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Noise reduction method of angle of inclination measurement error in MWD
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Abstract: Aiming at the problem of attitude resolution distortion caused by angle of inclination measurement errors in measurement while

drilling, a joint estimation method based on Kalman filter and cross-correlation extraction was proposed. Firstly, a limiting filter is used

to filter the impact noise, and then Kalman filter is used to remove most of the whitening noise caused by vibration. Finally, the cross-

correlation detection method is used to extract the accurate radial tangential gravity acceleration, and the axial acceleration is smoothed,

so as to complete the estimation and compensation of angle of inclination measurement error. Simulation experiments show that angle of

inclination measurement error is less than 0. 1°. Compared with traditional methods, this method can greatly improve the precision of

deviation angle measurement.
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Fig. 3 Real drilling signal

PEW WA T B, NE 7 0] LLE I B R o
BOE iR IR, i 8 Fian, WK 8 AT LIE AU &
AHCHE UL AU KF 32 3 B g hn el B2 H 5 h i 4t
F B R AKT KF+ B AR BGE A R O RPR BE . A
SO R H R IR ZEAE 0. 1004, BA S At At o
Tk

101
— YEImEE
] Xl 5 5
E — — - ZHiE
6r i i ;

0 5 10 15 20
I [6)/s

B4 =Hlns B 55

Fig. 4 Triaxial acceleration output signal

4 4 it

FEILA S ShAS I ARR R T, PO g BE iR sl in i
JE o N R X =AM T A A S A S 5 R g n
JEAE S BN AL G R I E LI IR BRI S 5 5 . AR
SERIHE sl F g ug e 55, 2805 1 KE G i th Pk 3h
FIEBIIEEE , 1] KF b B 0k 5 S A S H A5
T o SR JHEANSCHRIBCAR ) A1l 1) 523 Jn s BE , xof 7 b
TN JEE SR V- g e it — 20 R W, 3l i S AL S
FESASIT T ARG LT 0. 10, B %L
PE A R A %05 VR REAT R T e s | e 48 B AL
T KF sl (S B AR SR B0k, 3 20048 2 RS
JE HREIRE 0. 4, SAEGITIEM L T A RER IR £ %5
HERH I RS B, B — 2 B0 s A0 TR L A 1
ARSCR AP H BE BRI Z Bl Ty a4 5l TxfE L
TRAUE Z SR 2 4 04T T8l BE el , X (i Z il

6.0r
5.5F
5.0
2045
2y

0 5 10 15 20
B [R)/s
(a)

,,,,,,,,,, Vil AB S 5 I B
TVHIKFREIEE

s B /g

10
I [)/s
(b)

e ZHNEIRINERE
T ZAHKF R B

5 20

10
I 18] /s
(©
BEl5  KF 385 R L

Fig. 5 Comparison diagram after KF filtering

~o

= —— YBKE SRR B

<

X

B

$ n

§’20 5 10 15 20
i [A)/s

2

= — XHKF G B RS S

<

,;Ef 0

]

R

) . , ,

0 5 10 15 20

i [A)/s

K6 #ESit KF UgER AR 5
Fig. 6 Unified signal of magnetometer after KF filtering

HTINGE FE A 23 32 B B0 I JE 73 i RO, e 50
Wi FR S AT AR BB . 3 O, ST 6 = 4 ol AL 2
RS SEPRBE AT AT 2250, T — A K i T e S B
FEPRGE IR LA 0 UEAS SCT7 32 08 Rk 2l 2 D00 G )
Ak,



- 106 -

LSRR R e o

LURRE

.......... KF & X5 3 B
KF+ LA K SR B . e 58

IR /g

10
I 17/s
(a)

- KFJ i Yl hn g 5

s /g

|6 |5 20
I [8)/s
(b)

---------- KF Ji B Z 8l on 53¢ )3
0.95 ——KF-+HAH S HRE i B Z b i 2 58
. ) s

15 20

10
B 7 /s
(©)
Bl 7 KF 38540 %R

Fig.7 Comparison diagram of KF filtering and the

method presented in this paper

---------- HASCIREUE tHELI3ER A
30.3 ——-KFEiHEHaHm

FHRS/C)

0 5 10 15 20
i [a)/s

B8 ANET kIR 0 A
Fig. 8 Comparison of well inclination

calculated by different methods

Sk

(1]

L R R, A5 T B VR I i 7 DR

(2]

[3]

[4]

(5]

[6]

(7]

[8]

[9]

oAt i B R [ ], A8 A 3R % Hik, 2019, 40 (3) :
106-113.

FENG Q T, GENG Y F, ZHENG ZH, et al. Sonic data
transmission technology while drilling based on drilling
fluid [J].
2019, 40(3) :106-113.

ZER | SO 2R L AMIE T AR DU e 3 S 2
fRFER N A T]. BRI AR ,2019,38(11) .
157-162.

LI HCH, MA W B, LI L. Application of complementary
filtering in low cost quadrotor attitude solution [ J].

2019,

Chinese Journal of Scientific Instrument,

Foreign Electronic Measurement Technology,
38(11):157-162.

KIM J W, VARCOE B E, PETROVIC J. System and
method for determining a borehole azimuth using gravity
in-field referencing: US, 20150143889 [P ].2015-5-28.
WANG L, LI P, WANG Y, et al. Drilling trajectory
survey technology based on 3D RISS with a single fiber
optic gyroscope [ J]. Optik, 2019, 203(1) . 1-14.

Vil R TR, SF. R S 1 B O TR E P
1 W P RE X B HF 5 [T, A T a2 i, 2008 (2)
284-287.

TANG N, CUI A Q, WANG Y L, et al. Experimental
study on control function of rotary steerable drilling tool
stabilization platform [ J ]. Journal of oil, 2008 (2):
284-287.

JEVA XM, 2B 0% . T Skl B8 43 A1 5 S0 58
WE5ELI]. AL, 2009,35(6) (1-4.

ZHOU CH, LIU B Y, GONG X. Theoretical analysis and
experimental study of downhole real-time inclinometry [J].
The Chinese Test,2009,35(6) :1-4.

PN, BB 2, S . B A SR B RS ],
AimEdR ,2011,32(2) :360-363.

SUN F, LV G Y, MA Q M. Strapdown automatic vertical
drilling system [ J ]. Journal of Oil, 2011, 32 (2):
360-363.

B, XU R, 70 SCHR, 5. 2 BB I T EL RSO
MIEBIE 5 S8 [T]. A0l 2% 4z, 2012, 33 (4)
692-696.

SHAO P, LIUB Y, SU Y N, et al. Accurate calibration theory
and experiment of vertical drilling tool inclinometer[J]. Journal
of 0il,2012,33(4) :692-696.

BEIA e, R A, I, 45 SEIR SR T 1 R 5 o
SSMA T, PR (H AR
2012,36(3) :93-97,107.

XUE Q L, WANG R H, SUN F, et al

calculation method for the inclination of strap-down rotary

[J1.

Dynamic

steering shaft. Journal of China University of



12 3

W 0 A A 0 R 22 A 7k - 107 -

[10]

(11]

[12]

(13]

[14]

[15]

[16]

[17]

Petroleum ( Natural Science Edition) , 2012, 36(3) :93-
97,107.

Wit ARFEE G, 55 e S B R S S R ek
FR 2 UV TTE[T]. A4, 2013, 34 (6)
1168-1175.

YANG Q J, XV B C, ZUO X, et al. Unscented Kalman
filter method for rotary steerable drilling tool attitude[ J .
Journal of Oil,2013,34(6) :1168-1175.

E . MBS, 25N 5 5 B [ 1], Al
BREAR [2013,41(4) 1 110-115.

WANG J J. Signal processing method of inclinometer
attitude [J]. oi
Technology, 2013,41(4) :110-115.

NGV R =, TKOCT5 55, HE T MEMS it 2 i1 9
RSk shAS RN [ ], b B o A s v 5 B
7 ,2017,37(12) :134-135.

SUNY T, DI Q Y, ZHANG W X, et al. Dynamic

borehole deviation measurement near bit based on MEMS

rotation measurement Drilling

accelerometer [ J |. Chinese Petroleum and Chemical
Standards and Quality, 2017, 37(12) :134-135.

YANG Y, LI F, WANG Y L, et al. Research on the
cooperative detection of stochastic resonance and chaos
for weak SNR signals in measurement while drilling [ J].
Sensors, 2021, 21(9) :3011-3019.

YANG J X, CHUANG Y, JIANG J B. A robust Mag/
INS-based
measurement while drilling [ J]. TEEE Sensors Journal,
2017, 17(23) :7971-7980.

XUE Q L, WANG R H, SUN F, et al. Continuous

measurement-while-drilling utilizing strap-down multi-

orientation  estimation  algorithm  for

IEEE Transactions on

2014, 63 (3).

model surveying system [ J].
Instrumentation and Measurement
650-657.

ZHANG W X, CHEN W X, DI Q Y, et al. An
investigation of the extraction method of gravitational
inclination

2017,

acceleration signal for at-bit dynamic

measurement [ J ]. Acta Geophysica Sinica,
60(11) :4174-4183.

XV, Bk, 2Ryl S WOy B 38 N R R 208
FEAE - Pl s A P Y BFSE [T ] I S
242, 2020, 34(10) ;142-148.

LIU CH, WEI J X, LI W H, et al. Research on
improved adaptive Kalman filter in Beidou pseudo-range
Journal of Electronic

2020, 34 (10):

single point positioning [ J ].
Measurement and Instrumentation ,
142-148.

Wi—0%. ST R IR S8R BE BRI BEALI 224047 [T ]
HLFI AR, 2020,43(17) :97-100.

CHEN Y M. Random error analysis of gyroscope based
filter [ J ].
Technology, 2020, 43(17) :97-100.

DUMITRIU M. Fault detection of damper in railway

vehicle suspension based on the cross-correlation analysis

[18]

on Kalman Electronic Measurement

[19]

of bogie accelerations [ J ]. Mechanics and Industry,
2019, 20(1) :102.
AMMAZZALORSO S, GRUEN D, REGIS M, et al.

Detection  of

[20]

cross-correlation  between  gravitational

lensing and vy rays[ J]. Physical Review Letters, 2020,
124(10) : 101102.

fEEE N

&R ,1999~2008 4F T I /R THEK
B2/ o W 0 S 1 o e o VAR /SR LN
TR A 0, 2 BT 16
MEMS 51048 K A Fifi B | H 32 3l A JE
I B SIS
E-mail ; yangjinxian@ hpu. edu. cn

Yang Jinxian received his B. Sc. degree, M. Sc. degree
and Ph. D. degree from Harbin Engineering University from 1999
to 2008. Now he is a professor and Ph. D. supervisor at Henan
Polytechnic University. His main research interests include
inertial measurement and its application in MWD, power grid
movement and deformation monitoring.

B 6, 2019 4 T g TR BE 3R A
2, R VT e B R 2 A A A 5
Az, EBERITFE 7 1) A B D ek 1 3 TR 22 A
(R
E-mail; zI{1293672572@ 163. com

Zhao Longfei received B. Sc. From
Henan University of Engineering in 2015. Now he is a M. Sc.
candidate at Henan Polytechnic University. His main interest
includes error compensation of magnetometer for measurement

while drilling.



