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A method of operation processes identification for intelligent drilling rig base on analytic
hierarchy process

ZHU Qianxiang, LUO Pengping, WANG Longpeng, XING Wang, WANG Tianlong
(CCTEG Xi’an Research Institute (Group) Co., Ltd., Xi’an 710077, China)

Abstract: The limited variety and quantity of sensors deployed on drilling rigs make it difficult to identify the current execution
process during the intelligent construction process of coal mine drilling rigs, therefore, an operation processes identification
method is proposed, which includes hierarchical modeling of drilling rig operation and probability inference of current execution
process. Firstly, the coupling process among the components of different granularity is described and modeled based on the
hierarchical analysis method, which reveals the interactive characteristics between equipment, function and system during the
execution of each process. Secondly, Bayesian network is introduced to establish a process execution probability inference model
based on the above hierarchical model of the drilling operation process, which analyzes the causal relationship between
different granularity components and the drilling processes. Then, the collected sensing data is processed and provided as a real-
time evidence to the probability inference model, thereby obtaining the execution probability of each drilling process. Finally,
the hydraulic pressure value, the rotational speed and the movement speed of the drilling head are provided as input to the
probability inference model to obtain the execution probability of drilling process, and the accuracy of the result reaches over
81%. The experiment proves that the method proposed in this paper is practical and feasible. The above research provides a
hierarchical decoupling method for the drilling processes and an analysis method for the interaction process between different
granularity components of drilling rigs, providing technical support for the research on intelligent control methods of drilling
rigs and the development of advanced intelligent geological equipment.
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B U U OB B R L BRI, LR D RE R R R AL C B BN LA R E YD FE K
IREPIATE B AR, REE THERITR M a2 Bl BRERHLN BAT B RGN TR, BRI A A LIE
fE TARMLINBCE 2~3 44 TAEA G, HTARAG® RS ATERE R SR, R0 =TT Ty I
FANLR R AL T 2256, NSl BN Baet  HPATHE L, NEILE EHE T PRIt
N HbR R T A RARBE R, TR EAEE  EEZHEEE. By mim RS, BERGM

Y#s HEA: 2023-06-10; &M HHA: 2023-09-25
ELWH: RHABEO A RA TR0 Z 40 H (2021-TM-MS006); K MR A3 BR A FRM 18 81k ¥ 4 % 5105 H (2022-TM-KJIHZ006)
B REEE, 1985 E4E, U, BN, T, BYEERFFTI, MFRTHLE B AN E M AR, E-mail: zhugianxiang@cctegxian.com



J FH 5 5 AR
Coal Geology & Exploration

HE RGOS T RN S 2 R R G, Ml Hafs
RGFARMIE RS, RS RGN R ST
LU TR, E T RLas B iR 1,
B B AL AT AR B AR A RSB b, ST IR
WAL AT TR AR AE O . 26+ PR 7 A,
AR A P D B AR I, 2 IR Rl AL S A AL
AEATHL],  SEBLEAT TR iR B RE R LT AL
FE F i M R 1 B ) L —

BER™ Bl LA Bt 2 TP HRIE R ) E B A S
$, H AT A 1R FH 2 200 D e 2 i AR
SAEHIPIE . IEAEHEA Bh AL OS B A0 VU o AT Lk
o7 AT B IV (A% AR, R R AS 0 B R BME
Bl w2l R FETD N LRSS 2 e
RENE ST N AR RIS . shh— s
P 24 1A A AT B LIS AT RS A W (I S B
bpei sy (VAR | (LN we Y 7 i BV (e S € DU R A
MRS B A (FREAT b, LU AT BT
BEHUREE TP RN B0, TR Ak
B HLIZAT IR DRGSR P [a R &, BUER:
EIRBIE TSR R S AR A 0 T R

BEA B T 3T R 2R R G0 UE RGN
HUAH R G 0 [F) S0, B B B LI S S R Y 2
RARYGE, WA R A B AT @R RIK
RGBT ST, DU R TE 50 R 4t
f1E SR AR HEAT s MR, fE AL 1, DA
HOA R ih 5 02 IR GBS B2 L Rt T E &
PR, BOANRGREAT R A, R
Gkl 7y A [FIRE B G0 Ho R A I R EAT E B ik
04, Eadwt R EIEAT S s S0 R e E R R
—W R R R — I RE— R ST T E R EUE
AR, FSCR AT T B HL SR RAE Sz AT AL
K7 B A

BRI R HLIZAT TR AR RS AR B B A K
M RS AT R AR AR R R R, SRR O M
B — I RE—U LR AED S, L R St
LERIRISAT WU BEAT A, IR IR AR LAty | a7
US4 R 2 A T S AR R IR OG &R, R IR
A% B A 9 SE R IE S Far A\ 31 13 DU e, A
1M SIS HUISAT T R TIRE . R BB 520
BENLISAT AR TR DIRER Bt =AM AT Hiid
AL, ST R REAIA H B LA R A AR 5 R 2R
I BRI 1 A% B FEA AT B ML T AR
1 HHEITIFHFNRESR

B Bl AL 0 B R il S ST A Y,
B AR R DU LR, A S EL

i ZHPE 2 AR R IR Tk, T b
P WA, RIS _E A% RS TR SR 4L
i, GO HLISAT R P SR DR S, AS
R SC ROV HLIZAT AR TP i S T RE. TP IAN)
A HAFIE

BEHLA SR IR HUE AT IR, AR AR I A% s
Toik EL A IR Ty PRI RE P /5 A A e RS s it
G, BENLERS TP IR ARSI R &R, d etk it e
AU, ASF T i § 47 416 8 J AT 4L Se B
T H xR, HASE R 00U SR 3h [0 % 18] 47 35 52
Wi o PRI AL R R AR A PR A A\ A% S
PR SRBR 0 LR AT H I

PR A T S AT v B, 2 A RO
EE, ML LR TEINL s EEE, 2 — M
MEE R, 3 Z 18158 R IR 500 75 2 4 3 — b AT
ARG 2R o SRR IR BTt FE Rl HL I 45
PIRFAEALZAT AL, SRR . Bog s, Thae
AP IR AR AR S A F DU 0k b3k ok AR AT 3
AL, AT SEBEHLIZAT TRRESRIHIR. 25 E
JTid, ASSCHRH TR R UERIHESR I & 1 Fos

A R
| maeEs | \ BRMEN | prery
Cwass | — [ awweaen |
| mmfrsE | \ BEMHA |
- S

{ SEHLEITITIREE )

|

| sngmmRcus | | FRExmEMEE | [ ExExZEEst | |

Ne—— 7

1 EHLEAT L5 AR AE 2R

Fig.1 The framework of drilling process identification
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Table 2 The description of a node and its child nodes
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Table 4 Description of the functions in makeup process
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Table 6 Sensor data collected from drill rig
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Table7 Result of the identification experiment
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