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Line Structured Light-Based Tunnel 3D Measurement with 2D-3D Point Cloud Matching on Projected Light of Ring Laser

Takuya IGAUE, Hiroshi HIGUCHI, Mikihiro IKURA,
Kenichi YOSHIDA, Satoshi ITO, Nobuhiro TANIGUCHI, Atsushi YAMASHITA and Hajime ASAMA

In this study, light structured light-based tunnel 3D measurement instrument without using background texture of camera
images is proposed. 3D point clouds of tunnel cross sections are actively measured by a camera and a ring laser in one shot.
To integrate coordinates of the measured cross sections without using background texture of camera images, an additional

camera is used in the proposed instrument. To estimate positions and orientations of the cross sections by acquired images
from the additional camera, a probabilistic 2D-3D point matching algorithm is proposed. For accuracy validation, a 3D
measurement experiment was done in a tunnel. The result shows that coordinates of all the cross sections were properly
integrated and a dense 48 m-long tunnel point cloud was achieved.

Key words: line structured light, tunnel 3D measurement, 2D-3D matching
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Fig. 9 Extracted laser pixels from measurement camera image

32 fEREER

3.2.1  SEUIWREIC & 2 Wi SR o K EEARGE

WREDRITS>IGELITOLRP S ZIGEIZODWVWT L =3k
DOEGIEEE R U - FE R 2R 9 1R T. IRETEOLYINE
T, HEOEWE 7V EERARICEETS I e TL—Y
KEHELTWS., TDRD, BRESZTORP-72K9 ()
TlX, HOEITR, SOETICHES SNTHENEL RoTWE Y
SRV —VPHOEGEEREE LT#E-THEEIhTWE, —F
TEEN%IT>7 9 (b) TR, L—FUUSNOUEKLBREE N
THH, ATV TEHmEFHZTS> ZeBTETY
L. Zhiz &y, BEFETEAIMEELTWEME, ZoOM
DHEFET RT3 WG BEETH 5 Z ARSI Nz,

REFIEL ) VTV ZXLA =X VATF =Y a iz & EH
U7 13WHEO > 5, 1 WHESO 3R EEZE 10 (RS,
FHEIZ L PR ROER R — BRI T2, RN _IEIT &
DRIGT B —HALOFEME R/MELZ. F10 2BV,
REFETIE, 1 EOHNIZE>THBEIN-EHTHEIZH
DD ST 1479 MOBREHVPIEINTED, NV RLOD
WER7Z I TR MAALX T N PRE, T NVEVHERTE
5. £z, 360 EAMAETIIRUE—7 3 IRotEHlIRER S h
THY, PYRVBREARKICHRTEZENTES.

S EOEBWNME LT, MPEEMATHMLEZ~Y—7
M ORFEE% SWIH Z 22 FHE L, 13BEICDOWTZDR L
SEMAEEHBLEZ (RD. #1205, BEFEOHFEAEZ,
18.36mm TdH o 7z. EFHED 3 RITEHHKEEIMET U 72K
RHeLT, HRAIASORENATA=ZF Y ) T L=V a3 iz
BITBHEAER, THMHEVEL B V7L — S FHOH A
NEFSNS.



§ = Non-prism total station: 6 points
1( } = Cross-section measurement equipment
‘] of proposed instrument: 1479 points

Fig. 10 Measured cross section with the proposed cross-section measurement
equipment

Table 1 Mean and standard deviation of the distance for 13 cross section between
the marker which measured with non-prism total station and the marker
which measured with the cross-section measurement equipment

Standard deviation mm
18.36 8.27

Mean mm
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Fig. 11 Measured 3D point cloud with the proposed method. Point color shows
the value of z-axis
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Fig. 12 3D point clouds of the rectangular marker measured with the proposed
method and non-prism total station
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Fig. 13 Distance from the proposed method to non-prism total station in case
obsevation camera was moved every 2m, 4m and 8 m
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~+ Observed 2D ray vector : 354 points
Projected 3D pointcloud: 1510 points
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(a) Resultof 2D-3D matching when cross-section
measurementequipmentisatO m

~+ Observed 2D ray vector: 178 points
Projected 3D pointcloud: 1672 points
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(b) Resultof 2D-3D matching when cross-section
measurementequipmentisat8 m

Fig. 14 Result of 2D-3D matching at different measurement points

(a) Image captured by Observation camera
when cross-section equipmentisat0 m

(b) Image captured by Observation camera
when cross-section measurementequipmentisat8 m

Fig. 15 Captured distorted image from observation camera at different measurement points
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