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Abstract

Acquiring indoor point cloud, using SLAM (Simultaneous Localization and Mapping) based mobile
mapping system, is an element progress for development of as-build BIM (Building Information Model) for the
maintenance of the building. In this research we proposed a simulation-based target geometry determination
for extrinsic calibration of multiple 2D laser scanning mobile system. Four different types of calibration sites
were designed: (1) circle type; (2) rectangle type; (3) double circle type; and (4) double rectangle type. Based
on the measurement values obtained from each simulated calibration site geometry, least squares solution
based extrinsic calibration was derived. As a result, the rectangle type geometry is most suitable for extrinsic
calibration of this system. Also, correlation values between extrinsic calibration parameters were high, and
calibration results were distinct according to the calibration sites.
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27 7] 23 CloRg B2 7% 228 YolF] B
£ 9J8)] &% BIM (as-built BIM)o| Z}53Hk7 Itk (Golparvar-
Fard et al., 2011; Carbonari ef al., 2015; Patraucean ef al., 2015).
Ascbuilt BIME 2:50] 3218 slo]e] 315, $4)- 2ol 2
$ V50 e 50] 2L AR AR ALY 2, el
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2.1 3t HOIE F2IRE FE AIAH

B AFZ2 7] A 2l Jung et al. (2015a), Jung et al. (2015b)
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Fig. 2. Design for coordinate system of multiple 2D laser

scanning system (Jung e al., 2015a)
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cosk,,, —sink,, 0| cosg,, 0 sing, |1 0 0
where R, =|sink,,, cosk,,, 0 0 1 0 0 cosw,,, -sinw,,,

0 0 1]|=sing,,, 0 cosg,,, |0 sinw,, cosw,,

and R;, .7, is rotation, translation vector from each sensors to center of the scanning system
. — P& g
H:P,=R¢P, +T
. — P& 4
L:P,=R¢P +T
. — P& 4
R:P,=R°P, 4T

(@)

cosk, —sink, 0

where Rf =

sink, COSK, 0} and T* is translation vector from global frame to
0 0 1

center of the scanning system
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Fig. 3. Geometries of calibration sites simulation
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where ¢ is approcimated correction of boresight parameters,

Y is difference between the computational value of the model

and observation, and v is residual.
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o] 22 YE9IT RS AL o] 5 FODE A
Y= el dfet RS, Foll 24 SlolA B
Ao AHehe 722 FAIA SH WHEo]thAmir
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Table 1. Trace and largest eigenvalue of covariance matrix

Simulations Trace | Largest eigenvalue
Circle 93.76 93.51
Double Circle 82.34 82.17
Rectangle 78.23 78.06
Double Rectangle 111.51 111.31

(a) Circle

(d) Double Rectangle

(c) Rectangle

Fig. 4. Correlation matrices of simulation
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Table 2. Result of deducting extrinsic orientation parameters by constrained LESS (lever-arm)

Horizontal sensor (H) Vertical sensor (L) Vertical sensor (R)
(unit: m) X, i z, X, » z, X, v, z, Convergence
Initial value 0.1310 0 0.0450 | 0.2160 | 0.1400 | 0.0400 | 0.2160 | -0.1400 | 0.0400 -
Circle 0.1295 | 0.0015 | 0.0450 | 0.2160 | 0.1385 | 0.0415 | 0.2160 | -0.1385 | 0.0386 (0]
Double circle 0.1295 | 0.0015 | 0.0450 | 0.2160 | 0.1384 | 0.0415 | 0.2160 | -0.1385 | 0.0385 (0]
Rectangle 0.1295 | 0.0014 | 0.0450 | 0.2160 | 0.1385 | 0.0416 | 0.2160 | -0.1385 | 0.0384 (0]
Double rectangle 0.1295 | 0.0016 | 0.0450 | 0.2160 | 0.1387 | 0.0415 | 0.2160 | -0.1384 | 0.0384 (0]
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Table 3. Result of deducting extrinsic orientation parameters by constrained LESS (Boresight)

Horizontal sensor (H) Vertical sensor (L) Vertical sensor (R)
(unit: °) o, , K, o, o, K o, 0, X' Convergence
Initial value 0 0 -90 0 90 0 0 90 -180 -
Circle 0.0000 | 0.0000 {-90.0041/-0.0044| 90 0.0000 | 0.0012 90 -180 (0]
Double circle 0.0000 | 0.0000 |-90.0010| 0.0004 90 0.0000 | 0.0019 90 -180 (6]
Rectangle 0.0000 | 0.0000 [-89.9967| -0.0035 90 0.0000 | 0.0039 90 -180 6]
Double rectangle 0.0000 | 0.0000 |-89.9996| 0.0066 90 0.0000 | 0.0021 90 -180 (6]
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Fig. 5. Correlation matrices of simulation based on

constrained LESS

Table 4. Trace and largest eigenvalue of covariance matrix
based on constrained least square method

Trace Largest eigenvalue
Circle 8.47-10® 2.98-10%
Double Circle 8.50-10°® 2.93-10®
Rectangle 6.28-10% 1.61-10
Double Rectangle 7.24-10°® 1.81-10%
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