$36% o EHAEE TR Vol.36 No.9
2017 4£9 A Chinese Journal of Rock Mechanics and Engineering Sept., 2017

ET IR TR R FLIRIG RGWR

EIONEL, ARANE, #HIRR

el

FEE: R AR R AL AR B A S AR B (R FL AL EE S [ 1) AT AR ), AT S BB LN S AR 2 A
HEgEg, BEVIR T —ERE TS RGNS LR RS . ZRGEE MG Em S PR, IR,
WOLE . SRR EAE Y PGB, JF4 I T LA U B SL ARG BUR 7 IR0 4 SO R O S
o L RGNS G N AT, AZRGE AT LA 2 A [ B 7] — FLEBE S R RS PR HEAT (B0 i d% . JRAF RIS 1L
FUAR RIS B AFAEAN FLBEAN T /) 22 FARFAE, SEIL T FLN 360° AR G5 K 1) 4 SO AR B RS AL RN . 2 &
GRS AT 5T S, R O LR RN K U RE AR RS L, A RS T LR &
BRI K

K AT BILREBEOR, atkaiky; UGS STARBR &

FESHKS: TU43 EFRIRG: A XEHS: 1000 - 6915(2017)09 - 2185 - 09

Study of borehole camera system based on biconical mirror imaging technology
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Sciences, Wuhan, Hubei 430071, China)

Abstract: In order to overcome the problems in the existing borehole imaging technology based on the
assumptions of cylindrical wall surface of borehole and planar imaging, a borehole camera system based on the
biconical mirror imaging technology is developed to realize the true three-dimensional imaging of rock structures
around borehole. This system is mainly composed of a biconical mirror, a compass, a light source, a hood, a
camera and transparent glasses. This paper gives a stereopair imaging method of double-cone mirror for the
imaging of borehole wall and the solution formulas to match the panorama stereopair image. The results of system
testing and analysis show that this system can obtain the morphological characteristics of borehole and the feature
difference of hole-wall details from the imaging of the same borehole structures in two different directions. This
system realizes the panoramic stereopair imaging and precise detection of rock features inside borehole with the
vision angle up to 360° . The system is simple in structure and easy to implement.

Key words: geotechnical engineering; borehole camera technology; rock mass structure; double-cone mirror;
stereopair imaging
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Fig. 1 Stereopair imaging principle of double-cone mirror
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Fig.2 Borehole diameter range of double-cone mirror imaging
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Fig.3 The image plane after borehole refection imaging of

double-cone mirror
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Fig. 4 The diagram of stereopair imaging process
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Fig.5 The profile map of panoramic stereopair imaging device
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Fig.6 The processing flowchart of scan-line annular ribbon

N T RS FLBE AR — s B AR L B 2 Y R
B, S0 BT R AT R HEAL B . ik, FIHE
PN R ek g AR 11 12l PSR 2 PP e M A R E
Ll B P MRAEIZASHOKELS EA



*2190 -

HA1E S TR

2017 4F

R AR X 18] P 1) 5 P — B0 oA HE A Py St
S ACHE AL P R o RS2 R
T — AT HCAE,  RIATIRAS B T 7R SO0 1 B
ARFR, PRGOS EHR R (15)FI(16), RIAT3RAS
BHFLFLEE FAT — f ) =4 Aibn . AR BRFN AR SRR
w7 fis.

=

(=)
[ B Fsh s 77 bk |

[ e 7 2 B b A |

K7 Ao R BCAE R R HE [
Fig.7 The flowchart of matching stereopair image among the

annual ribbons and image registration

5 RS9t

51 REARGERSHER R

AR U T 5% 3 0 S SEELATE 1) 1 )L P 4 S0
AR RGBT G R R IRk 2R
FRAEHIRE . UREEMAL A A A, LR
HETR A 8 Fros. B A . Wik
AlEle 3 AMrBL Horp, EHERINBII T (1) £
LA RS S (2) ZBEREmMIGE; (3) FIRLE
BB RIHT I (4) ERLE TR B
MGG EE, (5) HIERPET RGER. /£
W B (1) WEMERE: (2) B 3) &
N FERCL: (4) BRds LSEmt . 72 Ui B
TAEA: (1) PRAFEEE: (2) KA Q) EdRk.

ARG ARG T 7 e, Sepsill
AR 9 Fon . REBMFEGAHAMRGES
e, SRR, AT R BOER B TR
PrrgE R, SR, EHe e kR B,
e R A AT BB AL, BAE: (D) BhAL

B8 WUk

Fig.8 The double-cone mirror

345 000000 000 .000

K9 B RGN RCR

Fig.9 The testing result of software system

SHE; (2) BIBRIXERE; 3) HMLBIE;: (4)
T SRR (5) 2fLEITEGIER: (6) KR
FoHEs (7) PrEME . RN kAT B
AR BRI, B (1) ZiEafLeia
BEG: Q) —IREEEMZERER: 3) Bk,
(@) SMEJLTSEG (5) B ENE; (6) =
WG (7) BIRGH .
52 RGThEEMRS S5

LA EFBIRE RS SR T ERMELRE R
G i 1 EXAIE T, 1T R R O T e (A~ )
TJE& R ), RS Rt B B, BT
HAJRHE N IR, ERERILE S4F m 2
(1) TR ZAANE 7 1 R0 4 L FLBE R SL AR5 0T
(S PSS-S Ak SRPSER. b i S e AN
ABIE 7260 (2) TR FLALR RN AR,
NFLEE =GB EBE AR, FHXTIXAS 2 M
Mo ASOTRE T ENATAE, G (1) fLEESS



368 HoW

)RR T XUHE I B R R B AL ERR R G AL

*2191 -

FIRFIERRE AR (2) FLARBI A RN & .

N T SEBURE A MR A R0, AR BER
KPR L, FLAEN 76 mm, FEREATINK. A
LA &R B BB RS, R 7L LR
XS, IF AT BLR G o M LEE E SR S HL L
IRFIESH . XUHE T B L AR AR 2R G 7T ATE A
ANTEIAL A 0 i LB T 4R, e — B0 B B
K10 frse A 10 AT BRI AR 254 frl /N 22 57 LA
FoX e 7 e B AL BT ASRE, OBk T IR IG 1L
BEEANFALA P ESRALAAENZES . ZARGR
2 A A, TS T FLER S R RS
AiRA], IR 1% R G MR

N E S w N

o _$ . ‘{ r ,“: =t
(b) [A]—13 B T T B 1) A% R

10 HARGEHSIARE G B 2 5 B8
Fig.10 Some small differences of tiny structures of rock mass

in the stereopair images

T SEBLFLAR BT ASFRAE =, SR T
FLEETEASHIAHRIEAT, AP BESE AT RE — AL IR .
FIFHZ ARG HATI, RIEX(15)IKE T ZAIN
HALEEFLAR KN BT T T ASHFAE 20 Sl B HE IR
2 £ 60, 180 1300 mm 4bf) 3 Wi Szt FLA%,
TER T Wi f LR, Gl 11 Fros . B s e g
LR NFRUE 76 mm FLARRIE, 4SRN RBRILR TS
o FHEE 11 AT %D, FEMEIREEZ I 60 mm Ab T
FLEEA TN, WSROI, SR
it 80 mm, f/NLAREEE 98 mm, WK 11(a); FE#E
R b 180 mm HIFLAAARAL I BLAE FLEE [ 14T

?1994-2018 China Academic Journal Electronic Publishing House. All rights reserved.

50

y/mm

x/mm
(b) 2 =180 mm

x/mm
(¢) A =300 mm

B R LALEE B ) FLAR A2 AL 1A

Fig.11 The diameter variation of borehole

b, FERMET ZARFLEERIMNIFG 5 mm (T S
A2 90 mm)LL b, LI 11(b); H4k, AT LA %
4] o 35 43 AE FE AR A 300 mm 4b, [V A 9
BN, MR R, WK 11(c). H
AT PR, SEPRWTTH LA /N I 7R, AT
S SEBRES FLALAR R/ N IR RHE, I T L%
U T PR A O

DRI, e S Pl AL RS, X B DAAE 1 4
SRR RS, ASHE R I T XU T e % ARG LR
18 Z2 48 ] DL S I FLBE 25 A6 RpAIE FRDRS A3 1 AT 17 L
BRI &

6 & it

NS 0 U T 58 BSARR JER FR TR N 23 A A ST
G BB E SR EIRHES, BRI T —

http://www.cnki.net



*2192 -

HA1E S TR

2017 4F

BT OHE I B AR B ALIRE R G . ARG RER
A B EFRREEEIIE RS, AT ALl fLEE S5 1)
RHE RS AR 5 AT T LAR TR A A&, il gl
ALK RS, BRI RGP AT A SE . A
SCPRAFHEZEFR AR (1) FFAOUHE T B2 A 500
JRAGBE A BT LA I AL A FLEE S5 A (R SEAR AR A
B (2) BETXUHE 8 B I B FLE AR R GEnT LAAE
ANTFERLA SR IE AL BESE R A 22 e, A FLER S A
FRIRS 20 TR 3 BB R 45 K O PRI BN T RE s (3) R
T UMERS LR R G RE RIS FLEE 4k B R A LB
NEFETE R ERYE,  SEEL T SEPrl L FLEE WL S
IR AT, JafL B TR Bt THTRIEOR TBL.

£E 3CHKk(References):

[1] BARTHELEMY J, MARTIN L G, DANIEL J. Estimates of fracture
density and uncertainties from well data[J]. International Journal of
Rock Mechanics and Mining Sciences, 2009, 46(3): 590 - 603.

(21 XA, BRAMOH. MR T A PR A B IR 1], 5 A
15 TREE, 2010, 2903 1): 3 193 - 3 198.(LIU Caihua,
CHEN Congxin. Analysis of toppling failure of rock slopes due to
earthquakes[J]. Chinese Journal of Rock Mechanics and Engineering,
2010, 29(Supp.1): 3 193 - 3 198.(in Chinese))

[3]1 BRI, XUFFHL XA, B R EORTE S A AW 28 o i
NA[. &+71%, 2010, 31(3% 1): 53 - 61.(CHEN Congxin, LIU
Xiumin, LIU Caihua. Application of digital image processing to rock
mesomechanics[J]. Rock and Soil Mechanics, 2010, 31(Supp.1): 53 -
61.(in Chinese))

[4] ZHANG Q, ZUOJ, MAO L. The study of relationship between rock
crack ct image tensor representation sign and its destruction
features[C]// 2nd International Conference on Civil Engineering and
Transportation(ICCET 2012). Switzerland: Trans. Tech. Publications
Ltd., 2013: 402 - 409.

[51 #RECR, T 9l RGNIFE B AR TR R[], HEkY
AR, 2006, 21(1): 290 - 295.(CHA Enlai, DING Kai. Imaging
Log technique and its application in water conservancy engineering[J].
Progress in Geophysics, 2006, 21(1): 290 - 295.(in Chinese))

[6] FENZ, LAWK T. $ifLEGBERKERESIRD]. &6 70%51
TR, 2005, 24(19): 42 - 50.(WANG Chuanying, LAWK Tim.
Review of borehole camera technology[J]. Chinese Journal of Rock
Mechanics and Engineering, 2005, 24(19): 42 - 50.(in Chinese))

[77 LISJ, FENG X T, LIZ H, et al. In-situ monitoring of rockburst
nucleation and evolution in the deeply buried tunnels of Jinping II
hydropower station[J]. Engineering Geology, 2012, 137: 85-96.

[8] RacHr, REH, ¥ 5, F A ARG NGRS

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

5T EA 1S TR, 2006, 25(11): 2 180 - 2 186.
(WU Lixin, WU Yuhua, ZHONG Sheng, et al. Research progresses
and directions of detection on rock impaction with thermal infrared
imaging[J]. Chinese Journal of Rock Mechanics and Engineering,
2006, 25(11): 2 180 -2 186.(in Chinese))

WATTERS W A, GROTZINGER J P, BELLJ, et al. Origin of the
structure and planform of small impact craters in fractured targets:
Endurance crater at Meridiani Planum, Mars[J]. Icarus, 2011, 211(1):
472 - 497.

TRIERT, JE W, SRIRIR. MR R LR Y S T VA
KICHb R TAEHBE, 2003, 30(4): 111 - 114.(ZHANG Lianming,
ZHOU Feng, ZHANG Zhaokun. Several methods for investigating
crack in underground rock stratum[J]. Hydrogeology and Engineering
Geology, 2003, 30(4): 111 - 114.(in Chinese))

KT AR, T3 5 AR U R 1 A 5 ) T B DR SR O
SN[ A2 AR D). K HMRKEE, 2009.(LIU Zixia.
Research and application of rapid acquiring discontinuities information in
rock mass based on digital close range photogrammetry[Ph. D.
Thesis][D]. Changchun: Jilin University, 2009.(in Chinese))
WEHE, E)NE, B 5A. BB SHIL CT J2 g ik
RIG[). EARTHFEAIR, 2009, 42(8): 104 - 108.(SUN Weichun,
WANG Chuanying, MIN Hong. Test of digital borehole camera and
borehole computed tomography imaging[J]. China Civil Engineering
Journal, 2009, 42(8): 104 - 108.(in Chinese))

EN%, Few, Atk sT st LR . A
225 TRESAR, 2001, 20(3 1): 1687 - 1 691.(WANG Chuanying,
GE Xiurun, BAI Shiwei. Axial view panoramic borehole TV and its
application[J]. Chinese Journal of Rock Mechanics and Engineering,
2001, 20(Supp.1): 1687 - 1 691.(in Chinese))

CHEN G, LI Q, ZHANG H. Panoramic image system design in the
nearly dark environment[C]// International Conference on Intelligent
Materials and Mechatronics(IMM 2013). Switzerland: Trans. Tech.
Publications Ltd., 2014: 304 - 309.

EJN%, Fiel, Atk B el BGRa BN &
+71%, 2001, 22(4): 522 - 525.(WANG Chuanying, GE Xiurun,
BAI Shiwei. The digital panoramic borehole camera system and its
application[J]. Rock and Soil Mechanics, 2001, 22(4): 522 - 525.(in
Chinese))

RONCELLA R, FORLANI G, REMONDINO F. Photogrammetry for
geological applications: automatic retrieval of discontinuity orientation
in rock slopes[C]/ BERALDIN J A, ELHAKIM S F, GRUEN A, et al ed.
Conference Videometrics VIII. USA: SPIE-INT SOC Optical Engineering,
2005: 17 -27.

TN, B, attfh B eREILRG RSN RN Ha



%36 &

%9

NS T XU I AR B LR R G T

*2193 -

[18]

[19]

[20]

[21]

[22]

[23]

F1% 5 TR, 2002, 21(3): 398 - 403.(WANG Chuanying, GE
Xiurun, BAI Shiwei. Study of the digital panoramic borehole camera
system[J]. Chinese Journal of Rock Mechanics and Engineering,
2002, 21(3): 398 - 403.(in Chinese))

EJNBE, whig, VEREE, & SFIRPRES T RSB S RAERT
T[], HA SIS TR, 2016, 3534 1): 2 836 - 2 842.(WANG
Chuanying, HAN Zengqiang, WANG Jinchao, et al. Study of borehole
geometric shape features under plane stress state[J]. Chinese Journal
of Rock Mechanics and Engineering, 2016, 35(Supp.l): 2 836 -
2 842.(in Chinese))

BRIEF J, EDINGER D, HASSFELD S, et al. Accuracy of image-
guided implantology[J]. Clinical Oral Implants Research, 2005, 16(4):
495 - 501.

ENNEE, RGO, EED. LAY R B R T AR FE].
AL TSR, 2013, 3503 2): 1212 - 1215. (WANG Chuanying,
HAN Zenggiang, WANG Yushan. Detection method for bottom
sediment thickness of bored piles[J]. Chinese Journal of Rock
Mechanics and Engineering, 2013, 35(Supp.2): 1 212 -1 215.(in
Chinese))

HE G, JIANG CS, LEIYC, et al. Study on unloading relaxation
characteristics for rock masses under high geostress[C]// 3rd International
Conference on Civil, Architectural and Hydraulic Engineering(ICCAHE).
Switzerland: Trans Tech Publications Ltd, 2014: 594 - 600.

ENNE, HER, DE BTHLIBEAR NS TN Tr
. B F1%E, 2010, 31(4): 1326 - 1330.(WANG Chuanying,
HU Peiliang, SUN Weichun. Method for evaluating rock mass
integrity based on borehole camera technology[J]. Rock and Soil
Mechanics, 2010, 31(4): 1326 -1 330.(in Chinese))

ENEE, B FE, ANEE. BETHFELEME R TREE T ).
A H1%E TR, 2009, 28(12): 2 405 - 2 410.(WANG

[24]

(23]

[26]

[27]

[28]

[29]

Chuanying, ZHONG Sheng, SUN Weichun. Study of connectivity of
discontinuities of borehole based on digital borehole images[J].
Chinese Journal of Rock Mechanics and Engineering, 2009, 28(12):
2 405 - 2 410.(in Chinese))

R, TS, —F AR A 360° A5G 3 B B NED]. b
2EEEAR, 2015, 35(9): 295 - 305. (WU Xiaojun, GUO Yaxue. An 360°
panoramic imaging design method for cylindrical object[J]. Acta
Optica Sinica, 2015, 35(9): 295 - 305.(in Chinese))

M, T, KNTE, S MR E R = e R A
SER G OTEED]. RN BT S B AR, 2010, 22(11):
1899 - 1 904.(ZUO Chenglin, WANG Wei, ZHANG Maojun, et al.
A complete-view stereo imaging method for three-dimensional
reconstruction of objects[J]. Journal of Computer-Aided Design and
Computer Graphics, 2010, 22(11): 1899 - 1 904.(in Chinese))
NIU C, ZHONG F, XU S, et al. Cylindrical panoramic mosaicing
from a pipeline video through MRF based optimization[J]. Visual
Computer, 2013, 29(4): 253 - 263.

FIT, 2w ZESA G T AHNLPTR G ) 52 AR
ELER[T]. 2224, 2014, 43(12): 1252 - 1 258.(JT Shunping, SHI
Yun. Comparison of two sensor models for multi-camera rig system in
measurements[J]. Acta Geodaetica et Cartographica Sinica, 2014,
43(12): 1252 -1 258.(in Chinese))

MAHJ, SAMSON C, MCKINNON S D. 3D laser imaging for joint
orientation analysis[J]. International Journal of Rock Mechanics and
Mining Sciences, 2011, 48(6): 932 - 941.

EME, DIYE, EHET, & BBl R S 4 R A T
R[], e, 2014, 34(12): 210 - 218.(WANG Shengchun, LUO
Siwei, HUANG Yaping, et al. Stereo panorama generation from the
train-borne video[J]. Acta Optica Sinica, 2014, 34(12): 210 - 218.(in

Chinese))



