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the research status of pressure relief technology and equipment at home and abroad is summarized and analyzed in this
study. It is pointed out that the development of high-performance, highly reliable, and efficient fully autonomous drilling
system of anti-impact drilling robot is an important development direction to solve the problem of rock burst prevention
and control. To this end, the five key technologies that affect the performance of the drilling system, namely “the precise
recognition of hole position, the precise perception of drilling tool posture, the wireless electromagnetic intelligent detec-
tion, the intelligent recognition of drilling tool operation status, and the precise control of the drilling system” have been
summarized, and the solutions and methods have been provided. In response to the problem of accurate identification of
pressure relief holes in complex and harsh environments, a SinGAN model for pressure relief hole image sample expan-
sion is developed, which integrates image size adjustment and multi-stage training modes. The Faster RCNN optimized by
multi-layer feature fusion is introduced, and a hole position recognition model based on an improved SqueezeNet light-
weight network architecture is constructed to achieve an accurate and fast recognition of pressure relief hole positions. To
address the issue of precise perception of drilling tool posture, the unscented Kalman filter optimized by improved gradi-
ent descent algorithm is designed for the initial alignment of Inertial Measurement Unit (IMU). Multiple IMU spatial ar-
ray layouts are designed, and a BP neural network-based compensation method for drilling tool posture error is studied,
aiming to improve the accuracy of drilling tool posture calculation and achieve a precise drilling pressure relief. Aiming at
the precise detection of drilling conditions in complex geological environments, a wireless elec-tromagnetic transmission
system architecture for underground measurement while drilling in coal mines has been established. The principles of ad-
aptive modulation of weak electromagnetic wave signals and high-speed bidirec-tional electromagnetic transmission tech-
nology have been explored, and the measurement principles and imple-mentation processes of geological parameters, geo-
logical parameters, and engineering parameters at the bottom of the hole have been investigated. To address the issue of
identifying the operational status of drilling systems, a multi-domain feature extraction architecture for drilling signals in
the time domain, frequency domain, and time frequency domain, as well as a deep network advanced feature extraction ar-
chitecture, have been constructed. In addition, the key component health status assessment and fault diagnosis techniques
for drilling systems have been proposed, and a prediction model for sticking risk factors based on an improved bat optim-
ized long-term and short-term memory network has been built to accurately predict the stuck status of pressure relief
drilling tools. In terms of the issue of precise control of drilling systems, the working principle of the hydraulic system of
the drilling system is analyzed, and a precise control scheme for the drilling system considering the characteristics of coal
and rock is formulated. The principle of solving the optimal control parameters of the drilling system based on torque and
position is explored, aiming to achieve intelligent collaborative control and parallel operation of the drilling return system
and feed system.

Key words: anti-impact drilling robot; recognition of pressure relief holes; drilling tool posture perception; wireless
electromagnetic detection; drilling status recognition; intelligent collaborative control
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Fig.18 Remaining life prediction network architecture

43 iR RGEXEEHEBIEISE

Btk R GE AU B 2 2 AR TR L I
PLAE ST, W s F B R AR 2 . Bk
RGBS 23R o R IR B FLATL A AR T R S 1k
BERAS, He 7. Wit PR3N, ORI B AR R A
MSH I RN ESFLALES N TAEMEREIIIL S5 5 i
RS S I A5 PHA T B PR B2 5 Tl 2 ol ] DA VR
LIk () TARRES; Rl (55 ol A IRk K | 5506 %
AR . X ERESHO T2 Wit T
BRI

BEFLALAS N A, A R 2 32 3R 1 28 Ay 1
FH, Z28 sz Fvi b 2 ar, DT 7= A K, 52 )
X B AE A BRI, B — LA R AIE 7 $ BUA 350 il
BEEARPAE AT SEVR RIE, A SRR 2 23 H oA
PRI, R A 9 20 055 1A 7 IR Sl A e A3 ) 15 8
G, AP R YR S5 5 AR AR, A 25 T
W R TR FE 48 A B HL A A B I2 W 7k o RIS, X6
SCARERAE . U RRAF 45 Z2 U RRAE, 1 SR 0] 1) 22 4
i, transformer 25 HE 2 IR SF A ELIRARAE . ELAARAEAY
W19 Fras o A SZ AR 0 1 R L, 6T
FEOE S W AL, FRERLG S RHIES A softmax 4328
i, SR AR R AR A R . PR, TR T
BERLEE, BEA5 5 b . KB | IR~ S50 ik i
FIEFLILER NN E R G RIS W R 2 SO I s
44 ShibEERERRSKN

B FLALAR N TE i R Y IE B T B TR E
BATRE  FERTFLALES N AR RE v, 7 32 2R N
TV RSB BB R T, B E A2 PR S &R
AR SRR A PR R R e A v AR R . R,
o B A B R BRSSP TR, VB B 45
eI, LU X S 2578 A B T AR, ] i B A= 7
NGRS

Y TG B iz shReE, AR 3h 125 50 b, B E
B IR S EARE: BATG BT HEE RS | e
BT BFFIR NG 5 o FERCEERE b, ST RS FLAL
ar NG O B Y 3h g 2 5 ALY, R Ansys.
ABAQUS S8 S B B i 171 T 005 B, AR s —
AREENIXT 3R 5 ASSEGHE T 07 JG, AT 1345
TS EEFFHEEL RS | G AL E B, 5 AR R
J Lt s BN FFHESE A B 5 e o iU L, 5 T i B
Fbs Bl 5 e AR Bt . BRIE, Lk 4 AR
i [E) S P R AR A R A, 2D R =TT,
GYHT . BLRVAR I A3 BT A 7 VR ST SRR S B ] B A G
KR, s EEEHREH 7, e RETHE TR
BHE, DM J5 22 R8RS Pl



1254 # %

F % 2024 445 49 %

RS RHER G 512 W

e |

s I

|
|
|
i
|
|
|
i
|
|
|
|
|
! AT A .
! 5 AT EAE I Attention I
|
i
|
|
|
i
|
|
|
i
|
|
|
i
|
|
|

U GE 4[I—
WHREAE I I

Attention

}
}

3 4’#7"%{%//’\ —60 —40 20 0 20 40 60

iyl

K19 ZIRSA 1R SRS e L RIS iR

Fig.19 Schematic diagram of drilling rig fault diagnosis based on multi-source heterogeneous information fusion
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Fig.22 Schematic diagram of precise control of drilling system
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