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Abstract: To improve azimuth estimation accuracy in measurement while drilling (MWD) , an online
magnetic-error compensation method based on the Magnetic-Inertial Arctic Puffin Optimization (MIAPO)
algorithm is proposed. Downhole magnetometers are susceptible to complex magnetic interference, which

can substantially degrade azimuth estimation accuracy. Sources of magnetometer errors under complex
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drilling conditions are analyzed, and a comprehensive compensation model is established according to their
error characteristics. Based on the stable spatial geometric relationship between the gravity and geomagnet-
ic vectors, an objective function is formulated for identifying magnetometer error parameters. To address
the slow convergence and susceptibility of the conventional Arctic Puffin Optimization (APO) algorithm
to local optima, three targeted enhancements are incorporated. A dynamic centroid opposition-based learn-
ing strategy is introduced to strengthen global search capability; a fitness-ranking-based attention mecha-
nism is designed to assign differentiated weights to high-quality candidate solutions, thereby improving lo-
cal search efficiency and convergence accuracy; and an adaptive threshold mechanism based on fitness dis-
persion is developed to facilitate escape from local optima. Simulation and field-drilling experiments dem-
onstrate that MIAPO outperforms particle swarm optimization (PSO) and APO in both compensation ac-
curacy and convergence stability. The mean absolute error of the compensated drill-bit azimuth remains
within 0.61°. The proposed method effectively enhances the measurement accuracy of microelectrome-
chanical-system (MEMS) magnetometers in MWD applications.
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Tab.2 Root mean square error and standard deviation (pT)
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Tab.3 Equivalent magnetometer error parameters
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Tab.4 MIAPO algorithm robustness test results under

different conditions

B 22 — RMSE#)  SD¥{H/
fi/pT uT
T E 55(1.5pT) 0.2891 0.2804
F(3.0puT)  0.3029 0.2913
W(4.5pT)  0.3578 0.3382
il 1 B (10 1/s) 0.290 4 0.2722
H1(151/s) 0.3113 0.290 3
= (201/s) 0.3775 0.350 2

HH 2% 4 AT AL, Bl 2 T PG 5 R 3G R RNl 3
It MIAPO #h 2 J5 19 RMSE Fil SD 3 5 /)
MR b R A 8 BT A2 A P R e R s 3
WE TR SO . o FESREE T T
HL T, RMSE A1 SD 43k 0. 357 8 p'T A10. 338 2
pTs 76 @ ¥ 3 T &% T , RMSE Ml SD 43 5l A



o517 1

Wi 2, 55 o B T B AU B 96 58 00 AL 580k O BB B 0 TR 22 A A B 2729

0.377 5 wT F10.350 2 pT, 4% 55 76 2K K F
3¢ B B ot T PG SRR R R BN 2 R AR b LA
b g
4.2 LEREGFH I

AR SC U AEAE T B — 8 I o R
T IR HE G R R A 0 Y R A AT
b B AR R o 52 I A T, SR A S R R R
£0. 5" M b 1 % B Bl L R R 200 E S
o n Ao MR A HLOR R AL RS R B
T R B M T EORI 3 A, TR I B A AL AR Y
B AT 2 R I, AN g A Al
BURE AR 2 & O [ TIF R, 4 B 40 1) il B bl
PLEE R Mk S ) LA 29 3 . it b B v, A AFF AR
2% [ Bl T e 0T 10 [ S U ) 2R 4 PR
TR 7 7 A GRS o Bl 0 R 8 AL TR 1 R
FEII R E 1 Hz, B3R 4 3 000 41 3 fifi £ A
B0, A 3 5048 PSO, APO Fil MIAPO X %
4 )1 BOHE HF AT AN BE L BT bR S B0 T g i S
&1,

K4 SChhSes
Fig.4 Actual drilling experiment
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Fig.5 Azimuth comparison before and after algorithm

compensation
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Tab.5 RMSE/MAE comparison of azimuth errors in dif-

ferent time intervals (")

Ty 0~1000s 1000~2000s 2000~3000s

PSO 7.86/7.42  8.37/7.69 8.21/8.13
APO 3.31/3.01  3.74/3.28 3.89/3.55
MIAPO 0.92/0.52  1.05/0.60 0.98/0.55

N ¥ AIE MIAPO 55325 1Y 32 A7 SR ML RE L 78
B R A R BERR 200 s 4B — U0, MIAPO 7R 245
B A 52 R — UCR 25 B RO S TR, SRR
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Tab.6 Average runtime of algorithm
ik V- 132 47 ) ]

12.299 8

(s)

PSO
APO 9.682

MIAPO 4.613

% 6 7 1, MIAPO, APO 1 PSO f4 3F %
iz 47 ] 4 B A 4,613, 9. 682 1 12.299 8 s,
MIAPO 11 °F ¥ 32 17 B 8] W] 2 /s 5 35 4% 5 Fh 55
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Tab.7 Comparison of ablation experiment results (°)
Pk FHRMSE  FH#SD  FEMAE
APO 3.54 1.76 3.19
MIAPO-A 1.61 0.77 1. 35
MIAPO-B 1.75 0.83 1. 54
MIAPO-C 1.38 0.69 1.14
MIAPO 0.96 0. 60 0.57
Test function F9
— APO 500 — APO
— VIAPO-A 3100 — VIAPO-A
— VIAPO-B — VIAPO-B
VIAPO-C 2 3000 VIAPO-C
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Fig.7 Convergence curves of MIAPO ablation experiment
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