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Development of a calculation method for camera parameters using the geometric
property of lines inside the control volume

Ohshima, Yuji
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The purpose of this study was to develop the calculation method (CL method)
of camera parameters using feature points (the point known three-dimensional coordinates) outside
control volume, one feature point and geometric property of lines inside control volume. Focal
length, tripod parameter (tripod position, tripod lean etc.) and joint angle of tripod were
estimated with optimization method. RMS errors of accuracy verification markers in CL method and a
method developed in a previous study were 11.1 and 7.9 mm, respectively. This result reveals that CL

method can be adapted for the collection of three-dimensional coordinates data.



Direct Linear

Transformation Method Aziz and Karara, 1971; DLT
,2008 DLT
6 11
DLT
DLT
3
2016 3
Camera-parameter Calculation CcC
CcC 3
3 3
1
CcC 3

Optical
-—_
z
Camera- .
parameter Calculation using Line .
CL .
Eo::;i:a:e aystem Global
coordinate aystem
Fig. 1 Relationship between global coordinate system
and digitizer coordinate system
1
3
Fig. 1 1
F O U] 100 —Xegm
hp=10 F V,|R|0 1 0 —Yen|re Comens
O 0 1 0 0 1 _anm position
1
rolcham:|
roll Z cam,
X:
U " Ry Ry Ris
Tp=|Vi|, T¢ =, | R=[Rax Rz Ry
1 1l R31 R32 R33
Tp Tg i
3 u, Y
F
1 1 ‘
pixe' R { Camera platform
position
Xcam' Ycamv
anm
horp 3 1

Fig. 2 Camera platform model



2
Fig. 2 |
l ¥ control 1_17m: [
| X 1|
___volume }
3 Xpp ~ EEEETEETTTT
Yor Zpr a B
3 Joint 0 l/) )] ki 2.Y
Joint rans 4 }* control volume | | "NE
JOint Lane5 " — 3 ()17) —
Ly Joint Joint
Ly & s,
X , Y , Z Caml Cam2
rolificam: roll cam: rollcam Fig. 3 Overhead view of the experimental set-up
3
Fig. 3 1.17mx800m x 220 m
2
135
135 5
5 1
4
1
3
2 J
J=T,+T,+T; 8
T = SRl ()
1 nPoint
2 2
Ty = (Ugri = Ubri)” + (Vori = Viri)
T, = ( e moify? | pe Ol'ttDiffiz) /2
ninline noutline
up vP i U
14 uf VP i
U 4 nPoint UBvis Viri
U
14 Ugri’ V(;Jri
U vV InDiff; OutDiff;
X=0m X=117m
i Fig.
6 niInline nOutline
24 Particle
Swarm Optimization
135 3 CL
6.1 285 mm CC 5.7 17.8 mm DLT 5.3 14.3 mm
CL CcC DLT 10 mm  15mm




Table 1

Table 1 Reconstructive errors of calculated accuracy verification points

CL Method CCmethod DLT method
RMSE (mm) Max (mm) RMSE (mm) Max (mm) RMSE (mm) Max (mm)
X axis 95 285 57 17.8 24 78
Y axis 5.3 185 52 17.7 35 143
Z axis 21 6.1 18 57 15 53
Resultant 111 306 79 211 46 157
2011
1 4,79 Hz
CL CcC DLT
0.14 m/s 0.10 m/s 0.07 m/s 100 m
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