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Abstract: Sliding directional drilling 1s widely used in directional boreholes for tasks such as advance probing, detection of

abnormal bodies related to geological hazards, and gas drainage, helping improve geological interpretation and drilling efficiency.
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This paper addresses the problem of reduced trajectory tracking accuracy caused by complex formation disturbances during sliding

directional drilling, and proposes an extended-state-observer-based model predictive control method for trajectory tracking.First,

the kinematic behavior of the drilling tool is analyzed and a trajectory extension model for sliding drilling is built. Based on this

model, a trajectory prediction model is constructed, and an objective function that minimizes trajectory error is designed to develop

the MPC controller. Then, to reduce steady tracking errors caused by formation disturbances, an extended state observer with

disturbance estimation is designed to compensate the control input. Simulation results show that the proposed provides disturbance

compensation, high tracking accuracy, and strong robustness, with practical value for improving exploration efficiency and

reducing designed to operational risk.
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Table 1 Preset trajectory data for directional boreholes

fL(m)  fHisaC) JPifC) Mg m) A A (m)
0 9.00 28.00 —2.00 0.00
2 9.00 28.00 —2.19 0.74
4 9.00 27.50 —1.87 1.47
298 —2.00 6.00 30.63 20.85
300 —2.00 6.00 30.56 20.85
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Fig.3 True disturbance curves of inclination and azimuth
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Fig.4 Extended state observer error observation curves
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Table 2 Parameters of the experimental simulation
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Table 3 Evaluation of trajectory tracking control performance
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Fig.5 Trajectory tracking curves with and without distur-

bance observer compensation

P e U R RS L

N ik — A Bk BT 48 5k B9 A RO AR R T Y
B 25 F R X Li ez al (2025) fir £ H i 2 11 2% 5 4= SC
FE T KPR 25 L 45 Fr A5 Y 0 A < A4 A B I R
B A ) R BEAT N L B, 45 R R 6 s

M A LA M RS S 00 R, Li e
al. (2025 ) %4 il d ) B30 B R R 22 LU BT 8 s A L 2
& AR SO BT A P A% 7 A B B e 22 B R 3
HE— gy i T E B LA R, AT LUE th RMSE 5



i 7 A5 R T K R A LI 4% £ ¥ S0 R 1] il A 05 R A 2R T 4 i 3025

%8

60— A& 3 ik
— = = ‘Lietal (2025)f% i &
£ doh—mmmn
= el | ===
:‘:,j
o 20

0
1 1 1 1 |

0 50 100 150 200 250 300
7o B A AL IR

60

20 e———————————————————

FEATHL #o(m)

0 1 1 1 1 1
0 50 100 150 200 250 300

7B ARIL IR
K6 AN [l P vk T i s BR e il &

Fig.6 Trajectory tracking curves of different control methods
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