  JI Yuanfa'*®  SUN Xiyan'**"
LIANG Wenbin'?  GHAZALI Kamarul Hawari Bin®

1(Guangzi Key Laboratory of Precision Navigation Technology and Application,
Guilin University of Electronic Technology, Guilin 541004)

* PR R H (AA23062038, Z2Y23055048, AB23026120, ARl 24206043), FEIFR HARRAH4ATH (U23A20280,
62161007, 62471153), B T HRFEIIT SEARFF L IHRITH (20231029, 20231011) A1) PUWHFRAEEE QUFHH]
WH (YCSW2024329) Hh %)

2025-07-14 W B 545, 2025-10-16 Y EME E

©The Author(s) 2026. This is an open access article under the CC-BY 4.0 License
(https://creativecommons.org/licenses/by/4.0/)


32142.14.cjss.2025-0117
32142.14.cjss.2025-0117
https://doi.org/10.11728/cjss2026.03.2025-0117
https://doi.org/10.11728/cjss2026.03.2025-0117
https://doi.org/10.11728/cjss2026.03.2025-0117

Wik 5 BT £4ME WHO-RF A28 8 b, 8 B R AL AR FA ) 629

2(School of Information and Communication, Guilin University of Electronic Technology, Guilin 541004)

3(International Joint Research Laboratory of Spatio-temporal Information and

Intelligent Location Services, Guilin 541004)

4(GUET-Nanning E-Tech Research Institute Co., Ltd., Nanning 530031)

Abstract

In response to the difficulties in predicting ionospheric irregularities and the low accuracy

and tendency to fall into local optima of a single Random Forest (RF) model in prediction, a RC-WO-

RF ionospheric irregularities regression prediction model was constructed by combining the Wild Horse

Optimizer (WHO) algorithm with Residual Compensation (RC). Using observation data from the Hong
Kong HKWS station from 1 March 2020 to 30 June 2024, the Rate of Total Electron Content Index

(ROTI) was calculated, and a series of background ionospheric parameters related to ionospheric irregu-

larities were selected as input features. The results indicate that, ROTI, Cosine phase daily variation fac-

tor and geomagnetic activity are crucial for ionospheric irregularities; The root mean square error of the
RC-WO-RF model is less than 0.1 TECU-min ', and it has excellent response capability and prediction
accuracy for sudden geomagnetic storm events; The average relative accuracy of the RC-WO-RF model
in short-term forecasting 30 min in advance is 90.67%, which is 8.16% higher than the WHO-RF model
and 11.2% higher than the single RF model. The prediction performance of the combined model is signifi-
cantly better than that of the single RF model and the WHO-RF model.
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Table 2 Performance and optimization time of WHO-RF model under different parameter combinations
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Table 3 Prediction results of RC-WHO-RF models with different residual weights
AN A He = (IS
TR IEAFEAGLL 3 4 5 4 5 6
RMSE/(TECU-min ") 0.059 0.056 0.074 0.082 0.075 0.093
MAE/(TECU-min }) 0.042 0.037 0.048 0.044 0.038 0.063
R? 0.902 0.935 0.891 0.843 0.864 0.797
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Table 4 RC-WHO-RF model predicts performance at different advance time
N - FEHTHE] /min
PN RIS
10 30 60 90 120 180 240
RMSE/(TECU-miIlfl) 0.026 0.039 0.043 0.048 0.053 0.059 0.066
R? 0.987 0.972 0.965 0.962 0.951 0.949 0.942
MRA /(%) 91.94 90.67 89.15 87.40 86.97 85.54 82.79
F5  KIEEDE/ B EERTALE
Table 5 Comparison of prediction results between low /high solar activity year models
HhR
A Bt A
RMSE/(TECU-min") MAE/(TECU-min") MRA /(%)
202043 H RF 0.036 0.016 85.40
WHO-RF 0.028 0.013 87.59
RC-WHO-RF 0.015 0.007 92.98
202443 H RF 0.099 0.060 79.47
WHO-RF 0.085 0.049 82.51
RC-WHO-RF 0.039 0.037 90.67
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Fig. 11  Changes in sunspot numbers from

2009 to 2024
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