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Abstract: With the accelerated evolution of digital technologies such as big data, cloud computing, and artificial intelli-
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gence, the trends of intelligence, informatization, and digitization have become imminent across various domains. Deep
earth engineering, as a major strategic scientific and technological issue for the nation, is inevitably poised for intelligent
upgrades. However, the complex characteristics of “three highs and one disturbance” in deep rock masses pose some
severe challenges to the intelligent transformation of deep earth engineering. In order to achieve an efficient integration of
deep earth engineering and digital technology, this study focuses on the intelligent practice path based on “perception,
transmission, interpretation, analysis, decision”. The representative research progress in intelligent perception, real-time
transmission, information interpretation, data analysis, intelligent decision-making and other fields in underground engin-
eering is systematically reviewed, and the targeted development directions for deep earth engineering intelligent develop-
ment are proposed, including multi perception, fast response, big data, optimal methods, precise models, strong platforms
and easy promotion. Research findings indicate that () The cutting-edge deep earth engineering perception technologies
include fiber optic sensors, MEMS sensors, computer vision, automated robots, etc. After data collection is completed, the
real-time response of data is achieved through the wireless communication protocols that combine the advantages of
simple configuration, strong fault tolerance, and good mobility, in order to achieve an accurate collection and real-time
transmission of deep earth engineering monitoring data. (2) Deep earth engineering survey technology yields data types
such as images, waves, and point clouds. Numerous models for interpreting and analyzing raw data exist. The application
of next-generation artificial intelligence technologies, such as artificial neural networks and deep learning, significantly
improves the efficiency of interpretation and analysis. (3 The intelligent decision-making system possesses efficient learn-
ing capabilities, adapting to the uncertainty in complex environments through cyclic autonomous learning to provide intel-
ligent solutions for decision-making problems. Currently, China’s policies and industrial systems for the intelligent con-
struction in the deep earth engineering have been essentially established, with a plethora of intelligent construction sys-
tems already applied in practical settings. Building upon this foundation, the study envisions the development direction of
digital deep earth engineering in four aspects: intelligent collection and information interpretation, surrounding rock evalu-
ation and safety assessment, surrounding rock control and dynamic repair, and platform development and application pro-
motion. Furthermore, a comprehensive evaluation and analysis system for surrounding rock stability of deep earth engin-

eering based on multi-source information is constructed.
Key words: deep earth engineering; artificial intelligence; real-time response; information interpretation; data analysis;
intelligent decision-making
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Table1 Comparison of advantages and disadvantages of various wireless communication technologies
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Fig.5 Flow chart for interpretation of rock mass fracture information
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Table 2 Statistics of image interpretation indicators and methods
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Fig.10 Intelligent analysis method process



1276 # %

= % 2024 4% 49 %

S BE TN . TBM SECHN | Mo 9 3 P S5 0l s
T BERIR AR (% 5, i, a) WG BRI —A
%ﬁ*lﬂﬁﬁ—‘, EMAP ﬂﬂﬂﬁi’aéﬁﬁﬁé}ttﬁ%ﬁ, EMR ﬂ‘jilzﬂj*ﬁ
SR 2E), f: AR B A HO, ZHAO M4 T
912 N REFIA S GOREAR, (45 4 R bR, IR
10 i W 2 2] SR R BE PR o GBI A T I 25, 4%
REHZ RGN SIS 0.87, IR RIFriz
fRLBE J1; ZHOU 25148110 13 A FR I8 T AR 9 £ J5 75 h
A, AR AT B A RS (RMR) {64 H R

Frh o S5RFM, Frit Y TPE-GBRT RS HEM#
R L VA 5 R 3 )y T 26 B L B M 29 £
T 10 FRBEIE Y 286 -2 151 B E i, #4 s DL T o 2%
S50, HE A R BE S T AT R IE . AE ) SR T
W45, LT 25 U0 FH /N 3 S R i HIL (LSSVM)
HENT T A TR SR S (UCS) AT 5 5 EE (SS) Tl
AEHY 25 B3R LS-SVM F LAY X547 UCS Fll
SS A 5 S Al R e LEL g T 5
i NS, IR T FA-BP UCS RN, 58 5

RS ERRSMAEEAST
Table S Application statistics of intelligent analysis methods
E PN e VA IIWIRES St B SR
ZHAO%14T] B BRI . BERGIE ST, HERUE S SVM. RT. ET V&Rl A R E1E0.95_F
ZHOUZ U UCS., Aafimbri . HUF /K& T TPE-GBRT
BE . WERAAME . ARESEE ST A O 1) 4
134155
MAZ[149] FAOMEE . KGR . ARoCE . ARG BN FBlA4rgr  EWRR. REEE. SRS FEAhZ
K. BRI SEEEE . MUV . MR OK. EA THEE(AUC)HYF-HHE 55
AR FBA KON SEL 2575989.2% . 91%. 92%. 91%H198%
YANGZE!ST] HARERE | CARTEERME . ARG 1D CNNs N2 493.33%
ARG HUT AL Hoh S
ZHENGZ[18] SERMEREL. RO R A TR BFOA-LSSVM
PPERLE | MR K A AR R B R
L1zl150] HAOTERE TR . YA LSSVM UCSHISSTRIAE R 5 Hy
ifif A PR S 0.999 7£10.998 5
MENG%;[13] UKEERIFRLE R, ZLAEIE . A RF
S R RN s K
HASSANZES s i B . TR0 . UCS., T4k ANNs R EET RHIKT0.89
TRE. bR Eor. FLBRUR . MR RRE AT
LEI%[151 FLBRIE . DA | R ] A FA-BP Erus=4.883, Epjap=0.063,
SRR | SRk AR R*=0.985, a;5=0.967
HUANGZ!32] WHHIRS R %L, UCS, TERN 7. SVR-FA R?=0.9825, Epys=0.2334
FAEEPEA
WANGZ!15] JeHIE T, BER, BAE. MUEEE . SVR. BP-ANN, RF, TBMZ:%k RIYKT0.8
TV, W, A GBDT o
XUz JEAEHLRAE 149 199F0 AR RIS A BOHR BR. NN. RF. GRB.
SVM. CNN. LSTM
FENGZ;161] B ki M. R RE(H &M 4 (DBN) Eyr—/NF0.15
DINGZ!!192] BAESHE. WM. J1RATR BPNN SRR BT 2 R (B o) H27.54%
ELBAZZUS!  migisfissh, s . B LIRRE DQL-PSO ST FHHSE Epap2d 71590.022, 0.015
ISMASEL
ZHOUZE!] R, PRI A AR AR WOA-SVM Fes e 250,956 5
EARFE 43 LR AR
WANGZ[156] FRlA e R 18] B 1 T 5 A AT UCS Z He LM-BP
UCS/or. HRPERETEEL
ZHANGZ164] FAM IR, AAMETERE PSO-BP b T HER#1X5195.98%
FPERETE AL
MAHMOODZADEH  BRIEVREE . $h FAKAL, A B fahs LSTM R*=0.9866, Ey,=2.67,
2z [165] HZK B Egus = 4.074 859 916,
Enap = 3.542 394 057%
GUOZLI56] T,. UCS. or. TJ/UCS. UCS/or. BP-SVM R 55150.975

AP RETE R




531

KRR T TR SRR S RS R R S R

1277

PEAEFE PR E HLr A PEAE AT HUANG 25121 4 Fif
SRR LRSS T A, FET 2040 SS B, g
THLEREE 2T WU R AN -4, SEEE T S Ay
#rid . 76 TBM S5 T 45 %, WANG %' P13 1
Jiti TR M S A B 5 B T A LS A T RR AR S A, R
4 Pl 2= S B S O, 25 R, X HESE
XF TBM #E T . T EAAEFNFHEDE R 3 A iz
AR TN A8k A s XU S g ofe it T i W Lis
IS5, 0 bR | F53 ., 1l AL M S F5 b, R B
SE ML AR 2 2 ik B O WER o A M o ¢ 3 ) 4k,
ZHOU ZEUSURAE 114 A5z, 42 7 — R4k it 4
TR WOA-SVM, FH AT BRI BT H; WANG %)
TR T 100 ZH LRV AR A, JE TARMER L | 4
P f AL S92 A 4 Bl AR G R AL 7 25, LT T 60
AR BP AR, 25 R LM-BP #2845 i
e S S3Ean
R AT AT, 1 2 et B BLAS 2 S BBk B
J R FH TR T AR AT, I ELAE RIS BE A3 i
i, K 2B AR B AR Rl . Bk,
Bl AR A — R R A a) . Bk O R
EHIR M AW 2L > FE IR IR T i e 2%
TR TREDT ST, HAHSCAY RSB0 8 i e 1k ok ws
i, (EALRCR S 22855 . IR, 2838 AL BIA Kk L
RN HE B WA E TR TR LG > Bk, IF
WRAETARCE . WAFTNAE . TRPERE ST LAZEBVEN .
@ LUIFERIRFSY B AP e AR |- 552 PRIE BT
TE—ERZEE . PR, AR AOAH T R 5 i = 1
PR > % SE PR TR R M AT . B MR T
2 IR IR AR B B, TR M T RE Wi BAR /D g A
o B HERAFE . Bl Ok A £ (0 BE AL R A T
T TR AP, AR ST R 70 43K Ve e 0 5080 1o P
Bt A H AR b 38 s i AR A A B L AR
HAE M. @ TR PR T3 RE 1 i AN B
R BB FR ] T I ARTE PR TR AR H

3 RMTRENTFAERFESEEERR

TEDR L T AR A LB B, Rl T I Al B2 52 2% 9
SEIRE, B A G0N 5 0 S S S A
WrEATAE 225 o MRk & B S s A T L
GO Je R R E WG AE, IR T “F3h 87 s
SEQ NSV WS R” SHPBAL IFTE 2 FHE XS
T TS EOATIBIE, A RETELi & e 4x, Bkt 20F, &4k
ORI TR R ILR R . BEE 24 B W)
BRI THI IR REME . I HT ORI K e, Tt T AR
jaaacol & NN ERSNR Y SN g e S SR (e

Bt BRSO B, X AE B IS PR A T AR AL
SRAEMESE G TR B WAL [RIIN, 0 3254 R 458
S BERIRE R B BUE T {5 B

B REILR SRR GE (IDSS) SR TEAL G PR SO 4
R4 (DSS) At ETIA ALTIRE, WL ZRGEHA
(ES), T DSS A\KE A RFIHRKAMERLAE S, B 1ER
SR PR Mk TRE I, DASERLR I TR
IDSS HAT B« FR I BRI, e 35 A A
PLLAR BB AR iy A AL BE A 5 [R) R SC A S i o ik
Rl @ 41U A ; @) 4 HE e ) s
B ) i H PSRRI s @ TR AL e AL T7
(B 1) FRGE R AR S B RO
B BRSEE AT IERAT 55, i ad Ry AR IR S 4 L 93

I ORI
/ TN \
] ]

B A o
HeE ] R AR
A H R
Lty B\
R TR 5E 1] 73 25 ST
il A1 R R
BURE G SIS =
e 7 B L5 R
}
BE YIESZN
[}
[
[ un O i }

BT B RER AR RGN

Fig.11 Intelligence decision support system'

H A, TRHE TR = R T 1 g ke
KRG, nItE 4R 3NER: © ARV R 5
(SaaS); @ & BNk 55 (PaaS); (B ik fifl 15 Jiti B AR 55
(IaaS). TE = HAME T R RELE R GeHh, FHE
) I IR T AR S R B4, MR R i AR rh ISR
SYBRIBANR . PRI, w8 AR s 2 Be T B T TR b
TR BB OCHE . YR TR AL DA RE
PR R g, T HER KA “Hhi g 58”2 “BAR(E
B BRI, 0. 22BN PasS BT
TP G280, 1 % 7 IR AL RS FLA 73 AR
T A, KA Mongo 18 R0 oo i 5 22,
i Hadoop. Spark, MapReduce, Mahout %5 #f 17 K%

167]



1278 # %

F #®

2024 4F55 49 4

P Ab 3R S A7, B SE IR T R TE TR AR T
(1) H BhAb PR K R 1 F 2R B, R SE e R 4
AR N F il REUOU 22T iy Bever Control 24
FFF R B HE T SaaS B B R BEREAF. ZARAdAT
i B AT S A, DA S IR B T 6T
%18 25 T Ty M sh & . RSk =
il , RYEH s A Ul TR, IF PR i 2
B s, SCEL ST S B S & IE 5 LING 2170
PR T BRIE AP S A BT R ME S HESE . IZHE SR
TLS. GPR SR AT 2 B R B RER A, A T8
(R 7 A T A AR T | I 7K B S (5 R R, FESE R R
E—F—RA7 &fE, FIH AL ik A shA s
(EGEE RIS R A 2 S| 0 I B BURES: I 3
WARLR LA R HE LM R, RSP 45
I 7, FR F S AP S R 2 4 RO A e e A TR
AR H et e i . e P A T i bR
DR EE T B T S AP IR R B A LB RRCR 2 4, B
AL (D 38 ) 24 (5 BB R G A I AR IR I N 1Y)
T, S i AR R F R, TS B,
DL R R RE BT [ 78 402 2] s @ SR B BEHR T
SEBTL A L BEML AR MR VE L BCRR AR L XG-
Boost 5.7k . DI 28 25 55 6 P vL N 2B R
BRI IEIE Z MR PE SR R, Il X R
e e b B )R RS T R S 2 T A B Tl S 425 4
ARV S LN T, % S SR e A EA T R Ak @) AR
P BE T S A AR L A B I AR, A RE TR SR AL,
i 2wk, SRR R R R S A A
SRIAEEITE
FAE LR TSR, YETH T TR BT TR &
GenliE LA AT R I E 2R, W PR
BREDL R SR . B, HAT A b 75 o — 2D i e
TS O Y HTR G R AXVE A AU 1 TTAG K
ERRRE ), (L HL RO & st @ e AR
i AT, BBl B R T RS PR TR A
AIFEN, A i S B R ) TR B i
TFECA EDUL, AAF . By R APLAE B A4, (3 T
PRI ) PR AT H Y TRl (D T S HbIHIE K p Ak,
DI PR 22 e AE SE R T A% A A ml S s HPE .

4 FRRMIEZERFHESNA

SETR BB AR B, R AR A L B L
LRIETE . W . TR AT SRS TR TR AR
FHERE, TR O L AR L R AT, DRSRSE
NRET—IRR IR RGE . LRG0 SR T2

LA IR RIS AT, S KRS St
s AR (s st A, BK
M5« FEIE e Tk 403, 5 BE TR Hb T2 3 - 5 ] 1
11 N2 - 1 W= O D 2 O 2 <
HAR S 55 B ARD P SeBl g AR BB AL G R o8 3
MR BRI T RGP R B, $27 T R4S
TR HATRE S, TR R TR TR ARG =
RO A, TR R T TR UK

LA, 1 224 B B TR M T RE S5 T 2%, HE
I — B REROR 5% T AR S BT, TR T K
FREG M TR A S R, IR e TRET A R BUS T R AT
R SR (% 6)o LA REA LL LIS A 91 pfiAE4E 1A
H B R TR e I, I RITH R+
TAGRLER TR, 7, 5 S22 RE b R 4T
WU g TR PSS E R A, FAH 64
REJZAN, fdh: LRE . BAZ . M2 RS2,
B AR BOZ FR FHZ A Bz, niRE SR
SR B S IR SR B ST, BT 1L 2T
Fe; BE &P H T IET 4DGIS WY BEME H X
P65, XG0 FRIIRE R Z . 0 L% MZE . 4
SR RERGE)Z, A SCHURR I R At s Tl
454 Spark J HDFS #4937 HA& TB g8 /7t he
M 1K E KR A B &, IR TR T
LSTM BB 1L 2K 58 R T R 4, NIRRT AR Y
BETBR A T R AT & RS T =i
BLOREE . AL, BRI TR LA, HR
MG — s oG, K 2 s B T S 1764, A
BB 1 LR s R A P ke SR AU g T
AL BRE A = MRl . B AED L LA
FREA L R BEPM R RN O T — IR Rk
LR ERE- &, R b, ST 2 AR
v S5 PR EI S S5 B bR, SRR R G R R

BBV T LU RERR N L B BB

BRETHE . B RRT . B REYCR SN AL O R BT L
B/ RG, ERBABHIING ALMRS, BT
R IE Yie e S A N NN T

25 b, Bl VR TR O A AN B B,
REMLAE 2 A 3 TF, TR A RERR BE - &5 R EE AL
55 HAREE N2, F R G000 B R IR %) . X
FEAS IR L TR A & HA iy 2% L ROy, B TRE ), %
TR 8 T e A R i A R 2, JEAR S T8
— RIS EBARL S o SR, ARATH T AW s
Wb T REBC IR S 15 Bt A 78 43, BESGTE 1%
MER A S, ORI RS STt & o



FE3MW [

44 e T RE ARSI S5 RE A A A R S R

1279

Fo6 FRERMIBERETAMESNA

Table 6 Construction and application of intelligent deep earth engineering construction platform
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