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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.

EETH: HE A KR #E 45 H(Nos. 62373332,62273317); i 525K 2ERHEIHT 518 120 111350 B (No. B17040); H [ #l K 2% (@) H g
e RS SE A BB 55 2% L 09T 4 0

TEE B BhiRIL (1991—) , 9, #U82 N R G AR B B RS A R g4 6155 )y i F 58 . ORCID: 0000-0002-9452-4053. E-mail:
luchengda@cug. edu. cn

* BIAEE : 2, ORCID:0000-0002-0668-8315. E-mail: wumin@cug. edu. cn

S A& RIS, BUE W, RANMR , Sk Ak, 540, 2026 . 561 SRR ZSULIN 45 ) T8 2l 1 1o B 0L e BR AR T P o bR, 51(8) : 3017 — 3026
Citation : Lu Chengda, Duan Weitao , Wu Jiajun, Zhang Youzhen , Wu Min, 2026.Extended-State-Observer-Based Trajectory-Tracking Model Predictive
Control for Sliding Directional Drilling.Earth Science ,51(8) : 3017 —3026.



3018 HIERRL2E  http://www.earth-science.net

51 %

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.

Key words: Sliding directional drilling; trajectory extension model; trajectory control; extended state observer; model predictive control.

0 5%

FEGCIRIPR 5 4 TR T 5 s b el
AT AR 25 () 2 B b 22 2% A 52 2 FLR 1 P 1Y)
INBET S0 B e T3 208 A8l 0 O v A v AR A T
SRy il 2 BT T AR 5 e B ) AR R OR 8 1] Bl
T S R S R R A T T 2 A R W R A
BIEEAE 55 b 1 G B 4% R F- B (Gurina, 2022; 5 15k,
2024) . FHETAL G AL E T 5K, 2 ) B E BE S A Bl i 2ot
T v AR S Bl ELE 1) AL R S R H AR
& kR . A kO S AR S R S
T T ) W 28, JHG v 3 2l S o I S 1) T L TR AR E
BRI SC R 1) e A GE T R R AR
b 2R A 1) HE A P BB (Z8KORT, 2024) . R T #E
SRR, R A BRI T A ) S R
IR TS N b AR | FLE R B AR A AR R L fif
Bl oL B 5 2 30 5 2 M JZ B s 5 2 T 7 A RS
225122 BRSBTS B R IR R B (B9 B, 20255
=R , 2025) .

O A T 5% [ 2% 2 1) Al a2 29000 R B2 s il 42 118 T A
25 96 YA 4 IR R 9K B P 20 R BR AR Ak 1) 2307k DU
T BE B B 1 S A T 45 RS B S e e L X
SN B 5 S BN G 51 E B B0 i 22 1R
Mahdianfar ez al.(2016) 42 H () £1 0F £k 50300 B2 5 4 il
IR BUR (IR E IRE 2 €7 0] I W 0D By ST (=
AN M R A LA B, ST 6T B AR B B0 1) i
M | %07k ) R 2 SRR ] s S AT e AR
AR T A RS IR G IR B R R G s AL
LR L Zhang er al. (2018) TF 4 fR RS 1 55 42 1l 2%
B R B i 22 | b J2 0 S A T A e o i 3=
T L THT [ o 8T RO 2, R P e R 28 5 SR S F SR A
HRHLH A B2 R T S B0 R 5 R s i i i (]
Wan et al.(2024) - — LB T Z RSB0 45 61 25 ,
BT FL IR S B R R T S5 B R AR L A

T3 A 2 T B ASOR R D 48 e TR A R S
TR 1) A28 XSl g i 1 Hehe T4

SR, bR v A TR N R v A0 7 e LA ] el
A2y AL IR 5 A T AL T Ry AR L 1R L1k
SR BRI D7 v EORE A R S BOR 0 M L (X B
T AR B2 5 R AR SR T 2, 7 E s g o
Sy | R i sk RS BEAR G (4 b R 2 A Ak 45
il ) B (Wang, 2023 ) . A5 1 $ 0 42 i) BROS A $2 4, R
IR R A 1R B ik Tk | AR E T HA AR O
TR T 47 o) i 6% ST AR ILVR B AR AL R IR LE A O
HLA , Ak P 6 A% BRI b (4 858 29 R 5 3l 2 H A, 72T 2
TR e SRR b T 45 A BRI A i 2 L A4 2 I 28,
ST IR0 3 1 PR RS AR ) £

TR 0 42 i) EL At Ak B 24 S i T AR AR
A4 TR R L X T A e 24 SO A il Tn) BB A 2 KA
e, P IE ETE A Fh T AR B4R 2132 190 HH (Bonzanini,
2024). Hong et al.(2024) & 1} 7 —Fh 5L T KA IC4Z
o 225 ) 244 s O A YR NN A A AR I 23 A A v
T e v VO T N K T 32 BE ML TR T B
REFEME N . Basheer et al.(2025) 1 T —F
A7 R A ) AR A T A SR W R SR R
P A4, gk 7 HAE KT e AL 2R 42 rh 2 T BE i Al
PR ATRRE ML E . Zhao er al.(2024) 38
FUNEECIVE/AL | S NV NN -8 i RV N (B S i
£ B T B2 Tk A A AR R Y S SO AR
ARUTII 45 1 7 v A R D T S BRI E P AR A 2k
T ok A [ A2 IR B N R ) R

TEACIE B ) B s 1rh T )2 R P S S
DI TIE S5 AT 55 o SR I Bl 1 0030 9 4 o P AR A R
SeR A HE Ry 1) B9 g 2 T A2 B DG 3 B8 7 25 ] v 9 22
Filw 25 b w22 CE T, 2022) . BF X i a1, 2=
£ (2025) 3 THRHFT A Bz gl R R 2tk b 58
R TGO 45 1) J7 v A BRI 22 , (AR TR B OGHERY
Bl RSV B R O B B A E AR



%8l

i 7 A5 R T KR S LI 4% £ ¥ IR 1] il 2 03 R A 2R T 4 3019

Jot A1 FLBE JBE FHL 5 | 36 ) 3l A5 HE 3l A 7 i 2 B 5 8] 422
2 i BE 3 AN AL 9 TRD AL 3 SRS WL 4 RE A% 2 Ktk 5
AR AN R B 58— 0§ R A IR R Se A
i A B AT LA T (B 82 1, 2025) . 5 O8RS 5
LB LT 9 T R A L 1277 1 AN T 00 v 2 0
SRS 3, HIE G b BEHT 0 1) Bl ki 7R P R
JESZMR L BT, AR SCHEE ST b JE R S A e Sl )
Bl PRI FE AR R, I BT — b T ORI
P4 L3 R B R R M 45 1) 7 3k . %07 1 LIRS A
Dot i AE R S A R A S P sl Al 1145
RO ) HEAT AR TR T A AR A R TR BB
R ER R E S B RE BB LA R R AR SOk
TE S 2 M JZ= A5 1F T HoA T 4 9 BT I8 BE 0 R 3 47 il
RO, T 2l 16 Bl B R AR (4 e A dl 5
S

1 [ ol 1 0L 8 S e 5 1

by S BT B 1) g ) 00 B R A R )
RS R AT BN NP F S I = VAR Tl B )
PR A 1) G 2 0 000 S e ASE Y . Sy il AR S ] a0 R
S A ] ek R v ) Al 3 S R A B2 BRI B A
4, FLE 2 B0OAR s B2 DS B TR v R B, 3l A
ST 1) By ) A A E DL AE S B AR A LU L
W 5 B N3z By 2 B FR R AT R R A A

HAE A 09 2 ) 4 2F G 2z 3l 22 B8 (Panchal
etal., 2010), 7] L1551 .

6mc - ‘Uﬁdls Ccos 611'

(1)

0, =— Ou. sin 0,
sin ;.
Hod 0,00 T H M, 0o, 8 FLIE B L4 A 10 1 )
H ki A AT ) B L B T B 3 R BE
Sk T S T Al HE Y AR A T X R
03I AT TR Y A
K OFRRILAAME, CRRLICE LA 500
BRI SK AL Hh 2k OC KR B BERE . ML SE K Pl
T3 18] 2R 75 18], I HLAG kR 1E O o, FLR B T
lia] 5 3 B 2R Bt o 14 1E 5 i) — K.
R R B oy B SCL B Oy B v, 0y, 0. 5
B E B v 0 0 TTRLAR 0 VBB R RN
UV, = 0V COS @, COS O
UV, = 008 0y SING,,; .
V. = v sin Oy,

K I 18] 358 2 Sy FL TR S 20 B K 0 38 5 7 A {0 (]

| H AL B

BT o 1) il 1k = 2 B3 3 i 2 14
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Table 1 Preset trajectory data for directional boreholes

fLEm) M) FiMC)  EFMBm) ZAEm)
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
®
= 02f
e
_‘:]K 0
&
= -02F
’R 704 1 1 I | 1
0 50 100 150 200 250 300

o E LR

P03 iR S 05 S S i 2k

Fig.3 True disturbance curves of inclination and azimuth

0.4
$02_
5
= 0
\_,02 1 1 | 1 |
0 50 100 150 200 250 300
I & PAFLIF
0.1F
Bk
E: 0
2
=2
QE*O.l—
_02 | 1 1 1 |
0 50 100 150 200 250 300
G A0 AL i

0.2

J7 A F I i 2
<

-0.2 1 1 ! 1 I
0 50 100 150 200 250 300

B ALIA

4 9 SRR LI 5 i 22 WL it 2%

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
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Fig.6 Trajectory tracking curves of different control methods
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