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Abstract

Aiming at the problem of incomplete information and difficulty in obtaining fine damage distribution
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in three-dimensional space caused by static layout of sensors in traditional rock damage detection, this
paper proposes a dynamic optimization layout and three-dimensional damage imaging method based
on acoustic emission technology. Specifically, the initial wave field matrix is constructed by using the
first arrival travel time inversion, and then the damage area is divided by KD tree clustering. For each
clustered damage sub-region, the two algorithms of RANSAC and HOUGH transform are fused to fit the
damage path with higher probability, and then the position of the sensor is dynamically adjusted for
the second detection, and the newly obtained wave velocity field matrix and the initial matrix are
merged together. Finally, the Kriging interpolation algorithm is used to generate a complete wave ve-
locity field matrix, and then the three-dimensional distribution of rock internal damage is inverted. In
general, this method provides a new idea for dynamic optimization of sensor layout for fine detection
of rock internal damage. Through the partition focusing detection combined with multi-source data
fusion, it is expected to improve the integrity and positioning accuracy of imaging while reducing the
detection cost, and also provide some practical technical reference for disaster warning in geological
engineering.

Keywords

Acoustic Emission, KD-Tree Clustering, RANSAC Algorithm, HOUGH Transform, Kriging
Interpolation

Copyright © 2026 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5|8

ARG S IREN IR T TR we A i R FE B AL . BEAE IR R AW, TRES
BB RS R A B A, E A RO ) BB O R . RS EORBESERT L ot R AR
EAT B R A B R B T, AT S AR G A R, BUAE DR A A Ty A — R
WP B[] 2]+

TRIRER B AATE, ELAERAM A RS ORI A B B MBS P LR, s BB SR il i
SRR E N R R E A R E Y, e AR RS 7 0 R3] SR 1 & A it FH 353 Bl AR S B
1A AR RE B X = HE TR, TR B T 4R R A B B 4]

A, H AT TR A — L A R T o A G R d ) B R 2 SR AR IR AR S T 36
BOA BER 1075 DX S R A i 11300 SERR b, E AR R i A AR 4R vh AL L JR B X I,
KR 2 AT TR R A YIS BRI BT o B M X, (E SR 4 DX VR AR AR
IR “HX BEILS, SENAESE A E, REREYIE TR,

PR IS AT BTSRRI ARG LRI, B —ERA AR R EM . &G us e M E L s —
UMEREEH I, XA “HBRE” (B BEMRIEFI20 R 45 RN MBI R 48, RN L ki
JUAR REEXIRE AL, R RAL SR T B H R RCR . BUE K 2 Mot Fuid 2 4 P AEdR
MEARAR L, AR KA B PRI AT AT, iRl imm AN .

BOH I FRAGNG FE 52 I T 55 R AR R 2 1) o 1) S, AR G007 R R e 5 DI IR e 0 A IR, i
SEEER, WU E R IR S V) P 5 RS BARTH R BAEE[5], (E A% IS 7 BT o 2 B i (¥ DR AR
MR R FE 1230 . A EREAAT RAF ERARN RS AR TR AR, XTI a A =4Em
BIRE I 5 2R BT R

DOI: 10.12677/jsta.2026.143053 528 RIS M


https://doi.org/10.12677/jsta.2026.143053
http://creativecommons.org/licenses/by/4.0/

A

W JUAE, 5540 7725 S0 AT TR W IR 5 [T o PR 22 SR BRRBR v=, AH DR A i IR RStk k. 1
EMAEEE R, BT R RPN (CRLB)AESL LR 2 . Y Z8[6]558 NAE o g K5 118 SO
KITAEH, BB EARFIIEN, FIH CRLB M 1A% A WA o AR A R, T oadt 1 e 4% 592
KR, BAEBIBNAMET S RE R 7RI R RS LI e, TSR TIRUE, RS
AU T AR RO A E T A XX A, L A% TR el FE M AR SRR

A AN H & MR AR IX — S EHT R R 7 1) A5 LR D7 T O B T3 5% B 4 A S (MU=
EN SRR RLATT R [7], HME R IR R MR R E oMy, N RER TN oA
IR, FEAT B e v AU X, P40 bt 220 A% [ ) B R 22 i B s A R R R . IR VR A
T OCENASTEE” AT, RIEERICE FAF AR5 B A >k 5| AR KSR R AR B . RS PO 2 Se R
GIHEE, A RSERERI A5, IF BRI T4 B s AR SR 2 IR e AR

EEXF R )@, AR SCHRE H— R T R R B R B S RS SR UG T, %k
B S B A 0 e I S AN A AR Y, @I KD WSS BB S X, R, Bi4 RANSAC 5
HOUGH #5540 & S MR 07 %15,  ShaS TR R A A0 A7 B DASE — R, e, T E4
A M e BB SR I HE B, RO A PRI =4 A . AL BRI A AT R SR A, ST
“HEREE” B “EBNRAL” BIEIRIEAS, A A moRE USSR AR B R B AR

A I 90 3 B2 OV AR B3 A Ja T 72 U5 2 S B s i S ARAR 74, AR SCINPRS H b M e A4 i 4 g 3
WE G R E. fEEmE L, OfF TEZ R —RMEEAm %, RS E — B TAREL. AL
FEHANEMA, e VRSB > BRI ” AR, 1B RS REAR TR 45 R A 30 A%
MEARKRE, DTS KZEAE R AT, BEAREMNIME L@ CRLB 45 & 8L H %, PSO M
R, BT R R 20 R LB G P I o AR SR A T 7B G AT RE I PR HELE, AR AR AT S A
PRI AT ERAS BT, R0 28 BRI FR &2 &, SCl 7RI R G S B A FR 1 5 & RLUL I .
SRS, A SCHE A A, B4 B bR A 1R B 5 ) A8 5 . SR A T 7 A e 3% a1 sh S8 4K
1 R MR — BT 1) PREAHERE, DNa A 4040 ok B G4 it 78 ek, WHEsh 7N “HishR&E” ) “E
A WA
2. (RSB VIRERE SHUIERE
2.1. (RSB E

X FAE BRAS IR UA AT B, RE— MR IAT B 7 &, TEERIM AT 32 WA AR G B2 1T 3 53 A0 B AL s
R G B R TBCE H——XF R, DL . WIUGA0 B SS 0] e 78 55 0 ik, Bl K8 TAEM
UFRATHINESS o N T TERMT RS TR, MBS IT9S, BRI EBEICNF IR 51, 3,5...), Bk
BRI NEERR S (2, 4, 6...). EIRIMYIEE T =48R R, SEAME RIS AN T — D=4k SN

Sensor(x,y,z) o

Figure 1. Layout diagram of acoustic emission sensors
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