o (YR

Computerized Tiomograph ry and Applications

RFari X B RCTRE S BT R— A S e @ k3 S 28 B
b, e, TR

Inversion Imaging Research of Cross Hole Seismic CT in Complex Karst Areas: Guiyang Metro Line 3 under Construction Presented as
an Example

TIAN Zhanfeng, PEI Shijian, and YU Qiang

TELR L View online: https://doi.org/10.15953/j.ctta.2023.132

BT REBSB Y H A ST

Articles you may be interested in

I R R CTHOR AT 5 7 DB LR

The Karst Area Perspective Imaging was Performed Using Electromagnetic Wave CT Technique
CTEE 5 R ST, 2018, 27(2): 205-212

1] R R0 C T 8 T M k8 X M e B 5 o )

Application of Cross—borehole Electromagnetic Computerized Tomography in Karst Detection along Kunming Subway
CTHEE 5 0 HBFE. 2018, 27(5): 617626

JESIRTH 1 TREHI R P CTHAR

Non-SIRT Engineering Seismic Wave CT Technology

CTHLS 5 HIWFFE. 2020, 29(2): 119-127

SRV CTHARAE IR AT 2 AR P T 4 107

Application of Elastic Wave CT Technique on Detection of Fracture Zone in the Rock Mass of Dazu Stone Carvings
CTHEE 5 1 ST, 2018, 27(1): 35-44

LT PRI — R B T 67 45 i) St R AT BT 1

Method on 3D Tomography of S—wave Velocity Azimuthal Anisotropy by Using Surface—wave Dispersion Curves
CTHEE 5 R ANFFE. 2020, 29(4): 381-397

PRI A s SR B ) i A ) T

Study on the Joint Application of Electrical and Seismic Exploration in the Investigation of Fissure and Karst Cave in Fuling Area
CTHES 5 M ABFT. 2021, 30(1): 49-59

KIEMFEART, PRHELZHOEE


http://www.cttacn.org.cn//article/doi/10.15953/j.ctta.2023.132
http://www.cttacn.org.cn//article/doi/10.15953/j.1004-4140.2018.27.02.09
http://www.cttacn.org.cn//article/doi/10.15953/j.1004-4140.2018.27.05.08
http://www.cttacn.org.cn//article/doi/10.15953/j.1004-4140.2020.29.02.01
http://www.cttacn.org.cn//article/doi/10.15953/j.1004-4140.2018.27.01.05
http://www.cttacn.org.cn//article/doi/10.15953/j.1004-4140.2020.29.04.01
http://www.cttacn.org.cn//article/doi/10.15953/j.1004-4140.2021.30.01.05

33 W5 CT HE SRR (Hh3e30) Vol. 33, No.5
2024 £ 9 H (561-567) Computerized Tomography Theory and Applications Sep., 2024

H i, Bettbgd, ToR SOEVEMLX S FLILRE CT SOBsigmr ot
33(5) : 561-567. DOI:10. 15953/ j. ctta. 2023. 132.

TIAN Z F, PEI S J, YU Q. Inversion Imaging Research of Cross Hole Seismic CT in Complex Karst Areas: Guiyang Metro Line 3 under
Construction Presented as an Example[J]. CT Theory and Applications, 2024, 33(5): 561-567. DOI:10. 15953/ j. ctta. 2023. 132. (in Chinese).

VASERIAE ek 3 52 bW [J]. CT BS 5 NI (hdeso), 2024,

e R KBTI R CT KRR IG5
— URFAER M 3 S8 F

WY, i, TR
RS NI BT B AR IR SR B, RHE 300308

W ASCUNSTRHE ik 3 SEON B, AN BT S DX B G0 AR s FLH R CT BRI R A
SR ER T DR W R T RE o 3 AN ) S R Ee 23 BT 2T, A LEF COLS S35, LSQR St ki 52
TR S R ABORURS o, EAT S ARSI R AT . BRI UE SR T, SR LSQR SN A h Y 0 B
VEHEAT HURR AT AR R, B SLMATE CT PRI TR GORSIE SRATI R BE P R, B8 T B AL 1)
EVHRYR . UL SEORSENEL, SRR IR R PR, LIS T LSQR STIAMIMAE CT HORGRIE AL 1) 5
AT

SRR AR CT BRs LSQR ST Ot B iR

DOT: 10. 15953/ . ctta. 2023. 132 hESHES: P315; P631.4  TEAFRINES: A

TEMAEBREE 2, A5EEERK =02 ", EENALET TG TR m SN
SEMNIX o VR BN R T REIOAS R R S BRI AR M TR B TR I L IR A,
[i] B 7™ o s S BE A SRR N IR fr W = e 4 DRI, fEA W H X gk et ek RE e, v L ot 52
TAEDRA] Ao MMM 5, M8 SO R T 2 R 4, MY . w7k
R, (HRES R T I A AR R AR B, FLEEAE AR RO, HA—a AR, AREseE % £L
) (R o A MO G o™, i s X . R gE A LA ER Y B R O ik, BB A
WIEH K B 25 53 A O

A TF R AR R B2 CT BRI R, 20 D 80 AR CT HiR GZMT A5 g7 v H 21 s Bk
VBRI 1984 4F SEG fF 4 B IR A A HLFE JZ AT R IS0 R G, B AT TR & 50 F A
PR, TR AR . IR A AR B SRR B I N R, N
M= CT BORMITTE FE AR 5 T7 AW Fr it g o A2 sEBr TR, #hRR CT R DLH
WIS oy ROREMEEM A, LR 2 F T30 g s vt g, IS 1 AT 14K
MR,

R4 EIE M AE, HFE CT £ 25 A REEHR (back projection technique, BPT), fUZ(HE
iR (algebra reconstruction technique, ART), BEGIEACEEHI A (simultaneous iterative
reconstruction technique, SIRT), JLHu#fJE /N — ik (conjugate gradient least squares
method, CGLS), 1IEArf#f/N e (least squares with QR factorization, LSQR) DL A KA
J: (maximum entropy method, ME) %5, JEiBWRFhETIL, LA TR SKAR—A R EUHE 5 KA Fis i
(MTTREA

BPT vk BRI . PR, (HOR MR A%, ART R SIRT /25 EAFEARE N Y, 25 I8 3 i
BEAR AN & VE, WSS RS B mAys), KREGEMEEEWRA, ARARRKS. X
TR T REAL, FETAMBIEART) CGLS AT LSQR v AWM 1FE REHFE, 19384y, Jo2

i HE: 2023-06-27.


https://doi.org/10.15953/j.ctta.2023.132
https://doi.org/10.15953/j.ctta.2023.132
https://doi.org/10.15953/j.ctta.2023.132

562 CT EHENAHFR (H330) 33 %

LSQR HAT S Af (et A v

AR 2 B AL R RIS, HURE CT 70 S JE T NS T R E TR, S e 2 i RS St A e
L, SR R A e A TR ST, R T LA A A i, LS a R sk
PR ORI . AN FAR I AT, B RR R AR At A A, W RARSER ] etk i, s
REBRINK . ARG LR %, AWM ELA TE R ZE SRR, 8 Tl 2 = BRI AE S 29
Tt RIS iR B R VR AT & S Pt Ol o

1 MRS ESMNthEkIE &M
1.1 HEE=

WAL T BB = 5 X, MR RO, B -2 M ) e B 50, K47
HYRZ) 6~15m. MR HISE ALV RHE R, DI AOZ 2000 O B2 BN R+
Q) MLF L (Q7, HrpR b 2o TR e A, A3 LR @ MRS
CARIWPE A 0 2, Ve R Jm il o A, 70l — @& R 04l (Pm) £ s, & AN
(Pa) ik, ARAREE 3l (Ch+h) il Jela, ARARIEH (Cd) A, RHR
WELLIEE (Dm) b

AR BOR B, TR EW R R, A
WRE OIS, BT EWEN . #H (HD.
BN L, WA R R BURE, mEME N
BRI L A TS A
HAORBIVEI I 1o BEERAE RS RE I R s A7 AR TR K
PG, HEMIZ A A ] BE RATIEIEE, (HE
ORI At B 5 T Btk — 2D I e v Il i o

1 BT R
Fig.1 Fully filled Karst caves

1.2 MEkiIEsf

XA T3 BB, BRI EE O, AERER, Ry . 0.
HeK G S Mg A SR R A% ARG MM TR 7152 ik MR ri R . RR BN T4, BRMDKS B sliR A A
g, WORAE. WUk, UL R HE CT B B s e )ik,  DATEYN £ 0 JiG A4 X a) b
T SR N A R IR . FIABERT A2 e 45 2 ) A 1%

FRPE B FLPEMIR LG s o WA AT A BB — AT 4000m/s LA B, B p il 3 30 0d
B, (H— AT 3300m/s; ¥Rl B A B X I A i — M 7E 2300~3100m/s; #RABX (78
Ve GNP H— AT 1500~2500m/s. A R B X 5L AE 2 ()3 Pk s 22 S A Wt X I JiE
% CT VEERM TAE I HBR P HE T 2

2 HIEREMIAIE
2.1 HARE

PEFLHIRE CT & 23l 76 P i L b 50 B RR VORI SE, R0 UL 380 P e R B 1T A R
WWAEAE R, IR AEG 7 B AL,  HF A g L 1) A B R L ) i b 5 A A4 3 1 AL AR 7 v

I3 B R AL Geometrics 2w AE = 1) NZXP i fd SRR A . WV o 2k i A B DA A =) A2 =
(1) XW5512B HLKAEREVR « | AR RE 5 iR 75 2 BT 2L R AT 1) CHB 28 iy RS 238 A i k. R
SRR 5KV, SRAEMEIRE R 20. 833 us, RAEIKA 100ms, SLrh @A ERFE AR 1m, & 2 42K
A E R B o B R ZATHAT KT 28— BRI, SR — ORI AT, K
Rt R R ARG S EE S MR S . T bR S 111 Im DL EHLETEH K, Bl i



5 HI g% A VR X B FLILRR CT S BB B F—— A BT FHAE St Bk 3 5 4o 563

72, RREZR LT R EdE .
BEFL I BT RS 2o Ay R AT, IR EIR,  FE B SLRI R S, FLIRAR I B BELR A E
BhifLIAEEZY 20m, CT PLAT BT N 3 Fos

figh K 2

=
ol fﬁﬁﬂ%@
A2
T[RRI K& T
881 Cra 1| A A
203 1 2
30 3
40} 4
501 5
61 6
70 7
81 8
91 9
1071 10
13 11
12771 12
#ifl 1 Hifl 2 =
Kl 2 REREREE Bl 3 A &l
Fig.2 Schematic map of the Fig.3 Schematic map of the
acquisition device survey line layout

2.2 HUETMALIE
KA FIREE T, JextEEAS CT 31 T Kb 35

BTG ARG, dE R e, N
SRR M T S R ST BT B A4
I PAHER LA, WS E A M
SERORBEN b, ORI LRZEMIIT = () iy
LA ER R © T s £ Do
M A4 AR IR R, A g;g,i-;;-g_ﬂ iy

P Aar DA S SRR BV Y e 3 m R

e At e = T s , % LR D AR

AN, BRI RII RO S8, e, MIEWE. el 4 R I
Fig.4 Recording map of a typical

3 }iigﬁ;ii.\j.tt single shot waveform

A ESCHTA, BPT. ART Al SIRT =Ap Skt 5 A SIBEAAHIE N, FRANE I sl s, 3
TIFN T 2 SEAR AN B AR LS S, RSO FRIFST . ARSCEZEX CGLS R LSQR HVEREAT W 70T
LG, PIRMSA TS 2 SR FE Ax = b (¥ 5/ 3l B min||Ax — ||, CGLS S —Flfif K FR Lk
Pk FE RN /> 3 1) AR SRR FE VL, LSQR AT RN A 1K) Golub Al Kahan ¥4

SEHIRR REV I L 1 Hestenes 25 "#F 1952 4E4- Y, JRHIRRREVEME N IEME, BETH B iR %
)RR ), IR — MR DT I ) . ARG AR R Ty e, R Gk R A A sk
H—NPK, S E R ERC RO, B VR IR 2E ) RORURR B ) &, R R R T R )
TSR, HREEMSA NI ZEN T ROE N kS Ak m, R 1 S5E R,
E0Y N =37 N PRI &/ Lo (7 W il M 5 SN St s e S B = R O SR O S U

LSQR Sk e it Paige 25746 1982 4EHE M, FIF Lanczos JiZsk il /N el i, iR gl fe
i3 QR i, EIFRA LSQR 7k (least squares QR—factorization) » fEAFEAx =b 7,
BBHEE AN noxn Y SEBONFRITEE, x A1 b K n &, x MARRME. Wv, v o0 v, An
ez m D LXREE, 2 V= v oo v, RIS HRIEUMR x,, 1£5 7,4V,)x,=V,'b,



564 CT EHENAHFR (H330) 33 %

IEJE#;FIJJ;H Lanczos ji?f*@iﬁﬁ:ﬂ% (Vl’ Vos 2% Vm) ’ ,fﬁ'/f%l‘%ﬁlzi V,,,TAV,,, /E\‘ﬁzﬁXj_%ﬂ%ﬁo l_L—,I A %JK
XSFRTT RIS, A A XA, B X BRI, AR5 N Lanczos 5k BEVEEIEAIEFEH
WNBHEE IR, Prififeisasin) s, I85E R,

SR TSR R T B, B R W?k
BUNR . N

AR, AR R 2 2 i
RO RE ™, LI 0 X S He v 4
A B0 . LA AL ZK-85 1 ZK-86 i 7 1 [ BEREH (R F
Bl 0, SRS M I, DR LIA S v "
S E g T, IR IR ORI AA BT, 9 S K/ IR ’
J50.5mx 0. 5m. Wit IR, FHIEA LK v
FEWTERAE 225 2oy, B ERIE . H K &R
WA R AL 8% JiAT, COLS SLik TRk At 8 1K T HRmEER
AR TRUE, LSQR SLVEIE AL 5 I TR R LR

VLI LSQR SLik HAT BRI st (181 5D o

PR R I 6 T, W P R i 5 LSQRGHERIY il AR

Fig.5 The main steps of LSQR algorithm

GERTTLUEH, P T A A — 3, program design
1115 -
(a) CGLS Jxissh i (b) LSQR S 4%
1110 -}
i/ (mes™)
1105 4900
4700
4500
1100 -} 1300
4100
1095 3900
3700
= 3500
~
#1090 - 3300
e 3100
2900
1085 0 700
2500
1080 -] 2300
2100
1900
1075 1700
1500
1070 -}
Loes U1 ! ! | | | | | |
0 5 10 15 20 0 5 10 15 20
TR S /m KPR ES /m

Kl 6 7ZK-85~7K-86 Hi 7% I /e i 45 Hx kb

Fig.6 Comparison of the ZK-85~7K-86 seismic profile inversion results
YT A WHIRE X, LSQR Bk R WL s B 42, JREE TE /N, LA IR (1) /N RIS S R A3 31 T

ERERIGAUE (B 7), 1HH LSQR Syt -5 AR ) o RS, s 45 L vl SE RO Al IR A S 2%
JEF LSQR 579k, DASKRAS 2547 (1) Je 8 45 1



5 #A H 5 IESE: SAn it X FLHE CT K g it 7t PLET FHE @ ek 3 54 565
7K-82 7K-83 7K-84 7K-85 YZK-1 7K-86
1119.03 1119.34 1119. 63 1119.93 1 120.12 1120.33
1125
1120 ¥ * W/ (mes™)
R Rl
1115 A T Zé e e B o fessi e e 4900
T T 4700
1110 4500
4300
1105 A 4100
o 1100 3900
= 3700
e 3500
4[@ 1095 -
S X B 3300
1090 - [ i _ T L T 2= | 3100
S . 2900
1085 4 2700
2500
1080 -~ 9300
1075 - 2100
1900
1070 - 1700
1500
1065 - L 1 | | 1 | 1 | |
0 10 20 30 40 50 60 70 80
KT-EEES /m

K 7 CT-82~CT-86 b7 i i i B¢ 12
Fig.7 Interpretation map of the CT-82~CT-86 seismic profile

4 b RERFE N SRR IE
4.1 HREER

R IR O MBS FL ORI, X T80 R 0 T PRI EAT 6 e 2B, A 5 A () b J22 P e Jek i PR
fiEs @ fEHbREHI I, A I A P e A Xk, — AR T AR R A A R R B X

PL CT-82~CT-86 M CT HI i A, il 7 T- 55 fL ZK-82. ZK-83. ZK-84. ZK-85. ZK-86 2
B, KL 80m, LR 7 Firo. R4 CT-82~CT-86 Hb e i i P 3 /> M FFAE 0T : 7+
WREX SR BE IR, R OB R EIX . L RL. R2. R4. R8. R9 K H AL
BN, RSN, By R 2300~3100m/s (. G0, R ARIMRIBEE X R3. R5.
R6+ R7 KA BN, DI R 40 3, BOETEHh 1500~3100m/s, MR AETHARFIX, #ilK
B EA AP RORI JE X, HENCA A R, R B XN e, BT 2300m/s CBEER) o

HOE CT &5 R s TDCAE R E X AEN MR E394G 04, ACTFJ7 I el B o5 R 8RB, 3%
AH 25V S i A ) b A T ) B LA IS MR R S R B IR A, B R RO N A KB T TE, N —
VT Rt T AL T 5 (1 J i

4.2 $HIRIGIE

9T B AR LR CT 1 th X255 8 X Z1 i R AERf 7, 7E ZK-85 Al ZK-86 2 [H) fi i % uF L YZK-1.
BRI 3 ARk A X (BRI 6 A s (o 2304 ) RITHLRE CT I #E 7R 11 R6. R7. R8 ¥ X I
AK—F, BUEL A A LR 1

NEGAIE AR B nT DLt SOTEEORE 6 15 22 208 G Bt 2 RS I KT /N, BB 5 i DXOBROK, e J B
R KT /NRUBEE B 1 RS AT AR Bk S e, WTIAOR R BRIIRE 1369 LSQR By A B s i
YRR SR, ] LRI R o L



566 CT Hit H5NAWIR (hs0) 33 &

F£ 1 YZK-1 BhfLIGE S BT B oy it

Table 1 Comparative analysis of YZK-1drilling verification results

B T S /m BRI IE 1 /m SRR 2 % 2R

1 R6 3.3 4.6 -28.2 SIS >

2 R7 3.2 1.9 68. 4 S SITIN

3 R8 1.2 2.3 -47.8 S SN
5 &g

RSO SR Tk 3 5B gEh B TLMLAE CT BRI IR, 7500 T £hit

(L) WK 93 5 P06 0 MR 50 A AT BRI, A0 b P e O T T A
SR K BT

(2) SR ST, T H A CGLS T LSQR SE4% S 6 LR, 22 W7 A R e T A
R, LSQR BT 57 06 10 BT S ORI, LA A R QI R

(3) BEHRIRTE D], R LSQR SEURIES S Gk, BETLIRE CT 4RI HORZORE, fehg
L I 2 R L ML, AR, BUIE T LSQR 577K MMLRE CT A TR A2 1)
SERTATI . (PR IR I SRS DR K, 47 T AR T AL ST R R 46 A
ORI«

SEHk
[1] wiEse. A EFAETEK KR, HBieTE, 2006, (6): 733-736. DOI:10.3321/j. issn:0371-5736. 2006
06. 002.

YUAN D X. The development of modern Karstology in ChinalJ]. Geological Review, 2006, (6): 733—736.
DOT:10. 3321/j. issn:0371-5736. 2006. 06. 002. (in Chinese).

(2] ZE, SR, HESEEFTRIR AR ], PESRE, 2019, 38(3): 411-417.

MENG Y, LEI M T. Analysis of situation and trend of sinkhole collapsel[J]. Carsologica Sinica, 2019,
38(3): 411-417. (in Chinese)

[3] skmrdg, skim, MBI, 5. SEPHREMUEBRZERG A E R B R R R AKX 44 ). R EE#, 2018, 37(2):
300—-306.

ZHANG K N, ZHANG Y, LIAO Y, et al. Analysis on Karst development and water burst in a subway
station[J]. Carsologica Sinica, 2018, 37(2): 300—306. (in Chinese).

(4] FWeLMy, DEEWE. Pregiipk@ b is DR AT (T, PEEERET LR, 2012, 24(6): 9-12.

(6] GKMI K. JFEHE Z T AR HORFE R A S P S (D], AR BRI B 244, 2019, 16(5) @ 591-595.
ZHANG Y F. The application of cross—well seismic tomography technique to Karst exploration of metro
engineering[J]. Chinese Journal of Engineering Geophysics, 2019, 16(5): 591-595. (in Chinese).

(6] BRMpeE, (HME— WREMREIRIM]. p#R: REHL 2R, 1986.

(7] #SCR, Z4his. RAMZREI A M. dbnt: s Bk, 1993.

(8] LK. IR CT HARTEAE SRS AT D], Bal: FRR%, 2011
WANG Y H. Application and research of well-ground seismic CT technology to Karst caves survey[D].
Nanjing: Nanjing University, 2011. (in Chinese).

(9] stweid. BEFLHLRR CT fEMMERE VAR S PRSI [T]. T IEM S5, 2018, (7): 306-309.

[10] 5kiB K. BSFLIHRE CT SR RIEHER 15 A BRI BB AT AT (D], 8. PR sC@ K5, 2019.

ZHANG T F. Application research of cross—hole seismic CT technology in the detection of Karst section
of Dalian Metro Line 5[D]. Chengdu: Southwest Jiaotong University, 2019. (in Chinese).

(11 #RFS, EAk, &, %5 S CT fEA VR 4HER I b 0 S SR — LRI R 14 S 80010, BI#H RS
T/, 2019, 19(25): 18-23.

LINS, WANG W, JIN C, et al. Application and discussion of seismic CT in detailed Karst detection: A case
of shenzhen metro line 14[J]. Science Technology and Engineering, 2019, 19(25): 18-23. (in Chinese).

(12] KR, FrAUE, ZBEFE, . HUZEHTRUB D LSQR Sk R KM [J]. MR AR, 2011, 33(6):
632—635.

(13] #fl, xIVU3Hr, SEZdE. BESLENTER LSQR AW T[], YR SR, 2008, 32(2): 199-202.


https://doi.org/10.3321/j.issn:0371-5736.2006.06.002
https://doi.org/10.3321/j.issn:0371-5736.2006.06.002
https://doi.org/10.3321/j.issn:0371-5736.2006.06.002
https://doi.org/10.3321/j.issn:0371-5736.2006.06.002
https://doi.org/10.3321/j.issn:0371-5736.2006.06.002
https://doi.org/10.3321/j.issn:0371-5736.2006.06.002
https://doi.org/10.3321/j.issn:0371-5736.2006.06.002
https://doi.org/10.3321/j.issn:0371-5736.2006.06.002
https://doi.org/10.3321/j.issn:0371-5736.2006.06.002

5 I U BRI HLIX ES FLI AR CT SR BRI Fe—— LA ST BHAE i Bk 3 5 2 567

YANG W, LIU S X, FENG Y Q. A study of the LSQR algorithm for cross—hole tomography[J]. Geophysical &
Geochemical Exploration, 2008, 32(2): 199-202. (in Chinese).

(14] #ARN, BE-F, fIEE, . FIAHIFREMGE Z A B m stk 2 [J]. CT #ig 5 A FL, 2015, 24(3):
345-355. DOI:10. 15953/ j. 1004-4140. 2015. 24. 03. 03.
HU G, DUAN B P, HE Z Q, et al. Application of cross—well seismic tomography in detecting buried
fault[J]. CT Theory and Applications, 2015, 24(3): 345-355. DOI:10.15953/j. 1004-4140. 2015. 24. 03. 03.
(in Chinese).

(15] Rl REMgR, BIgfh, 4%, —FET CGLS Al LSQR MIBL &L IL I UCRLIB BR 503 (U], B34k, 2018,
44(7) : 1293-1303.
CHEN S X, XIONG H L, LIAO J W, et al. A matching pursuit algorithm of jointing optimization based on
CGLS and LSQR[J]. Acta Automatica Sinica, 2018, 44(7): 1293-1303. (in Chinese).

[16] HESTENES M R, STIEFEL E. Methods of conjugate gradients for solving linear systems[J]. Journal of
Research of the National Bureau of Standards. 1952, 49: 409-436.

[17] PAIGE C C, SAUNDERS M A. LSQR: An algorithm for sparse linear equations and sparse least squares[J].
ACM Transactions on Mathematical Software, 1982, 8(1): 43—71. DOI:10.1145/355984. 355989.

Inversion Imaging Research of Cross Hole Seismic CT in
Complex Karst Areas: Guiyang Metro Line 3 under
Construction Presented as an Example

TIAN Zhanfeng™, PEI Shijian, YU Qiang
China Railway Liuyuan Group CO., LTD. Engineering Survey Institute, Tianjin 300308

Abstract: This article used Guiyang Metro Line 3 under construction as an example to study the application of cross hole
seismic computed tomography (CT) technology in the exploration process of Karst complex areas, thereby revealing the
characteristics of Karst development in the study area. Through comparative analysis of various algorithms, it was determined
that compared to the conjugate gradient least squares (CGLS) algorithm, the sparse linear equations and least square problems
(LSQR) algorithm is more sensitive and accurate in identifying low-speed anomalies, and has better convergence and
reliability. Drilling verification shows that using the LSQR algorithm and bending ray tracing method for seismic tomography
inversion can achieve meter level accuracy in cross hole seismic CT detection, obtain high-quality velocity images, and
identify the depth, scale, and extension of Karst between boreholes, neutralizing the limitations of drilling. This indicates that
seismic CT technology based on the LSQR algorithm is practical and feasible for detecting Karst.

Keywords: seismic CT technique; LSQR algorithm; wave velocity; drilling; Karst survey
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