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Development of a modeling method for
monitoring tunnel deformation based
on active panoramic vision technique
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Abstract: Aiming at the characteristics of long-distance tunnel, long maintenance intervals, limited repairing time
and small changes in the deformation data, this paper presents a detection method of tunnel deformation based on
active omni-directional vision tunnel section deformation. Firstly, the active panoramic vision sensor (ASODVS) is
installed at the tunnel and detecting device scans the cross section of tunnel to acquire tunnel section panoramic
images. Secondly, the sub-pixel center of the panoramic image is extracted by the improved Gauss curve fitting
method, and the smooth processing is performed by using the Bezier curves. Thirdly, the system analyzes the ge-
ometry information of the tunnel cross-section of the inner wall through calibration results of omnidirectional vision
sensor. The tunnel cross section 3D point cloud data are used for 3D reconstruction. Finally, the precision of the
tunnel reconstruction model is analyzed. The experimental results show the method has the advantages of high
speed acquisition, real-time, comprehensive data and good visualization. It can meet the needs of the rapid qualita-
tive and quantitative analyses.
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Fig. 1 The diagram of tunnel detection hardware system.
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Fig. 2 The scanning diagram of the circular laser.
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Fig. 3 The image-forming principle of ODVS.
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Fig. 5 The results of extracting the panoramic laser line

based on the Gaussian curve approximation. (a) Panorama.
(b) Laser extraction.

BRSNS

Stepl: ¥tk KLagtEIGHOE O,
WEWETTNM =03

Step2: SRR F—AJr 1) ERYEOGO AR, L
AR 1, B =0 W5 BEA T, SRR R
BRI ER (| u" ||, W95 AE HST BERTR ) 52 B (E
I, Hik=12,.. N, XFAREARRR SR
VAR (EE TR AT Bz s AL B0 e BE (R IR 33 LA
" ||, AR s DIESHR R SEEEZ N, i 455
PRER BRI KR E R |0 || » s WHTRIG O
JEMERZR BB AL, SEEaR ] s U7 BRI
HOR SRS o HEMARIE(5) . (6 REAA 1, 47 b
thekil s, His=12,...,7, Kbl
R RHE R || " ., -
by’

L]) (5)
S

[l [l = a-exp[-

2
o

s= , (6)
4In2
AP (Ul a" ||, FEEAREL, (ba) it AR fE 5
MMER AR, o N ilirihZem I v
Step3: K AT J7 ) BRSO H O S AR . AR
PEBUREOESE N, L 2n/ N O R BN 0 = 2t

446

20175 , 5844 %, B4 8

frm gy, AR B4 Mffoh B HZ T R R
Bllu |,

Stepd: WOLHOACEIHALHE, Step3 HEIMEER
B TR IO RO O UG S AR 1) 5 B AR
2, FERFEYI Ty B B ESE, K
R B DUZE IR M e X A AR5 Z P B A TP e b 3
RG] B RERIEE | " |, S HARSE M
T EARRIEE | 0" oy~ 1 ey » 3BT
HASPYF G RESWISE L, REREEmN
B 7, UM L] u" ||, [< T R A5 L, A5 B
" ||,=L , RZWBkT . EEEHESE Step3 AT AT 1)
BRIE®E.

L= (1_t2) I|u" ||ev(n4) +

2(1=1)[|u" ||, + [ u" |

(7)

evn ev(n+l) *

Hfrr e[0, 1] HE, ASCRYEIIACRIN 0.2,

Step5: LA FoR T N Y 6ifk B =2nn/ N i}
WG ZRIEES (| u” |, , LA LT E R AT DR L
Xt I B AR R ABHR (i, s /) > BN OGO A5 AR
Fo

HIEBRE A B IR IS, R4 ODVS Ay B
SRR, FEREMEN R T, BOBZR M RS
FEAR B, W] LR RO R X S B
St s, IR O AR Z OO s B E] . 8] 5(b)
S MRIEOE S N=1000 I, PRl G
PEEUHOE O RBCRE . WK RT AR, 257
T R ZER

3.3 FRIBRIEER =4 S T HIREREL

FERREMBETE AT, RN AR SR, (8
H: ODVS WA, On A FREIE Pk I, JPRESE
IERIHAREE R ARG O, LA O, sSEST [ E A
R, FRAERETEA I B (1 Y BT E L ODVS 1A R
On FEST RSN AARFR o 5 IR T RGN 255 8 VT L B 3
11, XA AR R Z A 56 2 (@) HEF 5, an
Kl 1w

_ — _ !
X=X, Yy=Y,, 2=2,+2,

®)
Kb (xy,2) WA R =A% H &,
(Xys Vorzo) NEE AR R =AM 53, 2/ HEEIE
R DN B HLE R sh I RE B, RG] LR .

23 (] AR B T S 3 [ AR 2R RIS Bl A
RN, TEB AR R PRI SO SR AR R
FEunEl 6.



DOI: 10.3969/j.issn.1003-501X.2017.04.009

Eos el ol i)

HLLWE B ‘
o]

Y
ﬁﬂ%??/
U

B 6 g B = 4 A ARSE R R A
Fig. 6 The diagram of acquiring 3D coordinate data
on tunnel lining.

[U”, Vu]T

K, B FRAFEEREE, & ODVS BN 0. %4
SOHOCTIRAIEES sy SRR IE P9 RE T SO A
PEFAILS, On FIIEES s ol PO 54 06 T
AR, WA AR M a; WG PERURT
1L ARSI 14 7 £ B a2 (4) AT R A5

WIE RS Bl A bs 28 AR B4 SO ) = ZE A b
(x,»,2) , WP/

B
ccosff, z=B. (9)
tan tan

A (8) . F9), WA LUARRIEOL AL P AR E AR
PR T HIARAR (x,,9,,2,) o BREATFEIREIE N BE 1) =4
Hidide, WESARIERG T, A likRiE =4
HERAL

4 EFRMELENE

LRI JE ODVS Bl On B eSOy
B, ARSI P BEAT A5 NI R 2

& 7 S AR SR B S 1 SO 4 B i)
UG E . SR BRI BERAR, R AER
ESEETRNNIONE S a8 G e ES [ CL SN 57 NEREE S st
B0, PR RT A E i VEEURIE A  SE R B R R 4 Bt
OGRS X I

— A, ASODVS #LGEI £ ks ik T 2k
BRI s YRR K, S RBobE sk L
BARAT B & A AR, RIE, TR 25 B TR LR R
DUSEER:pa i

LR ZE 2 UG R AR AR 5 5 A i

-sin

X = ﬁ’ y:

447

OEE | Advances

fFodBrhg AMiRZE, 5 CMOS 15 HFR DL 14
{5519 A/D FEARITURA 5

% CMOS HRGHLIEE A SN P, <P, |
PTG R BMERIRT N S, xS, |, BhihZk,
SEPRAREUER KN R Hx v, B R 3, Rk
¥E B AN 1R 2E AD LETREE J5 10 1 6 R A=K (10)~(13)

v

2 2

Ar = FuSu + BSy s (10)
2H 2V

[lul=kxAr, (11)

B++B>—4a,a,D’
lu"[I= =, (12)

2a,D

_| Bx||u" || Bx||u"+u|| | (13)

Cagray u' P ay+a, fu"+ulf]
Aoy Ar REHGT FRRIGRE, & SRiiEes -
RHEEARE, (| SR AARIEX RO IR R, (||
o PR P oL 5 FIOE O S IR R RS . gy, a,
WFRESH, D W B

(@)

(b)

Ja g s

AT AR

B7 ¥MRAKIENEARGALEG T, (a) HRAX
FEZAT. (b) M KAKIEZE.

Fig. 7 The change of imaging position due to increasing the
baseline. (a) No growth baseline. (b) Growth baseline.
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Fig. 11 Panorama and laser extraction images ( I ). (a) Panorama. (b) Laser extraction.
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Fig. 12 The experimental environment and the graph of three-dimensional measurement. (a) Experimental

environment. (b) The graph of 3D measurement.
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Fig. 13 Panorama and laser extraction images (I ). (a) Panorama. (b) Laser extraction.
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B 15

Fig. 15 The graph of three-dimensional reconstruction (1I). (a) The front. (b) After rotation.
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Fig. 16 The error analysis diagram of cross section. (a) Single section reconstruction. (b) Comparison chart.
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