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Abstract: To address the challenges of non-stationary data streams and working condition drift in Rate of Penetration (ROP)
prediction for deep complex formations, a dynamic modeling method based on frequency domain perception and adaptive feedback
is proposed. The method utilizes sliding windows and Fast Fourier Transform (FFT) to extract frequency domain features from real
-time data streams, quantifying the matching degree of working conditions between the main well and neighboring wells via cosine
similarity. An innovative dynamic threshold mechanism based on R* feedback is constructed to adjust discrimination standards in
real time: historical models are reused when conditions are similar, while the Random Forest model is retrained using hybrid data
(main well accumulation plus neighbor well depth matching) during abrupt changes. Validation with real drilling data from 10 wells

demonstrates that the method achieves an average R* of 0.96 across the entire well section, with a Mean Squared Error (MSE) of
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0.001 5. Compared to the fixed threshold strategy (with a reuse rate of 0% ), the dynamic mechanism significantly increases the

model reuse rate to 18%.Furthermore, the generalization capability of the proposed method was validated through blind tests on

three previously unseen wells, achieving an average R* of 0.91. This study effectively resolves the contradiction between the

difficulty of quantifying time-domain signals and poor model adaptability. It significantly reduces computational overhead while

ensuring high accuracy. The proposed method provides a new technical framework for real-time rate of penetration prediction and

intelligent drilling decision support under complex non-stationary drilling conditions.

Key words: real - time data stream; rate of penetration prediction; spectral feature comparison; dynamic modeling; adaptive

threshold; random forest.
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Fig. 1 Horizontal bar chart of depth span for wells
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Table 3 Comparison of experimental results among different models
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Table 5 Experimental results of the blind test

F 7 R? MAE MSE B E AR IS R*
[#5] 7 5 7Y 0.3715 0.112 8 0.019 4 8 0.9213
A I AR 0.879 6 0.040 6 0.003 7 9 0.933 6
LSTM % 0.509 5 0.089 5 0.0135 10 0.8751
AR AR A 0.965 1 0.025 8 0.001 5

®4 BEERREHFK(2 700~2 900 m){EEExTLE
Table 4 Performance comparison in the local complex transi-
tion section (2 700~2 900 m)

F 28 Jeyi R? JAMAE  J&# MSE
[ 7 A5 1Y <0 0.213 4 0.052 1
LI By AR 0.651 2 0.078 2 0.0125
LSTM 7 0.284 5 0.1456 0.038 4
ARG 0.892 4 0.038 5 0.004 2

R T APPSR AR O B m Mg L et T
AFPRIARIZE MR F AP ke REU(R?) ik 2
(MSE) JF ¥4 %1% 2% (MAE) , 25 R 3% 3R .

Geatah A WoR [ B R T 0Tk TR S8,
Wt ORI kA T E M TR, RN
0.37, ¥ 77 1% 25 (MSE) i35 0.019 4, BEA KR £ T il
MEE S LSTM AR AL R* 355 T 0.509 5, B &L T
18 55 [ 72 AL 2 > AU A 32 2 A5 A A 2o 7E 4%
BRI T N (R?=0.88) , (HAEAL B 5E & T
B R B B W e M M L2 R AR SO Y
F 3 0 A5 D 7E 4 B A T S R RE L T2 R Ak #
0.965 1,MSE &% % 0.001 5, 75 45 31F 25 45 B 1Y [ i
SEELT 1.6 h R AERT R ORF L X = I AL
e b3 T O b R TR T AR SCAR Y A 4 R 22 BOTR B BT
A DR RS B T M R TN 45 SR 5 S B O v
WG . N Tk b A VT A S A A ) A i A 4 5
b2 B2 AR v IR AR 5 4 - B 2 WL Al R
BIPERE F R EF XTI 13 U B E A ERAS T
LR 1Y Ja i 52 2 I Be (B BE 2 700~2 900 m) i#F 47
TS IR Z G, B R A RN ER 4 PR

XF L2 3 4 O Bodk b 5 3 4 1 R FR AR bR AT
ST A TGS Hb 2 58 A B R BRI RS B 34 &
AT W R AT Bk (b B A R B il LSTM
2 0.28, BT 2 2K FUM HE J7 ) 5 1A SCHY 1 A A Al
AR IR HE R 45T 0.892 4 (1 SRy FB A JEE
34 SHIEWIE

R Tk — A0 B LR R B LE T 5 4 R R T B

Mz A e 1, HEBR X B0 A BCHE 43 A 3 B A TC A9 K
B, B h TR IR E S K A Y 10 1 I B
LR o Ry P s R R (R 5 1~7) 7 5 R T O
(H58~10)".

TEH W3k i vp B RL  AK 1 15 18] 8~10 5 I BYAT:
o 7y S0 H5CH f TR T R0 R L AN R VR G SR AR Y
W AEAE 1~7 5 1 B R AR 25 1) vh 64T G R 5 DR AT
A X — BT OB X B BRI BT R R )
SETOE B OR TSR AR A R A R

F5 IR TRIALE 3 1k 7 R 4
P SEES 25 R R 7E ST A R 0 AR S AR A
1£8.9.10 5 1YV 2 R*KAREE] 1 0.91.

1 g

B o i TR Rl ST ) S R S A
2R AR SO b T R — B A B —
AT R — FE 2 T A — IR fb SE e R AE 4R, &
Z B P BB 00 T AR AR T — R Y R 2k
X 10 1 SRR A0S 1 S0 I , SEE T T sl
155 05 3% X5 HE 8 S B A BRAE 28 . 51 AW sh & 10 HL I
XF RS AT ), R R DR L AR e (FFT)
PRI BUREAE , IF R R ZAHRE TR R 0 S
9 1177 3 B0 Y DT i R B L 9% A U B T
WA 5 e DL A Ak 6T LU ) TR) 8, ST M2 T O A S
TR . B T 2 A B A A R R R N
T E M —F R TR AL Y0 A L =
T A B 5 D s B IR T A Bl 3T R
FRBCHE 5 7 50 VG e $5 40 38 A% . 51 A S A B ML
il AR AR R I S R B I R R AR R A
FEDRIERS FE T8 T A ROF i T 3R R0R 5 18 N
PRI IE TR AR A TR Y P R L e &)
AR BoR  BEAYIZR T 3 000 2 448 #ERT 1.6 h,
BLRLSF-He 2 ZBU(R) A E] 0.96, ¥ J7 i 2% (MSE)
90.001 5. M Ab i 5 3 1 gk 7 B E I E TR
RV AR A Lz R RE T, F- 3 R*A 2 0.91. 5 [#
FE SRR S AR DL K LSTM BRI L, 3%



%8l

2 [R) R A < T SN O U B4 Bl AR AR D L 5 1 O

oy 7 AR 3101

05 ¥R AE 2 278 IX I A TR T SR A iz AR RE L R
A HIF 5T 06 UE HHE 4 P 7E 4 000 m L P 5 T 0
SR DCAC Y 7 e HA TR B T OCE L BRI
Pk % AE T v TR S A% M2 e B Al 4R G A AR
iﬁmmmumﬁm%E%ﬁWN%*%¥%%
B it . Aok TAEKE 51 AR VR I 52 I 45 4 it
= > Bk

o RS ZRGTHRE A . wnl g aRA
FREFBEFFALS A THFEANSH ST 43
IR E R EASER R (%5 2024NSFSC0817) ;
R EFHR B, —Fr A F A DA RN E S
BFR B 72 A (%5 2320004002792) 5 ¥ i 5 i (F
B ) A RS R B & i G2k d k2000 7 5 4k 7
ERBAFRTREARFAIORRZHEZHEHFEHR
#H AR (%5 . CNOOC-KI135ZDXM38ZJ05Z]) .
Bt s ARHE T R SRR, P d R in N3k
A % B T AR VT A R AR

References

Chen, H. D., Jin, Y., Zhang, W. D., et al., 2022. Deep Neural
Network Prediction of Mechanical Drilling Speed. Ener-
gies, 15(9): 3037. https://doi.org/10.3390/en15093037

Ehsan, B., Ebrahim, D.B., 2022.Computational Prediction of the
Drilling Rate of Penetration (ROP): A Comparison of
Various Machine Learning Approaches and Traditional
Models.Journal of Petroleum Science and Engineering ,210.
https://doi.org/10.1016/J.PETROL.2021.110033.

Encinas, M. A., Tunkiel, A. T., Sui, D., 2022. Downhole
Data Correction for Data-Driven Rate of Penetration Pre-
diction Modeling. Journal of Petroleum Science and En-
gineering, 210: 109904. https://doi.org/10.1016/j. pet-
r0l.2021.109904

Hegde, C., Daigle, H., Millwater, H., et al., 2017. Analysis
of Rate of Penetration (ROP) Prediction in Drilling Using
Physics-Based and Data-Driven Models. Journal of Pe-
troleum Science and Engineering, 159: 295—306. https://
doi.org/10.1016/j.petrol.2017.09.020

Huang, X. L., Liu, D. T., Song, J. M., et al., 2021. Real-
Time ROP Optimization Technology Based on Big Data
and Artificial Intelligence. Oi/ Drilling & Production
Technology, 43(4): 442—448(in Chinese with English
abstract).

Li, B. Z., Yang, M. H., Xu, K., et al., 2024. Prediction
Method for ROP Based on Attention Mechanism of Con-
volutional Neural Network. Science Technology and En-
gineering, 24(21): 8910—8916(in Chinese with English
abstract).

Li, P., Yu, C., Wang, J.L., etal., 2024. Intelligent Prediction

of Pore Pressure Using Real-Time Drilling Parameters.

China Petroleum Machinery, 52(5):1—8(in Chinese with
English abstract).

Mehmood, E., Anees, T., 2020. Challenges and Solutions for
Processing Real - Time Big Data Stream: a Systematic
Literature Review. IEEE Access, 8: 119123—119143.
https://doi.org/10.1109/ACCESS.2020.3005268

Tu, B. R., Bai, K., Zhan, C., et al., 2024. Real-Time Pre-
diction of ROP Based on GRU-Informer. Scientific Re-
ports, 14: 2133. https://doi. org/10.1038/s41598 -024 -
522617

Zhang, H. J., Zhang, G. F., Wang, G. N., et al., 2022.
Classification and Prediction Method for ROP Based on
Genetic Algorithm Optimization Random Forest Model.
Science Technology and Engineering, 22(35): 15572—
15578(in Chinese with English abstract).

Zhang, R., Zhu, Z. P., Li, D. Y., etal., 2024. Interpretable
Real- Time Prediction of Drilling Parameters Based on
Improved Sequential Network. China Petroleum Ma-
chinery, 52(4): 1—10(in Chinese with English abstract).

Zhang, Y., Zhou, B. F., Guo, W. X., et al., 2026. Spike
Waveform Recognition for Strong-Motion Records Based
on Light GBM-SVM Stacking Algorithm. Earth Science,
51(1): 185—198(in Chinese with English abstract).

Zhou, C. C., Jiang, J., Li, Q., et al., 2022. Research on
Drilling Rate Prediction Model Based on Fusion Feature
Selection Algorithm. Drilling Engineering, 49(4): 31—40
(in Chinese with English abstract).

Zhu,J.B.,Liu,H.Y., Luan, S.C.,etal.,2025.Prediction of On
-Site Peak Ground Motion Based on Machine Learning and
Transfer Learning. Earth Science, 50(5): 1842— 1860(in
Chinese with English abstract).

35 % 3k

HONE, XA, REW], 4, 2021, FETREE A T8 60
SR LA EE R AT R T2, 43(4): 442—448.

2l IS, U, 55, 2024 SE T R ML B &
25 WL B R T 5 75 . BHE AR S T2, 24(21): 8910—
8916.

ZENE, T, TEE, %, 2024 %?iﬁq‘%ﬁtﬁiﬁﬁ@mﬁﬂ:ﬁﬁ
e H A AL, 52(5): 1—8.

IR ke, EEE, &, 2022, BT L E AL BENLAR
MBI (4 LB 3 A R T O . BRSO, 22
(35): 15572— 15578.

WeE BOIEMG , 2SR, S 2024, 5L T WCHER T R 48 1AL RS
HOAT g R ST O . A ALK, 52(4): 1—10.

deds, g, BOCER, 2, 2026. E T Light GBM-SVM #E &
B 1 5 AR B0 S R AR B L Hb R AR AE, 51(L):
185—198.

JAKE, 4%, 255k, 4, 2022, JE T Bl 4 AF 2R 4 5 1 10 4l il
TO A RUAIE 5T . B R TR, 49(4): 31—40.
SOFE, XIMRZE, AR, 4F, 2025. K?fn%ﬁ%dﬂmﬁ%d
) B i 3 7 2 e (R T . M ERBL 2%, 50(5): 1842— 1860.



